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Abstract— In networking, the data came to light from the cloud by translated, transported, and encapsulated in many ways 
that remains in selfsame format when they invade the cloud. Cloud computing network architecture is too complicated to 
fulfill the different services such as servers, storage and applications. Computing in network concept can reduce time, money 
saving benefits, and also provide services for both individuals and businesses of hardware and software services and 
infrastructure. This encourages the customers to outsource their applications and services to the cloud and also share the 
data from one location to another by using the network concept in cloud computing. .Cloud computing is the provision of 
computing services over the Internet. In this paper, we will discuss how the network concept in cloud computing is used in 
mobile phones, institutions and IOT with the help of the application namely One Drive. 

Index Terms - Provision of services; selfsame format; hardware and software infrastructure; customers outsource; IOT; One 
Drive; 

I. INTRODUCTION 

The term Cloud refers to the "storing and sharing 
data through internet", were we can able to store and 
process the data either personally or a third party server .The 
term Network refers to the "exchanging of data through 
links". So, they both combined together to form Cloud 
Computing in Networks  i.e., they can store, share the data in 
internet through the respective links .In this paper, we will 
clearly discuss about the network concept in cloud with an 
real time example called One Drive[1]. This One Drive or Drop 
box is used in mobile phones to store the large data like files , 
images, etc.,. In institution,  like tuition centers or in school or 
colleges  they used to store the data in a cloud, so that they 
will use to  store the students details, question papers, etc., 
.The framework of IoT are diverse and including the real time 
experiment like e-health, transportation, smart cards, etc., . 

II. EXISTING AND PROPOSED SYSTEM

Existing cloud networking typically follow the “one 
size fits all” pattern, meeting the diverse needs of a cloud. 
They should specify bandwidth needs for applications hosted 
in the cloud. The migration of data and applications to the 
external management domain of the customers into a shared 
surrounding imposes transversal, functional problems across 

distinct platforms and technologies, like routing problem, 
cost-effective, scalability, dynamic network resource 
allocation, workload and IP address mobility. The existing 
transport networks to provide high-bandwidth connectivity to 
data centers on demand. Cloud services are extremely 
inexpensive for smaller businesses[2] [3]. Later on the cloud 
computing in networks works and get succeed with all the 
corporation, administrations, business, personal users etc.,.  

Figure-1: Cloud Service 
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III. CLOUD  COMPUTING IN NETWORKING  IN MOBILE
PHONE

In mobile phones we use One Drive or Drop Box to store the 
data and share that to any person anywhere. The purpose of 
storing applications, data are based on the Mobile backend as 
a service (MBaaS) otherwise known as Backend as a Service 
which provide web and mobile app developing to link their 
application to backend of the cloud storage. This BaaS will 
help the user to store their data inside the cloud and retrieve 
it when the user is in need. BaaS provides a connection 
between the frontend and  back ends, of an application and 
cloud-based via a unified API and SDK that can able to provide 
some of their characteristics such as user management, push 
notifications, and integration with social networking services. 
Now a days, many mobile phone brands are providing in built 
cloud application, which used to store and share the data 
through network.[8] Thus, cloud computing in networks is 
used in all smart phones under the name One Drive, Drop 
Box, etc., Their benefits are more margins and profitability, 
enhanced customer satisfaction, higher reliability and 
scalability, faster development cycle, better app 
performance, lower TCO[9], [10]., 

Figure-2: Mbaas 

IV. CLOUD  COMPUTING IN NETWORKING  IN
INSTITUTIONS

In institutions like school, colleges, and tuition centers they 
use this cloud computing to perform their operation in their 
field like storing the students details database, previous years 
question paper, [4]conducting the examination from one 
place to other through internet. This happens with the help of 
the SaaS, PaaS, IaaS services. SaaS services used to access the 
user with the client like e-mail, PaaS services is used to 
provide the platform for the clients to build the app, run, and 
manage without any difficulty they can able to build and 
manage the infrastructure by developing and launching the 
application. IaaS services is used to host by the third party 
user of hardware, software, storage etc., and perform some 
of the task like taking backup, maintenance etc,.[5],[6] In 
tuitions centers for conducting the online test they will 
prepare the question in the centre with the help of the Smart 
One Note software and save them in the cloud (One Drive). 
When the time is up the user will post the test either in the 
center or in the home or anywhere else. This is because the 
user has stored the note in the cloud so that he/she can able 
to access it anywhere.[7] 

Figure-3: Cloud in Institutions 

V.CLOUD COMPUTING IN NETWORKING IN IOT(INTERNET OF 
THINGS) 
The widespread network connectivity, inexpensive computing 
power merged with deep intelligent deployments making IoT 
( Internet of Things) a worthy for the current Internet users. 
The wireless networks access the technologies, cloud, and 
APIs to analyze the Big Data.  Solutions for these things are 
being developed by using many programming language. The 
popular languages such as PHP, Android Java, JavaScript, C# 
and other embedded devices.  To wander and operate the IoT 
devices there are some hurdles; these are the data produced 
by the sensors has to be examined with the real-time 
example; also perform a very useful bygone data over order 
or unordered information that are collected from the 
sensors.[11],[12] 

Figure-4: Internet of Things 

CONCLUSION 
This paper is about that many fields are still not aware of 
cloud computing in networking due to some merits (cost, 
reliability, huge storage space for data, etc., )  and demerits ( 
downtime-when the internet is in offline we cannot store or 
share the data,  high security must be implemented, vendor 
login should be made as important ). In mobile phones 

2

https://en.wikipedia.org/wiki/Front_and_back_ends
https://en.wikipedia.org/wiki/Software_development_kit
https://en.wikipedia.org/wiki/Push_technology
https://en.wikipedia.org/wiki/Push_technology
https://en.wikipedia.org/wiki/Social_networking_service


SEEE DIGIBOOK ON ENGINEERING & TECHNOLOGY, VOL. 01, MAY 2018 

 978-81-933187-0-6 © 2018 SEEEPEDIA.ORG 
Society for Engineering Education Enrichment 

maximum all the brand mobiles has an inbuilt application in 
cloud like One Drive, Drop Box, Vivo cloud and etc,. 

FUTURE ENHANCEMENT 
Prominence is that, early days of cloud computing will be 
adopted by various administrations as their first step in cloud 
network computing. By  2020 cloud computing in network  is 
going to be a major and constant part of the undertaking the 
infrastructure of all the organizations, institutions, mobile 
brands and so on... . “Toward Cloud Ready Transport 
Network,” discusses the need for network transport which 
enables the user to use the cloud concept for the business or 
personal use. Thus, cloud computing in networks is widely 
used. 
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Abstract— In modern era, maintaining health is a critical issue and many efforts are being made to overcome this. Currently, 
there is a necessity for a modernized and time efficient approach. Our primary goal is to develop a reliable patient monitoring 
system that rest on the concept of biotelemetry which in turn will reduce the frequent visit of patients to the hospital, 
especially for visually challenged, mentally retarded, infants and elderly patients . This system will also helps in reducing the 
financial charge on an individual. Hence, our proposed idea is to continuously monitor the patient’s physiological behavior, 
providing real time monitoring and to update their data at regular time intervals using IoT Platform. This system will reduce 
the staff requirement in the ICU, as the results will be directly sent to doctors via SMS. In addition to this medication, 
remainder is included as an additional feature to prevent life-threatening mistakes. If the obtained data are not in the range, 
then corresponding LED indicator will glow and the respective notification will be provided through speaker. The major 
reasons for the development of this system is to reduce product size, power consumption and cost of the system .The overall 
advantage of the system is Raspberry pi which can monitor all of these parameters more effectively. 

Index Terms - Raspberry pi; ICU; Abnormal Health conditions; IoT; Bio-telemetry 

I. INTRODUCTION  

Maintaining health above the nominal range for humanity is 
difficult in this busy world, so continuous record of body 
health parameters to detect the disease is essential, and this 
system brings the detection in a more efficient manner. 
According to the recent survey the death rate of 55.3 million 
people dying each year or 151,600 people dying each day or 
6316 people dying each hour is a big issue for all over the 
world. We, therefore, proposing a change in biotelemetry by 
designing a system which included different wireless sensors 
to receive information with respective human body 
temperature ,medication remainder, fall detection, heart rate 
etc. 
In traditional approach, the patients are advised to get 
admitted in the hospital for continuous observation of data’s, 
under doctor’s guidance for a period of time. In order to 
overcome these major problems, the patients are given 
knowledge and information about disease diagnosis and 
prevention. At time of emergency, automatically generating 
alerts will be sent to doctors and family members if any 
unusual activity is detected by or near the patient that will be 
helpful for the elders and visually challenged people. 

II. OBJECTIVES

 To design a continuous monitoring system with speaker for
visually challenged people. 
 To develop a program, to extract quantitative data of
patients from the designed module, for better analysis. 
 To provide effective result to the doctor in charge of
patient’s health conditions. 
Methodology 

        Figure-1: Block Diagram System Methodology 
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In this method, the concept of biotelemetry and IoT is being 
used. In which biotelemetry will reduce the financial as well as 
travelling burden for the patients. 
The IoT platform helps in reducing health issues and its impact 
on the environment by continuous monitoring of intensive 
care unit. The main aim is to increase health status and its 
efficiency. Along with this the medication remainder is added 
to provide additional information to the patients regarding the 
drugs that are to be taken orally based on their health 
Conditions. In short it is a mini ICU for home applications. 

III. COMPONENTS REQUIRED

A. Hardware Components 
Temperature sensor is used to measure temperature. The 
LM35 temperature sensors, whose output voltage depends 
on Celsius (Centigrade) temperature. 
ECG electrode sticks to chest of patient to monitor ECG 
signals. ECGs can be extremely noisy, op amp helps to obtain 
a clear signal from the  intervals easily.  

 Figure-2: block Diagram of PI 

Raspberry Pi is nominal cost, and miniaturized computer that 
plugs into a display monitor and uses a standard keyboard and 
mouse. Raspberry Pi sends the information to servers through 
GPRS module. The advantage of using raspberry pi 3 is, it is 
approximately 80% faster than other is. 
Heart rate sensor provides digital output of heat beat when a 
finger is placed on it.  It based on the concept of light 
modulation by which the pulse is calculated by the flow of 
blood through it.. 
GPRS requires a SIM (Subscriber Identity Module) card just 
like mobile phones to activate communication with the 
network. The use of GPRS is to send health information via 
SMS. 
Liquid crystal display (LCD) a type of display use to display the 
measured data. 

B. Software components 
The data from Raspberry pi is saved on the system. The 
detailed information of patients can be viewed by doctor 
anytime and anywhere via SMS. It is mainly focused on 
integration of hardware components to software for better 
understanding. 

Table-1: Parameter value 

S.No Vital parameter values 
parameters Normal value Abnormal conditions 

1. Heart rate 72-75bpm 100bpm is tachycardia 
Low range- bradycardia 

2. Normal 
temperature 37 deg C Hypothermia 

Hyperthermia 

3. ECG signal 
measurement 

P is <0.12 sec 
QRS is between 
0.08 and 0.10 

Myocardial infarction, 
arrhythmia 

IV. CONCLUSIONS

Thus, the expected outcome of this method is to monitor the 
health of an individual on a regular basis. Within the short 
duration of examination time, it will predict the result 
accurately. It is user friendly and can be used by visually 
challenged and other special patients. 
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Abstract -Wireless communication systems require fast and responsive rate adaptation algorithms. Channel and loss aware 
rate adaptation (CLARA) takes into account signal to noise ratio (SNR) of the received packet indicative of instantaneous link 
quality. It opportunistically switches to high data rate exploiting narrow windows of high throughput. SNR averaged 
over all data carriers of OFDM, takes care of frequency selective fading. CLARA also utilizes statistics of transmitted data 
collected, which is frame error rate (FER) within channel coherence time. It   automatically seeks to maximize effective 
end user throughput. Transmission losses are characteristics of a wireless channel. Precise separation of losses into fading, 
collision and hidden node loss and corresponding remedial action would boost the system performance. Incorrect 
measures bring down the system efficiency as retransmissions at higher data rate are costly. CLARA effectively fights 
this issue with algorithm using the data easily available. It does not require any change in the present header or frame 
formats. Using the principal of reciprocation it loads the transmitter with processing making rate adaptation simpler. 

Index Terms—Rate Adaptation, Loss Differentiation, SNR, IEEE 802.11, Wireless channel 

I. INTRODUCTION  

Wireless communications coupled with mobility has seen 
the explosive growth [1,2]. New applications which are data 
hungry and bandwidth intensive are flooding the market. 
These applications require steady transmission of massive 
data. The dynamic wireless channel can only guarantee best 
effort service. In wireless local area networks (WLAN) problem 
is compounded in this license free band due to interference 
from other networks. For nodes supporting multiple data 
rates, rate adaptation is crucial to choose optimum rate taking 
into account the instantaneous state of the channel 

IEEE 802.11 does not specify any particular rate 
adaptation algorithm (RAA). It is up to the vendor to design a 
RAA which exploits available resource and deliver required 
quality of service. RAA are categorized depending on which 
layer parameter is being used to estimate channel quality [3]. 
Statistics based RAA require analysis   over several frames or 
a window [4, 5]. They are slow but easy to implement. 

Physical layer based parameters are quick to react. But 
choosing a key parameter is tricky and will decide the 
effectiveness of RAA [6]. 

Typical packet loss in wired network may be due to 
congestion. But in case of wireless transmission it could be 
attributed to unpredictable frequency or time faded path, 
hidden terminal or collision in congested environment. 
Remedial action in each case is different [7, 8, 9]. A lossy 
channel requires guarded transmission at low rate, whereas a 
collision would require deferring the transmission with no 
change in data rate. An erroneous action may be detrimental 
to system performance bringing down the throughput [9,10]. 

II. BACKGROUND

Wireless data transmission is challenging due to the 
inherent characteristics of the medium. Multipath 
propagation, fading, external interference influence the 
performance of communication system by severely 
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attenuating the signal [11]. Probability of error increases with 
reduced SNR. 

Shannon capacity limit on the maximum information that 
could be transmitted on the communication channel, at 
arbitrarily small probability of error. It could be expressed in 
terms of bandwidth B and SNR. C is the capacity of the 
channel. It states,  







 +=

N
SBC 1log2        .……. (1) 

In other words, for same channel capacity we can trade 
SNR for bandwidth. It is possible to have error free 
transmission with sufficient bandwidth    on channels with 
low SNRs. If a particular modulation scheme or an encoding 
scheme is selected we can calculate the constrained Shannon 
limit for that scheme. Figure 1 shows capacity achieved by 
different modulation schemes as a function of SNR. 

Performance of a modulation scheme is measured in 
terms of spectral and power efficiency. A spectrally efficient 
modulation will pack in as much information as possible in 
least spectrum. Higher the modulation, denser the 

Figure-1: Channel Capacity for Different Modulation    
Schemes as a function of SNR 

constellation and more efficient is the use of spectrum 
occupied by the modulated RF spectrum [12].  

 The power efficiency of a modulation scheme is the 
ability to demodulate the received signal at lowest power 
levels. It takes higher SNR to keep error rate below a certain 
level and preserve the fidelity of the digital message. 
Different modulations respond differently to this. Figure 2 
shows the effect of SNR on symbol error rate (SER) of 
different  modulations. The graphs have been drawn taking 
the reference of textbook formula [12]. Bit error rate (BER) or 
Symbol error rate (SER) is a key parameter that is used in 
assessing the full end to end performance of a system. 

The graphs in Fig. 2 confirm that for a particular 
modulation scheme there exists a SNR threshold below which 
a link goes from lossless to lossy. Instantaneous SNR of the 
received signal is a simple yet effective parameter to be used 
for estimating link quality [13,14,15]. In IEEE 802.11g, which 
uses OFDM, it could be averaged over the number of data 
carriers used. But these SNR thresholds are hardware 

dependent. The apt node to process the received SNR and 
choose the optimal MCS for next data transmission is the 
receiving node. In the worst case dynamic channel conditions, 
receiver may end up sending the feedback continuously. 
Similarly, in power constraint heterogeneous networks, all 
receiving nodes may not be equipped to handle the RAA 
processing.  Thus we choose transmitter, to process the 
information, by implicitly measuring the SNR of the received 
acknowledgement.  

 A number of rate adaptation algorithms have been 
projected by researchers[16),1718,19]. They are either based 
on statistics of transmitted data or some physical layer 
parameter[20,21,22,23] . Statistics based RAs are simple to 
implement but they are slow since it takes finite window 
length either in terms of time duration or number of frames 
to investigate and arrive at the conclusion [24 ]. A good 
design of RAA should take into account the effect of both 
slow and fast channel variation Frame error rate analyzed 
over a steady channel and instantaneous SNR can represent 
channel variations aptly. 

Figure-2: Effect of SNR on  Symbol Error Rate for Various 

modulations 

  Table 1 Data Rates of IEEE 802.11g

    Bit  
Rate 

Modulation Bits 
per 

Symbol 

Coding 
Rate 

Hardware 
dependent 

SNR 
6 BPSK 1 1/2 Reducing 

SNR 
9 BPSK 1 3/4 

12 QPSK 2 1/2 

18 QPSK       2 3/4 

24 QAM-16 4 1/2 

36 QAM-16 4 3/4 

48 QAM-16 6 2/3 

54 QAM-16 6 ¾ 
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Figure 3(a), 3(b) show time selective fading of the 
received signal [25]. Figure 3(c) displays frequency 
selective fading [26] when IEEE 802.11g Wi-Fi OFDM 
signal is captured on Tektronics spectrum analyzer. 
With reference to figure 3(a), 3(b), 3(c) and through 
extensive measurement, observations and 
calculations of received SNR in various environment 
we have found that when from current time 
backwards ,till such a time when set of received SNR 
values give standard deviation of  7db that time 
duration can be approximately taken as channel 
coherence time. In highly dynamic environment, SNR 
values over a very small time duration give the same 
standard deviation of 7db resulting into a very small 
channel coherence time whereas in a steady channel 
over  a very long time duration received SNR deliver 
the same standard deviation giving large channel 
coherence time 

    Figure-3(a) Figure 3(b) 

     Figure 3(c) 

Fig 3(a) depicts channel fading through 
instantaneous SNR received. At times deep fades 
are15 to 20 dB below average SNR. Figure 3(b) 
shows the expanded view of received SNR between 
the time 0.65 to 0.8 Figure 3(c) explains frequency 
selective fading of Wi-Fi signal captured on 
Tektronics Spectrum Analyzer 

IEEE 802.11g operates in 2.4GHz ISM band and 
provides maximum data rate of 54 Mbps. It 
prominently uses OFDM but also has other 
techniques for backward compatibility which do not 
use OFDM. The channel width assigned is 20MHz. 
Table 1gives the details of the data rate used by the 
standard. 

III. PROPOSED CHANNEL AND LOSS AWARE RATE
ADAPTATION (CLARA) 

 As mentioned in the previous section we take into 
account the SNR of the received acknowledgement 
[27]. It gives direct and instantaneous measurement 
of the channel state[28]. If N data carriers are used, 
then effective SNR can be given as  

SNReff  =  {SUM[SNR1, SINR2,…. , SNRN ]} / N  . (2) 

This processing on SNR counters frequency selective 
fading .Rate control can be implemented efficiently 
by means of a lookup table indexed on SNR giving 
the rate which maximizes the throughput. Through 
extensive measurement of received SNR in various 
environment  
Average frame error rate FERAvg will decide whether 
to probe higher rate. Certain considerations while 
designing the algorithm are 
1. If two consecutive acknowledgements are lost

then it is most likely to be due to hidden 
terminal. RTS/CTS is switched on. Frame losses 
are not taken into account as losses only due to 
faded channel are considered.  

2. If average frame error rate FERAvg is more than
threshold value over channel coherence time and 
acknowledgement is also lost then it may be due 
to fading. Use least rate for transmission. . Frame 
losses are  taken into account. RTS/CTS is 
switched off. 

3. If previous acknowledgement is lost but you get
the next acknowledgement and  if average  frame 
error rate FERAvg is less than the   threshold value 
over channel coherence time then default 
contention window algorithm of NIC is invoked. 
Frame losses are not taken into account.  

IV. PERFORMANCE EVALUATION
Evaluation of CLARA has been done with its 

implementation in NS3. It is discrete-event, powerful 
computer network simulator. It has allowed us  to 
examine the correctness and efficiency of  our 
protocol design. Table 2  shows the configuration 
parameters used in simulations. 

Table 2 Configuration Parameters 
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Energy 100 jules 

Simulation Time 60 seconds 

Data Rate 50 kbps 

Nodes 60 

Packet Size 1000 bytes 

Adhoc routing protocol Aodv 

Physhical layer YansWifiPhy 
standard = 

WIFI_PHY_STANDAR
D_80211g 

Mac LdcarWifiMac 

Channel YansWifiChannel 

Energy Model Wifi Radio Energy 
Model 

Propagation Model Constant Speed 
Propagation Delay 

Model 

Error Rate Model Yans Error Rate 
Model 

Remote Station 
Manager 

Ldcar Wifi Manager 

Network size 300x300 

Max speed 2m/s 

Frame length 50 

Channel frequency 2.407 GHz 

Transmitters antenna 1 

Receivers antenna 1 

Transmission power 0.0174 

Receiving power 0.0197 

Channel error rate 0.01 

Figure  4 (a)    Figure 4(b)  

Figure  4(c)                Figure 4(d) 

Figure 4(e) 
Figure 4  These set of figures show total number of 

frames received  in various channel conditions when 
53,000 frames were transmitted.(a) Faded channel 
(b) Fading Channel and Mobile Nodes (c) Congested 
Channel (d) Transmission in presence of hidden 
nodes (e) Comparison of CLARA with constant rate 
algorithm 

 The trend for delivery of frames observed for all 
protocols is as the packet size increases, total 
number of frames received decrease. Figures 4(a) to 
4(d) show these in different environment. In 3(a) 
results for faded channel are presented whereas 4(b) 
shows steeper slope for faded channel with mobility. 
Congested channel drops delivery of frames. In 4(d) 
along with collisions,  hidden node decrease the 
delivery of frames even further. CLARA also displays 
the trend of decreased frame delivery but gives at 
least 5% better results due to proper loss 
differentiation. 

Figure 5(a) to (d) show the effect of increasing 
number of nodes around the intended transmitter 
and receiver. As nodes increase so does the 
collisions. Though this causes drop in delivery rate, 
no protocol has shown a predictable trend except to 
a certain extent for CLARA. Since increase and 
decrease in the data rate are properly defined, 
CLARA reacts to congestion in a better way. For 
faded and faded with node mobility environment 
CLARA performance degrades for 55 nodes. It is 
worst for mobile channel. For other environments it 
is only marginally better at a few points. 
Comprehensive results of comparison of CLARA with 
constant rate in figure 5(e) has shown an 
improvement of at least 4% .  

Figure  5 (a)            Figure 5(b) 
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Figure  5(c)              Figure 5(d) 

Figure 5(e) 
Figure 5 (a) to (d) These set of figures show 
simulation results of total frames received as 
number of nodes are increased. A total of 9,000 
frames were transmitted.(a) Faded channel (b) 
Fading Channel and Mobile Nodes (c) Congested 
Channel (d) Transmission in presence of hidden 
nodes (e) Comparison of CLARA with constant rate 
algorithm 

  Figure  6 (a)            Figure 6(b)      

Figure  6(c)         Figure 6(d)  

Figure 6(e) 

Figure 6 These set of figures depict the total 
frames received as simulation are carried over 
certain time duration. A total of 9,000 frames were 
transmitted. (a) Faded channel  (b) Fading Channel 
and Mobile Nodes  (c) Congested Channel  (d) 

Transmission in presence of hidden nodes  (e) 
Comparison of CLARA with constant rate algorithm 

Figure 6(a) to 6(d) display number of frames 
delivered when transmitted for certain duration. 
Obviously throughput increases with time. Faded 
mobile channel has uneven increase in number of 
frames received as compared to faded static 
channel. Hidden node scenario has less number of 
frames delivered as compared to congestion only 
case. Figure 6(e) has shown a steady increase in the 
throughput of CLARA as compared to constant rate 
protocol. 

CONCLUSION 
With evolving IEEE 802.11 protocols data rates 

are increasing. Loss in throughput due to improper 
link adaptation techniques is costly. A wrong 
technique may bring down the wireless 
communication system capacity and efficiency. This 
paper emphasizes on loss differentiation techniques. 
Perceiving instantaneous state of the channel and 
exploiting narrow windows of higher data rates are 
highlights of the protocol design and it has given an 
edge to CLARA with increased frame delivery.  

Success of this protocol is a stepping stone to 
design a protocol for multiple input multiple output 
evolving protocols of IEEE 802.11 with very high data 
rate incorporating  new techniques. 

REFERENCES 

[1] “Cisco Visual Networking Index: Global Mobile 
data Traffic Forecast Update 2014-2018”. 
[2] Omar, Hassan Aboubakr, Khadige Abboud, Nan 
Cheng, Kamal Rahimi Malekshan, Amila P. K. 
Tharaperiya Gamage and Weihua Zhuang. “A Survey 
on High Efficiency Wireless Local Area Networks: 
Next Generation WiFi.” IEEE Communications 
Surveys and Tutorials 18 (2016): 2315-2344 
[3] Deek, Lara, Eduard Garcia-Villegas, Elizabeth 
Belding, Sung-Ju Lee, and Kevin Almeroth. "A 
practical framework for 802.11 MIMO rate 
adaptation." Computer Networks 83 (2015): 332-348  
[4] Zhang, Jiansong, et al. "A practical SNR-guided 
rate adaptation." INFOCOM 2008. The 27th 
Conference on Computer Communications. IEEE. 
IEEE, 2008 
[5] Haratcherev, Ivaylo, Koen Langendoen, Reginald 
L. Lagendijk and Henk J. Sips. “Hybrid rate control for 
IEEE 802.11.” Mobility Management & Wireless 
Access Protocols (2004). 

10

http://seeepedia.org/


SEEE DIGIBOOK ON ENGINEERING & TECHNOLOGY, VOL. 01, MAY 2018 

978-81-933187-0-6 © 2018 SEEEPEDIA.ORG 
Society for Engineering Education Enrichment 

[6] Vlavianos, Angelos, Lap Kong Law, Ioannis 
Broustis, Srikanth V. Krishnamurthy, and Michalis 
Faloutsos. "Assessing link quality in IEEE 802.11 
wireless networks: Which is the right metric?." 
In Personal, Indoor and Mobile Radio 
Communications, 2008. PIMRC 2008. IEEE 19th 
International Symposium on, pp. 1-6. IEEE, 2008. 
[7] P. A. K. Acharya, A. Sharma, E. M. Belding, K. C. 
Almeroth and K. Papagiannaki, “Congestion-Aware 
Rate Adaptation in Wireless Networks: A 
Measurement-Driven Approach”, In Proc. IEEE 
SECON, San Francisco,CA, pp. 1-9 June 2008 
[8] Giustiniano, Domenico, David Malone, Douglas J. 
Leith, and Konstantina Papagiannaki. "Measuring 
transmission opportunities in 802.11 
links." IEEE/ACM Transactions on Networking 
(TON) 18, no. 5 (2010): 1516-1529 
[9] Xia, Qiuyan, Mounir Hamdi, and Khaled Ben 
Letaief. "Open-loop link adaptation for next-
generation IEEE 802.11 n wireless networks." IEEE 
transactions on vehicular technology 58.7 (2009): 
3713-3725 
[10] Ilori, A, Tang, Z, He, J & Li, Y, 'Throughput-based 
rate adaptation algorithm for IEEE 802.11 vehicle 
networks' IET Networks, vol 4, no. 2,(2015) pp. 111–
118 
[11] Rappaport, Theodore S. Wireless 
Communications: principles and practice. Vol. 2. 
New Jersey: Prentice Hall PTR, 1996. 
[12]   Andrea Goldsmith. Wireless Communications. 
Cambridge University Press, 2005. 
[13] Vutukuru, Mythili, Hari Balakrishnan, and 
Kyle Jamieson. "Cross-layer wireless bit rate 
adaptation." ACM SIGCOMM Computer 
Communication Review 39, no. 4 (2009): 3-14. 
[14] Purandare, R. G., S. P. Kshirsagar, and S. M. Koli. 
"Analysis of Various Parameters for Link 
Adaptation in Wireless Transmission." Innovations 
in Computer Science and Engineering (2016): 9-19. 
[15]  Pefkianakis, Ioannis, Suk-Bok Lee, and 
Songwu Lu. "Towards MIMO-aware 802.11 n rate 
adaptation." Networking, IEEE/ACM Transactions 
on 21.3 (2013): 692-705. 
[16] Baik, Eilwoo, Amit Pande, and Prasant 
Mohapatra. "Efficient mac for real-time video 
streaming over wireless an." ACM Transactions on 
Multimedia Computing, Communications, 
and Applications (TOMM) 11, no. 4 (2015): 50. 
[17] Martorell, Gabriel, Felip Riera-Palou and Guillem 
Femenias. “Cross-Layer Fast Link Adaptation for 
MIMO-OFDM Based WLANs.” Wireless 
Personal Communications 56 (2011): 599-609. 

[18] J. Camp and E. Knightly.” Modulation 
rate adaptation in urban and vehicular 
environments:   cross-layer implementation” and 
experimental evaluation. In ACM MobiCom, 2008 
[19] Kim, Seongkwan, Lochan Verma, 
Sunghyun Choi, and Daji Qiao. "Collision-aware rate 
adaptation in multi-rate WLANs: 
design and implementation." Computer 
Networks 54, no. 17 (2010): 3011-3030. 
[20] Wong, Starsky HY, et al. "Robust rate 
adaptation for 802.11 wireless networks." 
Proceedings of the 12th annual international 
conference on Mobile computing and 
networking. ACM, 2006. 
[21] Bicket J, “ Bit Rate Selection in Wireless 
Networks”, MIT Master’s Thesis , 2005. 
[22] G., N. Vaidya, and P. Bahl, “A rate-adaptive MAC 
protocol for multi-hop wireless networks,” in In 
Proceedings of ACM MOBICOM’01, 2001 
[23] Guha, Ratul K., and Saswati Sarkar. 
"Characterizing temporal SNR variation in 802.11 
networks." IEEE Transactions on Vehicular 
Technology 57, no. 4 (2008): 2002-2013 
[24] Pefkianakis, Ioannis, et al. "Window-based 
rate adaptation in 802.11 n wireless networks." 
Mobile Networks and Applications 18.1 (2013): 
156-169. 
[25] Glenn Judd, Xiaohui Wang , and 
Peter Steenkiste. “Efficient channel-aware rate 
adaptation in dynamic environment”.  Proceedings 
of the ACM International Conference on 
Mobile Systems, Applications, and Services 
(MobiSys), 2008 
[26] Rahul, Hariharan, Farinaz Edalat, Dina Katabi, 
and Charles G. Sodini. "Frequency-aware 
rate adaptation and MAC protocols." In 
Proceedings of the 15th annual international 
conference on Mobile computing and networking, 
pp. 193-204. ACM, 2009 
[27] Arunkumar R, Nagaraj B, Mithya V," Malleable 
Fuzzy Local Median C Means Algorithm for Effective 
Biomedical Image Segmentation", Sensing and 
Imaging, Springer, 2016 
[28] Purandare, R. G., S. M. Koli and S. P. Kshirsagar. 
“Adaptive framework for rate adaptation in 
802.11n wireless link.” 2016 International 
Conference on Signal Processing, Communication, 
Power and Embedded System (SCOPES) (2016): 
173-177. 
[29] Wong M, Gilbert J.M, Barratt C.H.” Wireless LAN 
using RSSI and BER parameters for transmission 
rate adaptation” US Patent 7,369,510 

11

http://seeepedia.org/


SEEE DIGIBOOK ON ENGINEERING & TECHNOLOGY, VOL. 01, MAY 2018 

978-81-933187-0-6 © 2018 SEEEPEDIA.ORG 
Society for Engineering Education Enrichment Namrata D. Ghuse, namrata.ghuse@sitrc.org; 

Shyamji A. Pandey, shyampandey@ieee.org; 
Monika D. Pawar, monikapawar120@gmail.com; 
Kanchan P. Chavhal, chavhalkanchan21@gmail.com; 
 

Android Based Waste 
Management for Smart 

Cities Snap-Dust 

Namrata D. Ghuse, Shyamji A. Pandey, Monika D. Pawar, Kanchan P. Chavhal 
Sandip institute of technology and research centre, Nashik, India 

namrata.ghuse@sitrc.org, shyampandey@ieee.org,  monikapawar120@gmail.com, chavhalkanchan21@gmail.com 

Abstract— With the growth of population of a country, proper management of cumulative of waste or garbage becomes 
more difficult and acute for maintaining green environment. Waste Management are  basically a function of the Urban Local 
area such as district municipal bodies, nagar pallikas and other authorities. But from different conventional approach 
currently municipal authorities are following are not that much efficient way which does not working like they needs to be, 
and the outcomes directly causes humans, environment and residential areas. Where the problem is, citizens are not 
involving in  making their city smart in terms of infrastructure and certain policies and initiatives taken by the Indian 
government like Smart cities, Clean India initiative, Digital India projects etc., because of only one reason which is 
transparency between legal authorities,  there works and the very important citizens. To overcome all these problems in 
interactive way with the authorities and less work of citizens in this process will be made. The instant action over the garbage 
lumps in cities, water leakage issues, road damage, traffic issues in selected smart cities will be captured by the application 
user then image will get uploaded at the authorities end with the actual location from where the image get captured. 
Particular authority will take an instant response on the incoming complaints and the problem will be resolved in short span 
of time with proper acknowledgement from the authorities after actions taken.     

Index Terms— Android Toolkit, GSM technology, GPS technology, Google map, Big data analysis, R – Programming 
methodology, AVD, Camera. 

I. INTRODUCTION 
Smart cities appeared in last decades as a means to take a 
ideas from urban context and they grow fast since then. 
Android Based Waste Management for Cities involves 
planning, economics, construction and it performs for 
facilities of the collection, garbage management, water 
leakage, recycling and final disposition of the wastes and 
illegal activities. In a positive way it takes place. Every five 
years the waste is rising by 1 million ton and illegal things 
raise the head. In case it is not destroy within a certain time, 
it reflects negatively on the infrastructure [11].   
     In many metropolitan cities municipal council deployed 
concrete dustbins and CCTV cameras at every street corner 
to collect the garbage, engaged its labourers and vehicles to 
clean the trash. Mainly the municipal efforts didn’t pay 
dividend and hence it had to eliminate the bins since 
residents would litter the garbage around the larger bins 
once the bins were full And then after  dustbins were 
replaced by the door-to-door garbage collection system, 
which was also not effective in its implementation because 

there also it created some bad responsiveness from the 
residents [3]. 
     The major problems of cities now days are garbage 
related issues which we always see everywhere that simply 
creates different problems for citizens. Here, we are thought 
to solve these particular issues with very interactive and 
convenient ways that could make efficient role and major 
contribution to smart cities initiative taken by the 
government of India [5]. We are looking at, Nowadays every 
second user of mobile phones uses smart phones and 
different smart applications released and invented for some 
smart purpose, we have same intension for this just we have 
focused to the garbage and some more social problems like 
Garbage lumps in the cities, water leakage from the 
pipelines, traffic issues at various key pints or roads in cities, 
and so many issues to be get by our application instantly via 
less interaction of end user which is citizen and the work will 
be done by  authorized municipal corporations officers, 
regional traffic department, regional water resource 
department and many more who will going to have snap of 
the scenario uploaded by the end user in the form of image. 
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That system or administrator will going to monitor that issue 
and gives the appropriate order to local labour we could say 
of that corporation he will reach to that location send by the 
user in some hours that particular problem will get solved 
and the appreciation of some kind that end user will get 
from the authorities to make useful 
contribution to make city smart [14].We are going to 
implement big data analysis for the end use that they can 
easily trace the responsiveness to the generated system 
from the citizens like no of complaints no of users and issues 
solved in statically view from this smart snap dust 
application. 
     The garbage rate in India and metropolitan cities of India 
are lower than the not fully developed countries in world 
and to much lower as compare to fully developed countries 
and that’s how life style changes specially in the 
metropolitan cities that use more packaging materials that 
increase the 1.3% per year.  

Figure- 1: Statistics of solid garbage projected (at 300 gm per 
capita per day) 

Social participation has a direct effect on efficient Social 
environment. The municipal corporation/officers has failed 
to digitalize the social community and educate citizens on 
rudiments of handling waste and illegal activities and proper 
practices of storing this in their very own bins at the 
household, shop  and establishment level. In absence of a 
basic facility in collection of waste from source, citizens are 
prone to dumping waste on the streets, open spaces, drains, 
and water bodies in the vicinity creating unhygienic 
conditions. Citizens considered that the municipality workers 
through street sweeping or cleaning would pick up garbage 
thrown on the streets. For the general public, which is quite 
indifferent behavior towards garbage cleaning etiquette, the 
focus of keeping the city clean is entirely on the urban local 
regions [7]. This mind set is responsible for unscientific 
systems of the waste management in the country. 

II. LITERATURE SURVEY

In the phase of garbage management author Amol 
Deshpande and Vikrant Bhor and partners presented a 
paper, which defines issues in the public areas related to the 

garbage bins from which some ideas has been taken which, 
could directly impact in reducing garbage from the cities. In 
this paper basically they evolved ideas based on some 
electronic systems included sensors, microcontrollers and 
modems for the transmission of the current scenario of the 
gabage bins level. 
It makes efficient role in garbage bins updated with the live 
status to the authorities [1]. 

     The authors Naredra Kumar G., Chandrika Swamy, 
presented one more paper there and members presented 
VANET based efficient solid garbage disposal generated from 
the various cities of india day to day which sometimes 
indirectly causes the human environment [3]. For this, they 
have been used VANET based efficient garbage reporting 
and disposal routines which makes an important role in 
reducing the waste level thrown by the municipal authorities 
outside of the cities. 

    Basically focus of the garbage and some other social 
aspects of the citizens which could make efficient and 
convenient contribution to day to day life and in smart way 
which could get handled and resolved by interacting citizens. 
For this one location tracing based application was 
implemented and currently running is Children Tracing 
system presented by authors Ms. Vidhi Dave, Prof. Amit 
Welekar in 2011 which has an ability to trace location of 
child which gets sometimes kidnapped by some unwanted 
and unknown persons.  To get location-based access live we 
referred this paper [16]. 

   Mainly if considering cities out of India the survey was 
taken for making cities smart some social requirements we 
crates general problems causes human being. Qin,wei fang 
and xiao-jun authors presented a paper based on solutions 
that could make city more clear and clean as far as garbage 
concerned. In city wuxi Development of the Environment 
protection and enhancement in Wuxi smart city [3]. 
Solutions from certain problems, which authorities may 
focus to get, solved which sometimes unable to get solved 
without interfacing of citizens for whom that particular 
solutions made and system deployed. 

In some papers if we look at literature the major solutions 
and the systems successful reviews got from the user 
interaction in the system, which should make interactive 
designed. 

Authors Bagrecha Komal S., Chhajed Sneha S. and there 
members presented in 2012  for the system based on the 
global positioning system (GPS) navigation with the live 
status of it will get interact with the system and the respond 
with the user and data analysis will get reflect in the form of 
results. 
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Table 1.1: Different comparative base paper literature 
survey  

Sr 
No. Year Author Advantages 

1 2015 

Amol 
Deshpande,Vikran

t Bhor 

The level of garbage in the 
dustbins is detected with the 
help of Sensor systems, Fast 

Response via text. 

2 2014 

Narendra Kumar 
G., Chandrika 
Swamy, andK. 

N.Nagadarshini 

This prototype VANET is based 
on efficient garbage 

disposal results are encouraging 
for implementation. 

3 2013 Qin,wei fang and 
xiao-jun 

Development of the 
Environment protection and 
enhancement in Wuxi smart 

city. 

4 2011 Ms. Vidhi Dave, 
Prof. Amit Welekar 

The information about current 
location such as finding missing 

children, kidnapping of 
woman’s or finding the location 

of 
friends who are in critical 

condition. 

5 2012 
Bagrecha Komal S., 
Chhajed Sneha S. 

This system designed a set of 
multiple applications like Place 

Marking, & Shortest Path 
Strategies & weather 

Predictions for Next four days. 

III. PROPOSED METHODOLOGY

As System proposed flow diagram represents system purely 
to be get delevoped in android. If we see our approach from 
which we are implementing R-Programming methodology to 
get transperant system response from the citizens means in 
stastatical view the response will be drwan runtime. 

 A. SYSTEM ARCHITECTURE 

I. This system implies to capture the picture of garbage and 
upload it over nmc server with location by the help of 

this.NMC will going to take instant action to clean those 
areas. 
II. We will go to use Android toolkits and various advanced
interactive features with there local city &also going to give 
response to the complained user for several issues nearby 
places. 
III. It is roles initiative for the smart cities project.

B. MATHEMATICAL MODEL 

     Mathematical model is to express the real world problem 
in the form of mathematical notations. This phase is to 
construct a model to represent our system by using 
mathematical notation and relations. In this modelling we 
isolate the overall proceedings in two different segment. 

Let, Android based Waste Management for Smart Cities 
consist of 
Let the set of input be S 
S={RP,CL,DB,MA} 

Register Person is denoted by RP 
Current Location is denoted by CL 
Database is denoted by DB 
Mobile Application is Denoted by MA 

RP perform following operations:- 
RP={Phone no.(), Region ()} 

DB perform following operations:- 
DB={Upload(),Stored(),Retrieve(),Send(),Monitoring()} 

CL performs following operations:- 
CL={Location(),Region(),GPS()} 

Mobile Application perform following operation:- 
MA={Department(),Snap(),Location(),Rating()} 

Relations: 
Let L be the Location 
L=(L1,L2,.....Ln) 

Let C be the Capture 
C=(C1,C2,....Cn) 

Let D be the Department 
D=(Garbage,Water,Traffic etc) 

C. ALGORITHM 

• Input: Capturing Activity
• Output: Result

Step 1: Register for the application with location and phone 
number 
Step 2: Capture the image of any activity i.e. garbage, water 
leakage, illegal activities etc 
Step 3: System enables the GPS for current location 
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Step 4: Select the department for uploads the capture 
Step 5: If some issue occurs, then stored the capture into 
pending uploads 
Step 6: Uploaded Capture Access by Regional city office 
Step 7: The result is get as an output. 

D. FLOWCHART 

CONCLUSION 

       The main objective of this system is to make one step 
ahead towards the clean India Mission which must to be 
kept and applied in every cities and there Local residents 
with influence of some trending technologies to provide a 
hassle free and punctual way of execution. As per literature 
survey analysis of existing system, paper advised that 
performance of proposed system will be enhanced. The 
modern approaches Is used like R-project methodology. It 
help us to keep the environment clean. This instant solutions 
are not the only earnings from the article, but it has many 
prospective from commercial point of view. 
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Abstract - The Charging and discharging is an various important technique in battery management system. In battery 
management system discuss manage the charging and discharging of the battery and the converter which increase the dc 
voltage level. The battery management system scheme is introduced a new energy storage system that can be used to design 
for a battery balancing system. The proposed method maintains safe operation during the charge and discharge state in each 
lithium-ion batteries. The battery management technique can be protecting the batteries. The simulation will be shown in the 
charging and discharging of the lithium-ion battery stacks. The proposed work focuses on the analysis of the battery 
management system in high voltage gain in under charging and discharging. 

Index Terms— battery management system (BMS), dc–dc power converter, fuzzy logic controller lithium-ion batterie. 

I. INTRODUCTION  

    Lithium-ion batteries are most commonly used for 
laptop mobile phone, battery operated vehicle, computer, 
electronic equipment electric vehicle and vehicle market 
application. The energy storage   density and power storage 
density of a lithium-ion battery is source of dc power is used to 
input and finally run the electric vehicle. The batteries cells are 
connected in Parallel are usually employed for many practical 
applications such as electric vehicles hybrid electric scooters, 
electric wheelchairs, and electric bikes. Boost converter   are   
changing the voltage from a low level to high level the safety, 
efficiency, and storage system  are discussed in electric 
vehicles. According to the Battery management storage 
system includes which uses a dc/dc converter design to 
increase the voltage level to satisfy the real power 
requirement with respect to time The battery management 
system technology is the success of electric vehicles and it will 
depend on a vehicle market dominated by people are using in 
vehicles and Cell balancing control is designed to obtain the 
maximum usable capacity of the lithium–ion battery string.  

        The battery management system is the charging 
and discharging modes are dis-cussed and the battery are 
connected in parallel and its   requirements such as safety 
traditional  lithium ion batteries are introduced. The proposed 
work focuses on the analysis of the battery management 

system is manage the all the four batteries in charging and 
discharging condition in electric vehicles. Battery management 
technology has been providing storing energy is used for 
electric vehicles and the users based on a personal life-style 
decision can do the energy storage capacity. 

An user modular battery management storage system 
which allow to find their own optimum solution to the cost-
performance Problem This project provides the solution for all 
the requirements, such as protecting the batteries. The 
battery management system all the battery can  be  balancing 
and it should provide the status for user Energy storage is 
reduced the storage of the battery in discharging condition the 
Power will flow from solar Panel to load. Floating mode means 
the there is no battery power is disturb the condition the 
power will flow solar panel to load voltage. In this traditional 
approach the battery behaves as  a highly significant and act as 
lower internal resistance, as a function of the battery and in 
the  Battery models can help reach cost and performance 
goals for EVs. 
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II.  CIRCUIT OPERATION PRINCIPLE

        The image above shows a basic layout of a 
battery management system. This particular block consists of 
solar panel (PV), converter, BMS, Inverter and motor 
necessary for proper battery operation. The BMS typically 
monitor the individual cell voltages, and battery current. The 
Battery Management keeps the entire battery module in 
balance the charging and discharging of the cells and it helps 
to increase the battery life. The Battery Management system 
operates is dependent on the different type of battery and it 
may be protected and control. There are several advanced 
battery management system technologies is used for in 
electric vehicles. For eg The conventional method using Lead 
acid batteries are the example of low power to low weight 
ratio, low self-discharge, and low safe. Battery management 
system is managed all the four type of battery and it may be 
controlling, storing identifying, measuring and improving the 
overall performance of the system. Before one ideal switch 
and after one ideal switch is considered the zero error is 
connected in the battery management circuit and is used for 
electric vehicles. The battery management system during 
discharging mode condition the vehicle should be continually 
run. In floating condition the Power will flow from solar Panel 
to load and the voltage interfaces with other on-board 
systems and safety systems 

B Measuring and Monitoring 

Battery management systems monitor operational 
parameters, such as voltages, currents, temperature and state 
of charge in during charging and discharging conditions. BMS 
are careful requiring and monitoring the voltage, current and 
measurement during charging and discharging conditions. In 
battery management system interfaces with converter 
systems such as battery, converter, controller and charger in 
all work conduction. The measurement of each block should 
be measure the losses and Efficiency. The capacity of the 
battery provides the voltage and sudden changes in operation 
and the result is avoided from damage of the high power. The 
battery management system includes the entire battery 
module with capacitor to improve the overall performance 
and increase the efficiency of overall system wherever Times is 
specified, Times Roman or Times New Roman may be used. If 
neither is available on your word processor, please use the 
font closest in appearance to Times. Avoid using bit-mapped 
fonts. True Type 1 or Open Type fonts are required. Please 
embed all fonts, in particular symbol fonts, as well, for math, 
etc. 

III. DESIGN CONSIDERATIONS

Further charging failed to bring all batteries comes to 
discharging mode should be reached the new trends to be 
introduced in floating mode continuous Process. In this state, 
the power will be increases from one level to another 
requiring and the voltage, current is to be measured. From an 
estimate of low unbalanced batteries could be able to be 

charged effectively, and the balanced batteries should be able 
to charge effective. In practically the batteries were evenly 
distributed size is small and the normally the battery size is 
very large of charge. Various types of topologies used for 
battery management systems with converter to improve the 
voltage and improve the efficiency. This converter can boost 
the DC voltage, also achieve the total bus voltage should be 
automatically balancing the batteries without any resistance. 

The ability of the bms measurement is to be determined 
the directed to different type of conventional battery cells and 
the different measurement are voltage, currentt, temperature, 
and the minimum and maximum efficiency. Both charge 
balancing range and un balancing range are defined by 
minimum and maximum allowed voltage and current Ranges 
are noted. The current and voltage ratings should be 
maximum utilities to satisfying the high maximum power 
demand. Since the Power semiconductor switching device 
(MOSFET) is a high soft-switching device requiring due to 
conducting during the dead-time, only high-side switching loss 
is considered in charge and discharge mode. Similarly 
switching loss is considered in discharge mode. So ideal Switch 
it may be considered on or off so there is zero error 

IV. DISCUSSIONS

Energy storage system is used for the electric vehicle 
applications during undergo frequent charging modes and 
discharging modes. The battery energy storage capacity of one 
battery module consists of more than three or four cells and 
one module consist of four cell. The battery management 
designs of the all the integrated module are connected 
together are   focused on solar Panel and which is around 18V, 
100 W, 4A. The Battery are connected in parallel and the 
fundamental configuration of the battery should be manage 
all the battery voltage will be changed but the converter 
methodology should be same. The integrated battery module 
is a very important for future optimization of the system 
configurations. 

V Reliability of the System 

The power capacity of the proposed system can by adding 
more battery modules are connected together in the battery 
management system. The reliability and sensitivity is very 
important for the battery management system since it 
requires coordinate different modules in order to achieve 
balancing and unbalancing condition. The BMS in the solar 
panel design is I8v 4A and 100W switch can be used connect 
to the Load example electric vehicle. If the first battery fails, 
means the battery will become the solar panel become master 
that means automatically connected to the load. This 
mechanism will be continually there are not enough modules 
to maintain the normal operation and also this process should 
be continually. The detailed analysis and modeling require any 
change of the battery management system designs and there 
is a great advantage of battery management system without 
regulating the battery die quickly. 
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VI SIMULATION OUTPUT 

The total capacity of the battery pack is sudden changes in 
operation and the battery will be damaged. The basic idea of 
battery management system is to achieve is better 
improvement of overall performance. Based on the power 
electronic component or semiconductor switching devices eg 
MOSFET and large dc-to-dc converter to satisfy the high power 
demand. Several configurations in the Battery management 
storage system design have been changed from simple circuit 
to complex circuit 

   Figure-1: Inverter output voltage and current 

In Proposed system is increase the voltage or change the 
voltage from 18v to 56v and the BMS with converter is 
connected to the load. In normal operating mode condition 
the battery is connected dc to dc converter through load and 
the discharging condition the battery will not connected to the 
load directly. In any condition the battery are not working 
together or floating mode the power will flow from solar panel 
to load. Energy storage system in automotive applications it 
undergo charge and discharging condition Converter output. 
In normal operating condition the battery is connected dc to 
dc converter to the load and full charge condition the battery 
will not connected to the load directly. The Hybrid Energy 
storage system for an electric vehicle or vehicle Market 
applications the voltage is injected directly into a battery 
without regulating the battery voltage should not die very 
quickly. The problem of energy storage system is providing 
charging and discharging through controller and it will control 
some part of the system. The charging and discharging power 
there is no additional requirement is not needed in the electric 
vehicle applications. In a battery management system it is 
important to protect the battery and also increase the overall 
performance. 

OUTPUT VOLTAGE AND CURRENT 

       Compared to the conventional energy storage system 
is important component of BMS to run the Electric vehicle. The 
battery management system which increase the overall 
performance of the overall system,, protecting the battery and 
also the improve the efficiency. The energy storage system all 
the battery management system with capacitor and battery 
module to satisfy the high power demand. The energy storage 
system to achieve the output voltage is below the battery 
voltage under normal operations and of the load. In normal 
operating condition the battery is connected dc to dc 
converter trough load and the floating mode battery will not 
connected to the load directly. 

CHALLENES 
         Energy Storage System is one of the   applications in 

vehicle market applications and automobile applications and 
the voltage is directly regulating the battery could die very 
quickly. The lithium battery  are divided into several 
performance in a battery management system it is important 
to much high power limit to other than lead acid battery for 
the protection of  battery is given to the importance of our 
discussion. 

   The battery modeling is very complex and the fuzzy 
logic controller has been controlled by some part of the 
system. Conventional technologies are higher cost and low 
energy density. The new technology of improve the efficiency 
especially during the electric vehicle add increase the overall 
performance of the system. Efficiency is a calculation of input 
power and output power but the power actor becomes high   

       During an overnight external charge the controller the 
voltage and increase the voltage b by automatically energy 
storage system technique. BMS new technologies are directly 
fed to the motor and improve the motor rating by avoiding the 
discontinuous running of the motor.so the  Permanent magnet 
brushless dc motor it will run on ac supply and  the ac voltage 
will be getting which convert dc to ac cost is high and the 
special battery management system is required and add 
complexity increase the overall performance of the system 

In normal operating condition the converter flow through 
the load is 18v. The  converter are set to Provide 56 V and 4A 
The problem  is providing voltage discharging through load 
and the efficiency is high. In a battery management system the 
voltage will be provide to maintain state of the battery and 
monitor the voltage  and the battery management system is 
used to control the voltage, and current 

CONCLUSION 

 Battery management design has been able to designing 
monitoring controlling identifying authenticating and 
balancing. This is achieved by the design considerations 
regarding converter operation and efficiency optimization 
technique is detailed studied. The   fuzzy logic controller is 
used to control the some part of the system now it can be 
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checked and analyzed. The BMS system is proposed to achieve 
quick charging. The prototype is designed three or four-
battery system is connected in Parallel to maintain the voltage 
and works opens in a new battery management system design 
in a electric vehicle. 
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Abstract - With the increased demand for electronic equipment in our day-to-day life, the line current harmonics of this 
equipment should be limited for meeting the regulatory standards and for the efficient working. This can be achieved by 
incorporating a simple power factor correction circuit. Power factor is a term representing the qualitative measure of the 
power quality in an electric system. A load with low power factor draws more current than a load with high power factor 
for the same amount of useful power transferred and this necessitates the need for power factor improvement. There are 
many techniques for power factor improvement. In this paper we deal with a boost converter, working in dual mode to 
implement power factor correction. The working of the converter in two different modes namely continuous conduction 
mode and critical conduction mode not only offers input power factor correction, but also provides high efficiency in both 
light load and heavy load conditions. Since the converter will raise the output voltage, a single converter can be used 
instead of several batteries for the same amount of voltage thereby saving space. The model is simulated using MATLAB 
Simulink software. 

Index Terms - Continuous conduction mode (CCM), Critical or Boundary conduction mode (CrCM or BCM), Discontinuous 
conduction mode (DCM), Power factor correction (PFC) 

I. INTRODUCTION  

Power factor is a very significant term as it gives the 
amount of working power used by any system. A load with low 
power factor will consume more reactive power and it will 
draw more current for the same useful power [2]. The use of 
such a high current will necessitate the use of large equipment 
and wires having high current capacity. The electrical utilities 
will charge extra cost for the consumers for low power factor 
consumption. So the power factor should be improved and it 
should be near to unity. Power Factor Correction (PFC) will 
improve the system efficiency, and voltage regulation, while 
reducing the energy consumption and losses [3]. 

The power factor is defined as the ratio of real power to 
apparent power. The real power or active power or working 
power is the power that is actually consumed by equipment. It 
is expressed in kW. The reactive power does no useful work 
but it is necessary to maintain the electromagnetic effect of 
industrial inductive loads. Apparent power is the resultant of 
real and reactive power. When the current and voltage are in 
phase the power factor will be unity which is the maximum 

value. This occurs for a purely resistive load and is an ideal 
case only. When the ratio deviates from a constant value there 
should be some phase difference between current and voltage 
and it lowers the power factor [4]. The PFC will shape the 
input alternating current and make it in-phase with the supply 
voltage and thereby improve the power factor. The basic 
topology for PFC employs a bridge rectifier and a boost circuit 
in dual mode which can output 350V or more. The use of a 
filter capacitor in the bridge rectifier will filter the input 
current of the boost converter and that will provide a 
continuous inductor current. 

A schematic of a boost power stage is shown in Fig. 1.The 
boost is a popular non-isolated power stage topology, 
sometimes called a step-up power stage [5]. Power supply 
designers choose the boost power stage because the required 
output voltage is always higher than the input voltage and is of 
the same polarity. The output current for a boost power stage 
is discontinuous, or pulsating, because the output diode 
conducts only during a portion of the switching cycle. The 
output capacitor supplies the entire load current for the rest 
of the switching cycle. The input current for a boost power 
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stage is continuous, or non-pulsating. The key principle that 
drives the boost converter is the tendency of an inductor to 
resist changes in current by creating and destroying a 
magnetic field [1]. The basic principle of a Boost converter 
consists of 2 distinct states. 
(a) In the On-stage as in Fig. 2, the switch S is closed, so 
current flows through the inductor and the short circuit path. 
The rest of the circuit is inactive. This results in an increase in 
the inductor current and inductor stores some energy by 
generating a magnetic field. 

Figure-1: Basic Boost Converter 

 
Figure-2: Switch S is closed 

(b) In the OFF-state which is shown in Fig.3, the switch is 
opened and the only path offered to inductor current is 
through the fly back diode D, the capacitor C and the load R. 
This result in transferring the energy accumulated in the 
inductor into the capacitor during the On-state. Now the 
output voltage will be the sum of the supply voltage and the 
voltage across the inductor. 
(c) The input current is the same as the inductor current.  
It can be continuous or discontinuous depending on the value 
of L. Here the requirements on the input filter are relaxed 
compared to a buck converter. 
       The input and output voltage relationship is controlled by 
the duty cycle, D as shown in Eq. 1. 

D = TON
TON+TOFF

     (Eq.1) 

For the boost converter, the relation is given in Eq.2 

D = 1—   VIN
VOUT

 (Eq.2) 

Also, an ideal boost converter is lossless in terms of energy, so 
the input and output power are equal. In practice, there will 

be losses in the switch and passive elements, but, efficiencies 
better than 90% are still possible through careful selection of 
system components and operating parameters such as the 
switch frequency. The internal operations of a boost converter 
can be thought of as a charge storage and transfer 
mechanism. To be in synchronization with the mains voltage  

Figure-3: Switch S is open 
in a perfect PFC circuit, as would an equivalent resistor with no 
added input current harmonics. 

II. MODES OF OPERATION OF THE BOOST PFC CONVERTER
The boost converter with power factor correction can work

in three modes: Continuous Conduction Mode (CCM), 
Discontinuous Conduction Mode (DCM), and Critical 
Conduction Mode (CrCM). In CCM, the current in the energy-
transfer inductor never reaches zero during the switching 
cycle. While in CrCM, the new switching period is initiated 
when the inductor current returns to zero. CrCM is considered 
as boundary mode operation between CCM and DCM. Current 
is zero for a part of switching cycle in DCM. Comparing the 
three modes of operation DCM seems much simpler than 
CrCM but it may operate at constant frequency [6][10].So, 
DCM possesses highest peak current compared to other 
modes but with no performance advantage and so the paper 
focuses on continuous and discontinuous conduction modes. 
CCM presents low peak to average current ratio which 
minimizes peak current of power MOSFET and also the ripple 
current requirements of the output capacitor. This makes CCM 
the most appropriate mode of operation for the high power 
PFC designs [6].The lower voltage swing compared to 
discontinuous mode results in lower conduction losses. 
Inductor-core losses will be lowered due to lower ripple 
current. 

Sensing of inductor current when it has reached zero is 
imperative in order for the CrCM technique to work properly. 
The most effective way of this sensing is by means of a small 
auxiliary sense winding on the boost choke. It indicates when 
the fly back voltage across the winding has dropped to less 
than a volt or so, and this indirect method is much more noise-
immune than monitoring the current directly [7]. A 
consequence of having to detect the zero current point prior 
to MOSFET turn-on disallows fixed frequency operation in this 
mode. The frequency will vary over a range of 5:1 from the 
midpoint in the AC sine wave to the zero crossing point due to 
changes in output load. In spite of higher RMS current in the 
inductor and switching devices, CrCM allows better switching 
condition for the MOSFET and diode. In critical mode the 
inductor current starts from zero in each switching period. On 
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turning-on the boost switch for a fixed time, the peak inductor 
current becomes proportional to the input voltage [8]. Due to 
sinusoidal behavior of input voltage, converters input current 
follows the voltage waveform with high accuracy and draws a 
sinusoidal input current from source. This feature makes CrCM 
dependent on the selected output voltage, the instantaneous 
value of the input voltage, the boost inductor value, and the 
output power delivered to the load. The operating frequency 
changes as the input current follows the sinusoidal input 
voltage waveform. Value of inductance is different for the two 
modes [9] and is given by: 

The value of CCM inductance is obtained using Eq. 3 

LCCM =D(1—D)R
2f

  (Eq.3) 

Where R is the load resistance and f is the frequency. 
The value of CrCM inductance is given by Eq.4 

LCrCM = 1
4
 LCCM   (Eq.4) 

The average inductance for the proposed converter is given 
by Eq. 5 as 

Lavg = LCCM  + LCrCM
2

  (Eq.5) 

III. PROPOSED SCHEME
Figure 4 shows the proposed converter and it consists of

diode rectifier, basic boost converter together with its control 
circuit. Here diodes D1 – D2makes a rectifier circuit and D5 are 
used in the boost circuit for preventing current in reverse 
direction. The bridge rectifier converts the input ac voltage to 
a dc voltage. This output voltage is filtered by a capacitor. The 
dc output of the rectifier is made to a higher level by a boost 
circuit which consists of an inductor, a MOSFET (used as a 
switch), a diode, and load. The converter operates based on 
the property of the inductor to resist changes in current. The 
inductor current decides whether the converter works in 
continuous conduction mode or critical conduction mode. 
Similarly, during light load condition, the converter will 
operate in critical conduction mode. Based on that load, the 
inductor current will change. However the output voltage 
remains constant. The proposed system includes an input 
power factor correction circuit that uses the property of 
output current which controls the input current. This will make 
input current in-phase with input voltage and thus power 
factor correction is achieved. 

The gating pulses for the switch are produced using the 
control circuit depending on the load. If converter is feeding a 
heavy load, it has to operate in continuous mode. The gating 
pulse for this mode is produced based on the reference 
voltage. If the converter is operating with light load, it needs 
to operate in critical mode of operation. The gating pulse 
produced depends on both the reference voltage and inductor 
current. Since the system works in a closed loop manner, the 
most appropriate controller is a modern PID controller. The 
load used is resistive in nature whose design is based on the 

local requirement. The modulating signals can be generated by 
the PWM generator itself, or they can be a vector of external 
signals connected at the input of the block. The amplitude 
(modulation), phase, and frequency of the reference signals 
are set to control the output voltage (on the AC terminals) of 
the bridge connected to the PWM Generator block.  

Figure-4: The proposed control circuit 

IV.  SIMULATION RESULT ANALYSIS
The experiment is performed with the following

parameters: input voltage Vac = 110Vrms, output voltage Vo= 
400Vdc, output power Po= 30-300W, fixed switching frequency 
= 60 kHz, variable switching frequency = 60-265 kHz, average 
inductance L = 500 H, and output capacitor Co = 220 F. Output 
power ranges from (30-300) W. Figure 5 shows waveforms for 
dual mode in which the proposed system works in CCM mode 
for a time and in CrCM mode for the remaining time. The load 
voltage is 400V. Figure 6 shows output voltage and current 
waveforms for light load condition where the system works in 
continuous conduction mode at a load voltage of 400V.The 
inductor current is 220 A here. Voltage and current 
waveforms in critical conduction mode is shown in Fig. 
7.Working in critical conduction mode occurs for light load
condition. The current becomes zero at an instant in this 
mode. Load voltage remains constant and is at 400V.The 
inductor current is 140A. Figure 8 shows waveform of 
improved power factor using the proposed converter. Here, 
the power factor is made near to unity. 

Figure-5: Waveforms of Inductor current and output voltage 
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Figure. 6 Waveforms of Inductor current and output voltage 
in continuous mode 

Fig. 7 Waveforms of Inductor current and output voltage in 
critical conduction mode 

Figure- 8: Waveform of power factor versus time 

V. CONCLUSION 
A dual mode boost converter for input power factor correction 
has been presented here, because of the simple circuit 
structure and good control effort, the system has a broad 
application background. Working of the boost converter in 
both light load and heavy load has increased the efficiency of 
the system. It can be used in integrated chips, which require 
high power and high efficiency in light load condition. In 
addition, the dual mode control circuit is simple and easy to be 
built into an integrated circuit without additional cost and 
space. The proposed converter is used for power factor 

improvement and it will reduce the line current harmonics, 
increases the system efficiency and increases the capacity to 
serve power requirements. The above scheme can be used in 
computerized power plants and personal computers to 
improve the efficiency of the system and to eliminate the 
effects of input current distortion. A boost regulator is an 
excellent choice for the power stage of an active power factor 
corrector because the input current is continuous and this 
produces the lowest level of conducted noise and the best 
input current waveform. 
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Abstract - In this brief an attempt has been made to estimate the effect of inter-valley scattering on device characteristic by 
comparing Monte Carlo model and Drift Diffusion model simulating on DG-MOSFET. It is observed that the MC simulation 
gives higher on current as compared to DD simulation, which is attributed reduced inter-valley scattering. Furthermore, it is 
observed that reduction in inter-valley scattering results in lower threshold (Vth). The effect of inter-valley scattering is more 
intense at scaled channel length (20nm). The improvement in on current and Vth enhances in MC simulation as compare to 
DD model with scaling down of channel length.  
Index Terms - Monte Carlo (MC), Drift Diffusion (DD), DG-MOSFET, T-CAD. 

 

I. INTRODUCTION 
In last decades, semiconductor devices are continuous 

scaled down, for continuing  this trend considerable work is 
going on the device simulation to optimize the transistor 
structure [1]-[3]. Drift Diffusion (DD) model is a good tool for 
modeling of devices. DD model have self consistently solving 
current continuity equation and Poisson equation. It provides 
computationally efficient and simple simulation results [4].   
DD model can be used in both long and short channel DG-
MOSFETs for calculation of sub-threshold currents. It is good 
tool for calculation of on current for long channel device [5] 
but for short channel device it is not as good as for long 
channel device. The Parameter like velocity overshot which 
influence the transistor on current should be considered in 
simulation of semiconductor devices with short channel [6].  
But the classical DD model does not consider the effect of 
velocity overshot and scattering mechanism and under-
estimates the drift current in Nano-meter scale MOSFET [7].  

The most accurate and reliable approach that traces 
carrier transport for the calculation of the on currents of DG-
MOSFETs in Nano scale device is Monte Carlo Method (MC).  
MC simulation follow two steps, first, a drift-diffusion 
simulation, second, based on drift diffusion, a Monte Carlo 
simulation. Typically, the Monte Carlo simulation is applied to 
a window that excludes the polysilicon region [8]. Simulation 
process is described in section 2. Section 3 represent the 

structure of transistor & the simulation model. The results of 
our study presents in section 4 and conclusion is drawn in 
section 5. 

II. MONTE CARLO SIMULATION PROCESS 
The Monte Carlo (MC) simulator uses a ‘frozen field’ 

approximation method to simulate the devices [9]-[11]. 
Frozen field simulation follows a two-step procedure: a drift 
diffusion simulation and the solution of the drift diffusion 
passes to the Monte Carlo simulation to initialize the particles, 
by doing this Monte Carlo module calculate the driving force 
applied to particle. The specification of the meshing in each 
direction, with the details of position of specific architectural 
specification (start and end of oxide and gate regions), applied 
bias voltage (VG, VD), the hole, electron, acceptor and donor 
concentrations, the quantum and classical potentials are 
passed from the Drift Diffusion to the Monte Carlo simulator. 
Most of these parameters are needed for Monte Carlo 
simulation to function, some are required only for record, as 
these are written in a file at the starting of the simulation. 
Additionally, interface roughness patterns are already 
generated in the Drift Diffusion simulator is use by the Monte 
Carlo module. The Monte Carlo simulator will take care of 
non-uniformity in the meshing, which is acceptable for ‘frozen 
field’, and can introduce self-force issues [12] in self-
consistent simulations.  
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Both the simulator DD and MC are completely separate 
entities, First, DD simulator gives a output file with the 
required information that the MC module use it. To make the 
process more flexible and self-contained, the two simulators 
were coupled via a very simple interface subroutine. Once the 
DD simulation was completed, based on a flag within the input 
file which is set to indicate that a MC simulation should be run 
using the output from the DD simulation [13]. Currently, the 
two sections still maintain individual input files, the DD 
describing the mesh, applied bias and doping, the MC file 
containing details concerning time steps and number of 
particles. 

 

III. SIMULATION TOOL AND MODEL DEVICE STRUCTURE 
The device structure used in this work to analyze the effect 

of inter-valley scattering is an N-Channel DG-MOSFET as 
shown in Figure 1. The silicon layer thickness is set at 12 nm 
throughout the study. Silicon di-oxide with thickness of 1 nm 
is used as gate dielectric. The mid-gap work function of metal 
gates are set at 4.7eV. The source and drain are heavily doped 
with doping concentration 1020 cm-3. 

Sdevice simulation has been utilized to simulate the effect 
for different simulation model. For Monte Carlo simulation, 
the Sentaurus Device Monte Carlo Simulator– single-particle 
device Monte Carlo has been utilized. In the single-particle 
device Monte Carlo simulator, single particle (electron or hole) 
is considered at a time and  simulated in the device as it 
travels from one contact to another until good statistics for 
the charge density are obtained. Next, the nonlinear Poisson 
equation is consider for solution and is iterated until 
converged. The result obtained is steady-state solution of the 
Poisson equation and Boltzmann transport equation (BTE) [8]. 
An important issue with drift diffusion simulation is the 
selection of mobility model. Generally Lombardi model is used 
for calculation of low field mobility in the MOSFET which take 
cares the transverse field effect. 

 

IV. RESULT 
It is observed that MC based simulation gives higher on 

current (Ion) as compared to DD based model as shown in 
Figure 2. 

 
Fig. 1.  Schematic view of model transistor (DGMOSFET) 

  
Fig.2. Transfer characteristics of model device with drift diffusion model 

and Monte Carlo model Lg=40nm. 
 
The output characteristics of DG-MOSFET at channel 

length of 40 nm is shown in Figure 3. The current calculated by 
Monte Carlo simulation is more than drift diffusion model. 
This is attributed to increase in velocity overshoot and reduces 
the inter-valley scattering and results in improved on current.  

 

 
Fig.3. The ID Vs VDS characteristics of model device with drift diffusion 

and Monte Carlo simulation for channel length 40nm. 
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Fig.4. Transfer characteristics of DG-MOSFET at Lg=40nm and 
Lg=20nm.

 
Fig.5. Comparison of various performance parameter of DG-MOSFET with 

MC and DD based simulation. 
 
Fig. 5 compares the various performance parameter of DG-

MOSFET for different simulation model at different channel 
length (Lg). It is observed that the increment in the on current 
(ΔIon) in MC model based simulation as compared to DD 
model based simulation is 7% at Lg = 40 nm & 12% at Lg = 20 
nm. The change in threshold voltage (ΔVth) is 38.3% and 
48.78%  at Lg = 40 nm and 20 nm respectively.       

V. CONCLUSION 
The effect of inter-valley scattering reduced in MC 

simulation results high on current and lower threshold voltage 
of the model device has been observed. Also it has been 
observed that at Lg=40nm, on current of device increase 7% 
and Vth decreases by 38.3% when MC simulation perform over 
DD model. Similarly at Lg=20nm, on current increased by 12% 
and Vth decreases by 48.78%. But the computation effort is 
higher in the MC simulation than the DD model so, the 
simulation time of MC simulation increases drastically. 
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Abstract - Nowadays Multilevel Inverters are in high demand for high power, medium voltage applications. The proposed 5 
level inverter uses a DC source and minimum count of switches so that the total cost and complexity of circuit is reduced. It 
has the ability of boosting the output voltage to high level. Multicarrier Pulse Width Modulation (PWM) technique is 
implemented in the presented topology and output voltage waveform across load by connecting filter components and 
without connecting filter components are analyzed using power electronics tool box of MATLAB. Also variation of Total 
Harmonic Distortion (THD), RMS output voltage and Peak output voltage are compared for proposed inverter by connecting 
filter components and without connecting filter components for various values of modulation indices. 
Index Terms - Multicarrier; Modulation; THD; PWM; Boost  

 
I. INTRODUCTION  

General inverters are two level converters and they cannot 
satisfy high power applications. Multilevel inverters are 
preferred to satisfy high power applications. Multilevel 
inverters are used to produce very high voltages based on the 
configuration used even from a single DC voltage source. 
Whenever the no of levels of Multilevel inverters are 
increased, Total harmonic distortion (THD) of output voltage is 
reduced which is suitable for numerous applications. So the 
filter requirement is reduced when multilevel inverters are 
used for applications.THD can also be reduced in lower levels 
when suitable modulation techniques are used. When low 
switching frequency Pulse Width Modulation techniques 
(PWM) are used, THD value will be very high. But Multicarrier 
PWM techniques reduce the amount of total harmonic 
distortion. The general topologies of multilevel inverters are 
Diode clamped multilevel inverter, flying capacitor multilevel 
inverter and Cascaded Multilevel inverter. Conventional 
topologies use more no of switches, capacitors and diodes. 
Each and every type has its own advantages and 
disadvantages. The proposed topology has less no of switches 
and uses a single DC source. Capacitors are used instead of 
other DC sources. Since less no of switches and DC sources are 
used, the overall weight and cost of the configuration is 
reduced. The suggested topology has the ability to boost the 
input voltage and produces high output voltage. Two switches 
in the presented topology are operated at low switching 
frequency, which in turn reduces the switching stress and 
switching losses. The only drawback is the proposed topology 
uses more no of inductors and capacitors, which may increase 
the size of the configuration. Taghvaie et al [1] proposed a 
structure of Multilevel Inverter, which uses switched 

capacitors and DC sources. He introduced a self-balanced 
asymmetrical charging pattern in the work. Reddy and 
Pattnaik [2] proposed a Multilevel Inverter topology, which 
can be operated under symmetrical & asymmetrical 
configurations. Sureshkumar et al [3] discussed about a new 
circuit with minimum count of switches for different carrier 
PWM techniques. Mufeeda and GeethuKrishnan [4] suggested 
an Asymmetric Multilevel Inverter which has reduced number 
of switches for a 11 level inverter and a comparison was made 
between fundamental and high frequency control. Mehdi 
Fallah et al [5] evaluated the performance of a new structure 
for cascaded H-Bridge based modular multilevel voltage 
source inverter. Muhammad Arif et al [6] designed a multilevel 
inverter of 5 level and THD is analyzed for various multicarrier 
PWM control schemes. Vanya Goel et al [7] proposed a 5 level 
inverter which can give high step up output voltage. Vanya 
Goel et al [8] evaluated THD results for the proposed 7 level 
inverter which employs level shifted PWM technique. Deepa 
and Rakesh Kumar [9] suggested a new circuit topology named 
one two five topology for asymmetrical multilevel inverter and 
the harmonics are reduced using sine property.  Amir Taghvaie 
et al [10] proposed a new multilevel inverter circuit which uses 
single DC source and capacitors are used instead of other DC 
sources. Kishor Thakre and Kanungo Barada Mohanty in [11] 
made a comparative analysis of THD of a symmetrical and 
asymmetrical 17 level cascaded H-Bridge inverter. 
Balamurugan et al [12] made a survey on various multilevel 
inverters and compares various topologies of multilevel 
inverters. Yuanmao et al [13] designed a structure based on 
switched capacitor technique and it avoids capacitor voltage 
balancing. Kanimozhi and Geetha [14] made an investigation 
about new boost switched capacitor topology for different 
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multicarrier based PWM techniques. Bhuvaneswari et al [15] 
made a comparison of 3 phase cascaded multilevel inverters 
for different multicarrier sinusoidal PWM techniques. 
Balamurugan et al [16] also made a performance evaluation of 
three phase asymmetrical multilevel inverter with reduced 
switch count. Balamurugan et al [17] proposed an 
investigation on Z-source based three level inverter. 

 
II. POWER CIRCUIT DIAGRAM FOR THE PROPOSED INVERTER 

The circuit topology for the proposed 5 level multilevel 
inverter is shown in fig.1.It uses less no of switches and DC 
sources compared to conventional topologies. Other DC 
sources are replaced by capacitors. Since it uses less no of 
switches, the complexity of control circuit is reduced. The size 
of the circuit also reduced because of less no of sources. It 
consists of a boost converter unit and 2 no of diode capacitor 
cells (C1-D2 and D3-C2), which are used to boost up the input 
DC voltage. 

RL

L1 D1
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Vdc

S2

D2

C1

C2

D3

S3

S4

S5

S6

Lf

Cf

 
Fig.1.  Power circuit diagram of proposed inverter. 
 
Switches S3, S4, S5 and S6 form the polarity generating part of 
the circuit.S3 and S6 is responsible for generating positive 
output voltage and S4, S5 for generating negative output 
voltage. The boosted input voltage is available across the 
diode capacitor cell. After processed through polarity changing 
unit, multilevel output is available across the load. Switching 
states of different switches and diodes of a proposed inverter 
is shown in table1. 
 
Parameters chosen for the proposed inverter are given below. 
Switches S1 to S6    - Ideal Switches 
Diodes D0, D1, D2   -  Power Diodes 
Capacitors C1=C2  =  330µf 
Filter capacitor Cf  =  38µf 
Filter inductance Lf  =  0.8H 
Input Inductance L1  = 2mH 
Load resistance RL =  200Ω  
Input voltage Vdc   = 100V 
Switching frequency = 1 KHz 
III. MODULATION CONTROL TECHNIQUES OF MULTILEVEL INVERTER 

The suggested multilevel inverter is performed using 
multicarrier modulation technique. There are two types of 
multicarrier modulation techniques available. They are phase 
shifted and level shifted modulations. Compared to level 
shifted modulation, phase shifted modulation generates more 
THD. Level shifted modulation again classified into three types. 
They are Phase Disposition PWM (PDPWM), Phase Opposition 
Disposition PWM (PODPWM), Alternate Phase Opposition 
Disposition PWM (APODPWM).The presented topology uses 

Phase Disposition PWM to get better THD. In level shifted 
modulation technique, for getting an “m” level output voltage 
of multilevel inverter it needs m-1 triangular carrier signals. All 
the carriers have same amplitude and frequency. Different 
types of level shifted PWM are discussed below with model 
waveforms. 

 
A. PHASE DISPOSITION PWM (PDPWM) 

In Phase Disposition PWM, all the carriers are in phase with 
each other. For an “m” level output voltage of multilevel 
inverter it needs m-1 triangular carrier signals. Since the 
proposed inverter is a 5 level inverter it needs 4 carriers, 
where two of them are available above zero axis and 
remaining two carriers are below zero axis. By comparing the 
carriers with the sinusoidal reference waveform high switching 
frequency pulses for various switches are generated. The 
reference and carrier arrangement of PDPWM method is 
shown in fig.2. 

 

 
 

Fig.2. Sample reference and carrier arrangement of PDPWM 
 

B. PHASE OPPOSITION AND DISPOSITION PWM (POPWM) 
In Phase Opposition Disposition PWM, all the carriers above 

zero reference axis are 180deg out of phase with the carriers 
below zero axis. For a “m” level output voltage of multilevel 
inverter it needs m-1 triangular carrier signals. Triangular  

TABLE I.  SWITCHING PATTERNS AND STATES OF SWITCHES AND 
DIODES FOR EACH VOLTAGE LEVELS 

carrier signals are compared with the sinusoidal reference 
waveform and thereby high switching frequency pulses for 
various switches are generated. The reference and carrier 
arrangement of PODPWM method is shown in fig.3. 

 

S.N
o S1 S2 S3 S4 S5 S6 D0 D1 D2 

 
Level 

 
1 S

W 
0 S

W 
0 0 1 0 0 0 First 

2 S
W 

S
W 

1 0 0 1 1 1 1 Secon
d 

3 S
W 

0 0 1 S
W 

0 0 0 0 First 

4 S
W 

S
W 

0 1 1 0 1 1 1 Secon
d 
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Fig.3. Sample reference and carrier arrangement of 
PODPWM 

 
C. ALTERNATIVE PHASE OPPOSITION AND DISPOSITION 

PWM (APODPWM) 
 

In Alternate Phase Opposition Disposition PWM, Each and 
every carrier is 180 deg out of phase with the adjacent carrier. 
Odd carriers are in phase with each other; similarly even 
carriers are in phase with each other. But odd carrier signals 
are 180deg out of phase with even carrier signals. Here also 
for a “m” level output voltage of multilevel inverter it needs 
m-1 triangular carrier signals. Triangular carrier signals are 
compared with the sinusoidal reference waveform and 
thereby high switching frequency pulses for various switches 
are generated. The reference and carrier arrangement of 
APODPWM method is shown in fig.4. 
 

 
 

Fig.4. Reference and carrier arrangement of APODPWM 
 

IV. SIMULATION RESULTS 
The proposed 5 level MLI is constructed and simulated 

using MATLAB/SIMULINK. The output voltage waveforms for 
different modulation indices are analyzed. THD, Peak values of 
voltage (Vpeak), RMS output voltage (Vrms) are noted for 
various modulation indices with and without using filter are 
tabulated below in table 2. 

TABLE II.  COMPARISON OF THD, VPEAK, VRMS FOR DIFFERENT 
VALUES OF MODULATION INDEX 

S.N
o MI 

THD(%) Vpeak(v) Vrms(v) 

Witho
ut 

filter 

With 
filter 

With
out 

filter 

Wit
h 

filte
r 

Witho
ut 

filter 

With 
filter 

1. 1.1 22.89 9.73 1210 115 855.4 814 

1 

2. 1 26.31 9.97 1176 112
9 831.3 798.6 

3. 0.9
5 29.3 10.02 1148 111

4 811.4 787.9 

4. 0.9 31.51 10.08 1121 110
2 792.6 778.9 

5. 0.8 36.78 15.84 976 738.
3 690.2 522.1 

6. 0.7
5 39.44 16.12 897.7 682.

7 634.8 482.7 

 
The Simulink model of discussed MLI is shown below in 

fig.5. 
 

 
 

Fig.5. Simulink model of proposed MLI 
 
Gate pulses for various switching devices S1, S2, S3, S4, S5 

,S6 are given in fig.6.   

 
Fig.6. Gate pulses for various switching devices 

 
Output voltage across load of the proposed 5 level inverter 

without filter is shown in fig.7. 
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Fig.7. Output voltage across load of the proposed 5 level 

Inverter without filter 
 

Load current of the proposed 5 level inverter without filter 
is shown in fig.8. 

 
Fig.8. Load current of the proposed 5 level MLI without 

filter 
 

THD of the Output voltage of the proposed boost converter 
based inverter without filter is shown in fig.9. 

 

 
Fig.9. THD of the Output voltage of the proposed boost 

converter based Inverter without filter 
 

Output voltage of the proposed MLI with filter is shown in 
fig.10. 
 

 
Fig.10. Output voltage of the proposed MLI with filter 

  
The load current waveform of the proposed inverter with 

filter is shown below in fig.11. 
 

 
Fig.11. Load current waveform of proposed inverter with filter 
 

THD of the Output voltage of the discussed single phase MLI 
with filter is shown in fig.12. 
 

 
Fig.12. THD of the Output voltage of the proposed single 

phase Inverter with filter 
Voltage across capacitances C1 and C2 and voltage available 

across polarity changing unit are shown below. Voltage across 
capacitances C1 and C2 are shown in fig.13. 
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Fig.13. Voltage across capacitances C1 and C2 

 
Voltage available across polarity changing unit is shown in 

fig.14. 
 

  
 

Fig.14. Voltage available across polarity changing unit 
 

V. CONCLUSION 
The proposed five level Inverter uses less no. of switches 

and a DC source compared to conventional 5 level inverters. 
Other DC sources are replaced by capacitors. In the suggested 
topology, 5 level inverter with and without filter are simulated 
in MATLAB/SIMULINK and their THD results were compared. 
Also by varying modulation indices Vrms and Vpeak values were 
calculated and compared. In future, number of levels can be 
increased and the same work can be extended. 
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Abstract - Modern wireless communication system requires smart antenna which should have modern trends like light 
weight, minimum cost, smart design and easily to be fabricated with RF communication devices. The Proposed antenna have 
designed and completed by microstrip antenna. This paper designed the L structure shaped microstrip antenna for smart 
applications designed by HFSS software. The L Shaped proposed antenna has designed with suitable dielectric substrate as RT 
duroid with dielectric constant of 2.4. The antenna design targets the frequency band 5.2 GHz and 5.6 GHz. The L Shaped 
proposed antenna is designed to improve the performance measures like gain, return loss and VSWR. The HFSS results show 
this L shaped antenna is suitable for various applications. 

Index Terms - L-shaped, HFSS, VSWR, Wireless Communication 

I. INTRODUCTION 
Microstrip antenna is suitable for wireless communication 
that is used for the signals transmitted and received the radio 
waves. It has suitable structure of low profile, lightweight and 
easy fabrication. It has narrow bandwidth and bandwidth 
enhancement is used for practical applications. Modern 
world, the antenna design should have smart devices for the 
purpose of communication. Antenna consists of a material 
dielectric substrate, with a suitable ground plane on the other 
side. The microstrip antenna is suitable for various 
applications like wireless system, radar communication, 
satellite communication, mobile communication, medical 
communication and Smart communication system. Several 
techniques have been classified to overcome the various 
designed antenna with increases the substrate thickness like 
an L-Shaped structure of microstrip antenna. This type  of L 
shaped antenna can increase the bandwidth for suitable 
applications. The L-shaped microstrip antenna is used to 
construct the smart antennas by adjusting the length and 
width. L-shaped microstrip antenna is used to optimize the 
smart design, which the higher bandwidth is reached. 

II. ANTENNA GEOMETRY
Smart Antenna is one of Challenging devices of the 

wireless communication systems. It is required for creating 

the communication link. Antenna is a transmitting device that 
transforms EM Waves into electronic signals. Transmission 
lines then guide these waves to the receiver front end. 
Sometimes, a multi band antenna is used for both purposes 
i.e. for transmission as well as reception. One of the 
categories of antenna is the Micro strip patch antenna. 

Multiband antennas have various advantages over 
suitable microwave antennas and thus are broadly used in 
many smart applications. L Shaped structure antenna consists 
of a radiating patch on one side with a suitable dielectric 
substrate which is ground plane on the other side. The 
various shaped structure like Rectangular, square and circular 
patches are the basic commonly used in micro strip antennas. 
Micro strip patch antennas (MPAs) are extensively used due 
to their compact size, moderate cost, smart weight, and 
moderate profile are easy to fabricate. Based on the features 
of various antennas are major design considerations for smart 
applications of micro strip antennas. 

The rectangular microstrip antennas are consists of a 
rectangular patch with dimensions of Width (W) and Length 
(L) with a suitable substrate thickness having dielectric 
constant. The RT duroid substrate that can be used for the 
design of L-Shaped microstrip antennas having their dielectric 
constant of 2.4 and loss tangent of 0.0009. The dimensions 
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for design of antenna are length 13mm and Width 10mm with 
thickness of 1.5 mm. The resonant frequency is 5.2 GHz and  

5.6 GHz at which L-shaped antenna have design and 
work. The proposed design of L-Shaped structure antenna, 
are developed the communication that improves the antenna 
performance with suitable substrate according to the design 
calculations. High performance L shaped structure antenna 
should be achieved by low dielectric constant material with 
moderate thickness. 

The Proposed antenna is used to calculate the 
mathematical analysis shows that the width of the patch for 
desired frequency. The general is used to be calculating the W 
is the width and L is the length of the radiating patch, where 
as c is the speed of light, f0 is the center frequency, €r is the 
relative dielectric constant. Where t is thickness, P is the 
position of the radiating frequency and also S is the structure 
of L-Shaped Proposed antenna. 

t

PP LW
R

=
          (1) 

2t r
lw

S SS
LW

=
       (2) 

0

1
2 2

rcW
f

ξ +
=

(3) 

The Proposed antennas have been characteristics due to their 
moderate-profile structure and also implemented in wireless 
devices. It have provide such as better radiation efficiency, 
simple like structure, moderate cost, simple to implement the 
manufacture with ICs, and smart weight. Our proposed L-
Shaped antenna is designed with low cost dielectric substrate, 
as shown in Figure 1. The highest frequency band is 
determined by the L corresponding to the guided wavelength 
of the center frequency. The L-Shaped Structure antenna is 
suitable for Bluetooth and Wireless applications in both 5.2 
GHz and 5.6GHz bands 

 
 
Fig 1. Proposed L-Shaped Antenna 

The L-Shaped Structure antenna design is used to 
analyses the various parameters by using the HFSS software 
with reducing the size of the antenna is the major factors to 
minimize the wireless communication devices. This L-Shaped 

presents the design & simulation of multiband operating 
frequencies for various wireless applications. 

The antenna performance of the designed L shaped 
antenna was characteristics and analyses in terms of 
bandwidth, gain, return loss, VSWR, and radiation pattern. 
The results show the multiband antenna is used to operate 
the frequency from 5.2 to 5.6 GHz frequency band. The 
directivity and the efficiency of the L shaped antenna are also 
good. 

A microstrip L shaped antenna for smart wireless 
applications has been presented with a very compact size, 
easy structure and also easy to fabricate the antenna. L-
Shaped antenna is easy to fabricate moreover less than the 
rectangular patch antenna for multi band usage at an 
operating frequency. 

A simulation result has been demonstrated that a 
suitable guided wavelength of the center frequency to control 
the antenna frequency response. The L-Shaped structure 
antenna is used to design for the following wireless devices 
like smart, cognitive, MIMO, RF devices and communicate at 
the same time using different frequency bands. 
 Table 1. The antenna parameters of C shaped design 
antenna 
Parameter Value 
Frequency 5.2 GHz, 5.6 GHz 
Dielectric Substrate RT Duroid 
Dielectric Constant 2.4 
Substrate Loss Tangent 0.0009 

Length(mm) 13 
Width (mm) 10 

 
Table 2: Substrate Height and Dielectric Constant using 
Bandwidth 
 

 
 
 
 
 
 
 
 

Table 3: Comparison of Various Dielectric Constants using 
Bandwidth 
Material Dielectric 

Constant 
Bandwidth 
(GHz) 

Resonant 
Frequency 
(GHz) 

Return 
Loss 
(dB) 

FR4 4.2 9.845 4.536 -24.68 
TEFLON 2.4 9.689 5.020 -28.74 
ROGERS 
RT 
DUROID 

2.4 9.452 4.816 -24.65 

QUARTZ 3.2 8.568 4899 -28-28 
 
 

Substrate 
Height(mm) 

Dielectric 
Constant  

Bandwidth 
(GHz) 

0.2 2.4 3.5 

0.4 2.4 4 

0.6 2.4 5.2 
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III. BLOCK DIAGRAM OF DESIGN PROCEDURE 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
IV. SIMULATION RESULTS AND DISCUSSION 

The L shaped antenna structure have designed and 
simulated performance by HFSS provides the better result in 
terms of bandwidth and operate to work in two different 
frequency bands. HFSS software is used for simulation and 
various results of L Shaped microstrip antenna are presented 
in the figure of 2 to 3. 
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Fig 2. Return Loss 
 
Fig 2 plots the return loss results of the antenna. The return 
loss is - 25.12 dB at 5.2 GHz frequency. Fig 3and fig 4 plots the 
good result of VSWR and radiation pattern of L shaped 
microstrip antenna. 
 
 
 

    
Fig 3. VSWR 
 
 

 
 
Fig 4. Radiation Pattern 
 
V.CONCLUSION 
The Proposed structure of L shaped microstrip antenna for 
smart wireless applications. The simulation results of 
proposed L-shaped microstrip antenna have provided a 
design for an operating frequency of 5.2 GHz and 5.6 GHz. 
This result is an improvement when compared to the other 
antenna which gives the multi bandwidth, good performance 

Shape of Antenna 
Design 

Microstrip 
Antenna  

Applications 

Substrate and 
Thickness 

Operating Frequency 

HFSS Software 

VSWR, Return Loss 
and Radiation Pattern 

End 

Start 
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of VSWR, gain and return loss of - 25.12dB. In future we can 
design an antenna for telemedicine application. 
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ABSTRACT— Hospital healthcare workers face many injurious and toxic gases in the operation theaters and intensive care 
units. These include potential chemicals like disinfectants, sterilizing agents, gases agents, waste anesthetics gas which causes 
respiratory and reproductive disorders, eye and skin irritation, central nervous system impairment, cancers, and other human 
health effects. The most commonly used chemicals like formaldehyde and peracetic acid which are used for sterilization of 
the operation theatres are hazardous to health workers. There is an urgent need for sensors to continuously monitor the 
toxic levels of these harmful sterilant and alert the Health care workers. This project gives the solution to reduce the risk 
factors in isolated operation theatres that needs to be sterilized each time before a surgery takes place by detecting and 
displaying the levels of the sterilant on a continuous basis. Levels of sterilant should be monitored at multiple points in the 
same theatre room.  The system also gives an audio and visual warning when levels of these sterilant are at risk This project 
gives an economical and efficient method to safely intimate the health care workers to monitor the sterilized levels of the 
operation theatres and labs in a hospital by using latest multiple sensor interfacing.  
Index Terms - Component, formatting, style, styling, inserts.  

 

I. INTRODUCTION  
Healthcare workers face several serious safety and health 

hazards. Due to repetitive tasks the workers are forced to 
face many chemical and drug exposures, waste anesthetic gas 
exposures are prone respiratory hazards, ergonomic hazards. 
Some of the potential chemical exposures includes 
formaldehyde, used for fumigation of operation theatre; 
ethylene oxide, glutaraldehyde, and peracetic acid used for 
sterilization; and numerous other chemicals used in 
healthcare laboratories.  

When the chemicals are used in hospitals in excess it 
causes harm to the health care workers in their long carrier. 
Nursing aides, orderlies, and attendants had the highest rates 
of musculoskeletal disorders of all occupations in the 
previous years. The incidence rate of work related 
musculoskeletal disorders for these occupations was 249 per 
10K workers. [1]  

There is an urgent need for detection of levels of 
formaldehyde especially in isolated Operation theatres. This 
level of formaldehyde must be monitored continuously. The 
formaldehyde levels can be sensed with the help of a MQ138 
sensors. [2] 

II.STUDY OF THE PROBLEM 
The operation theatre, isolation wards and ICU fumigation  

 
 

involves the following phases: First, the area to be sterilized is 
sealed off from the environment: next phase involves the 
release of fumigant chemical (formaldehyde) in aerosol 
pattern in the sealed space to reach all over; then the space is 
held for a specified period of time while the fumigant gas kills 
any infestation within the concealed area, next the space is 
neutralized by another chemical and then the exhaust fan is 
switched on so that it is ventilated and these poisonous gases 
can escape from the space, and render it safe for human to 
enter [3]. The level of formaldehyde in the OT should be at its 
peak to kill the microorganisms.  

But at the end of this procedure the (ppm) level of 
Formaldehyde should be near to zero for safety of the human 
being to work. Real time levels of Formaldehyde should be 
taken and then the fumigation and exhausting of the 
operation theatre should be carried out based on the ppm 
values. III. STUDY OF THE SENSOR The presence of any gas 
can be found out by two main classes of sensors namely 
active sensors and passive sensors.  

There are two kinds of active sensors available in the 
market the infrared sensors and the ultrasonic sensors. The 
active sensor need an external source of power for its 
working which will be dangerous for this application due to 
the unwanted heat formation. These sensors keep on sending 
signal to the required area, and scans the reflected signal 

38

http://seeepedia.org/
mailto:tarungeom@gmail.com
mailto:drrajeevrao@gmail.com
mailto:tarungeom@gmail.com
mailto:drrajeevrao@gmail.com


SEEE DIGIBOOK ON ENGINEERING & TECHNOLOGY, VOL. 01, MAY 2018 
 

978-81-933187-0-6 © 2018 SEEEPEDIA.ORG  
Society for Engineering Education Enrichment 

which is then analyzed it to find the presence and 
concentration of formaldehyde. 

Both the infrared and the ultrasonic waves will start 
heating and this increases the risks of catching fire. The only 
advantage of these sensor is that it has a fast response but 
the it has a lot more disadvantage in this application. The 
waves form the active sensors will heat up other components 
used for various purposes.  

Active sensors consume lot of power and hence ruled out 
from the list of sensors that can be used. Unlike the active 
sensors, the passive sensors simply detect and responds only 
to some type of input from the environment. Even though 
the response of these sensors is slow, it is apt for this 
application as it does not take lot of power and has less risk 
of heating the surrounding.  

These sensors have variable resistance which changes its 
value when subjected to the gas that it must sense. The 
change in the resistance depends on the concentration of the 
gas that it encounters. A. MQ Sensors MQ series 
Semiconductor Gas Sensors are used for Gas leak detection 
for houses, workshops, industries, commercial building, and 
Safety detection system.  

Its features include High sensitivity, but have a slow 
response, wide detection range, stable performance -long life 
and simple drive circuit The MQ series of gas sensors use a 
small heater inside with an electro-chemical sensor. They are 
sensitive for a range of gases and are used indoors at room 
temperature. They can be calibrated (see the section about 
"Load-resistor" and "Burn-in") but a known concentration of 
the measured gas or gasses is needed for that. [5] 

The output is an analogue signal which can be read with an 
analogue input pin of the Arduino. MQ 138 is sensitive to 
Formaldehyde. The heater uses 5V supply. Sensitive material 
of MQ138 gas sensor is SnO2 that has lower conductivity in 
clean air. Which when the target combustible gas exists, the 
sensor's conductivity becomes higher as the concentration of 
the formaldehyde in air rises.  

MQ138 gas sensor has high sensitivity to Formaldehydes, 
also to other aldehydes. The sensors are of low cost and very 
much suitable for so many applications. Many number of MQ 
138 sensors are to be connected in parallel to detect the 
presence of Formaldehyde at various points of the room. [6]  
 
 

 
Fig. 1: Configuration MQ 138 [7] 

V.  INTERFACING THE SENSORS 
       There is a need of multiple sensors for detecting the 
presence of formaldehyde in the operation theater and hence 
these multiple sensor interfacing should be done with the 
help of a controller that will receive the voltage value from 
different sensors. Multiple MQ sensors can be connected to 
the controller which will regularly check the value from each 
sensor and then analyze status of each sensor. The sensor 
gives a voltage as the output which can be mapped to the 
respective ppm level. 

A. ATMEGA The Arduino Mega is a microcontroller 
board based on the ATmega1280.It has 54 digital 
input/output pins (of which 14 can be used as PWM outputs), 
16 analog inputs, 4 UARTs (hardware serial ports), a 16 MHz 
crystal oscillator, a USB connection, a power jack, an ICSP 
header, and a reset button.  
    It contains everything needed to support the 
microcontroller; simply connect it to a computer with a USB 
cable or power it with a AC-to-DC adapter or battery to get 
started. The Mega is compatible with most shields designed 
for the Arduino Duemilanove or Diecimila. The Arduino Mega 
can be powered via the USB connection or with an external 
power supply. The power source is selected automatically.  
    External (non-USB) power can come either from an AC-to-
DC adapter (wall-wart) or battery. The adapter can be 
connected by plugging a 2.1mm center-positive plug into the 
board's power jack. Leads from a battery can be inserted in 
the Gnd and Vin pin headers of the POWER connector. The 
board can operate on an external supply of 6 to 20 volts.  
    If supplied with less than 7V, however, the 5V pin may 
supply less than five volts and the board may be unstable. If 
using more than 12V, the voltage regulator may overheat and 
damage the board. The recommended range is 7 to 12 volts.  
 
III. HARDWARE DESIGN 
     The box that should be installed should be completely 
flame proof and should be resistant to all types of gases those 
are used in the operation theater like ammonia and other 
aldehydes. It should be able to store the microcontroller and 
the connection wires with ease.  
     As the micro controller works for almost seven hours at a 
single stretch and there is a high chance of heating of the 
controller IC and hence a cooling fan must be installed for the 
cooling of the controller IC and this fan should also be 
included again in the box. Therefore, the material to be used 
for the box is M-grade (Military Grade) Acrylic sheet. This has 
been designed and made with specific dimensions.  
     The chances for heating of the device is very high and thus 
will lead to high risks of catching fire and malfunction of the 
controller and hence there is a need of installing a heat sink 
and a cooling fan that works with 12-volt supply. This 12-volt 
supply can be got from the power that is used to power the 
Arduino. A parallel connection is made for taking the power 
to the cooling fan. 
   
VI. PROGRAMING THE CONTROLLERS 

     This controller then decodes the sensor voltage to the ppm 
value. It compares the value from the multiple sensors and 
hence finds the average ppm level of the room. And then the 
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controller after comparing with the limits that is set turns off 
the fumigator.  
     Then the timer works starts and once the timer hits the 
limit then the exhaust is turned on by providing a signal to 
the relay switch. Now the sensor starts sensing the ppm 
which when reaches the lower limit ppm limit the exhaust 
turns off and there is a led signal given at the door so that the 
health care worker will understand the safe limit.  
VII. ALGORITHM FLOW CHART 

 
 

Fig. 2 Flow chart of the Algorithm 
 
VIII. HARDWARE DESIGN 

 
      The box that should be installed should be completely 
flame proof and should be resistant to all types of gases those 
are used in the operation theater like ammonia and other 
aldehydes. It should be able to store the microcontroller and 
the connection wires with ease. As the micro controller works 
for almost seven hours at a single stretch and there is a high 
chance of heating of the controller IC and hence a cooling fan 
must be installed for the cooling of the controller IC and this 
fan should also be included again in the box. Therefore, the 
material to be used for the box is M-grade (Military Grade) 
Acrylic sheet. Which has been designed and made with 
specific dimensions. The chances for heating of the device is 
very high and thus will lead to high risks of catching fire and 
malfunction of the controller and hence there is a need of 
installing a heat sink and a cooling fan that works with 12-volt 
supply. This 12-volt supply can be got from the power that is 

used to power the Arduino. A parallel connection is made for 
taking the power to the cooling fan. 
 

 
 

Fig. 3 drawing of the casing 
 

IX. SCOPE OF THE PROJECT  
 
      The sensors interfacing can be used to employ with visual 
alerts and audible alarms to alert people when the dangerous 
gas levels are in levels risky for humans. Exposure to toxic 
gases can also occur in many processes such as painting, 
fumigation, fuel filling, construction, excavation of 
contaminated soils, landfill operations, entering confined 
spaces, etc. After all the safety, should be the priority of all 
industries.  
This sensor interfacing will always be an economical and 
reliable way for the protection of so many lives and so many 
industries. As this project focuses on multiple sensing points 
in a single system the chances of finding the leakage is more 
efficient in this way and as the monitoring can be done from 
distant places the chances of alerting the officials are easier 
and hence required steps can be taken faster.  
This multiple sensor interfacing can be used in many 
applications of sensing of hazardous gases. Different MQ gas 
sensors can be connected to sense different gases. These 
multiple sensor interfacing can be placed even in 
underground mines to sense the presence of hazardous gases 
at any time, industries that deal with hazardous gases like 
alcohol, ammonia, carbon monoxide, kitchens of big hotels, 
gas filling stations, gas transporting trucks, etc.  
 
METHODOLOGY OF THE PROJECT  
The methodology of this project includes the study of the 
problem that occurred at an operation theatre of a specific 
hospital. The problem was then generalized for similar 
applications. The research then included the study about the 
types of sensors that are available in the market. As there is a 
need of multiple gas sensors to sense the levels of 
formaldehyde at different locations in the operation theatre, 
and hence there is a need to interface multiple gas sensors. 
Using latest IoT technology, multiple sensors were interfaced 
with a microcontroller.  The micro controller had the real-
time data coming from the sensors which was processed and 
is processed by the algorithm. The Display outside the 
Operation theatre would show the status of the ppm levels 
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inside the operation theatre. The testing of algorithm and 
sensing ability of the sensors were carried out in a laboratory 
and the results is tabulated and plotted with time.   

Fig. 4: Plot of three sensor readings 

X. CONCLUSION 
The project concludes that using a passive sensor is safer. The 
MQ series sensors are the passive type of sensors which can 
be used for hazardous types of gases like formaldehyde. 
Passive type of sensors is found to be less reactive to 
formaldehyde and similar hazardous gases. Multiple Sensor 
interfacing is necessary for the area of the operation theatre 
as there is a need to check the ppm levels in the entire room. 
This interfacing was programmed in a clever algorithm so that 
there is a real-time analysis done which shows the all the 
sensors status which can be a great help for the doctors and 
the co-workers for a lifelong service. The testing was done in 
laboratory conditions. The testing results had 98% efficiency 
in sensing formaldehyde ppm levels and controlling the 
operations of the fumigator and exhaust. 
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ABSTRACT - The fuzzy logic controller is an various important technique in battery management system. In battery 
management system discuss manage the overall performance of the system and protection of the lithium ion batteries. The 
solution to this optimization problem provides the storage and discharge powers. Both unidirectional charging scenarios are 
considered for EVs. The proposed optimal controller maximizes economic benefits, and ensures user-specified charge levels 
are   formulating the problem as optimization such as battery management system significant improvement is shown in the 
system robustness, over conventional controller. We further provide an SOC algorithm that is based on the battery 
management solution. We evaluate our algorithms empirically on which shows significant fuel savings.. The proposed work 
focuses on the analysis of the battery management system is protect the overall system. 

Index Terms - battery management system (BMS), fly back converter, bldc motor, lithium-ion batteries 
. 

I. INTRODUCTION  

    In this paper, we consider the drive modes specifically in 
 electric vehicles   are get from the input sources like 
rechargeable batteries and solar panel  used for input and 
electric motors  are used as output. Electric vehicle are the  
benefit by the convenience of fuel refilling and cheaper are 
most commonly used for laptop mobile phone, battery 
operated vehicle, computer, electronic equipment electric 
vehicle and vehicle market application. The energy storage   
density and power storage density of a lithium-ion battery is 
source of dc power is used to input and finally run the electric 
vehicle. The batteries cells are connected in Parallel are usually 
employed for many practical applications such as electric 
vehicles hybrid electric scooters, electric wheelchairs, and 
electric bikes. Boost converter   are   changing the voltage 
from a low level to high level the safety, efficiency, and 
storage system  are discussed in electric vehicles. According to 
the Battery management storage system includes which uses a 
dc/dc converter design to increase the voltage level to satisfy 
the real power requirement with respect to time The battery 
management system technology is the success of electric 
vehicles and it will depend on a vehicle market dominated by 
people are using in vehicles and Cell balancing control is 
designed to obtain the maximum usable capacity of the 
lithium–ion battery string.  

             The battery management system cell balancing 
circuits fall within two main categories energy storing 
charging. The most basic battery management topology uses a 
switched capacitor system however since the amount of 
charge moved from one cell to another is proportional to the 
difference in cell voltage, balancing times are slow especially 
as the cells become more balanced. In order to overcome 
some of the converter topologies, balancing circuits using a fly 
back topology have also been proposed In general, all energy 
storage with converter topologies are only able to create with 
a small capacities, and therefore are not suitable in situations 
where cells have wildly varying capacities. The drawbacks of 
balancing with energy storage  can be overcome with active 
balancing by variable loading arrangements. 
charging. This can be accomplished by placing an individual 
power converter and battery management system on every 
cell.  Although the battery management  system at the cell 
level is still an expensive option, recent advancements in wide 
band gap switching devices, whose cost is expected to 
decrease over time, will increase conversion efficiencies and 
reduce power losses and reduce overall system costs through 
higher power density and decreased cooling requirements is 
the charging and discharging modes are dis-cussed and the 
battery are connected in parallel and its   requirements such as 
safety traditional  lithium ion batteries are introduced. The 
proposed work focuses on the analysis of the battery 
management system is manage the all the four batteries in 
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charging and discharging condition in electric vehicles. Battery 
management technology has been providing storing energy is 
used for electric vehicles and the energy storage capacity can 
be done by the users based on a personal life-style decision. 

An Fuzzy Logic controller uses battery parameters to 
estimate SOC accurately through data approximations. Its 
membership function is highly subjective, and therefore, it 
requires a lot of memory in practices. It can determine SOC 
accurately especially for systems with multiple inputs, through 
stripping unwanted noise out of a set of data. However is 
difficult to implement the filtering algorithm that complies 
with specific requirements, and determine SOC through 
pattern sorting, learning from extracting relationships. It can 
model linear and nonlinear relationships; however needs 
training data of a similar battery and is expensive to    
implement user modular battery management storage system 
which allow to find their own optimum solution to the cost-
performance Problem This project provides the solution for all 
the requirements, such as protecting the batteries. The 
battery management system all the battery can be balancing 
and it should provide the status for user Energy storage is 
reduced the storage of the battery in discharging condition the 
Power will flow from solar Panel to load. Floating mode means 
the there is no battery power is disturb the condition the 
power will flow solar panel to load voltage. In this traditional 
approach the battery behaves as  a highly significant and act as 
lower internal resistance, as a function of the battery and in 
the  Battery models can help reach cost and performance 
goals for EVs.. 

II.  CIRCUIT OPERATION PRINCIPLE 
 
                    The image above shows a basic layout of a 

battery management system is a measurement that reflects 
the  general condition of a battery and the ability to deliver a 
specified output. It also indicates the remaining useful lifetime 
and maintenance status of the battery. SoH measurement is 
important for assessing the readiness of emergency power 
equipment. In practice, SOH can be estimated by a single 
measurement of conductance or impedance of the cell, which 
is easy to implementing in electric vehicle. In our study, we 
aim to develop efficient and accurate SOC and SOH estimation 
algorithms through hybrid approach  using ant battery 
optimization Furthermore, battery parameters, such as 
capacity, internal resistance, self-discharge, charge 
acceptance,  discharge capabilities, will be used in proposed 
algorithms to estimate the actual SOH in a comprehensive 
perspective, for example, monitoring of battery life and 
battery currents. Conventionally, current is sensed by inserting 
a resistor in the target path. This method in occurs significant 
power losses, especially in high-current applications. Lossless 
current-sensing methods address this issue by sensing the 
current without consuming the power as in the case of passive 
resistors. However, their accuracies are significantly lower 
than conventional approaches. Moreover, lossless methods 
are generally and inherently less susceptible to switching 
noise. Therefore the noise removal and precision 
enhancement are two issues in lossless current sensing that 
have a high research value. In this study, we propose forward 

control to address these issues. Forward control can 
effectively eliminate or reduce effects of disturbances in a 
control system. It is also very useful in systems with time-
varying references that cannot be adequately tracked by 
feedback control. Load-current feed-forward control has been 
shown to be a promising technique that can eliminate the 
stability constraint the size of the output capacitor and the 
switching frequency of typical digital controllers and power 
converters  

 Over the past years, load-current feed-forward control has 
been  widely applied for current sensing . However, there are 
several issues that impair the use of load-current control for 
current sensing fast sampling and processing of the load 
current. Another issue is the large dynamic range requirement 
by directly quantizing the load current over a wide load range. 
In our study, we aim to develop lossless current sensing 
techniques that can have an efficient and high-precision 
current-mode control implementation, we start by developing 
the control with a fast processing of load current through a 
Battery management systems monitor operational 
parameters, such as voltages, currents, temperature and state 
of charge in during charging and discharging conditions. BMS 
are careful requiring and monitoring the voltage, current and 
measurement during charging and discharging conditions. The 
measurement of each block should be measure the losses and 
Efficiency. The capacity of the battery provides the voltage and 
sudden changes in operation and the result is avoided from 
damage of the high power. The battery management system 
includes the entire battery module with capacitor to improve 
the overall performance and increase the efficiency of overall 
system. Times are specified, Times Roman or Times New 
Roman may be used. If neither is available on your word 
processor, please use the font closest in appearance to Times. 
Avoid using bit-mapped fonts. True Type 1 or Open Type fonts 
are required. Please embed all fonts, in particular symbol 
fonts, as well, for math, etc. 

III. DESIGN CONSIDERATIONS 

Further charging failed to bring all batteries comes to 
discharging mode should be reached the new trends to be 
introduced in floating mode continuous Process. In this state, 
the power will be increases from one level to another 
requiring and the voltage, current is to be measured. From an 
estimate of low unbalanced batteries could be able to be 
charged effectively, and the balanced batteries should be able 
to charge effective. In practically the batteries were evenly 
distributed size is small and the normally the battery size is 
very large of charge. Various types of topologies used for 
battery management systems with converter to improve the 
voltage and improve the efficiency. This converter can boost 
the DC voltage, also achieve the total bus voltage should be 
automatically balancing the batteries without any resistance. 

 
The ability of the bms measurement is to be determined 

the directed to different type of conventional battery cells and 
the different measurement are voltage, current, temperature, 
and the minimum and maximum efficiency. Both charge 
balancing range and un balancing range are defined by 
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minimum and maximum allowed voltage and current Ranges 
are noted.  

 
IV. BATTERY MONITORING 
 

In this section, we first discuss two performance indicators 
in the battery monitoring process. This is followed by the 
instrumentation in the monitoring process, and the 
monitoring of multi-cell battery.  Accurate SOC is needed in 
the control circuit to ensure optimum control of the charging 
process. Knowledge of SoC of battery or individual cells is 
required for many applications, such as for guidance Fuzzy 
Logic [4,12] uses battery parameters to estimate by sensing 
the current without consuming the power as in the case of 
passive resistors. However, their accuracies are significantly 
lower than conventional approaches. Moreover, lossless 
methods are generally and inherently less susceptible to 
switching noise. Therefore, noise removal and precision 
enhancement are two issues in lossless current sensing that 
have a high research value. It is also very useful in systems 
with time-varying references that cannot be adequately 
tracked by feedback control. Load-current feed-forward 
control has been shown to be a promising technique that can 
eliminate the stability constraint linking  the size of the output 
capacitor and the switching frequency of typical digital 
controllers the past years, load-current feed-forward control 
has been widely applied for current sensing the current. 
However, there are several issues that impair the use of load-
current are decreased. 
control for current sensing. For instance, the aggressive load 
 current transient requires  fast sampling and processing of the 
load current. Another is the large dynamic range requirement 
by the load current over a wide load range. In our study, we 
aim to develop lossless current sensing techniques that can 
have an efficient and high-precision current-mode control in 
harsh environments. In implementation, Due to the 
production tolerances or operating conditions of batteries, 
there are small differences in charges between cells that may 
be magnified with each charge-discharge cycle.  During 
charging, weak cells become overstressed, thus cause a 
further degradation. Weak cells eventually malfunctioning, 
and cause a premature failure of the whole battery system. In 
order to extend the lifetime of battery systems, dedicated 
battery management system should be developed. For 
example, weak cells can be compensated by equalizing the 
charge on each cell. One of the prime functions of the multi-
cells BMS is to monitor and control battery cells systemically, 
in order to protect battery cells and battery systems from 
abnormal operating conditions.  
 

This function is particularly important in automotive 
applications because this research, we aim to design individual 
cell protection for automotive systems in order to avoid the 
external fault conditions. This can be done by isolating the 
battery as well as addressing the fault. For example, the 
cooling fan should be turned on if the battery overheats, and  
if the battery is excessively and continuously overheated, the  
battery should be disconnected. 

 

V. BATTERY AGING PROCESS 
 
Performance of batteries, especially rechargeable 

batteries, deteriorates and loses their storage capacity 
gradually, due to irreversible physical changes and chemical 
changes within the battery. For example, surface area of 
battery cell plates shrinks continuously and permanently 
because of plate corrosions. Thus, the electrolyte becomes 
less reactive, and the charge capacity of the cell is reduced. 
Moreover, the internal resistance of the cell also increases 
because corrosion   products inhibit the free flow of electrons 
through plates and electrolytes. Batteries deteriorate 
regardless of whether they are used or not. However, battery 
degradation is strongly influenced by charge and discharge 
conditions, electrolyte decomposition and the formation of 
surface films on both electrodes. These aging processes take 
place due to complex operation conditions Some common 
conditions are Temperature of batteries during charging and   
discharging: Most corrosion occurs during cycles of charging 
and discharging, and accelerates at a higher temperature. 
Therefore, batteries usually operate in a restricted 
temperature range during the charging cycle.it is possible, 
charging should be performed in a lower temperature 
environment.  For another example, after a high current 
consumption, the battery   should be cool down before   
Discharge depth: It will shorten the time in both charge and 
discharge cycles because of the internal battery resistances 
and batteries heats during operations. This factor might not be 
as obvious but more frequent battery changes will increase 
the overall lifespan of the Lithium-ion battery. Charging 
voltages have a significant effect on battery longevity. Some 
cells may deteriorate faster than others during operations. 
Deteriorated cells reduce the output voltage of the battery, 
and affect the usability and reliability of the circuit. This issue 
is   apparent for high-current applications, since the voltage 
drop is magnified due to the internal resistance. Also,  such an 
issue causes the battery to appear to the user to have less 
capacity as its cells age. Battery aging is a complex process 
which requires sophisticated modeling technique.  

 
A battery aging model of Meanwhile, the influence of 

battery aging on the electromotive force has been discussed in 
Since deterministic models have a weak functionality and 
versatility, different decision processes and formal models 
have been proposed that can be used to deal with uncertain 
or incomplete information, employing concepts from 
probability. Based on the existing study, we aim to  study 
battery aging process with respect to chemical changes and 
physical  conditions of batteries, models, stochastic models 
and hybrid models  for a more realistic battery modeling, and 
charging/discharging algorithms that alleviate the aging 
process through artificial intelligent an     formal approach.  In 
implementation, we will first design an accelerated life test to 
understand the aging processes of battery, and then develop 
modeling and charging/discharging algorithms in the second 
stage. 
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VI. IMPLEMENTATION OF BATTERY MANAGEMENT SYSTEM 
 

Rechargeable battery systems have been widely used in  
different applications. Multi-cell battery management system 
has been proposed due to manufacturability and safety of  
battery cells. Thus, battery management integrated circuit 
(BMS) is combined with cell packs, sensors and main 
processors; in order to monitor and schedule the operation of 
each battery cells. Fixed-configuration battery systems are 
widely used in practice, but they usually behave abnormally in 
extreme conditions such as high temperature, over-charged 
and  over-discharged. Also, they usually have low conversion 
efficiency and a non-optimal system performance. Safety 
circuits have been proposed to protect the battery system by 
switching off the whole system. However, they cannot 
fullyutilize the battery system. Therefore, they are not capable 
to improve functionality, lifespan and conversion efficiency of 
battery systems. Recently, some configurable methodologies 
have been proposed. Those methodologies can dynamically 
configure the battery system in series and parallel; therefore 
they can output the required current and voltage with a better 
conversion efficiency and functionality. However, battery 
characteristics of the battery system significantly affect the 
battery system performance such as power quality and battery 
lifespan. In addition, existing approaches still cannot overcome 
these deficiencies, and cannot fully utilize the energy usage of 
battery systems with aged problem or operation in the 
extreme environment. In this research study, self-calibrated 
battery management  system is proposed for multi-cell battery 
systems. Battery system operation status is observed through 
sensors and analyzed through processors. Tuning knobs of the 
batter  system are adjusted in order to calibrate internal circuit  
parameters compensate the performance variations due to 
aging and other variations. 
 

  
 

Figure-1: Inverter output voltage and current 
 

The developed system can improve the yield and lifetime 
of the system when battery cells in the battery system 
encountering problems of battery aging or other variation 
faults. The developed system will  also have a self-diagnosis 
process with a  of the re-configuration process for  user 
practicability This study can be divided into the following tasks 
developing monitoring, scheduling and re-configuration 
algorithms to monitor the BMS performance and  determining 
the compensation for the degraded n performance; 
developing a configurable power converter circuit  topology to 
calibrate the battery cell status and improving the delivered 
power quality implementing the BMS system using battery cell 
network, mixed-signal FPGA boards  power MOSFETs, 
microcontroller and other peripheral analyzing and optimizing 
the BMS performance of i)power supply performance in terms 
of output energy usage and lifespan, and ii) the re-
configuration process in terms of convergence and stability.  In 
implementation, we aim to i) design and validate the BMS 
performance in Simulink environment, construct a prototype 
in hardware and test it via variable DC sources and 
programmable DC electronic loads, and realize the proposed 
BMS as a IC chip package. 

 
VII. CONCLUSION 
 
In this paper, research issues and research problems 

related   to multi-cell battery management system design have 
been discussed comprehensively. Based on the study, we aim 
to develop battery monitoring algorithms with advanced aged 
battery models, as well as efficient lossless current sensing 
methodologies and battery management hardware systems 
that can prolong system runtime and battery lifetime.  
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Abstract - The non-invasive Fetal Electro Cardio Gram (FECG) technique has recently received considerable interest in 
monitoring fetal health. The main objective of this paper is the extract the Fetal Electro Cardio Gram (FECG) from the 
mother’s abdomen signal. We can obtain the Fetal Heart Rate (FHR) with the use of FECG signal by counting the peak of R-R 
internal in FECG signal, which would be useful in obtaining the information about fetal condition during pregnancy. 
Monitoring FHR throughout gestation period of the baby and during delivery will help the physician to figure out any 
abnormalities in fetal heart in the earlier stage itself. By using this system, FECG can be obtained after a pregnancy of 20 
weeks. To obtain the FECG from mother’s abdomen, we use Least Mean Square (LMS) based adaptive filter. The acquired 
signal was processed and implemented using LABVIEW, which is preferred over MATLAB due to the ease, preciseness, and 
cost-effectiveness. 

Index Terms - Fetal ECG tracing; Adaptive Algorithm; Least Mean Square (LMS); LABVIEW.  

 

I. INTRODUCTION 

Fetal heart rate (FHR) indirectly indicates the fetal’s health 
during pregnancy and labor. Proper information helps in good 
treatment. If the heart rate is not between the normal range; 
then it indicates there is insufficient oxygen supply or any 
other problems. The simple test used for deducting fetal heart 
rate is Electrocardiogram (ECG) and is noninvasive. This heart 
signal is obtained by employing a set of electrodes on patient 
giving an electrical activity of a heart, reflecting as an ECG 
Signal. Fetal ECG (FECG) is extracted by counting the R-R 
peaks. AECG signal contains FECG signal as well as Maternal 
ECG signal (MECG). Hence MECG signal is treated as noise and 
eliminated by the filter. ECG signal also contain noises like 
electromyography, power line interference, baseline wander 
etc. Using the Least Mean Square adaptive Filtering technique 
FECG extraction is done. Two ECG signals of MECG and AECG 
are preprocessed by the adaptive filter to remove the 50Hz 
power line interference and then the extraction is done. To 
detect the heart rate, removal of DC drift and counting the 
peaks is post-processed.  

II. METHOD OF MEASUREMENT  

A. ECG TRACING 
 

 
Typical ECG signal is shown in the above figure. It consists 

of P wave, QRS complex and T wave. Atrial depolarization 
leads to P-wave which is very small and curved. Next due to 
repolarization of atria the QRS complex is recorded, which is 
the combination of sharp Q, R and S Points. Then due to 
ventricular repolarization T-wave is obtained which is also 
curved having more amplitude than that of P-wave. From the 
ECG signal, a QRS complex is used to detect the heart rate. 
ECG  is recorded from 12-leads which include 3 bipolar leads, 3 
augmented unipolar leads, six chest leads. This type of ECG 
recording system is commonly used in medical field. 
 
B. ECG SIGNAL MEASUREMENT 
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Generate the mother’s ECG signal 

During pregnancy, the signal measurement is done at chest 
and abdomen for a pregnant woman. The signal measured 
from the chest is MECG and the signal measured from the 
abdomen is AECG which contains both MECG and FECG.  
Hence MECG has to be eliminated from AECG to obtain FECG. 
Then by counting the peaks of RR interval in FECG signal, FHR 
is obtained. The amplitude of the peak in MECG is lesser than 
FECG and beats per minute (bpm) of fetal is more than the 
maternal ECG signal. Due to this contradiction, R peaks 
couldn’t be determined in previous works. 

III. FECG EXTRACTION 

A. Adaptive Filter  
Adaptive filter involves in changing the filter parameters 

(coefficients) over time, to adapt to the changing signal 
characteristics. Real-time adaptive filtering algorithms are 
becoming practical and essential for the future of 
communications both wired and wireless. 

 

 
 

Above figure shows the bock diagram of an adaptive filter 
Where 

x(n) is the maternal ECG signal, 
y(n) is the output signal, 
d(n) is a desired signal to the adaptive filter, 
e(n) is the error signal. 
 
Filters are used to obtain the required signal by removing 

unwanted noise signals from the given input signal. Here the 
input signal is maternal heartbeat signal x (n) which is given to 
the filter. The output of the filter is given to summation along 
with the desired signal which gives out the error signal. 
According to the error signal, the adaptive algorithm makes 
changes in filter parameters. 

 
B. FETAL EXTRACTION BLOCK 
The fetal signal and the mother’s signal are generated and a 

maternal signal is given to the LMS Adaptive filter which is 
used to remove the unwanted signal from the mother’s ECG 
signal. And the resultant error signal from the adaptive signal 
is the desired fetal signal, i.e.  difference of d (n) and y (n). 

 
C. HEART RATE AND RESPECTIVE DISEASES 
The fetal heart sound rate may be auscultated between 16 

and 40 weeks by means of stethoscope, fetoscope or doppler. 
The normal range of fetal heart sound rate is about 120 to 160 

beats/min. The fetal heart diseases with abnormal heart rate 
are given in the below table. 

 

Fetal diseases Heart rate (bpm) 

Bradycardia About 50 

Tachycardia About 100 

Supraventricular 
tachycardia About 180 

Sinus tachycardia Around 150 

 

IV. METHODOLOGY 

The methods to generate the fetal ECG signal are given 
below with following steps: 

 
 
 
 
 
 

 
 
  
 
 
 

 

 

 

 

 

 
Fetal ECG monitoring is used to detect any abnormalities 

in the fetal heart rate and guiding a physician to take 
necessary action. During Pregnancy stage, it is a necessary 
checkup for the maternal and the fetal. The ECG is a simple 
and invasive technique for detecting various heart diseases. 
Fetal ECG signal provides the fetal heart rate and physiological 
state of the patient. Both fetal heart rate and maternal heart 
rate can be obtained by placing a skin electrode. The aim of 
this methodology is to extract the fetal heart from the 
maternal heart rate by using Adaptive signal processing 
technique of Least Mean Square (LMS) algorithm in the 
LABVIEW environment. Here fetal ECG from the maternal ECG 
is extracted by using LABVIEW tool based on the human 
assumption values. A number of fetal heart beat per minute is 
higher than the mother’s heartbeat, but the amplitude of the 
fetal ECG is much weaker than the mother’s ECG. 

 
From this study, the following procedures are used to 

create an electrocardiogram signal of the mother by assuming 

Setting FIR Filter coefficients 
 

Measure the mother’s heart beat 
 

Apply Adaptive Noise cancellation filter 
 

Recover the Fetus heart beat 
 

Count the peaks to detect the heart rate 
 

Generate the Fetal’s ECG signal 
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that the heart rate is approximately 85 beats per minute, and 
sampling rate for these values will be 3900 Hz and the peak 
voltage of the signal is 3.2 mill volts. Likewise, procedures are 
created for the fetal also by assuming heart rate is 
approximately 130 beats per minute and the peak voltage of 
the signal is 0.25 mill volts. The fetal electrocardiogram signal 
of the mother’s abdomen is dominated by the maternal 
heartbeat, by giving 10 randomized coefficients of linear FIR 
filter. To simulate the broadband noise, a small amount of 
uncorrelated Gaussian noise also added with this 
measurement. Least mean square (LMS) adaptive filter with 
12 coefficients and a step size of 0.00001 with the reference 
signal is used to extract the fetal ECG from the maternal 
abdomen ECG, the reference signal used here is the heartbeat 
signal which is taken from the chest of the mother. 

 
The output signal y (n) of the adaptive filter is the 

estimated fetal heartbeat signal. The remaining signal which is 
located in the adaptive filter which contains the mother’s 
heartbeat signal is the error signal e (n). 

V. LABVIEW RESULT 

The front panel window shown in the below figure is the 
Fetal ECG extraction where the input and outputs are 
displayed.  

 
 
Here two inputs are given namely filter length of 40 and 

step size of 0.45 and their corresponding output ECG signals 
are taken. Here four different signals are displayed, in that the 
first graph shows the Maternal Thorax ECG signal which is the 
maternal heartbeat signal, second is the maternal abdomen 
ECG signal, third is the output signal and the fourth is error 
signal i.e. fetal ECG signal. 

 
The above figure 5 shows the Block Diagram window of 

Fetal ECG extraction using LABVIEW. The icons of filter length 
and Step size are applied as an input to the Adaptive LMS 
algorithm. The Maternal Thorax ECG signal, Maternal 
Abdominal ECG signal, and output of LMS filter are applied in 
the adaptive filter. This adaptive filter separates the signals 
and gives the outputs. 

VI.  CONCLUSION 

Thus, FHR monitoring system to detect abnormalities is 
successfully designed. Extraction of FECG is done using an 
advanced digital filter of Adaptive filtering technique. Thus, 
the Fetal ECG signal is extracted with the help of the adaptive 
filter from the abdominal electrocardiogram signal using 
LABVIEW software. From this extracted error signal e(n), the 
Fetal Heart rate is obtained and the abnormalities are 
detected.  As a future work implementation can be done in 
real time using hardware. Different extraction techniques can 
be used. 
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Abstract - Information gathering is mostly to be done to know the thoughts of others. This process is increased along with the 
growing availabilities of resources like twitter, facebook ,  and  so on. Due to this precipitate activity an interest is created to 
know about the systems that deals straightway with opinion as its priority object. This survey encapsulates the techniques 
and approaches used to empower opinion-based information gathering systems. This paper is mainly to emphasis the 
techniques that deals with the current challenges than the challenges addressed in conventional analysis which is based on 
facts. Few stuffs are added based on the abstract of text evaluation, and issues assigned with the privacy, exploitation, and 
economic impact due to advancement of this system. To enable future advancement work certain information are provided. 

Index Terms - Opinion Mining , Sentiment Analysis.   

I. INTRODUCTION  
      Everyone wants to know what others will think about 

while making a decision. Earlier everyone was asking others 
suggestion every time to make decision (even to buy a 
machine). Later this was made easier by current Web to seek 
suggestions even from the people not known to us.According 
to recent surveys about 81% of the Web users done research 
about products atleast once, and remaining 20%  research it 
on some typical day, 73% to 83% people says that the reviews 
are useful to know about a product, based on the consumers 
feedback 20% to 99% of them are ready to pay for 5-star 
rated product than a 4-star rated product , 32% have 
provided ratings about the product and 30% have posted 
comment about those products. 

II. OPINION MINING
       The term Opinion mining refers to the process of 

knowing  others thoughts by analyzing the sentences used by 
them in social media because the world is transferred into an 
E-World and classify them according to the polarity. 

       The field Opinion Mining is nothing but analyzing 
people’s emotions, opinions, attitudes through the written 
texts. It is one of the active and interesting research in 
Natural Language Processing and it is helpful in the fields of 
Data mining, Web mining and in Text mining too. Because of 
its importance in business and society it is extended to the 
area of social and management science. 

       Another word Sentiment Analysis is also used to refer 
Opinion Mining, since it analyses the information from 
various text forms(like news, blogs & status in social media) 
and classify them on the basis of positive , negative and 

neutral thoughts in the subjective and objective nature. Due 
to the growing technology the growth of  opinion mining is 
enhanced. 

    Fig.1: Architecture Diagram 

III. SENTIMENT CLASSIFICATION
        Sentiment are classified based on the polarity, that is 

they are classified as positive , negative , or neutral opinions. 
Additionally , constructive opinion became part of it  which is 
helpful in developing a product. 

        Opinions are conveyed in three ways firstly, the opinion 
holder directly shares his views to the target secondly, the 
opinion holder compares the opinions with the entity and 
finally, the opinion holder shares his views in the way of 
idioms or in a sentence which is a type of sarcasm.       
Researchers  analyzed Sentiment into three levels: 
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A. Classification based on Document Level           

 This level is involved in classifying documents into positive, 
negative or neutral. Two types of techniques to classify this 
level are Supervised and Unsupervised methods. 

1) Supervised method
 In Supervised method a request is sent to the SVM(Support 

Vector Machines) to finalize the affair between the text 
segment and expressed opinions. This  can be done well with 
SVM and Naïve Bayes. 

2) Unsupervised method:
 It is done at the level of sentence. It is of two types one is , 

Lexicon based and another one is Syntactic pattern based. 
Lexicon based can be used for the Sentence and aspect level 
of sentiment. 

B.  Classification based on Sentence level: 
 The purpose of this level is to determine the polarity of an 

opinion by reading each line in a document. But some lines in 
a document are crucial in which this level cannot be helpful. 
In this level this level two steps are involved .  Firstly, the line 
is analyzed as subjective or objective sentence then in second 
step its polarity is determined. 

C.  Classification  based on Aspect Level:   
 It suggests that, on the entities and their aspects various 

opinion are holded by the documents. Hence those entities , 
their aspects and their sentiments are to be discovered by 
this level.  

IV. TECHNIQUES FOR THE CLASSIFICATION OF SENTIMENTAL 
ANALYSIS 

It is divided into three categories: 
1. Machine Learning(ML) approach
2. Lexicon based approach
3. Hybrid approach

The first approach satisfies all ML algorithms and  explicitly 
uses linguistic merits. ML is used by two methods  

a. Supervised
b. Unsupervised
The second approach is based on lexicon’s sentiment, and it 

is considered as the sentiment indicator called word of 
opinion. It is divided into two types: 

a. Dictionary-related: it finds the opinion related words
and the searches for its meanings or opposites 

b. Corpus-related: it maintains a list of all opinion
related words and uses polarity to find the opinion. 

The final approach is a combined form of first two 
approaches.  

The figure representing the classification is given in fig2. 
A .  INGREDIENT OF OPINION MINING 

1. Proprietor of opinion.
2. Opinion object.
3. Opinion alignment.
• Proprietor of opinion: They  are the people of a

community which owns a opinion. 
• Opinion object: it is the thing on which the proprietor

conveys his thoughts. 

• Opinion alignment:  it depends on whether the thought is
negative, positive or neutral. 

Fig.2: Sentiment Classification Techniques 

V. OPINION MINING REMONSTRANCE 

There are many demurs faced by Opinion Mining as follows, 
• Independency of Domain: Domain dependency nature of

words, which are sentimental, is one of main problem faced 
by opinion mining and sentimental analysis. One features set 
may give very good performance in one domain, at the same 
time it perform very poor in some other domain. Here 
features in some domain may perform very well while in 
others domain it may give poor performance. 

•Opinion mining software’s less availability: Due to its
expensiveness opinion mining software is purchased only by 
high level organizations and the government .It cannot be 
afforded by normal citizen. In order to make it more 
beneficial it should be made available to every single person.    

•Spam and fake reviews detection: Authentic and spam
contents are more common in web. These spam content have 
to be avoided before processing in order to get effective 
sentimental classification. By recognizing duplicates and by 
finding outliers and considering reviewer’s reputation they 
can be avoided. 

• Recognition opinion with implicit and behavior data: On
integrating the opinion words with implicit data, successful 
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sentimental analysis can be done. The actual sentimental 
words can be determined by implicit data. 

• Mixing of Sentences: A word can be positive or negative in
many situations. For e.g. if a customer says a mobile has good 
performance it will be a positive opinion. But if the customer 
says that the mobile has less charge holding capacity or poor 
camera quality it will be a negative opinion.  

• Difference in people’s opinion: Opinions may vary from
one person to another. This variation is due to difference in 
the way of thinking and expressing opinion among 
individuals.  

• Use of Abbreviations and short forms:  Due to the
increased use of social media for chatting and texting, people 
started using abbreviations and short cuts. Increased use of 
these abbreviations, synonyms, emoji’s and colloquial 
language makes it difficult to find opinions day by day. For 
e.g. nd for and,5n for fine , awsm for awesome, tq u for thank 
you etc. 

• Orthographic Words: Now a days people express their
feelings like happiness and worries in the form of  messages 
for e.g. Words like hoooowww cuuuuuute, woooowhhhhh, 
choooo….. Sweeetttt….express their excitement nd 
happiness. Or if they in hurry or sorrow words like sooooo 
saaaaadd, itzzz boooringg , are used 

• Evolution of natural language processing:  Evolution of
natural languages results in opaqueness, implied, deduction, 
co-reference etc.. Makes an obstacle for sentimental analysis. 

VI. AVAILABLE DATA SOURCES AND TOOLS
Doing research and collecting data on a topic like opinion 

mining and sentimental analysis is a greatest issue because 
there exists an ample amount of information on internet and 
processing opinion from this huge amount of data is very 
difficult. Here we have discussed some data sources and tools 
used for the extraction of sentiment and opinion from the 
given text.  
I. Opinion mining tools 

Various data are at the ready on opinion miming and 
sentimental analysis. The main challenge in extraction of text 
structure, data forms like language, text, Images on internet 
for communication vary from every people. Now let's discuss 
about some opinion mining tools for different uses. 

  TABLE 1. List of available tools 
Name of 
Tools Uses 

STANFORD 
CORENLP [7] 

I. POS tagging, Named entity recognizer, 
Parsing, Co-reference resolution system, 

Sentiment and Opinion mining tools: 
Various data are at the ready on opinion 

miming and sentimental analysis. The main 
challenge in extraction of text structure, data 
forms like language, text, Images on internet 
for communication vary from every people. 

Now  let's discuss about some opinion mining 
tools  forysis , Bootstrapped pattern learning 

WEKA [8] 

Machine learning algorithm for Data Mining, 
Data pre-processing, Classification, 

Regression, Clustering, Association rules, 
Visualization. 

NLTK [9] 
Classification, Tokenization, Stemming, 
Tagging, Parsing, Semantic reasoning, 

Provides lexical resources such as WordNet 
APACHE 

OPENNLP 
[10] 

Tokenization, Sentence segmentation, Part-
of-speech tagging, Named entity extraction, 
Chunking, Parsing, Coreference resolution 

LingPipe 
[11] 

Entity extraction, POS tagging, Clustering, 
Classification. 

GATE [12] 
Tokenizer, Gazetteer, Sentence splitter, POS 

tagging, Named entities transducer, 
Coreference tagger 

Pattern [13] 
Data mining, POS tagging, N-gram search, 

Sentiment analysis, WordNet, Machine 
learning, Network analysis, Visualization 

Robust 
Accurate 
Statistical 

Parsing [14] 

Statistical Parser, Tokenization, Tagging, 
Lemmatization and Parsing 

VII. CONCLUSION
The main goal of this survey was to step into the techniques 

and paths that gives opinion mining and to make the readers 
to know the affluent and vast area in intellectual powers. We 
hope that this survey provides some resources for the readers 
and will encourage to do more researches in opinion mining 
and sentimental analysis in this regard.  
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ABSTRACT - Smart - Glass is a wearable smart camera device built with a powerful microcontroller. It understands the user 
voice requests and supplies the relevant information using auditory feedback through an earphone. The device aims to 
improve the quality of life for the blind and visually impaired people and makes them understand their surroundings in a 
clear way as close as to a normal person. The device is built to fulfill the needs of a visually impaired person and thus capable 
of doing the following. It can identify traffic signal lights, find vehicle and people movement while crossing roads, identify 
currency notes (10, 50, 100, 500 rupee notes), recognize objects, obstacles, recognize alphabets, numerals, act as night time 
security camera and play your favorite music.  
 
Index Terms -  Smart glass, impaired people, voice, visual, specks.  

 

I. INTRODUCTION  
The creation of new technological devices to be used early in 

life is a must. However, despite the huge improvement of 
technological devices specifically designed for visually 
impaired users, we find that many of these solutions are not 
widely accepted by adults and are not easily adaptable to 
children. Brabyn [1] discussed about developments in 
electronic aids for the blind and visually impaired people. 
Brabyn et al [2] introduced a Talking signs regarding a remote 
signage, solution for the blind, visually impaired and reading 
disabled. Panchanathan et al [3] proposed icare - a user 
centric approach to the development of assistive devices for 
the blind and visually impaired. ]     Maingreaud et al [4] 
suggested a dynamic tactile map as a tool for space 
organization perception : application to the design of an 
electronic travel aid for visually impaired and blind people. 
Dakopoulos and Bourbakis [5] proposed a  2D tactile 
vocabulary for navigation of blind and visually impaired. 
Rastogi et al [6] discussed in detail about the issues of using 
tactile mice by individuals who are blind and visually impaired. 
Ganz et al [7] introduced insight : RFID and bluetooth enabled 
automated space for the blind and visually impaired. Pathy et 
al [8] developed space technology for the blind and visually 
impaired. Silva et al [9] discussed regarding indoor guidance 
system for the blind and the visually impaired. Basit and 
Sultan [10] suggested about easy learning of quran using 

mobile devices for blind and visually impaired. Abdullah et al 
[11] discussed the reliability of the general sporting ability 
(gsa) protocols to identify sports talent among persons with 
blind and visually-impaired in klang valley. Anam et al [12] 
made an Expression for a dyadic conversation aid using google 
glass for people who are blind or visually impaired. Zhang et al 
[13] proposed a multimodal approach to image perception of 
histology for the blind or visually impaired. Lapyko et al [14] 
introduced a cloud-based outdoor assistive navigation system 
for the blind and visually impaired. Ferati et al [15] introduce 
accessibility requirements for blind and visually impaired in a 
regional context : an exploratory study. Yang et al [16] 
proposed assistive clothing pattern recognition for visually 
impaired people. Khan et al [17] developed speech based text 
correction tool for the visually impaired. Hoonlor et al [18] 
discussed a crowd sourcing application for the visually 
impaired and blind persons on android smart phone. Haddad 
et al [19] introduced a pattern recognition approach to make 
accessible the geographic images for blind and visually 
impaired. Vermol et al [20] see the work in progress : mapping 
the development of quality sensuous response through blind 
and visually impaired group ( bvig ) touch interaction. Owayjan 
et al [21] proposed a smart assistive navigation system for 
blind and visually impaired individuals. Pawluk et al [22] made 
a designing related to haptic assistive technology for 
individuals who are blind or visually impaired. Air et al [23] 
developed ORIENTOMA : a Novel Platform for Autonomous 
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and Safe Navigation for Blind and Visually Impaired. Ramer et 
al [24] proposed an adaptive, color based lane detection of a 
wearable jogging navigation system for visually impaired on 
less structured paths. Panchanathan et al [25], introduced 
social interaction assistant : a person-centered approach to 
enrich social interactions for individuals with visual 
impairments. Matsuo et al [26] made a discussion on shadow 
rine : accessible game for blind users, and accessible action 
rpg for visually impaired gamers. Liu et al [27] developed 
finger-eye : a wearable text reading assistive system for the 
blind and visually impaired. Villan et al [28] proposed face 
recognition and spoofing detection system adapted to 
visually-impaired people. Lee et al [29] introduced magnetic 
Tensor Sensor and Way-finding Method based on 
Geomagnetic Field Effects with Applications for Visually 
Impaired user. Lan et al [30] developed Lightweight smart 
glass system with audio aid for visually impaired people. 
Kardyś et al [31] suggested a new android application for blind 
and visually impaired people. Jakob and Tick [32] developed 
concept for transfer of driver assistance algorithms for blind 
and visually impaired people. Cheraghi et al [33] proposed 
beacon-based indoor way finding for the blind, visually 
impaired and disoriented. Chaccour and Badr [34] introduced 
novel indoor navigation system for visually impaired and blind 
people. Harry in [35] made an interactive demonstration on 
the use of existing apps on mobile technologies to teach basic 
photographic techniques to participants who are blind, 
visually impaired and sighted together. 

 

II. BLOCK DIAGRAM 
The LPC1764 is a Cortex-M3 microcontroller for embedded 

applications featuring a high level of integration and low 
power consumption at frequencies of 100 MHz. Features 
include 128 kB of flash memory, 32 kB of data memory, 
Ethernet MAC, USB Device, 8-channel DMA controller, 4 
UARTs, 2 CAN channels, 3 SSP/SPI, 3 I2C, 8-channel 12-bit 
ADC, motor control PWM, Quadrature Encoder interface, 4 
general purpose timers, 6-output general purpose PWM, 
ultra-low power Real-Time Clock with separate battery supply, 
and up to 70 general purpose I/O pins. The LPC1764 is pin-
compatible to the 100-pin LPC2368 ARM7 MCU. 

 
Fig.1. Block Diagram 

 

 
Fig. 2. Block Diagram 
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Fig. 3. Hardware kit 

 
Fig. 4. Case Study 

 

III. HARDWARE DESCRIPTION 
The major components used in this work are LPC1764, an 

ARM Cortex-M3 microcontroller, OV7670 camera sensor, 
AL422 FIFO memory chip, 4-button capacitive touch keypad, 
HC-05 Bluetooth transceiver, VS1011e, audio codec chip, 2GB 
microSD card and RGB LED. The features of  LPC 1700 are 128 
KB on-chip flash program memory with In-System 
Programming (ISP) and In-Application Programming (IAP) 
capabilities, 32 KB of SRAM on the CPU with local code / data 
bus for high-performance CPU access, Single 3.3 V power 
supply (2.4 V to 3.6 V),  ARM Cortex-M3 processor, running at 
frequencies of up to 100 MHz, 52 General Purpose I / O (GPIO) 
pins, 8x 12-bit Analog -to-Digital Converter (ADC) and 1x 10-bit 
Digital-to- Analog Converter (DAC).  

The Cortex-M3 processor is specifically developed to 
enable partners to develop high-performance low-cost 
platforms for a broad range of devices including 
microcontrollers, automotive body systems, industrial control 
systems and wireless networking and sensors. 

This camera module can perform image processing such 
as AWB (auto white balance), AE (automatic exposure) and 
AGC (automatic gain control), for the video signal coming from 
CMOS sensor. What’s more, in fusion of other advanced 
technology such as image enhancement processing under low 
illumination, and image noise intelligent forecast and 
suppress, this module would output high quality digital video 
signals by standard CCIR656 interface. OV7670 built-in JPEG 
decoder supported real time encoding for collected image, 
and external controller can easily read the M – JPEG video 
streams, achieving the camera design of double stream. 
OV7670 supported motion detection and OSD display function 
of screen characters and pattern overlay, capable of self-
defining detection area and sensitivity. 

 
 Fig. 5. Cortex – M3 

 

 
Fig. 6. Camera OV 7670 

 
The specifications of camera are VGA/QVGA Resolution, 

30 frames/sec frame rate, 8-pin parallel interface for data, 
Low voltage low power CMOS technology, A high speed FIFO 
for data buffering and 3Mbit FIFO size (384 kb). 
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Fig. 7. Capacitive touch keypad 

The parameters of capacitive touch keypad are MPR121 
Capacitive Touch Controller, Supports up to 12 electrodes and 
3 mm x 3 mm x 0.65 mm 20 lead QFN package. The MPR121 
capacitive keypad uses the MPR121 and 12 touch sensitive 
pads to give you a simple ‘keypad’ with an I2C output. The 
board also has four mounting holes allowing it to be used as 
an input system in place of traditional buttons. Check the 
example code below for an easy way to read the keypad. 

 

 
Fig.8. Bluetooth 

The specifications of Bluetooth are Supports Android 
Smartphone/Tablet/PC Communication, 3Mbps Modulation 
with complete 2.4GHz radio transceiver and baseband, Low 
Power 1.8V Operation ,1.8 to 3.6V I/O and It works up to 30 
feet distance. 

 
Fig. 9. MP3 audio decoder 

The Decodes multiple formats are MP3, AAC, WMA, FLAC, 
Ogg Vorbis, WAV and MIDI. The properties are Low-power 
operation, High-quality on-chip stereo DAC and Zero-cross 
detection for smooth volume change. Decoders combine 
multiple functions that allow easy playback of music that's 
stored in a USB flash memory using an audio player. 

     

IV. SOFTWARE USED 
The software used is PCXpresso IDE and PCXpresso 

Debugger. LPCXpresso is a complete tool chain for LPC1000 
series of Cortex-M microcontrollers. Eclipse based IDE. GNU 
Compiler, Linker and Libraries, Enhanced GDB Debugger. 
Supports LPC-Link Programmer and Debugger. Developed by 
NxP Semiconductors and Code Red Technologies. 
MCUXpresso IDE is now recommended for developers using 
LPC Cortex-M based microcontrollers. This IDE offers a fully 
feature development environment for both LPC and Kinetis 
Cortex-M based microcontrollers which fully supports 
LPCOpen and MCUXpresso SDK. The LPCXpresso IDE gives 
developers a low-cost way to create high-quality applications 
for LPC microcontrollers (MCUs). The LPC-Link2 debug probe is 
available as a standalone debug probe or built into LPCXpresso 
V2 and LPC Xpresso V3 boards. When used in conjunction with 
the LPCXpresso automatically downloads CMSIS-DAP 
or "Redlink" firmware into the RAM of the probe. LPC-Link2 
can then be used with LPCXpresso IDE to debug all NXP LPC 
Cortex-M MCUs. However, the debugging of LPC2000 (ARM7) 
/ LPC3000 (ARM9) parts is not supported by LPCXpresso IDE 
via LPC-Link2. CMSIS-DAP and J-Link firmware images suitable 
for programming into flash (using LPCScrypt). 

 

 
Fig.10. LPCXpresso IDE 
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Fig. 11. Entire Hardware Kit  
 

V. CONCLUSION 
The proposed work has been developed for the blind 

people. The hardware kit is used to identify the currency 
notes. The currency notes are already scanned and are stored 
as images. When the camera reads a particular currency note 
it is then matched with note already scanned and stored in the 
data base and announces through voice message that what is 
kept near the camera.  This device aims to improve the quality 
of life for the blind and visually impaired people and makes 
them understand their surroundings in a clear way as close as 
to a normal person. Some more identifications may also be 
included in this proposed work like traffic signal lights, find 
vehicle and people movement while crossing roads, recognize 
objects, obstacles, recognize alphabets, numerals, act as night 
time security camera and play your favourite music. 
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ABSTRACT - Voltage source converter (VSC)- based high voltage  DC (HVDC) transmission is viewed as the eventual fate of 
offshore power transmission. This paper goes for giving a solid VSC-HVDC transmission system design between offshore wind 
ranches and inland grids. In this paper, an extensive limit, low-speed flywheel energy storage system (FESS) in light of a 
squirrel cage induction machine is connected in parallel with the VSC-HVDC at the grid side converter. The FESS is committed 
for surge control (because of power flow variation during fault) retention rather than being dispersed as resistive losses. Since 
the time span of these surges is moderately little, it has been demonstrated that the flywheel can adequately relieve this 
issue. In this FESS converter model existed by using PI controllers in which will get good response of power leveling operation 
and under fault conditions of the systems and FESS offshore wind farms using proposed Fuzzy logic controller. It helps for the 
system improves a power levels, stability of the systems for under normal and abnormal operations compared to PI 
controller. A 132-kV 100-MW HVDC system is simulated utilizing MATLAB/Simulink during normal and fault conditions.  

Index Terms - Fault ride-through, flywheel energy storage system, HVDC, indirect field oriented control, offshore wind energy. 

I. INTRODUCTION  

The worldwide interest for electric energy and 
constraints of the conventional wellsprings of energy have 
prompted the expanded enthusiasm for sustainable power 
source. Wind energy is a standout amongst the most 
promising sustainable power sources. Wind ranches have 
been introduced both coastal and offshore. Offshore breeze 
ranches may display higher use contrasted with their inland 
partners because of the maintained high offshore breeze 
speeds. Their offshore areas additionally imply that land 
possession co-ordinations and necessities are perhaps 
disentangled [1]. The primary hindrances of offshore breeze 
ranches are the high constructional cost furthermore, upkeep 
prerequisites.  

Transmission of high power from offshore breeze ranches 
is considered a test. High voltage DC (HVDC) transmission is 
an efficient contrasting option to AC transmission for long 
separations what's more, submarine mass power conveyance 
from remote sources such as offshore breeze ranches. The 
ordinary HVDC transmission system uses line-commutated 
converters (LCC). This innovation is reasonable for high power 
applications [2]. The fundamental concerns with respect to 
LCC-HVDC utilize are the required harmonic filters and VAR 

compensators on the AC side due to the LCC created 
harmonics and firing angle subordinate non-unity removal 
factor, notwithstanding the issues related with the likelihood 
of commutation failure[3]. VSC based HVDC was presented by 
makers in the late 1990s as HVDC Light or HVDC PLUS. 
Thought about to LCC-HVDC, VSC-HVDC transmission has a 
few focal points that have been accounted for in writing, for 
example,  

• Better similarity with sustainable power sources;
• Bring down general cost;
• Higher stability and better power quality
• Active and reactive power can be independently

controlled
The control of VSCs is basic to guarantee system ability to 

adapt to AC system varieties and transients. One of those 
variations is the behavior of the AC system during fault 
periods, since network codes require that wind farms should 
remain associated amid and after a short circuit fault. In this 
way, fault ride through ability in VSC-HVDC-based wind farms 
progresses toward becoming basic. A few procedures exist for 
fault ride through in VSCHVDC- based offshore breeze energy 
systems. The principal approach is to lessen the power 
delivered from the wind turbines (de-loading). There are two 
fundamental strategies for the de-loading. The first is to lower 
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the generator torque by means of controlling the offshore 
converter keeping up system frequency consistent and 
diminishing the active current component. In any case, the 
principle impediment of this strategy is the moderate rate of 
energy decrease. The second technique is controlling the 
output power of the breeze cultivate through recognizing the 
lattice frequency amid the fault. A requirement for a high 
data transfer capacity correspondence medium is required to 
guarantee the unwavering quality of such a technique. The 
second approach can be accomplished by rivalling a short 
circuit on the offshore HVDC converter to prevent power 
transmission to the coastal side. This can be done by reducing 
the modulation index of offshore converter to reduce 
terminal voltage of offshore converter; however high current 
flow through the converter [4] which indicates a 
disadvantages of this strategy. 

The third technique is utilizing DC choppers with braking 
resistors for DC control dissemination amid AC side issues 
anticipating the crowbar start because of the high power on 
the DC side [5]. This procedure is solid and does not influence 
the breeze cultivate mechanical system, however it builds 
system cost and power losses. This exploration researches 
another fault ride-through system in light of energy storage 
innovation to store the trapped energy during fault periods. 
Also, the capacity system is utilized for wind control levelling 
purposes amid typical operation. Flywheels are utilized as 
energy storage mediums; they display high execution, and 
can be effectively utilized with a few electrical applications, 
for example, power molding, frequency regulation, and 
voltage sag compensation because of their capacity of putting 
away energy as kinetic energy relying upon the rotating speed 
and their mass.  

The FESS is devoted for two purposes, power levelling 
and fault ride-through with safeguarded trapped energy, 
along these lines the cost arbitrage amongst FESS and 
previously mentioned fault ride-through techniques isn't 
exact. In this manner, the cost arbitrage is performed with 
another conceivable brief period energy storage medium, the 
super capacitors. In spite of the fact that there are a few 
energy storage systems (e.g., batteries and superconducting 
magnetic energy storage SMES), super capacitors may show a 
comparative execution to FESS. FESS has higher energy depth, 
charging/releasing cycles, and lifetime. The capital cost of 
energy storage system is partitioned into the cost of the 
capacity medium itself and the cost of power conditioning 
systems (control converters). The cost of the energy storage 
medium is basically dictated by the measure of energy to be 
put away. The energy storage subsystem cost ($/kWh) is bring 
down in FESS than super capacitors for high energy 
applications. On the other hand, the cost of the power change 
system is moderately the same. In this way, with a specific 
end goal to construct a super capacitors based energy 
capacity medium for a HVDC system where the energy ranges 
in megawatts, it costs significantly more than the FESS [6]. 

The primary commitments of this paper are as per the 
following:  

• An extensive limit, low-speed induction machine-
based FESS is utilized at the network side converter 

of a VSC-HVDC transmission system for AC side fault 
ride-through support.  

• The FESS is utilized for wind power leveling amid 
typical operation.  

• The FESS is utilized to store the trapped energy if 
there should arise an occurrence of DC interface 
voltage swelling amid AC side deficiencies.  

A recreation contextual investigation for the proposed 
strategy is introduced utilizing MATLAB/Simulink 

II. DESCRIPTION OF THE PROPOSED SYSTEM 

FESSs have a straightforward structure, high ability, high 
power, energy densities, and good dynamics. Additionally 
FESSs have an extensively high cycle lifetime with low support 
necessities. A FESS simply comprises of a flywheel, electric 
machine, control transformation system, and bearings. The 
flywheel is the mass in which the kinetic energy is stowed and 
driven through the electric machine which turn to motor while 
charging and as a generator while releasing. Permanent 
magnet machines are ordinarily utilized with rapid flywheels; 
in any case, inductance machines are an efficient elective for 
low speed flywheels. A power transformation system (control 
hardware converters) coordinates the lattice agree with the 
FESS. Bearings are utilized to hold the flywheel (rotor) allowed 
to turn at a specific adjusted position. There are two sorts of 
orientation, to be specific, customary mechanical direction for 
low speed applications where steel rotors are utilized to 
increment the inactivity which brings about extensive and 
overwhelming FESS; and attractive direction for fast 
applications where the rotor is made of composite materials. 
The low speed FESSs have critical losses contrasted with the 
fast ones. 

 
Fig. 1. FESS integrated with a VSC-HVDC transmission system. 

In the proposed system, a low speed squirrel cage 
inductance machine based FESS is linked in parallel with the 
network side converter of a VSC-HVDC transmission system 
for offshore wind energy systems. The proposed VSC-HVDC 
system comprises of a consecutive VSC associating the breeze 
control generators to the lattice by means of a 100-km link. A 
schematic of the proposed system is appeared in Fig. 1.  

The power is delivered offshore by means of the 
breeze ranch's AC generators, for example, doubly-fed 
inductance generators (DFIG) and permanent magnet 
synchronous generators (PMSG), at that point changed over 
into HVDC through the breeze side converter. On account of 
their various favourable circumstances, PMSGs are relied 
upon to lead the pack later on extensive scale offshore wind 
generators. The power is transmitted by means of DC links to 
the inland systems, where the HVDC is changed over into 
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controllable AC through the system side a various strategies 
have been proposed to constrain this voltage increment.  

 
The modular multilevel converters have been utilized 

generally with HVDC systems because of their promising 
highlights applicable to appropriateness for high power 
applications, seclusion, control losses, and output symphonies 
substance. If there should be an occurrence of AC side fault, if 
the required active power by the lattice is lower than the 
created control, at that point the distinction will be put away 
in the DC interface capacitor then subsequently its voltage 
will increment. Different techniques have been proposed to 
restrain this voltage increment.  

The traditional approach goes for bypassing this 
additional energy utilizing a chopper circuit associated in 
parallel with the DC connect to be scattered in a resistor. In 
this paper, rather than disseminating the additional energy, 
the proposed FESS can be utilized to store the power 
distinction amongst the Pdc and Pg, i.e., no requirement for 
diminishing the output wind cultivate control; in the 
meantime, the voltage rise of HVDC gadgets is kept away 
from. Then again, amid typical operation and because of the 
discontinuity of wind energy, the FESS is used for wind control 
levelling. The three stage to-ground cut off is the most 
exceedingly terrible fault that may happen at the AC side 
which makes the power tend to zero. The FESS converter 
might be planned by the energy required to be stored amid 
the fault which relies upon the fault ride through 
prerequisites. Keeping in mind the end goal to store the 
appraised energy of the breeze cultivate for a fault on the AC 
side, the FESS converter ought to be appraised at an 
indistinguishable rating from the breeze cultivate. Generally 
for incomplete energy catching, the FESS converter can be 
diminished, henceforth a trade-off exists. By and by, this 
system ought to be for the most part prepared with auxiliary 
assurance gear, for example, a crowbar protection on the off 
chance that the fundamental storage system falls flat or gets 
soaked. 

The numerical demonstrating of the system is exhibited in 
the d-q outline in the accompanying subsections. 

A. Induction machine and FESS converter modeling 
The d-q model of the inductance machine and the FESS 

side converter is clarified quickly in (1) to (7).  
The stator (converter) voltages are appeared in (1) and 

(2): 
 

                                             (1) 
 

                                               (2) 
      

while stator power components, machine torque and stator 
flux are given by (3)–(7): 

 

 
                               (3)  

          (4) 
    

                    (5) 

                           (6) 
                 (7) 

B. Grid side converter 
The DC input is changed over into AC fed to the network 

through the network side converter whose voltages and 
power are appeared in (8)– (10) individually: 

 
           (8) 

 
            (9) 

 
                 (10) 

 
Where Vinv and Vg are the inverter and grid voltages, 
individually, also, is the grid point. The power stream of the 
system can be communicated as (11): 

 
                               (11) 

 
The change in the stored energy in the flywheel can be 
expressed based on (12):‘ 

 
 (12) 

 
Where J is the flywheel moment of inertia,  and  are the 
initial and final speeds, individually, and is the releasing 
time. The energy put away in a capacitor is given by (13). 
Along these lines the DC interface voltage can be 
communicated as in (14): 

 
                                                     (13) 

 

                    (14) 

Controlling the DC interface voltage to stay consistent 
prompts controlling the flywheel and the DC interface powers 
since the grid control tends to zero amid a fault. Then again, 
amid typical operation, the distinction between the grid 
control and DC control is put away in the flywheel 

III. FAULT RIDE-THROUGH CONTROL STRATEGY 

The control of the FESS amid ordinary and fault conditions 
is the fundamental focus of the proposed control system. The 
control of the inductance machine that drives the flywheel 
depends on the indirect field oriented control (IFOC) as 
appeared in Fig. 2. The proposed control approach has two 
methods of operation; control levelling mode amid ordinary 
operation and DC interface voltage control amid fault 
operation. The desirable quantity to be controlled is the 
torque part of the current (quadrature- axis current ) during 
typical operation, the FESS stores/releases energy in light of 
the desired active power profile. 
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Fig. 2. Schematic of the proposed FESS control strategy 

based on IFOC. 
 

The quick FESS stator active power is computed through 
estimating the machine voltages and current, then compared 
with difference between grid power and wind power. The 
error in the power is given to a power regulator (PI controller) 
as appeared in Fig. 3. The output of the power controller 
expresses to the quadrature-axis current summon which is 
connected to the current controller. In view of the reference 
stator flux, the immediate direct-axis current part is removed. 
The control methodology is changed to DC interface voltage 
control mode amid an AC fault as the DC interface voltage 
begins to rise. The fault is identified through observing the DC 
interface voltage level. The genuine DC connect voltage is 
contrasted with its reference value and the mistake is 
connected to voltage controller to create the reference 
quadrature-axis current part as appeared in Fig. 3. In addition, 
after the DC interface voltage is constrained back to its 
ordinary level by means of the controller, the control system is 
exchanged back to the power levelling mode. 

The reference flux segment (direct-axis current) is 
constantly acquired by means of estimating the reactive 
power and contrasted with the desired value, at that point 
connected to control controllers. 

 
Fig. 3. Switching between normal and fault operating modes 

based on the DC link level 

IV. FUZZY LOGIC CONTROLLER 

        Fuzzy logic is a complex mathematical method that 
allows solving difficult simulated problems with many inputs 
and output variables. Fuzzy logic is able to give results in the 
form of recommendation for a specific interval of output state, 
so it is essential that this mathematical method is strictly 
distinguished from the more familiar logics, such as Boolean 
algebra. 

 
Advantages of Fuzzy Controller over PI Controller 

Usage of conventional control "PI", its reaction is not all 
that great for non-linear systems. The change is striking when 
controls with Fuzzy logic are utilized, acquiring a superior 
dynamic reaction from the system. 

  The PI controller requires exact direct numerical 
models, which are hard to get and may not give tasteful 
execution under parameter varieties, load unsettling powers, 
and so forth. As of late, Fuzzy Logic Controllers (FLCs) have 
been presented in different applications and have been 
utilized as a part of the power devices field. The benefits of 
fuzzy logic controllers over ordinary PI controllers are that 
they needn't bother with a precise scientific model, Can work 
with uncertain information sources and can deal with 
nonlinearities and are more dynamic than traditional PI 
controllers. 
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V. SIMULATION RESULTS 
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Fig.4. Simulation results of power leveling operation by 
using PI controller. (a) wind power, (b) grid power, (c) 

flywheel power, (d) IM stator quadrature-axis current, (e) 
IM stator direct-axis current, and (f) flywheel rotating speed 
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Fig. 5. Simulation results of nearby three phase to ground 

fault operation (a) power profiles, (b) DC link voltage, (c) Dc 
link voltage without Flywheel, (d) flywheel speed, (e) grid 

voltage, and (f) main inverter current 

VI. CONCLUSION

Fault ride-through of an offshore wind cultivate based 
power creating system associated with an AC network through  
HVDC transmission system by using PI controller has been 
explored in this paper. Another procedure in view of FESS 
design is proposed with a specific end goal to permit the DC 
connect to discharge its energy in the FESS by means of the DC 
interface voltage controller. The proposed FESS with PI is 
additionally utilized for control levelling amid typical operation 
to augment the use of the associated storage system. The 
connected control procedure comprises of two diverse control 
accounts in light of the DC interface voltage level, which gives 

a sign of the fault state. In view of the simulation and test 
comes about, the proposed FESS system gives vigorous 
execution and quick reaction for both fault ride-through and 
control levelling purposes. The proposed FESS design displays 
a few points of interest over the other talked about fault ride-
through methods because of the usage of the trapped energy 
during a fault. 
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ABSTRACT— This project is designed to detect the intrusion of enemies across the borders. The greatest threat to national 
security is border crossing terrorism. Regular forces in these border areas cannot be monitored properly due to high and 
dense areas. It tracks the information and classify the intrusion is an individuals or a group or vehicles. The hardware 
includes vibration sensor, signal detector, metal detector, PIR (Passive Infra Red) Sensor and a microcontroller for processing 
and control. A transceiver is used for wireless communication. Liquid Crystal Display is used to display the sensor readings 
processed by the system. 

Index Terms -  Sensors, Terrorism, Security, Tracking. 

I. INTRODUCTION  
Wireless Sensor Network (WSN) becomes apparent as 
powerful platform for bridging environment and   electronic 
brain. This WSN takes main role in border surveillance. 
Wireless Sensor Network connected with collective sensing 
appliances to perform certain tasks .This is placed in border 
where it’s difficult to monitor by human force. The sensors 
determine the surrounding situation, the vibration sensor can 
detect the vibration by vehicle or by any intruders in that 
environment, Passive Infrared Sensor is used to sense the 
human temperature, metal detector is used to detect any 
weapon or vehicle in the surrounding, signal detector can 
detect any wireless signal used by intruders. The Radio 
Frequency Tag is used to differentiate the intruders. This 
collected data is transmitted to receiver.  This collective 
information gets compares and concluded with intruders or 
any other natural acts. In receiver the information can visible 
in Liquid Crystal Display (LCD) and battery low indication will 
also indicate in receiver circuit. 
To have an expected usage of WSN, We should solve many 
problem regarding battery efficiency, security, circuit 
reliability, unnecessary alertness. 

II. LITERATURE SURVEY
In [1] the first border surveillance was designed by Mihaela 
Cardei in 2005, Wireless Network “. In this article they 
addressing “energy efficient problem in the basis of Wireless 
Sensor Network”. 

In [2] “Border Surveillance Using Sensor Based Thick-
Lines” by R.Bellazreg in 2013. In this article they introduce 

thick lines due to irregular radio connection the monitoring 
process is disturbed and the full coverage is destroyed by 
using thick lines without any disturbance border can 
monitored  

In [3] “Border Surveillance and Instruction detection 
using wireless sensor networks” by Mosad Alkhathami Lubna 
Alazzawi And Ali Elkateeb in 2015 in this article they solved 
problem regarding false alarm .In border due to some natural 
act the false alarm were indicate, to prevent that they collect 
the information from the multiple sensor and camper the 
information then produce the alarm as per the result. Mosad 
Alkhathami Lubna Alazzawi And Ali Elkateeb 
In [4] “Decentralized Smart Sensor for Multiple Targets 
Tracking System” by James hare, James Wilson . they use 
multiple sensor to track multiple targets .to prevent the fake 
alarm multiple target were analyzed. 
Fig. 1 shows the system diagram comprising of Arduino UNO 
development board consisting of Atmel Atmega328P IC as the 
main brain of the Quadcopter. The other interfaces to it are 
gyroscope (MPU6050), four BLDC (Brushless DC) motors 
connected through corresponding Electronic speed controller 
(ESC), LiPo (Lithium Polymer) battery which is of 11.2V when 
fully charged and six-channel receiver. The Receiver Channels 
are: 1. Roll 2.Pitch 3.Throttle 4.Yaw 5. Aux 1 6. Aux 2 out of 
four BLDC motors, opposite motors rotates  in same 
direction,  motors 1&3  spin  in  clockwise direction and 3&4 
spin in anti-clockwise direction. Thus, this the basic 
arrangements on the Quadcopter frame 
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III. METHODOLOGY

A. Proposed work 
The proposed developed model as shown below, 

Fig. 1. The sensor connected together in the transmitter 
circuit 

Fig. 2. Experimental setup 

B. Block Diagram 
For Soldier: 

Fig. 3. Active RFID Tag 
Transmitter Side: 

Fig. 4. Sensor mote 

Receiver Side: 

Fig. 5. Base mote 

C. Components 
The proposed methodology which has following main 
components that are, 
a) Metal detector:
Metal detector is used to detect metals. In border 
surveillance this metal detectors are used to identify any 
weapons or vehicles in the surveillance area, It consist of 
oscillator Produce an alternative current that passes through 
the coil producing an alternative magnetic field, the 
electrically conductive metal is close to the coil then the eddy 
current is produced and it produces magnetic field by its own 
if the another coil is used the change the magnetic field due 
to metallic objects can be detected. The range of Metal 
detector that we have used is 1 meters. 

Fig. 6. Metal detectors 
b) Signal detector:
The signal detector is the sensors which can detect any signal 
in the surrounded area to detect the messages communicate 
among the enemies. It can detect walkie-talkie, mobile phone 
or any other signals. It uses an antenna to pick up the signal 
that wireless voice recorders used to broadcast the data to 
the receiver. The range of Signal detector is 9-11 meter. 
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Fig 7: Signal detectors 
c) Vibration detector:

Vibration detector is a sensor used to sense the vibration in 
the environment. It is used to detect all types of vibration 
over the border. It can produce fake alarm due to any natural 
act. The range of vibration sensor is 10 meters. 

Fig: 8 Vibration detectors 
d) Passive infrared sensor:

PIR sensor is an electronic sensor that measures 
infrared (IR) light radiation from the objects. PIR sensors allow 
us to sense motion, almost always used to detect whether a 
human has moved in or out of the sensor range. The range of 
PIR sensor is 10 meter.  

Fig: 9 Passive infrared sensors 
e) PIC Micro Controller:

 It is manufactured by micro chip .It is an 8 Bit 
microcontroller, it contains 40 pins. It is based on RISC 
(Reduced Instruction Set Computer) architecture. It produces 
output voltage of +5v. It runs in a speed up to 20MHz.  

Fig: 10 PIC Micro Controller Chip 
f) Liquid Crystal Display (LCD):

A liquid crystal display (LCD) is a flat display or other 
electronically modulated optical device. The features of the 
LCD are built – in controller (KS0066 or equivalent). It has 1/6 
duty cycle and it also has 5x8 dots with cursor.  

Fig: 11 Liquid Crystal Display (LCD) 
g) Active RFID:

Radio-frequency identification (RFID) uses 
electromagnetic fields to automatically identity and track tags 
attached to the objects. The tag contains electronically stored 
information. There are two tags namely active and passive 
tags, passive tags collect energy from nearby RFID readers 
interrogating radio waves, active tags contains  a local power 
source and may operate hundreds of meters from the RFID 
reader . An RFID tag is attached to an army man and it can be 
used to track its progress. The Range of Active RFID tag is 100 
meter. 

Fig: 12 Active RFID tag 
h) ZigBee:

ZigBee is a wireless technology designed to use low-
power digital radio signals for personal area networks. It is 
used to create network that requires low data transfer, 
energy efficiency, secured networking. The low power 
consumption results in battery life cycles of several years or 
even in permanent operation via small solar cells. ZigBee is 
targeted at RF applications that require low data rate, long 
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battery life, and secure networking, such as sensors in 
industrial and home automation applications. 

IV. CONCLUSION
We have conferred our work on border surveillance, in which 
it have collective sensor connected to PIC micro controller, it 
can collect the information in the border environment by 
using multiple sensor. It can give better monitoring process to 
find the intruders and also will give an alert to our end in order 
to do further processing and storing the data. It has the main 
advantage as it contains RFID tag to differentiate the intruders 
by using multiple sensors moreover it can be act as an efficient 
border surveillance and security systems. 

V. FUTURE WORK 
This system can be further including by adding solar panel to 
charge the battery. By using GSM (GLOBAL SYSTEM FOR 
MOBILE) the location of the device and alert notification can 
be monitored in android app. 
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ABSTRACT— The road accident in the present era is increased to greater extent.  The loss of human  life  due  to accident must 
be avoided. Traffic congestion and tidal flow are major facts that cause delay to ambulance. In order to save human life from 
accidents we introduce a scheme called ITLS (Intelligent Traffic Light system).The main concept behind this scheme is to 
provide a smooth flow for the emergency vehicles like ambulance to reach the hospitals in time and thus minimizing the 
delay caused by traffic congestion. With the help of this Intelligent Transportation System integrated with the GPS the current 
scenario of traffic congestion can be solved to an extent. This scheme is fully automated controls the traffic lights, helping to 
reach the hospital in time. Here we track the ambulance location using GPS units, and its sends the data to the traffic lights 
through embedded system .This system control the traffic lights and save the time in emergency periods.  
Index Terms - ITLS, RF, GPS, IOT. 

I. INTRODUCTION  
Emergency occurs anywhere at any location, at any 

time, and in various .Ways will make one at risk. These 
situations require a speedy response. With the increasing 
number of population in the metropolitan areas already 
existing problem of poor traffic congestion has grown to 
an alarming event. The prior importance is given to the 
Ambulance and other emergency vehicles which needs to 
wait longer time on the traffic thereby increasing the 
probability of risk. Transportation of a patient to hospital in 
emergency  seems  quite  simple  but  in  actual  it  is pretty 
difficult during peak hours Recovery action should  be 
taken  immediately. The older  technology uses   RF   
transmitter   mounted   on   atop   of   the ambulance and 
RF receivers are placed in every road leading to the signal 
at a suitable distance from the traffic signal. Initially the 
driver of the ambulance switches on the transmitter 
through a switch placed on the steering wheel. This makes 
the receiver output to go high and thereby interrupting the 
microcontroller.  In  order  to tackle these problems, this 
paper has come up with a proposed system using the 
Advanced  GPS  Technologies  for  faster  data 
transmission. The ambulance is controlled by the control 
Unit  and  also  controls   the  traffic  light according   to 
the   ambulance   location   and   thus reaching the hospital 
safely. 

II.  EXISTING METHODOLOGY
Traffic is a critical issue of transportation system in 

most of all the cities of Countries. This is especially true for 
Countries like India and China, where the population is 
increasing at higher rate. For example, Bangalore city, has 
witnessed a phenomenal growth in  vehicle  population  in 
recent  years.  As  a  result, many of the arterial roads and 
intersections are operating over the capacity (i.e., v/c is more 
than 1) and average journey speeds on some of the key roads 
in the central areas are lower than 10 Km/h at the peak 
hour. Some of the main challenges are management of more 
than 36,00,000 vehicles, annual growth of 7–10% in traffic, 
roads operating at higher capacity ranging from 1 to 4, 
travel speed less than 10 Km/h at some central areas in peak 
hours, insufficient or no parking space for vehicles, limited 
number of policemen. Currently video traffic surveillance and 
monitoring system Commissioned in Bangalore city. It 
involves a manual analysis of data by the traffic management 
team to determine the traffic light duration in each of the 
junction. It will communicate the same to the local Police  
officers for the necessary actions. Traffic Signal Controllers 
are the  electronic  equipment  kept  at  the  junction  to 
control duration of traffic signals. The controllers are 
designed using microprocessor based control circuits, and 
can  be  operated  in  any  one  of  the  following modes e.g. 
Fixed Time mode, Demand Actuated Mode, Forced Flash 
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Mode etc. Now the new existing system limited to only one 
road of the traffic junction. In this project we have extended 
to multi road junction. 

DISADVANTAGESOF EXISTING SYSTEM 

In the existing system it involves the manual effort 
to control the traffic systems. The normal traffic signals 
systems increase the time of travel, thus be notable as one of 
the major issues in metropolitan cities. Emergency vehicles 
like ambulance and fire trucks need to reach their 
destinations as the earliest. If they spend lot of time in the 
traffic jams, valued lives of many people may be in danger. 
• Present system is completely a static case
• Vehicles must wait at the intersection for a predefined
time until microcontroller switches 
• Green light for that lane.
• Exists no process of preemption.
• No  green  light  service  for  priority  based vehicles.

From the past decades, management of  traffic 
has been one of the biggest issues of modernization. 
Researchers have followed a long way to overcome the traffic 
crises. Right from the very beginning of “Manual Traffic 
Control” in which man power was required   to   control   the  
traffic.   Depending   on countries and states the traffic polices 
are allotted to different  areas  to  control  traffic.  These  men 
carry sign  board,  sign  light  and  whistle  to  control  the 
traffic. They are instructed to wear specific uniforms in order 
to be easily identified by the drivers. After this came the 
traditional “Vehicle Actuated Control System”  in  which,  
lights  are  loaded  with constant numerical value in the form 
of timers. The lights are automatically  getting  ON  and  OFF  
depending  on timer value changes. The main disadvantage 
is that the algorithm for this control system does not change 
the green signal even if the traffic has already passed until the 
counter is complete, while not taking into account the 
number of vehicles waiting at red. Hence the density. 

III. PROPOSED METHODOLOGY
This system is designed to overcome the 

disadvantages in the existing system.  Now we  are 
extending the existing system to the Multi-road junction. Here 
it contains four ways named as way1, way2, way3, way4. 
From the current problem section it can be seen that, existing 
technologies are insufficient to handle the problems of 
congestion control, emergency vehicle clearance, stolen 
vehicle detection, etc. To solve these problems, we propose 
to implement our Smart Traffic Control System. 

A. AMBULANCE UNIT 
Ambulance collects the victim from the accident 

location. While in the ambulance the vital parameters of the 
patient temperature and pulse rate are continuously 
monitored and conveyed to the concerned hospital. The 
Arduino Uno has a number of facilities for communicating 
with a computer, another Arduino, or other microcontrollers. 
The ATmega328 on the Arduino Uno comes pre burned with 
a boot loader that allows you to upload new code to it 

without the use of an external hardware programmer. We are 
using LM35 temperature sensor whose output voltage is 
linearly proportional to the Celsius (centigrade). 

For measuring pulse rate we are using IR based 
obstacle sensor. The output from the sensors is given to the 
microcontroller. The details of the patient that are detected in 
the ambulance unit are uploaded in the server through 
IOT/CLOUD. IoT Cloud is a platform from Salesforce.com that 
is designed to store and process Internet of Things (IoT) data. 

Fig. 1. Ambulance Unit 

The platform is built to take in the massive volumes 
of data generated by devices, sensors, websites, 
applications, customers and partners and initiate actions for 
real-time responses. Normally  there  is  delay  in 
ambulance reaching the hospital due to traffic congestion. 
To overcome this delay, the traffic signals in the path of 
ambulance are controlled via RF communication. The 
ambulance section consists of an RF transmitter and the 
traffic unit will consist of the RF receiver. The RF transmitter 
on the ambulance will communicate with the RF receiver of 
the signal section and make the signal green whenever it is 
within a 250 radius. As a result of which the ambulance will 
have a clear path all along its way to the hospital without 
any traffic congestion. GPS installed in the ambulance to 
locate the location of the ambulance at a greater speed 
and at greater coverage. 
TRAFFIC UNIT 
     Whenever the ambulance reaches to the traffic signal 
(approximately 10m) the traffic signal will be made to 
green through RF communication. Thus the ambulance will 
have clear path to reach the hospital without any traffic 
congestion along the way. This system is fully automated 
controls the traffic lights, helping the victim to reach the 
hospital in time. Once the ambulance reaches the coverage 
area the receiver will detect the RF transmitted signal from 
the transmitter. Radio-frequency  engineering is  a  subset of 
electrical engineering that  deals  with  devices  that are 
designed to operate in the radio frequency (RF) spectrum. 
These devices operate within the range of about 3 kHz up to 
300 GHz. The detected signal will be sent to the 
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microcontroller in order to change the traffic signal to green 
for smooth flow of ambulance. 

Fig. 2. Traffic Unit 

B. HOSPITAL UNIT 

Fig. 3. Hospital Unit 

Now-a-days  Health  care  Environment  has  become 
technology oriented. The patients’ details are continuously 
monitored in the ambulance and are updated in server and 
they could be monitored from hospital. The patient details 
uploaded in the server are monitored in the hospital by 
using unique login id and password. 

IV. RESULT 
Thus we have developed the above mentioned units and 
successfully  coordinated  the  system  .For  the main server 
unit we have created a database using visual basic 6.0 on PC. 
For the prototype the communication  between  the  
ambulance  and  traffic unit takes place via RF transmitter and 
RF receiver. 

FIG. 1. AMBULANCE UNIT 

FIG. 2. TRAFFIC UNIT 

FIG. 3. AMBULANCE RESCUE SYSTEM 
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Figure 3.Indicate the overall rescue system including 
the ambulance section and the traffic section. 

V. CONCLUSION  
Thus we have presented a system to give a clear way to 
emergency purpose vehicles on road so that they can reach 
their destination in least time without stopping at traffic 
intersection. This system can be effectively   implemented  
for   an   entire   city   or countries with large population like 
India for better results. Human life is precious and must 
follow Safety measures very conscious in all aspects this of 
course includes ambulances services too. In this, by using 
intelligent  ambulance system we can achieve the 
uninterrupted service of the traffic control system by 
implementing the alternate methods for signal change to 
allow flow control. The accuracy of the RF is more than 
Camera’s so our proposed paper also improves the 
performance of traffic light Violation Detection System. This 
system is cost effective, multiple usages and deployed using 
trending IOT, which is more efficient. This system will 
reduce accidents which often happen at the traffic signal 
intersections because other vehicles have to huddle to give 
way to the ambulance services. This life saver project must 
be implemented in the traffic forums to aid the public in 
good manner. 
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ABSTRACT—Power transformers are used for step up or step down the voltage level in the transmission network.  
Determining the existing condition of the transformer is still a challenge and many researchers are involved in predicting it. In 
this paper a novel system based on neural network is developed which predicts the health index of the transformer by 
considering thermal, electrical, physical and chemical properties prevailing in the transformer and gives the current status of 
the transformer. Health index of a transformer combines the results of various routine inspections, and laboratory testing to 
estimate the insulation. Among various analysis done on power transformer which includes Dissolved Gas Analysis, Furan 
Analysis, analysis of oil characteristics etc., conductivity factor and the polarization index strongly influence the health of 
power transformer. By calculating the health index, the characteristics of its insulation system is analyzed and hence the 
condition of a power transformer and remaining lifetime of the transformer can be assessed. 
 
Index Terms—Dissolved Gas Analysis (DGA), Interfacial tension (IFT), neural network, conductivity factor, polarizing index 

 

I. INTRODUCTION  
In practice, Power transformers are designed to operate 

for 30-40 years but if proper maintenance is performed, the 
transformer life can be extended to 60 years [1]. Hence 
monitoring and diagnosis of insulation system of the 
transformer is necessary. Health index (HI) is a tool that helps 
to evaluate the general condition of a power transformer. 
Based on a wide variety of physical, electrical, mechanical, 
thermal effects different methods of monitoring and diagnosis 
are used. Assessing the transformer health index helps us to 
know its insulation quality and represents only the level of 
long-term degradation, a condition that cannot be determined 
by routine inspection [4], [5] but does not provide  the status 
of any particular part of a transformer incase of  repair. In 
order to calculate the health index, diagnostic factors related 
to transformers are considered. In this paper   various 
standards are considered to calculate the health index of a 
transformer insulation system (dissolved gas analysis, oil 
quality, furans content, dielectric loss factor  and conductivity 
factor. 

 

II. HEALTH INDEX 
Health Index [1] - [3] is a useful tool that combines all of the 
current information about a transformer and provides a single 
quantitative index that represents its overall health. Health 

Index (HI) is a size which can be used to evaluate the general 
condition of a power transformer. This size is calculated using 
some of the most representative elements of diagnosis (or 
state) that characterize the operation and status of the 
transformer.  In this paper various factors such as Dissolved 
Gas Analysis, Oil Quality Factor, conductivity factor, polarizing 
index, loss factor, and furan content are considered as the 
representative elements of diagnosis. In [3], a relation for 
calculating the health index is proposed, namely. 

 

…………………………. 1 
Where, 
CI is the rating given to each state factor. 
DII is the value of the diagnostic index. 
n is the number of considered diagnostic factors 
A1 IS the corresponding weights of n factors that describe 

the transformer state. In the upcoming chapters, the 
calculation model of diagnostic index (DI) is shown for several 
diagnostic factors proposed for calculating the health index. 
The state factor and diagnostic index for each diagnostic factor 
is given in the table 1. 

 
 
 

73

http://seeepedia.org/
mailto:vedhanayakiselvaraj@gmail.com
mailto:vedhanayakiselvaraj@gmail.com


SEEE DIGIBOOK ON ENGINEERING & TECHNOLOGY, VOL. 01, MAY 2018 

978-81-933187-0-6 © 2018 SEEEPEDIA.ORG  
Society for Engineering Education Enrichment 

Table 1: Diagnostic factors used to calculate the Health 
Index. 

s. no Diagnostic factors Ci 
1 Dissolved Gas Analysis (DGA) 10 
2 Oil quality 6 
3 Furans content 5 
4 Conductivity factor kc 10 
5 Polarization index kp 10 
6 Loss factor 10 

 

III. DISSOLVED GAS ANALYSIS 
Dissolved Gas Analysis is widely used most powerful 

method to detect incipient faults on oil filled electrical 
equipment .The electrical equipment may be a transformer, a 
load tap changer or a cable [1]-[3]. 

The various inter -turn fault identified by the DGA in the 
power transformer is partial discharge, thermal fault and 
electrical fault. The faults in the transformer produces energy 
that is needed for breaking the chemical bonds and generate 

the gases which includes hydrogen H2 , methane (CH4 ), ethane 
(C2H6 ), ethylene (C2H4), acetylene (C2H2), carbon dioxide 
(CO2)and carbon monoxide (CO).The gases listed above are 
generally referred to as key gases. Based on the gases 
observed, the faults are classified. Various methods are 
available namely Rogers method, key gas ratio, Duval triangle 
etc. among all methods Duval triangle is mostly preferred .The 
Dissolved Gas Analysis Factor (DGAF) is calculated using the 
formula (2). 

 

………………………………….2 
Where, 
ni = scoring factor 
pi = weighting factor. 
The scoring factor and weighting factor of various gases 

generated under different condition   based on standard IEC-
599 is given in the table 2. 

 
Table 2: weighting and scoring factor for various dissolved gases based on standard IEC-599 

IEEE Risk 
Conditio

n 
HI factor 

Hydrogen 
H2 

 

Methan
e CH4 

 

Acetylen
e C2H2 

 

Ethylene 
C2H4 

 

Etha
ne 

C2H6 
 

Carbon 
Monoxid

e CO 
 

Carbon Dioxide 
CO2 
 

 

Weighting 
factor 

Scoring 
factor 

2 3 5 3 3 1 1 

Condition 
1 1 100 120 1 50 65 350 2500 

Condition 
2 2 101-200 121-400 2-9 51-100 66-100 351-570 2500-3000 

Condition 
3 3 200-400 401-700 10-20 101-150 101-

125 571-1200 3001-4000 

Condition 
4 4 400-700 700-

1000 20-35 150-200 125-
150 

1200-
1400 4000-5000 

Condition 
5 5 >700 >1000 >35 >200 >150 >1400 >700 

IV. OIL CHARACTERISTICS 
Oil characteristics such as  oxygen content, Interfacial 

Tension(IFT), acidity, Dissipation Factor (DF), dielectric 
strength, etc., indicate the state of the oil used for 
insulation[6]-[8]. 

Due to the presence of transformer moisture dielectric 
characteristics of the insulation system gets lower. 
Interfacial tension between the electro-insulating liquid and 
water quantifies the attraction forces between molecules at 
the separation interface between two different 
environments. Oil quality factor is calculated based on the 
scoring factor and weighting factor of various oil 
characteristic given in the 
 
V. Loss factor 

Due to intensified orientation and interfacial 
polarization, ionic conductivity growth, increased dispersion 
processes (at low frequencies) and "ionic dipoles” forming 
processes (due to alternating displacements of ions having 

opposite signs), the existence of degradation products can 
be more clearly highlighted, at lower frequencies can be 
highlighted by loss factor . From [4], Diagnostic index of loss 
factor DIlf   values are taken and illustrated in table 4. 

Table 4: Diagnostic index DIlf corresponding to the loss 
factor 

Diagnostic 
Index DIlf 

Loss factor State 

1 ≤ 2 Good 

2 2 - 5 Satisfactory 

3 5 -20 Poor 

4 20 - 100 Very poor 

5 >100 Dangerous 
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VI. Conductivity Factor 
Conductivity factor of oil can be calculated using the formula 
(3). 

…………………………3 
Where ia,r (30, 60) represent the values of 

absorption/desorption currents measured at 30 and 60 s 
from the applied voltage start [8].  Total electrical 
Conductivity State of oil based on its degradation can be 
estimated by conductivity. Diagnostic index of conductivity 
factor DIc referred from [4] is given in the table 5. 

 
Table5: Diagnostic index DIc corresponding to the 

Conductivity factor. 
 

Diagnostic 
index DIc 

kc State 

1 kc ≤ 1.4 Good 
2 1.4 > kc ≤ 1.3 Satisfactory 
3 1.3 > kc ≤ 1.2 Poor 
4 1.2 > kc ≤ 1.1 Very poor 
5 kc ≤ 1.1 Dangerous 

 
VII. Polarization Index 

The polarization index is also calculated using 
absorption/desorption currents: 

 
 

Where ia (60) and ia (600) represent absorption current 
Values measured at 60 s and 600 s from the applied Voltage 
U start [6]. From [4], diagnostic index of polarizing index DIp  
values are taken and given in table 6. 
 
Table 6: diagnostic index DIp corresponding to polarizing 

index 
Diagnosti

c index DIp 
kp State 

1 kp ≤ 2 Good 
2 1.25 ≤ kp <2 Satisfactory 
3 1.1 ≤ kp < 1.25 Poor 
4 1 ≤ kp < 1.1 Very poor 
5 kp < 1 Dangerous 

 
VIII. Furans Content 

Assessment of solid component states of the power 
transformers insulation systems (PTIS) and oil-impregnated 
paper can be done using furan content analysis. The 
diagnostic values of furan content are taken from [4] and 
given in the table 7. 
Table 7: Values of the diagnostic index DIf corresponding 
to furans content 

Diagnostic 
index DIf 

Furans content 
[ppm] 

Transformer 
life [years] 

1 0 – 0.1 < 20 
2 0.1 – 0.25 20 – 40 

3 0.25 – 0.5 40 – 60 
4 0.5 – 1.0 > 60 
5 > 1.0 … 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

IX. Results and Discussion 
 
In this paper, the condition based diagnosis system 

developed to combine six diagnostic tests performed on 
transformer oil to evaluate health index of power 
transformer. 

Neural network approach in this contest is used for 
classifying data organized by the level of its uncertainty. 
About 15 neural network controllers were developed in 
MATLAB based on various standards. Dissolved Gas Analysis 
Factor has been estimated by combining scoring factor of 
the neural network models of key gases along with their 
respective weighting factor using the formula 2 . Oil Quality 
Factor is estimated by combing the scoring factor of neural 
models of oil characteristic along with their respective 
weighting factor using the formula 2. Polarizing Index, 
Conductivity Factor, Furan Content and Loss Factor are 
trained as the separate neural model.  Each neural network 
is constructed with single hidden layer that consist of 10 
hidden neurons is used for the assessment. For this analysis, 
360 real time data samples from power transformers across 
Tamilnadu are preferred for training the networks of key 
gases and oil characteristics. Network model of Polarizing 
Index, Conductivity Factor, Furan Content and Loss Factor 
are trained by selecting 30 samples for each case from their 
respective tables.[9-11] Each diagnostic factor along with 
their state factor, are combined to calculate the final health 
.The condition of transformer health based on the rating is 
given in the table 8. Using the health index, the condition of 

Size/ Un 69 kV < Un < 230 Kv Score 
(ni) 

pi 

 
Dielectric 
strength 

(kV/mm) (2 mm) 

≤ 52 1  
3   

47 – 52 2 
35 – 47 3 

≤ 35 4 
 

Interfacial 
tension 

(dyne/cm) 

≤ 30 1  
2 23 – 30 2 

18 – 23 3 
≤ 18 4 

 
Acid number 

≤ 0.04 1  
1 0.04 – 0.1 2 

0.1 – 0.15 3 
≤ 0.15 4 

Water content 
(ppm) 

≤ 20 1  
4 20 – 25 2 

25 – 30 3 
≤ 30 4 

 
Dissipation 

factor at 50 Hz 

≤ 0.1 1  
4 0.1 – 0.5 2 

0.5 – 1.0 3 
>1 4 
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a power transformer can be assessed. This factor allows the 
estimation of remaining transformer lifetime, by considering 
some of the most important characteristics of its insulation 
system.  The expected lifetime of the transformer based on 
the Health Index calculated is given in the table 8. The 
health index is strongly influenced by the dielectric losses 
which occur inside electro-insulating components volumes, 
but also by the conductivity factor and the polarization 
index. The estimation of DGAF, OQF, HI and lifetime 
estimation for the testing samples considered are given in 
the table [9-11]. 

Table 8: Expected lifetime estimation using HI 
HI Transformer 

condition 
Expected lifetime 

1 Very good > 15 years 
2 Good > 10 years 
3 Satisfactory < 10 years 
4 Poor < 3 years 
5 Very poor End-of-life 

 
Table 9: calculation of DGAF for testing samples 
S.No Sample 1 Sample 2 Sample3 Sample 4 Sample 5 

H2 800 150 60 300 400 
CH4 900 350 80 1200 700 
C2H2 33 6 0.4 17 20 
C2H4 170 78 20 600 100 
C2H6 140 69 40 22 101 
CO 130 500 100 300 1200 
CO2 450 3000 300 1000 400 

DGAF 4.059 1.945 1.005 2.78 3.068 
 
Table 10: calculation of OQF 
S. No. Sample1 Sample2 Sample3 Sample4 Sample5 
Acidity 02 0.09 0.005 0.001 1 

BDV 33 47 52 2 37 
water 40 22 5 26 24 

IFT 17 25 40 3 20 
DF 2 0.2 0.001 0.01 0.8 

OQF 3.911 1.89 1.11 2.722 2.77 
 
Table11: Estimation of Age of Transformer Based on Health 
Index 
S. 
No 

DGA
F OQF DIlf DKp DKc DKf HI ET 

1 4.05 3.91 4 3 3.9 3.99 4.0 < 3 
years 

2 1.94 1.89 1.8 1.9 2.1 1.6 1.9 < 10 
years 

3 1.00 1.11 1.2 1 1 1.15 1.0 > 15 
years 

4 2.18 2.72 1.1 1.0 4 3.99 2.4 > 10 
years 

5 3.06 2.77 2.7 2.5 9 3.97 3.1 < 10 
years 

 
 
 
X. Conclusion 

The composite Health Index presented in this paper is a 
very useful tool for representing the overall health of a 
complex asset such as a power transformer. 

Based on numerous condition criteria that are related to 
long-term degradation factors HI quantifies equipment’s 
health[12],[13]. In this multi-criteria analysis approach 
various factors are combined into a condition-based HI. 
DGA, Water content, BDV, IFT, furan analysis were used as 
inputs for training the neural network to calculate 
transformer health index. By Health Index calculation, the 
transformer life can be extended, and the risks are 
eliminated. The satisfactory operation of large power 
transformers can be achieved only if the condition of the 
coolant oil is maintained. The neural network has been 
proposed in this work due to its simplicity and accuracy. 
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ABSTRACT—This paper presents an ESS acts as a buffer between a generator and its load. An optimal operation technology 
that can maximize the benefit from using multiple batteries storage is proposed. The two levels of operation framework are 
optimal scheduling and real-time dispatch. The optimal scheduling employs a model predictive control technique to take into 
account uncertainty in estimation of the SOC of each battery system. The scheduler generates a sequence of the battery 
schedule sets and states over the control horizon that minimizes electricity charge while satisfying operation constraints for 
stable battery use and peak regulation. The real-time controller determines real-time operation mode that is either normal 
mode or peak-cut mode and dispatches the final set points. The time step of the real-time control is designed short enough to 
effectively handle the inter-scheduling uncertainty. The real time controller receives the scheduled outputs, and then 
calculates a hourly set of final commands that ensure to satisfy the operation constraints on real-time level. 
  
Index Terms—BESS, SoC, Load Management, EMS, Optimal scheduling; 

 

I. INTRODUCTION  
An energy storage system (ESS) is a system that is capable of 
absorbing energy, storing it for a period of time, and then 
returning it for use. In an electrical grid, an ESS can be used to 
match supply and demand[1]. The ESS is charged when 
demand is low and discharged when demand is high. Thus, the 
overall energy efficiency of a system is improved, and the 
energy flow from the electrical grid connected to the system is 
stabilized. Reliability is a key issue in the effective use of 
renewable energy and in smart grids, and thus the demand[2] 
for ESSs is increasing. Dynamic pricing of electricity is being 
facilitated by new technologies[5] such as smart meters. A 
form of dynamic pricing that is being adopted in many areas is 
known as time-of-use (TOU) pricing[4], in which electricity 
prices are set for a fixed period. Energy providers use TOU 
pricing to drive down demand at peak periods by using high 
prices to influence customers’ consumption[3] rather than 
more invasive controls such as dynamic or passive demand 
response mechanisms, or even power cuts . Typically TOU 
prices do not change more than twice a year, but a TOU tariff 
is likely to have two or three price levels (e.g., “off-peak”, 
“mid-peak”, and “on-peak”) where the price is determined by 
the time of day. Customers can be expected to vary their 
usage in response to this price information and manage their 
energy costs by shifting their usage to a lower cost period. 
ESSs [9]will play an important role in residential areas with a 
dynamic pricing policy. A novel framework[7] for multi-

functional BESSs Scheduling to minimize total operational cost 
of sustainable Battery System using Dynamic Pricing 
optimization[2]. Multi-functioning of BESS includes Demand 
Response, peak shift and Time Of Use to get the most profit 
and guarantee the maximum peak constraint as well. 
Furthermore, from the trade-off between the operating cost 
and battery cost,  the battery usage can be controlled by 
checking the SOC, and this results in prolonging battery 
lifetime by up to  almost five times. 
II. BLOCK  DIAGRAM 

 
FIG 1. BLOCK DIAGRAM 
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III.RENEWABLE ENERGY SOURCES 
      Solar energy has the especially potential of all the 

sources of renewable energy and if only a minimum level of 
energy could be used it will be one of the most important 
supplies of energy especially when other sources in the 
country have depleted. Energy comes to the earth depending 
on the sun radiation level. The solar panel can be used as a 
device of a larger photovoltaic system to generate and supply 
electricity in commercial and suburban applications. Each 
panel is rated by its DC output power. Solar panels use to take 
a light energy (photons) from the sun to generate electricity 
through the photovoltaic effect. The majority of modules use 
wafer based crystalline silicon cells or thin-film cells based on 
cadmium telluride or silicon. The structural (load carrying) 
member of a module can either be the upper layer or the back 
layer. Cells must also be protected from mechanical damage 
and moisture. 

 

 
FIG 2 BLOCK DIAGRAM OF SOLAR 
Collected solar energy from sun with help of PV array to 

converted variable dc to fixed DC with help of DC-DC 
converter. The PV system is connected to a common dc link 
through a dc-dc boost converter 

 
IV.LOAD FORECAST 

Load forecasting is way of estimating what future electric 
load will be for a given forecast horizon based on the available 
information about the state of the system. At the stage of 
scheduling, customer load forecast is performed every day for 
24 periods (hours) of the following operation day. Day ahead 
forecast is made for the 24 intervals of an operation day 5 
minutes before the beginning of the day. 

For batter forecasting, days can be grouped into different 
categories by workday/holiday, work schedules, and/or a 
specific event which can characterize the load pattern of the 
corresponding day. 

 
V.BESS SYSTEMS 

The multiple battery systems of a large-scale   electricity 
consumer. The optimal scheduler aims to find an optimal set 
of hourly schedules of the multiple BESSs that minimizes the 
daily electricity charge for the customer within pre-specified 
constraints.  The BESS systems consist a  group of  battery  like 
LEAD-ACID BATTERY and LITHIUM BATTERY.  

 
VI.OPTIMIZATION 
       The optimal scheduling employs a model predictive 
control technique to take into account uncertainty in 
estimation of the SOC of each battery system. The scheduler 
generates a sequence of the battery schedule sets and states 
over the control horizon that minimizes electricity charge 
while satisfying operation constraints for stable battery use 
and peak regulation. Efficiency of lithium polymer battery, 
efficiency of lead-acid battery, and efficiency of battery 

inverters are considered, and each of them is represented as 
a nonlinear function of BESS output. The real-time controller 
determines real-time operation mode that is either normal 
mode or peak-cut mode and dispatches the final set points. 
The time step of the real-time control is designed short 
enough to effectively handle the inter-scheduling uncertainty. 
The real time controller receives the scheduled outputs and 
online feedbacks on the system state, and then calculates a 
hourly set of final commands that ensure to satisfy the 
operation constraints on real-time level.  
   Optimization technic by using MPC algorithm is a 
model predictive control scheme  is employed for the 
scheduling to handle uncertainty in SOC estimation in the 
optimization model. The scheduling is executed on an hourly 
basis to generate hourly charging/ discharging schedules of 
battery systems for all the remaining hours of the operation 
day that minimizes energy charge while regulating customer 
load and SOC levels of battery systems. The second level 
control is executed on a second basis to determine final 
commands to battery systems that ensure to meet operation 
constraints on real-time level.   
 
VII.PRICE INFORMATION 
   Time-based pricing is a pricing system where 
electricity price varies with the time-of-day when the 
electricity is provided. TBP includes fixed time-of-use pricing, 
critical peak pricing, and dynamic pricing, although there may 
be many variations. They are intended to expect change of 
customers’ load to help economically balance the supply and 
demand in electric power system. Basically higher prices are 
charged during the peak periods so they can manage their 
usage of electricity in response to varying prices to save on 
their costs by shifting their load. 
 
VIII.OPERATION CONSTRAINTS 

Selecting the constraints is a challenging part for long-term 
operation because the settings determine operating 
conditions that are closely related to safety hazard 
(particularly for lithium type batteries) and longevity for 
battery systems, and peak cost saving effect. The minimum 
operation SOC is set lower in peak-cut mode than in normal 
mode in order to secure more capacity for efficient peak 
shaving that affects a significant portion of cost saving in the 
applied TOU. The maximum operation SOC for the lithium 
battery in real-time operation was set as 95% which is a bit 
lower than that in the scheduling so as to reduce overcharging 
risk. It is because lithium type batteries are variable to 
catching fire when they are overcharged. Charging and 
discharging limits were set by the maximum charging and 
discharging capacity of the battery inverters. 

 
IX.MILP SCHEDULING 

The formulation of an MILP-based peak shaving algorithm, 
which is to determine the optimal schedule of charging and 
discharging satisfying the physical limits in terms of storage 
powers and energies. The mixed integer linear programming 
(MILP)- based algorithm for peak shaving application with 
multiple ESSs. In cases where the number of ESSs is increased 
for energy time shift scheduling and different types of ESSs 
are used for one objective function, it is not practical to use 
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one lumped ESS model. Thus, the problem of peak shaving 
becomes complicated because the algorithm needs to decide 
when each ESS is operated and how much power it is charged 
or discharged. The proposed MILP based algorithm can 
provide the optimal scheduling for multiple ESSs with 
different characteristics. 

X.DATA ACQUISTION & MANAGEMENT 
The controller receives from the DAMS online 

measurements of load, SOC levels and power outputs of all 
the battery systems. Then, 15 minute average load is 
estimated over the 15 minute period where the control step 
belongs. It is because the TOU decides the peak based on 15 
minute average loads for the periods of 0 to 15 min., 15 to 30 
min., 30 to 45min., and 45 to 00 min. of each hour. 
The average load 𝐿𝑡𝑒𝑠𝑡 over the 15 minute period of the 
current time t is estimated as below. The real-time controller 
determines real-time operation mode that is either normal 
mode or peak-cut mode and dispatches the final set points. 
The time step of the real-time control is designed short 
enough to effectively handle the inter-scheduling uncertainty. 
The real time controller receives the scheduled outputs, and 
then calculates a hourly set of final commands that ensure to 
satisfy the operation constraints on real-time level. 

 
XI.ANALYSIS OF EMS OF MULTIPLE BESSs 

In real system applications, uncertainty in the state 
variables of the system is a major problem to tackle. Such 
uncertainty relates to consumer load forecast, renewable 
energy prediction, SOC estimation, and unexpected 
disturbance from the real operation environment. 

Most of the literatures presented effective optimal 
scheduling models and proved the viability of the techniques 
through computer simulations or numerical examples. 
Although such simulation and numerical analysis is suitable 
for the viability study, experimental study with a testbed or 
field operation test with an actual system can offer more 
practical insight and technical surety for real world 
applications. 

 
XII.OPTIMAL OPERATION WORK FOR BESSs 

A two-level control framework is employed for 
optimal operation of multiple BESSs that consists of the 
scheduling and real-time dispatch. A model predictive control 
scheme is employed for the scheduling to handle uncertainty 
in SOC estimation in the optimization model. The scheduling 
is executed on an hourly basis to generate hourly charging/ 
discharging schedules of battery systems for all the remaining 
hours of the operation day that minimizes energy charge 
while regulating customer load and SOC levels of battery 
systems. The second level control is executed on a second 
basis to determine final commands to battery systems 
The optimal operation scheme is applied to an industrial 
consumer under a time-of-use pricing. The TOU tariff under 
consideration imposes electricity consumption charge and 
peak demand charge. An electricity consumer is charged 
every month by the combined amount of energy charge and 
peak charge for the month. The energy charge is calculated as 
the monthly total sum of each day’s consumption  charge that 
is the daily sum of the product of each hour’s consumption 

[kWh] and the energy price [¢/kWh] of the corresponding 
hour. The energy price differs in three levels, that is, high 
price, medium-price and low-price. The peak charge is 
calculated by the product of the peak demand [kW] and peak 
price .  
The scheduling is repeated every hour with SOC 
measurements updated each hour. All sets of schedules 
generated at each interval are stored in the DAMS to be 
called up for the corresponding real-time control. The real-
time controller is intended to respond to the system state 
uncertainty that can occur between the scheduling intervals 
so the operation constraints are satisfied on real-time level as 
much as they can be. First, the dispatcher calls up a single set 
of schedules corresponding to the current hour among the 
whole sets of schedules for all the remaining hours of the day, 
which are generated each hour by the scheduler. The second 
level controller checked with the invoked set of schedules for 
possible violation of the peak constraint. If such possibility is 
detected, operation mode switches to peak-cut mode where 
the pre-determined set of schedules is disregarded and then 
all BESSs are coordinated in a rule-based manner to regulate 
the peak. In the other mode, that is, normal mode, the 
dispatcher adopts the corresponding schedules to determine 
real-time commands to the multiple BESSs. 
 
XIII.BATTERY CHARGING WITH RENEWABLE ENERGY  
  The PV array was operating very close to the peak 
points under the varying solar condition. The PV array is 
composed of several PV cells interconnected in series 
Solar Simulation circuit of  PV array was operating very 
 
close to the peak points under the varying solar condition  the 
simulation circuit. The PV array is composed of several PV 
cells interconnected in series. The DC-DC boost converter are 
used to convert the unregulated DC input to a controlled DC 
output at a desired voltage level. 

To collected a output voltage from solar  panel 
connected to battery to under peak and over voltage time. 
That battery get recharge. 

 
XIV.OPTIMAL OPERATION WORK FOR BESSs 

A two-level control framework is employed for 
optimal operation of multiple BESSs that consists of the 
scheduling and real-time dispatch. A model predictive control 
scheme is employed for the scheduling to handle uncertainty 
in SOC estimation in the optimization model. The scheduling 
is executed on an hourly basis to generate hourly charging/ 
discharging schedules of battery systems for all the remaining 
hours of the operation day that minimizes energy charge 
while regulating customer load and SOC levels of battery 
systems. The second level control is executed on a second 
basis to determine final commands to battery systems 
The optimal operation scheme is applied to an industrial 
consumer under a time-of-use pricing. The TOU tariff under 
consideration imposes electricity consumption charge and 
peak demand charge. An electricity consumer is charged 
every month by the combined amount of energy charge and 
peak charge for the month. The energy charge is calculated as 
the monthly total sum of each day’s consumption  charge that 
is the daily sum of the product of each hour’s consumption 
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[kWh] and the energy price [¢/kWh] of the corresponding 
hour. The energy price differs in three levels, that is, high 
price, medium-price and low-price. The peak charge is 
calculated by the product of the peak demand [kW] and peak 
price .  

The scheduling is repeated every hour with SOC 
measurements updated each hour. All sets of schedules 
generated at each interval are stored in the DAMS to be called 
up for the corresponding real-time control. The real-time 
controller is intended to respond to the system state 
uncertainty that can occur between the scheduling intervals so 
the operation constraints are satisfied on real-time level as 
much as they can be. First, the dispatcher calls up a single set 
of schedules corresponding to the current hour among the 
whole sets of schedules for all the remaining hours of the day, 
which are generated each hour by the scheduler. The second 
level controller checked with the invoked set of schedules for 
possible violation of the peak constraint. If such possibility is 
detected, operation mode switches to peak-cut mode where 
the pre-determined set of schedules is disregarded and then 
all BESSs are coordinated in a rule-based manner to regulate 
the peak. In the other mode, that is, normal mode, the 
dispatcher adopts the corresponding schedules to determine 
real-time commands to the multiple BESSs. 

 
FIG 3:LOAD FORECAST CURVE 

 
 Load forecast curve show in fig 3 between time and 

depending power in KW. The peak limit should be carefully 
selected, which is particularly important for the given TOU in 
that the peak charge is determined by almost the yearly peak. 
If the limit is set too low, peak shaving failure may result from 
shortage of available capacity due to excessive discharging.   

 

 
FIG 4 :ACTUAL SOC VARIATIONS DURING THE OPERATION 
 

Different SoC level of various battery show in fig 4that say 
State of charge (SoC) represents the available battery capacity 
and is one of the most important states that need to be 
monitored to optimize the performance and extend the 
lifetime of batteries. This review summarizes the methods for 

SoC estimation for batteries. The SoC estimation methods are 
presented focusing on the description of the techniques and 
the elaboration of their weaknesses for the use in on-line 
battery management systems (BMS) applications. SoC 
estimation is a challenging task hindered by considerable 
changes in battery characteristics over its lifetime due to 
aging and to the distinct nonlinear behavior. After dispatching 
the power, the SOC level of the particular battery is calculated 
and if the minimum level of the SOC battery is low the 
charging process will be carried out. 
 

 
FIG 5:LOAD MANAGEMENT CURVE 

 
Fig 5 show the details of original load and managed load  
that load will be maintain a balance  position under peak  
load variations. 

  
FIG 6 Increase in price at peak cut mode after five seconds 

duration. 
In case, , the upper limit of customer’s receiving power is in 
peak mode, the Peak cut process will be carried out. If the 
power from single battery is enough to dispatch the requiring 
power, then the  power will be dispatched from single battery 
otherwise based on the requirement two or three batteries or 
combined to discharge the peak power. And the peak price 
will be calculated for every peak power consumption.  

 
XV. CONCLUSION 
 A novel framework for multi-functional BESSs Scheduling to 
minimize total operational cost of sustainable Battery System 
using Dynamic Pricing optimization. Multi-functioning of BESS 
includes Demand Response, peak  shift and Time Of Use to get 
the most profit and guarantee  the maximum peak constraint 
as well. Furthermore, from the trade-off between the 
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operating cost and battery cost, the battery usage can be 
controlled by checking the SOC,  and this results in prolonging 
battery lifetime by up to almost five times. Since this approach 
is general and thus applicable to other applications and load 
types as well, such as office buildings, large-scale residential 
complexes and factories, etc., where the electricity 
consumption pattern is periodic usually. Back-up plans are 
necessary for emergencies such as temporary loss of 
communications from     load meters or battery management 
systems. The scheduler can operate  alone without 
communications, but higher accuracy in load forecast should 
be secured for reliable back-up operation.  
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Abstract—In transmission lines the stability of the system can be improved by reactive power compensation and it also 
reduces the transmission line losses. The effective means to control reactive power compensation is done through installing 
Flexible AC Transmission System (FACTS). Optimal placement of these devices is important due to the high cost. One of the 
most promising FACTS devices for series compensation is Thyristor Controlled Series Capacitor (TCSC). In this paper a 
Sensitivity analysis based Complex Power Flow Sensitivity Index (CPSI) proposed to find optimal location of TCSC. The 
objective function of this paper is to place TCSC in appropriate place so that voltage deviation can be minimized through NR 
method. MATLAB environment for the IEEE 14-bus system have been used for simulations. The results obtained CPSI by NR-
OPF were compared with Genetic algorithm(GA) and Firefly algorithm(FA).  
 
Index Terms— Optimal placement, sensitivity index, Newton Raphson method, TCSC. 

 
I. INTRODUCTION 

 Now a day’s power systems are increasingly more complex 
due to the interconnection of regional system and 
deregulation of the electricity market [1-3].  Installation of 
FACTS controllers in transmission system can utilize the 
existing power networks to increase the capacities. The 
variables and parameters such as line reactance, voltage 
magnitude and phase angle of transmission line can be 
controlled by FACTS controllers in a fast and effective 
manner. The main function of FACTS is controlling power 
flows in the power system network [5-7]. The benefits of 
FACTS devices also include stability improvement of power 
system networks. 
Out of several measures suggested in literature for 
preventive and corrective actions to protect power system 
networks against voltage collapse, the optimal placement of 
FACTS controllers has been established in effective manner 
by considering its cost function. Out of the different FACTS 
devices, TCSC is the most effective controller for reactive 
power compensation [3-4]. It offers fast acting series 
compensation with much faster response compared to 
traditional controllers [11]. 
In this paper Sensitivity approach based on Complex Power 
Flow Sensitivity Index (CPSI) has been proposed for optimal 
placement of TCSC. Optimal power flow carried out using 
Newton Raphson method with real and reactive power 
generation values and voltage limits.  Computer simulations 
for IEEE 14 bus system were done using MATLAB. 
II. PROBLEM FORMULATION  
In this paper, the objective function is formulated to find 
optimal sizing of TCSC by minimizing voltage deviations 

subject to satisfying some network constraints. The 
mathematical formation of objective function as follows: 

A.Objective Function 
To have a good voltage stability in line, the voltage deviation 
must be minimized. The Voltage Deviation (VD) can be 
represented as: 
               

         FVD = min(∑ |Vk − Vkref|2Nbus
k=1           (1) 

               
Where, 
 Vk is the voltage magnitude at bus k. 
 Vkref is the reference voltage magnitude at bus k. 

B.Equality constraints 
             ∑ PGiN

i=1 = ∑ PDi + PLN
i=1                                   (2)    

   
          ∑ QGi

N
i=1 = ∑ QDi + QL

N
i=1                              (3)           

 
Where, 
i=1,2,3,….,Nbus  
 Nbus = no.of buses 
PL is the total active power losses 
QL is the reactive power losses 

C.Inequality constraints 
Generator bus Voltage limits: 
               VGimin ≤ VGi ≤ VGimax                                          (4) 
 
      Real power generation limit: 
                PGimin ≤ PGi ≤ PGimax                                         (5) 
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      Reactive power generation limit: 
 
                QGi

min ≤ QGi ≤ QGi
max                                                  (6) 

 
III. THYRISTOR CONTROLLED SERIES CAPACITOR (TCSC) 
The basic Thyristor controlled series capacitor scheme with 
others is a method of “rapid adjustment of network 
impedance” proposed in 1986 by Vithaythil. Apart from 
controlling the line power transfer capability, it also enhances 
system stability [13,14]. The basic model of TCSC as shown 
below, 

  
Fig.1 Basic TCSC model 

 
It consists of a series compensating capacitor and thyristor 
controlled reactor [15-17]. In this module, series capacitor 
shunted with reactor for better performance. To have a 
smoother control of reactance against to system parameter 
setting enabled by inclusion of thyristor in TCSC module. To 
obtain the desired voltage rating and operating 
characteristics, TCSC implementation requires several basic 
compensators to be connected in series.  
In this paper, TCSC directly adjusts the reactance of 
transmission line. Figure 2 shows the block diagram of TCSC. 
It can be modeled as variable reactance. Hence, the rating of 
TCSC depends on the transmission line reactance where the 
TCSC is located: 

 
Fig.2 Block diagram of TCSC 

 
 

                       Zij = Rij + Xij                                                (7)                                                                 
                       Zline = Rline + Xline                                     (8)      
                       Xij = Xline + XTCSC                                      (9) 
 
To avoid over compensation, the working range of TCSC 
reactance is chosen between -0.8Xline  to 0.6Xline. 
The transfer admittance matrix can be expressed as: 

      �
Ii
Ij
� = �

jBii jBij
jBji jBjj

� �
Vi
Vj
�                                                (10) 

For capacitive operation, the equation will be: 
 

         Bii = Bjj = 1
XTCSC

                                                 (11) 

         Bii = Bjj = − 1
XTCSC

                                             (12) 

The signs are reversed for inductive operation. 
The equations for active and reactive power at bus k are: 
 
        Pi = ViVjBij sin�θi − θj�                                    (13) 
      Qi = −Vi2Bii − ViVjBij cos�θi − θj�           (14) 
 
The amount of active power flowing from bus I to bus j can be 
regulated by series reactance. The change in reactance of 
TCSC is calculated by using the following expression: 
 
       ∆XTCSC = XTCSCi − XTCSC

(i−1)                                   (15)  
    
Based on optimization rules the state variable XTCSC of the 
series controller is updated. 
 
 

IV.  COMPLEX POWER FLOW SENSITIVITY    INDEX FOR 
OPTIMAL PLACEMENT OF TCSC 
 
 In this proposed method, the sensitivity of the sum of 
variations of complex power flow in all lines with respect to 
the change of reactance of a line is calculated. Here, variable 
series capacitive reactance XTCSC is chosen for TCSC modeling. 
Hence, it will decrease the total line reactance. By using 
Newton Raphson power flow technique the index is 
computed for all lines. It can be expressed as: 

    CPSIj = ∑ �∆Sn
∆Xj
�ntl

n=1                                                (16) 

Where, 
N=1,2,3,…., ntl 
ntl=no. of transmission lines 
 ∆Sn= change in complex power flow in line n 
 ∆Xj= the reactance of the line j 
For optimal placement of TCSC, normalized complex power 
flow sensitivity index is calculated. 
 
                      CPSInj =

CPSIj−CPSImin

CPSImax−CPSImin
                     (17) 

Where, 
 CPSInj = normalized complex power flow sensitivity index at 
line j 
Highest positive normalized complex power flow sensitivity 
index represents the best location for placement of TCSC in 
the system. 

TABLE I 
Complex power flow sensitivity indexes for all lines in the IEEE 

14 bus system 
Line 
.No Line CPSIn(j) S. No Line CPSIn(j) 

1 1-2 0.651 11 4-9 0 
2 2-3 0.142 12 7-9 0.326 
3 2-4 0.173 13 9-10 0.4499 
4 1-5 0.117 14 6-11 0.1465 
5 2-5 0.118 15 6-12 0.097 
6 3-4 0.183 16 6-13 0.2642 
7 4-5 1 17 9-14 0.087 
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8 5-6 0.070 18 10-11 0.154 
9 4-7 0.123 19 12-13 0.145 

10 7-8 0.175 20 13-14 0.050 
 
Table 1 can represents that the highest positive value for 
CPSIn(j) is 1 for line no. 7. So the best location of TCSC for IEEE 
14 bus system is line no. 7. 

 
V.  RESULTS AND DISCUSSION 

 
             An OPF program using NR method is implemented in 
MATLAB software without and with TCSC. The results are 
presented and analyzed for IEEE 14 bus system. 
In the IEEE 14 bus system bus no. 1is represented as a slack 
bus and bus numbers 2,3,6,8 are represented as a PV buses. 
All other buses are represented as load buses. This system 
has 20 interconnected lines. A MATLAB program is written for 
the IEEE 14 bus system and results have been taken. Table 2 
shows the generator coefficients, maximum and minimum 
limit of real power generation. 
 
TABLE II 
GENERATOR CHARACTERISTICS OF IEEE 14 BUS SYSTEM  

 

Generat
or BUS 

NO 

a 
($/MW2/ 

hr) 

b 
($/M

W 
/hr) 

C 
($/hr) 

𝑷𝒎𝒊𝒏 
𝑮 

(MW) 

𝑷𝒎𝒂𝒙 
𝑮 

(MW) 

1 0.005 2.45 105 10 400 
2 0.005 3.51 44.1 20 80 
3 0.005 3.89 40.6 20 50 
6 0.005 3.25 0 10 35 
8 0.005 3 0 10 30 

 
The Table 3 indicates the voltage deviations of NR-OPF 
without and with TCSC by using complex power flow 
sensitivity index at line no. 7. The results indicate that there 
the voltage deviations can minimized.  
 

TABLE III  
Comparison of bus voltage deviations for IEEE 14 bus system 

using NR-OPF with and without TCSC 
 

BUS 
No 

NR-OPF without 
TCSC 

NR-OPF with TCSC 
connected at Line No 7 

 Voltage 
(p.u) 

Voltage 
(p.u) 

1 0.0600 0.0600 
2 0.0450 0.0450 
3 0.0100 0.0100 
4 0.0423 0.0336 
5 0.0516 0.0411 
6 0.0761 0.0496 
7 0.0505 0.0381 
8 0.0803 0.0682 
9 0.0250 0.0109 

10 0.0264 0.0102 
11 0.0473 0.0261 

12 0.0585 0.0325 
13 0.0511 0.0261 
14 0.0181 0.09989 

 
Table 4 indicates the voltage magnitudes in NR-OPF with and 
without TCSC (By placing TCSC at line No.7). The results 
compared with GA and FA and it indicates NR-OPF with TCSC 
has good improvement in voltage profile. 
TABLE  IV 
Comparison of bus voltages for IEEE 14 bus system using NR-
OPF with and without TCSC 
 

BUS 
No 

GA-OPF 
Without 
TCSC 

GA-OPF 
Witht 
TCSC 

FA-OPF 
Without 
TCSC 

FA-OPF 
Without 
TCSC 

NR-OPF 
without 

TCSC 

NR-OPF 
with TCSC 

by 
CPSI 

   
Voltage 

(p.u) 

 
Voltage 

(p.u) 

 
Voltage 

(p.u) 

 
Voltage 

(p.u) 

 
Voltage 

(p.u) 

 
Voltage 

(p.u) 
1 1.06 1.06 1.06 1.06 1.06 1.06 
2 1.045 1.045 1.045 1.045 1.045 1.045 
3 0.987 1.01 0.9925 1.01 1.01 1.01 
4 1.001 1.028 1.0022 1.0267 1.0419 1.0423 
5 1.011 1.0378 1.0118 1.038 1.0517 1.0516 
6 0.981 1.07 0.9819 1.07 1.0762 1.0761 
7 0.981 1.0372 0.9829 1.0363 1.0501 1.0505 
8 1.021 1.09 1.0232 1.09 1.0799 1.0803 
9 0.948 1.01 0.949 1.0089 1.0245 1.025 

10 0.945 1.01 0.9464 1.0118 1.0260 1.0264 
11 0.959 1.032 0.9599 1.0367 1.0472 1.0473 
12 0.957 1.043 0.9584 1.0463 1.0587 1.0585 
13 0.945 1.0333 0.9465 1.0331 1.0512 1.0511 
14 0.883 0.96 0.8839 0.9606 1.0178 1.0181 

 
 

VI.CONCLUSION 
 In this paper, Sensitivity Analysis based Complex Power Flow 
Sensitivity Index (CPSI) has been proposed for optimal 
location of Thyristor Controlled Series Capacitors (TCSC).After 
placing the TCSC in the best location, our objective function 
can be attained through minimizing voltage deviations in IEEE 
14 bus system. Thereby, the line stability also enhanced. The 
obtained results show that TCSC is a most effective device for 
series compensation that can significantly increase the 
stability of the power system. The comparative study of 
Sensitivity Analysis based NR-OPF with GA and FA in solving 
the optimal tuning problem also reflected the effectiveness of 
the proposed method. From the obtained results show that 
TCSC is the most effective series compensation device for to 
improve line stability of the power system.  
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Abstract— The synchronous machines are the main generating units of power systems. The behaviour of Synchronous 
generator connected to Infinite-Bus is analysed by mathematical modelling. The changes in the state parameters are 
observed. The synchronous generator is represented by differential equations. Therefore numerical methods are used for the 
solution; the method included here is Euler’s method. The behaviour is analysed by writing code in C++ languages and plots 
are obtained using GNU plot 
 
Index Terms— Synchronous machine , Modelling, Park’s transformation.  

 

I. INTRODUCTION  
 Synchronous generators are by definition synchronous, 
meaning that the electrical frequency produced is locked in or 
synchronized with the mechanical rate of rotation of the 
generator. A Synchronous machine is a doubly excited 
machine. Its rotor poles are excited by a dc current and its 
stator windings are connected to the ac-supply. In a 
synchronous generator, a dc current is applied to the rotor 
winding, which produces a rotor magnetic field. The rotor of 
the generator is then turned by a prime mover, producing a 
rotating magnetic field within the machine. This rotating 
magnetic field induces a three-phase set of voltages within the 
stator winding of the generator. The dc current applied to the 
rotor is achieved by two common approaches:  

• Supply the dc power from an external dc source to the 
rotor by means of slip rings and brushes.  

• Supply the dc power from a special dc power source 
mounted directly on the shaft of the synchronous 
generator.  

Synchronous machines can be divided into two groups:  
• High speed machines with cylindrical (or non salient 

pole) rotors.  
• Low speed machines with salient poles rotors.  

 The cylindrical or non-salient pole rotor has uniform air 
gap. The rotor is long and has a small diameter. The number of 
pole is two or sometimes four. Salient pole generator has a 
larger number of poles than cylindrical rotor, a non uniform 
air gap and operates at lower speeds. They are normally used 
in hydroelectric power plants and water turbines drive them. 

For generations the prime source of electrical energy 
generation have been synchronous machines but now they 
are also increasingly used in electrical drive and traction 

systems. The main characteristic of the synchronous machine 
is the fixed speed/supply frequency ratio. This is useful for 
positioning systems, servo drives, and friction controlled 
traction drives. In supply systems the synchronous machine 
generates not only active power but also reactive power. 
Therefore, the machine have an important role in voltage 
control and can also be used as a power factor corrector. 
Analysing supply and/or drives systems needs a complex 
model of the machine. 

II. REPRESENTATION OF SYNCHRONOUS MACHINE  
IEEE standard (1110-1991) “IEEE guide to synchronous 

machine modeling” has been followed for representing the 
synchronous machine[1].   

 
FIGURE 1: SYNCHRONOUS MACHINE STATOR AND ROTOR 
WINDINGS WITH MMF ALONG THE RESPECTIVE AXIS. 

The dot in the conductor “a” represents current coming 
out of the conductor and cross symbol represents in to the 
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conductor. By applying right hand thumb rule at conductor a 
and a’ it can be observed that the mmf due to the conductors 
a and a’ lie along axis marked A-axis. Similarly, the mmf due 
to b ,b’ and c, c’ along B and C axis, respectively.   

The rotor field is excited by a dc voltage represented as 
Vfd  with a field current ifd . The mmf generated by the rotor 
field excitation lies normal to the pole surface, along the 
direct axis or d-axis. The d-axis of the rotor is at angle θm with 
respect to the stator a-a’ mmf axis that is A-axis. Angle θm is in 
mechanical radians and in case of two poles machine the 
electrical and mechanical angle are one and the same. 

The axis in quadrature (leading or lagging by 900 ) with 
respect to the d-axis is called as quadrature axis or q-axis. 
Here q-axis is taken as leading d-axis according to the IEEE 
1110-1991 standard. The damper windings are copper bars 
placed usually in the slots of the pole face. The ends of the 
copper bars are shorted forming a closed path for the 
currents to flow.  The magnetic field generated by these 
damper windings, due to currents circulating through these 
windings, will be along the d-axis.  However, the rotor core 
itself may act as closed path for induced currents during non-
synchronous operations. Hence, to properly account for the 
action of the damper windings and damping effect of rotor 
core three damper windings are considered. One damper 
winding along d-axis. Two damper windings along q-axis. 

The elements of inductance matrices are dependent on the 
angle θS. The dependency of stator and rotor inductances on 
the angle θS can be understood from the way in which the air 
gap between the stator and rotor varies with respect to time. 
The complexity of analyzing the system of equations arises 
from the fact that inductances are a function of the angle θS 
and they vary with respect to time. R. H. Park has proposed a 
method of changing the time varying ac quantities into time 
independent quantities through a transformation [2],[3]. This 
transformation is called as Park’s transformation. 
III. PARK’S TRANSFORMATION 

The transformation matrix proposed by R. H. Park , also 
called as dq0 transformation, is as given below: 

 
The choice of k1, k2 is arbitrary. In standard practice however 
a value of k1=2/3 and k2 =1/2 are used.  
The three-phase stator currents of a synchronous generator is 
given below: 

 
On applying the Park’s transformation,  

 -----> 1 

But θS is the rotor angle with respect to the stationary a - a’ 
mmf axis, in electrical radians. Instead of taking θS with 
respect to a stationary reference if we take a synchronously 
rotating reference, same speed as the rotor then, we can 
express as  

θS = δ + ωSt            -----> 2 
On substituting 2 in 1, 

 
Which mean that if the rotor, rotating at synchronous speed, 
has a fixed angle difference of δ with respect to a 
synchronously rotating reference then ac quantities (ia, ib, ic ) 
can be transformed to dc quantities (id, iq, i0). It can also be 
observed that for a balanced system  

  
The reason for choosing k1=2/3 and k2 =1/2 is that because of 
this choice the peak value of the time independent currents 
id, iq is equal to the peak value of the stator current that is 
there is a direct correlation between the stator currents and 
the Park’s transformed time independent currents. Blondel 
two-reaction theory says that the traveling wave of mmf, 
created in the air gap of the synchronous machine due to the 
combined effect of three-phase stator mmfs, can be split into 
two sinusoidal components in such a way that the peak of 
one component is always aligned along d - axis and the peak 
of other component aligned along q - axis. In fact it can also 
be observed that id, iq can act as real and imaginary parts of a 
current phasor[4]. 
A. Swing equation 
The equation of motion or swing equation also needs to be 
considered for synchronous machine. The equation of motion 
is given as,  

 
Where, tm, te are the mechanical input torque from the prime 
mover and the electrical output torque. J kg m2 is the inertia 
constant of the rotating machine. Now defining machine 
inertia constant as 

 
Replace J with the defined machine inertia constant. Then, 

 
On rearranging, 
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The rotor angle θS is with respect to fixed stator reference 
frame but instead it can be expressed with respect to 
synchronously rotating reference frame. 

 
These equations of motion describe the behaviour of a 
synchronous machine.   
B. Exciter model 

A synchronous generator can generate or absorb reactive 
power depending on its excitation, which is controlled by a 
voltage control device, the automatic voltage regulator (AVR). 
Figure 2, shows simple illustration on the arrangement of the 
AVR on the synchronous generator[5]. In Figure 2, TE(s) 
denotes the transfer function of the AVR. The excitation 
provided to the field winding of synchronous generator is Vf 
which is from two sources. One is a constant excitation, Vf0, 
and another is the output from the AVR, Vf

’. The AVR 
measures the terminal voltage of synchronous generator, Vt, 
and compares it to a reference setting value Vtref. The AVR 
responds to the deviation of terminal voltage to change the 
excitation of generator and hence regulates the reactive 
power supply or absorption by generator. By doing so, the 
terminal voltage of generator is effectively maintained close 
to the reference setting value. Therefore, the AVR works at 
the bottom of the hierarchy of voltage control of power 
system to eliminate voltage variations at generator’s 
terminal. 

 
FIGURE 2: ARRANGEMENT OF A DC EXCITATION SYSTEM 

 
From the Figure 2,  it can have  

 
Where,  

Vf0 - Constant excitation  
upss - Stabilizing signal of the PSS  
Vt - Terminal voltage of generator   
Vtref - Reference setting value of the terminal voltage 

Various forms of transfer function have been recommended 
for different types of excitation systems and the AVR[6]. The 
following simplest form is used for the purpose of simple 
presentation. 

 
Where, 

KA - Gain  
TA - Time constant of the AVR.  

Hence the mathematical model of the AVR can be written as 

 
C. Calculation of initial conditions 

Capacity of the large network is much greater than that of 
the generator such that operation of the large network is not 
affected at all by any changes in the part of the power system 
on the left-hand side of busbar b . This effectively means that 
the voltage and frequency at busbar b are constant when the 
focus of the study is the part of the left-hand side of the 
power system. Thus, from the point of view of operation of 
the part of left-hand side of the power system, capacity of 
the large network is “infinite”. Hence, busbar b is called the 
“infinite busbar”, and the part of the power system on the 
left-hand side of busbar b is a “single-machine infinite-bus” 
power system. The single-machine infinite-bus power system 
is an approximate representation of a kind of real power 
systems, where a power plant with a generator or a group of 
generators are connected by transmission lines to a very 
large power network. 

 
FIGURE 3: SMIB 

The following steps are used to find the initial conditions[7,8]: 
1) Knowing Pm, V and Eb, compute θ0 (phase angle of 
terminal voltage of generator)  

  
2) Calculate the generator current (Ig0) 

 
3) Calculate the rotor angle (δ0) 

  
4) Now, calculate id0, iq0, vd0 and vq0 as follows:  
Id0 = I0 sin(φ0 –δ0) 
Iq0 = I0 cos(φ0 –δ0) 
Vd0 = V sin(θ0 –δ0)  
Vq0 = V cos(θ0 –δ0) 
5) Knowing the above quantities, the states of the machine 
can be calculated as follows:  

 
6) Calculate the electrical and mechanical torque as follows: 
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7) The exciter state (XE0) and input (Vref0) can be calculated as 
follows: 
XE0 = Efd0 

Vref0 = V + (Efd0/kE) 

D. Synchronous machine model 
The state equations for the two-axis model in p.u. form 

[9],  
pEd' =  {-Ed' - (xq-xq') Iq} / τq0'     
pEq' =   {Efd – Eq' - ( xd -  xd' ) Id } / τd0'    
where the state variables are  

Ed' - Direct axis component of voltage behind 
transient reactance  

Eq' - Quadrature axis component of voltage behind 
transient reactance  

ω - Angular velocity of rotor  
δ  - Rotor angle in radians  

The torque equation in p.u is 
Te  =    Ed'Id + Eq'Iq – (xq' – xd' ) Id Iq   
Where,     

Te - Electrical torque of synchronous machine  
Xd - Direct axis synchronous reactance  
Xq - Quadrature axis synchronous reactance  
Xd' - Direct axis transient reactance  
Xq' - Quadrature axis transient reactance  
τd0' - Direct axis open circuit time constant  
τq0' - Quadrature axis open circuit time constant  
Iq - Quadrature axis armature current  
Id - Direct axis armature current  

The procedure for simulating the SMIB system is depicted 
through the flowchart given in figure 4.   

 
FIGURE 4: FLOWCHART FOR SIMULATING THE SMIB SYSTEM 

IV. SIMULATION RESULTS  

E. Performance of synchronous machine at steady state 
condition  
Firstly, the behaviour of the synchronous generator 

connected to the infinite bus system was analysed in the 
steady state condition. Later , it was also analysed by 
changing the excitation. In this case, no changes in the form 
of change in mechanical torque or voltage reference is 
simulated. The synchronous generator is simulated without 
change in excitation values and the variations of voltage, 
torque and rotor angle with respect to time is observed and is 
shown in figure 5, 6 and 7 respectively. The plots are 
obtained by writing code in C language[11] to the system 
equations represented by differential equation. 

 
FIGURE 5: VARIATION OF VOLTAGE VS TIME 
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FIGURE 6: VARIATION OF TORQUE VS TIME 

 
FIGURE 7: VARIATION OF ANGLE VS TIME 

F. Performance of synchronous machine with change in 
excitation 
In this case, the change in excitation is given as change in 

reference voltage value and as a change in mechanical 
torque. Here, the change is simulated at the 10th second by 
writing the C code and the variations of voltage, torque and 
rotor angle with respect to time is observed and is shown in 
figure 8, 9 and 10 respectively. There occurs a smooth 
variation of voltage from the old value to the new value as a 
result of change in excitation. The torque varies in the range 
of 3.5 to 7.5 p.u as soon as it encounters the change in 
excitation and settles to its new value at 20th sec. The plots 
are obtained by writing code in C language for Euler’s method 
[12] to the system equations represented by differential 
equation. 

 
FIGURE 8: VARIATION OF VOLTAGE VS TIME 

 
FIGURE 9: VARIATION OF TORQUE VS TIME 

 
FIGURE 10: VARIATION OF ANGLE VS TIME 

V.CONCLUSION AND FUTURE SCOPE 
The behaviour of the synchronous generator 

connected to infinite bus system with and without change in 
excitation is realised. It can be used in implementation of 
power system stability where change in load angle act as 
input signal. Similarly, the increase in rotor speed can also act 
as an input to activate a mechanism to maintain stability. This 
is of greater importance in multiple machine system. 

The need for more efficient electricity system 
management has given rise to innovative technologies in 
power generation and transmission such as Flexible AC 
Transmission Systems (FACTS). Modelling of any FACT devices 
can be carried out along with the development of 
transmission system and the responses can be analysed 
under system disturbances. It proves to be effective in 
providing additional power oscillation damping. The 
harmonics in the system can also be damped out in the early 
stages. 

ACKNOWLEDGMENT 
 The authors are thankful to the authorities of 
Government College of Technology, Coimbatore for the 
facilities rendered to carry out this research work. 
 
REFERENCES 
[1]. IEEE Standards (1110-1991) “IEEE guide to synchronous 

machine modeling”  
[2]. R. H. Park, “Two-reaction theory of synchronous 

machines-generalized method of analysis-part I,” AIEE 
Trans., Vol. 48, pp.716-727, 1929; part II, Vol. 52,pp. 352-
355, 1933. 

[3]. Blondel, “The two-reaction method for study of 
oscillatory phenomena in coupled alternators,” Revue 

91

http://seeepedia.org/


SEEE DIGIBOOK ON ENGINEERING & TECHNOLOGY, VOL. 01, MAY 2018    

978-81-933187-0-6 © 2018 SEEEPEDIA.ORG 
Society for Engineering Education Enrichment 

Generale de L Electricite, Vol. 13, pp.235-251, February 
1923, March 1923. 

[4]. Cliuanli Shi and Ming Li, "A General Model of 
Synchronous Machine for Its Steady State Performance 
Analysis", IEEE Trans., vol. EC-5. no. 3, pp. 531- 537, 
1990. 

[5]. IEEE Committee report, “Excitation system models for 
power system stability studies,” IEEE Trans. Power Appar. 
Syst., PAS-100, pp. 494-509, February 1981. 

[6]. IEEE Standards 421.4, “IEEE Recommended Practice for 
excitation system models for power system stability 
studies”, 1992. 

[7]. Analysis of electrical machinery and drive systems”-
Second edition-Paul C.Krause-IEEE Wiley Inter Science . 

[8]. A.W. Rankin, “Per-Unit Impedances of Synchronous 
Machines,” AIEE Trans., Vol. 64, Part I, pp. 569-573, 
August 1945; Part II, pp. 839-845, December 1945 

[9]. M. Bruck & F. A. Himmelstoss, “Modelling and simulation 
of a synchronous machine”  IEEE 1998. 

[10]. E.W. Kimbark, Power System Stability, Volume I: 
“Elements of Stability Calculations”, John Wiley (New 
York), 1948. 

[11]. “Fundamentals of Power Electronics with MATLAB”-
Randall Shaffer-Da vinci Engineering series-Charles River 
Media, Boston-Massachusetts. 

[12]. Ram Babu, Numerical Methods, Pearson Education, 
India, 2010. 

 
 
 
 

 

92

http://seeepedia.org/


SEEE DIGIBOOK ON ENGINEERING & TECHNOLOGY, VOL. 01, MAY 2018  
ALTERNATE ENERGY TECHNOLOGIES 

978-81-933187-0-6 © 2018 SEEEPEDIA.ORG 
Society for Engineering Education Enrichment 

N. Dhanusri, ndhanusri@gmail.com; 
  Dr.S.Chitra, eeechitra@gct.ac.in; 

 

 
 

                                                 
Fault Detection and Isolation 
in DC Microgrid using Least 

Square Method
  
                            

                                        
 

N. Dhanusri1, Dr.S.Chitra1, Dr.N.Devarajan2 
1Government College of Technology, Coimbatore, India 

2Sri Ramakrishna Institute of Technology, Coimbatore, India 
ndhanusri@gmail.com, eeechitra@gct.ac.in 

 
Abstract-DC Microgrid protection is essential for continuous power supply to the customers. The objective of this proposed 
work is to detect and locate the fault for fast restoration of the system to normal operation. The proposed protection scheme 
for DC Microgrid uses Intelligent Electronic Device for detecting and locating the fault. For accurate fault location, the Least 
Square based estimation technique is used to estimate the inductance of the fault path, from which the direction of fault will 
be identified. Using the direction of the fault information, internal and external faults are discriminated. The proposed system 
is tested with various fault conditions and locations in DC Ring Microgrid. The DC Microgrid with ring configuration and its 
protection schemes are simulated using MATLAB/Simulink environment. 
 
Index Terms—DC Ring Microgrid, Least Square Estimation Method, IED’s.  

 

I. INTRODUCTION 
The electrical power system is significantly changing in order 
to cope with the increasing participation of various 
distributed energy resources. The arising concerns on 
environmental and sustainable energy issues like greenhouse 
gas emission, depletion on energy sources, ageing of current 
transmission and distribution infrastructure and ever-growing 
demand of electrical energy due to conventional energy 
sources have promoted the development of distributed 
renewable power generation [1]. These changes are required 
to ensure reliable and clean energy sources and to improve 
the quality of life. Since renewable power sources are 
naturally dispersed, it is very difficult for the power system to 
manage the growing and intermittent distributed power 
generation in a traditional way. In order to effectively 
manage distributed generation sources, load and energy 
storages, all the distributed units are integrated together to 
form a micro power system at the distribution side, the 
Microgrid. 
Microgrid is a low or medium voltage electrical network 
consisting of especially renewable sources of energy, energy 
storage devices and loads. The electrical network can be AC, 
DC or combination of both. It is operated either in a grid-
connected mode or an islanded mode [2]. Microgrids are 
normally interconnected to the distribution networks via a 
direct connection or an interfacing power converter, which 
gives an opportunity to get power from the utility grid and 
also feeds power back to utility grid during surplus power 
generation. In the event of a fault, the microgrid disconnects 
from the utility network as fast as possible and controls its 

load using different control methods [3]. In this condition, the 
microgrid operates in an islanding mode. The concept of 
microgrid is an advancement towards present unidirectional 
(i.e. generation →transmission →distribution) electrical 
distributed networks to futuristic bidirectional active 
networks (i.e. generation →transmission →distribution 
↔distributed generations), aimed to meet the growing 
energy demand. The possibility of securing power from 
renewable energy based Distributed Generation (DG) is the 
key ingredient to the Microgrid. 
 

II. DC MICROGRID RING CONFIGURATION 
A protection scheme for smart DC microgrid with ring 
configuration is proposed. Using local intelligent electronic 
device(IED), voltage and current data during fault, a LS based 
technique estimates the inductance of the fault path which is 
able to discriminate forward and reverse faults with respect 
to the IED [4]. This fault direction information is 
communicated to the other end IED of a line segment. Using 
the local and other end fault direction information, each IED 
identifies any internal fault of the line segment correctly. 
Signals generally being contaminated by noise in a system, as 
proposed method uses least square filtering, it is able to 
estimate the scene inductance in IEDs accurately. A smart DC 
microgrid with ring configuration is considered as shown in 
Fig. 1. 
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Fig 2.1 350V Monopolar DC Microgrid with Ring Configuration 
To the microgrid PV array is connected which supply power to 
different DC and AC loads. For efficient and reliable energy 
management and as a backup, battery is connected to the 
microgrid [28]. Using bidirectional AC-DC front-end converter 
and DC-DC converters, integration of sources, loads and 
storage is done. Grid forming DGs regulate voltage and 
behave as a slack terminal in the islanded DC microgrid. PV 
array operate as grid following sources that injects power 
under maximum power point tracking(MPPT) mode. 
Hierarchical droop control strategy [5] for grid forming DGs is 
considered. Inner current and outer voltage controllers 
including MPPT in the DC-DC converters for grid following 
sources are modelled [6]. Line segments in the DC ring consist 
of cables of different lengths [7]. One of the main limitations 
of present day converters is that their fault current withstand 
is much lower than that of thyristor-based converters, 
typically twice the nominal current rating of the converter [8]. 
 
The proposed protection scheme for the DC Microgrid uses 
the measured voltage and current data’s from the system. 
During the fault, the disturbance index h is checked, if it 
exceeds the threshold, the fault is detected and the location 
of fault is carried out. The voltage, current and its derivatives 
are sampled and using least square method estimation of 
seen inductance at IED is obtained. If the inductance seen by 
the IED is negative at one end of the line segment and if the 
other end IED also sees negative inductance, then the fault is 
consisted to be the forward fault and tripping command is 
given to the corresponding circuit breaker [9]. If any one of 
the IED shows seen inductance positive, then it is a reverse 
fault and the tripping is not derived. 
 
A. Fault Detection 
Fault detection is an important part of DC Microgrid 
protection. Rapid fault detecting strategy is a prerequisite for 
the DC protection scheme. It aims to detect if there is a fault, 
discriminate which is the faulty part, determine which 
breakers to trip and send them such signals. This is realized 
by the protection relays.  The fault detection function is 
designed to overcome the problem of limited fault current 
magnitude. To detect the disturbance such as fault, the 
disturbance index (h) is calculated by 
 

III. PROPOSED PROTECTION SCHEME 

 
 
Fig 3.1 Flow Chart for the proposed system 
 
 

h =      .......(3.1) 
where 

-  Sample value of current 
-  Sampling interval 

N  - Change in current over a period 
is the current value that is sampled and  is the sampling 

interval. The change in current over a period of time N  is 
5A. For 4kHz sampling, the threshold value is fixed as 
4000A/s. When the disturbance index h exceeds the 
threshold ξ, the fault is detected and the algorithm triggers 
the main algorithm to accurately identify the fault location to 
derive the protection decision to restore to normal operation. 
For small disturbance or change in light load where rate of 
rise of current is slow, the numerator of h is not high enough 
and h does not exceed ξ and there no fault is detected. 
 
B. Fault Location 
Fault locating is to estimate the exact fault location in the 
faulty line. Although this is not compulsory in the protecting 
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scheme, fault locating is still significant and essential in DC 
cable short circuit since these faults are almost always 
permanent and require repairs later on [10-12]. In this 
circumstance, it is usually assumed that the faulty line has 
already been determined and isolated from the system. As a 
result, speed is no longer the highest priority in this 
condition, and that the data is usually processed offline. 
However, it is always desirable that the fault location can be 
estimated only with the data which have already been 
obtained during the fault. 
 
C. Least square based estimation technique 
Under normal condition, there is no inductance in the DC 
system. During transient condition in DC system, the 
inductance occurs and the drop in the line increases due to 
effect of inductance at that period. From the figure 5.2, the 
voltage, 𝑣𝐶 at any time t will be 

…. (3.2) 
where 𝑣𝐶, 𝑖𝐶.1 are the voltage and current seen by 𝐼𝐸𝐷𝐶.1 
during transient and 𝑅𝐶𝐷, 𝐿𝐶𝐷 are the resistance and 
inductance of cable section CD. During steady state voltage at 
bus C, 𝑉𝐶 will be 
𝑉𝐶 = 𝑉𝐷 + 𝐼𝐶.1𝑅𝐶𝐷                                …. (3.3) 
 
where 𝑉𝐶, 𝐼𝐶.1 are the RMS voltage and current seen by 
𝐼𝐸𝐷𝐶.1. The prefault voltage and current values are constant 
for an event. 
i)  Forward fault 
In the DC ring microgrid, line sections BC and CD and a 
ground fault is created at instant t1 in the line section CD and 
the voltage and current at 𝐼𝐸𝐷𝐶.1 is analyzed. Voltage at bus C 
will be 

…. (3.4) 
where 𝑣𝐶𝑓(𝑡1) and 𝑖𝐶.1𝑓(𝑡1) are the sample voltage and current 
seen 𝐼𝐸𝐷𝐶.1 by during fault. 𝑣𝑓(𝑡1) is the voltages at fault 
point and 𝑅𝐶𝑓, 𝐿𝐶𝑓 are the resistance and inductance from 
𝐼𝐸𝐷𝐶.1 to fault point. 
 
Subtracting (3.4) which is the prefault voltage, from (3.3), 
 
 

(3.5) 
 

 
Fig 3.2 Model for forward fault analysis 
 
ii) Reverse fault 
A fault in the section BC is treated as a reverse fault for 
𝐼𝐸𝐷𝐶.1. Considering such a fault at time t2, voltage seen by 
𝐼𝐸𝐷𝐶.1 is 

….. (3.6) 
Subtracting (3.3) from (3.6), 

 

.... (3.7) 
 

 
Fig 3.3 Model for Reverse Fault Analysis 
 
For the two sides of fault situations in the system, 
𝐼𝐸𝐷𝐶.1measures the current 𝐼𝐶.1and voltage 𝑣𝐶. From 
equation (3.5) and (3.7), it is to be observed that for forward 
and reverse fault 𝑖𝐶.1 is 𝑖𝐶.1𝑓(𝑡1) and 𝑖𝐶.1𝑓(𝑡1) respectively. 
Similarly, the rate of change of current seen by 𝐼𝐸𝐷𝐶.1 during 
fault situation is 
 

 
in case of forward and reverse direction respectively. Using 
Least Square technique, equations (3.5) and (3.7) can be 
written as 
[A][x] = [m] 
    …….(5.8) 
where [A]+ = ([A]T [A])-1    which is the left pseudo-
inverse of [A] 
The parameters seen by the IEDs are obtained from the 
computation of (3.8). For forward fault the voltage and 
current relation in (3.5) and corresponding relation forreverse 

fault in (3.7) reveals that the coefficient of  are 𝐿𝐶𝑓  
and 𝐿𝐶𝐷 respectively. Therefore, when this coefficient which is 
termed as seen inductance is estimated for any case using 
(3.8), a negative value for forward fault and a positive value 
for reverse fault are obtained. This principle using estimated 
inductance is successfully applied for identifying direction of 
fault in DC Microgrid. 
 

IV. RESULT AND DISCUSSION 
The DC Microgrid with ring configuration is simulated in the 
MATLAB R2014a /Simulink environment. The DC Microgrid is  
 

 
 
constructed with 6 buses connected through DC cables. Fig 4.1 
Simulation model for the proposed DC Microgrid with IED’s 
 
There are 6-line segments connecting the buses, each 
containing 2 IEDs at both the ends of the line. There are totally 
12 IEDs associated with corresponding solid-state circuit 
breaker. 
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There are 2 solar panels having 500kW and 125kW capacity 
with temperature and irradiance at standard test condition. 
Maximum Power Point Tracker(MPPT) controller is used to 
maximize the amount of power produced from the array. 
Lead acid battery is used as a backup storage. DC to DC boost 
converter are used increase the input voltage. DC loads of 
200kW, 200kW, 100kW are used. Solar, battery and loads are 
incorporated into the DC microgrid by specifying the DC 
output at 350V DC. 

 
 
Fig 4.2 Simulation model of solar with DC-DC Converter 
 
Fig 4.2 shows the solar source of 500kW capacity with 
standard temperature of 250 C and irradiance of 1000W/m2 is 
used in the DC Microgrid. 
 
 
 
 
 
 
 
 
 
 
 
Fig 4.3 output voltage waveform of 500KW solar panel 
 
 
 
 
 
 
 
 
 
Fig 4.4 output current waveform of 500KW solar panel 
 

 

Fig 4.5 Simulation model of battery with DC-DC Converter 
 
Fig 4.5 shows the simulation model of DC-DC converter. 
Battery regulates DC voltage by maintaining the microgrid 
power balance through their ability to supply the power 
deficit or absorb extra power. Lead-acid batteries are 
commonly used for PV-based renewable systems. The lead-
acid type battery with 90V and 400 Ah rated capacity. 
 
 
 
 
 
 
 
 
 
 
 
Fig 4.6 output voltage waveform of battery 
 
 
 
 
 
 
 
 
 
 
 
Fig 4.7 current voltage waveform of battery 
 

 
Fig 4.8 Simulation model of the proposed IED associated with 
solid – state circuit breaker 
 
IED is simulated in the MATLAB function-coding block to 
detect and locate the fault. The IED acquire voltage and 
current data after sampling. The voltage and current values 
are sampled at 4kHz sampling rate. 
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Fig 4.9 Simulation model of proposed solid-state circuit 
breaker 
 
The solid-state circuit breaker is designed using two thyristors 
in anti-parallel because the switch requires a continuous 
current carrying and a short time overcurrent rating equal to 
the feeder faults level. It has low conduction losses. The 
thyristors in the feeder are normally energized by continuous 
and synchronized firing control signal. On detection of fault, 
these firing pulses are stopped to break the current. The SSCB 
block is controlled by signals from firing controller. 

 

 
Fig 4.10 Simulation of firing controller for SSCB 
 
Fig 4.10 shows the firing controller for SSCB is designed to 
generate firing signals to turn on the thyristors, a saw-tooth 
signal with a DC reference signal are compared. The resultant 
pulse signal is used in the SSCB block. The controlling signal 
strongly depends on the level of a sensed quantity that is 
usually either current or voltage. The firing command decides 
the SSCB status whether to turn-on or turn-off for 
interrupting the fault current. 
 
Table 4.1 System data for the proposed DC Microgrid 
 

System Voltage 350V DC 

Base Power 500 kW 

Solar Panel 𝑉𝑚𝑝 = 54.7𝑉, 𝐼𝑚𝑝=5.58A at STC 

PV Array 1 Rating 125 kW 

PV Array 2 Rating 500kW 

Battery 96 V, 0.4 kAh 

Load 500kW 

 
V CONCLUSION 
 
The fault detection and location for the DC Microgrid system 
is simulated using MATLAB/Simulink platform. The proposed 
protection scheme estimates the fault inductance at each IED 
during the fault and discriminates the forward and reverse 
faults. The results show the credibility for achieving fault 
detection and location with line to ground fault in different 
fault locations with a good level of selectivity. The 
performance of the proposed method is better for high 
resistance fault compared to current based directional 
protection. 
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Abstract— This work presents the performance analysis of MPPT based control of DC-converter for Solar PV system. MPPT 
techniques like Perturb and Observe (P&O), Incremental conductance (I&C) and Fuzzy Logic Controller (FLC) Algorithms are 
employed to track the maximum power from the solar panel. The proposed FLC algorithm with DC-DC converter helps in 
improving the output voltage while considering varying Weather Parameters (VWP) by using Curve Fitting Technique. The 
P&O, I&C and FLC algorithms used in this project are simulated in the MATLAB environment. The result of the performance 
parameters at varying weather parameters are compared and analyzed for P&O, I&C and FLC algorithms. From the simulation 
results it is evident that the proposed algorithm shows better result compared with other algorithms. 

 
Index Terms—Perturb and Observe, Incremental conductance, Fuzzy Logic Controller.  

 

I. INTRODUCTION 
Among all natural energy sources, PV array systems plays an 
important role to full fill the requirement of energy demand. 
Since it is a renewable energy source and no need any 
maintenance. The electrical energy is converted from solar 
energy by means of Photovoltaic (PV) modules. Generally, PV 
modules are employed by the arrangement of series and 
parallel combination of solar cells. Pure silicon material is 
used to make solar cells. MPPT technique is implemented in 
order to get maximum power from solar cell. It controls and 
correlates the output voltage with battery voltage. But the 
conversion efficiency is low for MPPT. Because the output 
gain of MPPT is mainly depends on solar irradiation and 
temperature. 
The maximum amount of power can be obtained from 
current voltage characteristics of the solar array only at one 
point which corresponds to the knee of curve called as the 
maximum power point. Control algorithm is necessary to 
operate the switches in the converter at this instant by load 
resistance to match that of the PV output.  
There are different techniques for MPPT such as Perturb and 
Observe (hill climbing method), Incremental conductance, 
Fractional Short Circuit Current, Fractional Open Circuit 
Voltage, Fuzzy Control, Neural Network Control etc. In this 
paper the characteristic behavior of PV panel is analyzed 
considering the different operating conditions of irradiance 
level and different circuit loads with different MPPT 
techniques for maximum power tracking 
 

II.MATHEMATIC MODELING OF THE PHOTOVOLTAIC        
SYSTEM 

The photovoltaic cell is made up of P-type and N-type 
semiconductor material. Fig.1 shows simple equivalent circuit 
of PV cell. Output PV characteristic of solar cell can be 
obtained by solar irradiation and temperature. 
 

 
                 Fig 2.1. Equivalent circuit of PV cell 
 
Equations for circuit diagram of the PV model: 
The output current from the solar cell is given in the 
equation, 
      I = Iph – Is {exp[q(V+IRs )/kATc]-1} – (V+IRs /Rsh )       (1)   
I – Solar cell current (A)  
V – Solar cell voltage (V)  
Iph– Light generated current or photocurrent (A)  
IS– Cell saturation current (A)  
q – Electron charge; 1.602x10-19 J/V  
Rs– Series resistance (ohm)  
Rsh– Shunt resistance (ohm)  
k –Boltzman’s constant; 1.38x10-23 J/K  

99

http://seeepedia.org/
mailto:neynavinraj1@gmail.com
mailto:geetha@gct.ac.in
mailto:neynavinraj1@gmail.com
mailto:geetha@gct.ac.in


SEEE DIGIBOOK ON ENGINEERING & TECHNOLOGY, VOL. 01, MAY 2018    

9978-81-933187-0-6 © 2018 SEEEPEDIA.ORG 
Society for Engineering Education Enrichment 

A – Diode ideality factor  
Tc– Cell temperature (K)  
G – Insolation (W/m²)                            
                 Iph = [Isc + K1 (Tc – Tref )]G                                   (2) 
ISC–Cell’s short-circuit current at 298 K and 1 kW/m2  
Tref–Reference temperature of the cell; 298 K  
K1– Short circuit temperature coefficient; 0.0017 (A/ºC)  
          IS = IRS (Tc/Tref)

3exp [qEg(Tc – Tref) / TrefTckA]            (3) 
IRS–Cell’s reverse saturation current at a reference 
temperature and solar radiation  
Eg– Band-gap energy  
 

III. MAXIMUM POWER POINT TRACKING ALGORITHM 
MPPT is an electronic DC to DC converter circuit which is 
connected between solar panel and load. The term maximum 
power defines that the power at knee point. MPPT only 
tracks the maximum power even though the input of solar 
panel is get varied. Then the power is stored into the battery 
or give it to the load depends on the application. 
 

IV. MATHEMATIC MODELING OF PERTURB AND OBSERVE  
METHOD 
The most popular method of MPPT technique is perturb and 
observe algorithm. It reaches the maximum power by. 
intentionally perturbing the duty cycle of converter and 
observing the changes in power. The converter duty cycle is 
maintained as it is when the converter is operating at the 
MPP, otherwise duty cycle is periodically adjusted in order to 
increase the voltage and current of the converter. The 
algorithm increments or decrements continuously the 
reference voltage or current based on the previous value of 
power until reaches the MPP.  
 

 
 

Fig 4.1. Flowchart of the Perturb and Obserave (P&O) 
 
When dP/dV>0 and the operating voltage of PV array is 
perturbed in a specific direction, it known that perturbation 

moves the operating point of PV array to the MPP. P&O 
method will then continue to perturb the PV voltage in the 
same direction. When dP/dV<0, the perturbation moves the 
operating point of PV array away from the MPP and the P&O 
method reverses the direction of the perturbation. Although 
this method can result in oscillation of power output. It is 
referred to as a hill climbing method. Because, it depends on 
the rise of power against voltage below MPP and above MPP. 
But P&O methods do not perform very well under rapidly 
changing conditions. 
 
This algorithm has the drawback that after reaching the 
maximum power point its starts deviating on the maximum 
power point continuously all the time results in the substantial 
amount of power loss at maximum power point. Although this 
algorithm is quite simple to implement and it requires only 
one voltage sensor so, the cost of implementation of this 
algorithm is low. 
 

 
  
      Fig 4.2. Simulink model of perturb and observe method 
 

V. MATHEMATIC MODELING OF INCREMENTAL 
CONDUCTANCE  METHOD 
Incremental conductance relies on the byproduct of the 
conductance of the GPV (dG = dIpv / dVpv) to know the 
relative position of the MPP to apply an adequate share of 
control pursuing the MPP . 
Based on the current values and the previous value of the 
tension of solar panel and the current are used to calculate 
the values of dI and dV. 
The adopted steps are : 
1. If dV=0 and dI=0, then the weather situation did not 
change and the MPPT always operate in the MPP. 
2. If dV=0 and dI > 0, then the amount of sunlight increased, 
increasing the tension MPP. This requires that the MPPT 
increases the board of PV operating the tension to track the 
MPP. 
3. If dV=0 and dI<0, the amount of sunlight decreased, 
lowering the tension MPP and requiring the MPPT to decrease 
the picture of PV operating the tension. 
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     Fig .5.1. Flowchart of the Incremental conductance (I&C) 
method 
 
4. If the changes of the tension and the current are not the 
zero, the relations in the equation   
(dI/dV > -I/V,dP/dV>0) and (dI/dV < -I/V, dP/dV<0) can be used 
to determine the direction in which the tension must be 
changed to affect the MPP. 
5. If (dI/dV > -I/V, dP/dV>0) and the functioning of board of 
PV The point is to the left of the MPP on the curve of P-V. So, 
the PV the tension of board must be increased to affect the 
MPP. 
6. If (dI/dV < -I/V, dP/dV < 0) and the PV The board running 
the point is lying to the right of the MPP on curved, significant 
P-V La that the tension must be reduced to extend the MPP. 

 
Fig. 5.2 Simulink model of Incremental Conductance method 

VI. MATHEMATIC MODELING OF FUZZY LOGIC CONTROL  
METHOD 
Fuzzy logic controllers have been introduced in the tracking 
of the MPP in PV systems. They have the advantage to be 
robust and relatively simple to design as they do not require 
the knowledge of the exact model. The proposed FLC method 
is designed to force VPV to follow the reference voltage (Vmpp). 
In this paper, Mamdani type Fuzzy Logic Controller of two 
inputs and one output is used. There are the error E(k), 
change in error ΔE(k) and its change in the duty cycle 
ΔD(k),respectively at sampling instant k. 
The input equation is, 
                                                     (4) 

                                                    (5) 
Output equation to FLC can be expressed as: 
                                                   (6) 
The sign of E(k) indicates the PV module’s MPP either on the 
left or right of the operating point . 
 

 
 

Fig. 6.1.Simulink model of Fuzzy Logic Controller model 
 
Basically FLC consists of three basic components: 
fuzzification, fuzzy inference engine and defuzzification. 
During fuzzification process, the input variables are 
normalized and converted to linguistic fuzzy sets by using the 
triangular membership functions. Due its ease in 
implementation triangular membership function is used. 
        In this proposed FLC method, “IF- THEN” rules with 
“AND” logical operator are used. This can e tabulated in Table 
I. for the defuzzification process ,the linguistic fuzzy sets are 
converted again into crisp value  ΔD as expressed by: 
 

                                   (7) 

 
The result is denormalized to produce the actual duty cycle 
control signal. 
 

Table I 
FUZZY RULE- BASED MATRIX 

 
ΔD 

ΔE 

NB NS Z PS PB 

 
 
 
 
E 

NB Z Z PB PB PB 

NS Z Z PS PS PS 

Z PS Z Z Z NS 

PS NS NS NS Z Z 

PB NB NB NB Z Z 
 
The relationship between the inputs (E, ΔE) and output (ΔD) 
can be represented in output surface using Matlab/Simulink 
simulation in fig.7. 
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                                Fig. 6.2. FLC Output Surface 
. 

VII. COMPARISION OF (P&O),(I&C),FLC METHODS 
Simulation results for whole proposed method are discussed 
in this section. 
 
TABLE 2.1  TABULATION SHOWING RESULT UNDER VARYING 

LOAD FOR PERTURB AND OBSERVE METHOD 
 
 

TEMPER
AT-URE 

(in 
deg.cels

ius) 

IRRA
DI-

ATIO
N 

(W/ 
m2) 

SO
LA
R 

PA
NE
L 

PO
W
ER 
(in 
K

W) 

MAX. 
POW

ER 
TRAC
KED 
(in 

KW) 

L 
O 
A 
D 

(%) 

25 500 28 17 100 
25 500 52 8 70 
25 500 55 6 30 

 
 

 
 

Fig 7.1.Perturb and Observe MPPT for various load 
 
 
 
 

TABLE 2.2 TABULATION SHOWING RESULTS UNDER VARYING 
IRRADIATION CONDITION FOR PERTURB AND OBSERVE 

METHOD 
 

TEMPERAT-
URE 
(in 
deg.celsius) 

IRRADI-
ATION 
(W/ m2) 

SOLAR 
PANEL 
POWER 
(in KW) 

MAX. 
POWER 
TRACKED 
(in KW) 

L 
O 
A 
D 
(%) 

25 500 46 43 10
0 

25 800 88 17 10
0 

25 1000 108 15 10
0 

 
 

 
 
Fig.7.2 Perturb and Observe MPPT for various irradiation 
 
TABLE 3.1 TABULATION SHOWING RESULTS UNDER VARYING 
LOAD FOR INCREMENTAL CONDUCTANCE METHOD 
 
 

TEMPERAT-
URE 
(in 
deg.celsius) 

IRRADI-
ATION 
(W/ m2) 

SOLAR 
PANEL 
POWER 
(in KW) 

MAX. 
POWER 
TRACKED 
(in KW) 

L 
O 
A 
D 
(%) 

25 500 46 43 10
0 

25 500 46 41 70 
25 500 42 40 30 

 

 
 

Fig.7.3 Incremental Conductance MPPT for various load 
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TABLE 3.2 TABULATION SHOWING RESULTS UNDER VARYING 
IRRADIATION CONDITION FOR INCREMENTAL 
CONDUCTANCE METHOD 
 

TEMPERAT-
URE 
(in 
deg.celsius) 

IRRADI-
ATION 
(W/ m2) 

SOLAR 
PANEL 
POWER 
(in KW) 

MAX. 
POWER 
TRACKED 
(in KW) 

L 
O 
A 
D 
(%) 

25 500 46 43 100 
25 500 46 41 70 
25 500 42 40 30 

 

 
 
Fig.7.4 Incremental Conductance MPPT for various irradiation 
 

TABLE4.1 
TABULATION SHOWING RESULTS UNDER VARYING LOAD 
FOR FUZZY LOGIC CONTROL METHOD 
 

TEMPERAT-URE 
(in deg.celsius) 

IRRADI-
ATION 

(W/ m2) 

SOLAR 
PANEL 
POWER 
(in KW) 

MAX. 
POWER 

TRACKED 
(in KW) 

L 
O 
A 
D 

(%) 
25 500 46 43 100 
25 500 46 19 70 
25 500 42 13 30 

 

 
 

Fig.7.5. Fuzzy  Logic Control  MPPT for various load 
 

TABLE 4.2 TABULATION SHOWING RESULTS UNDER VARYING 
IRRADIATION CONDITION FOR  FUZZY LOGIC CONTROL  

METHOD 
 

TEMPERAT-
URE 
(in 
deg.celsius) 

IRRADI-
ATION 
(W/ m2) 

SOLAR 
PANEL 
POWER 
(in KW) 

MAX. 
POWER 
TRACKED 
(in KW) 

L 
O 
A 
D 
(%) 

25 500 154 45 100 
25 800 235 100 100 
25 1000 287 150 100 

 

 
 
Fig.7.6.Fuzzy Logic Control MPPT for various irradiation 
 

VIII. CONCLUSION 
The performance analysis of MPPT based control of  
P&O,I&C,FLC algorithms are simulated using MATLAB/ 
simulink. The results of each algorithms are compared and 
analyzed. Based on the comparison the FLC algorithm tracks 
the maximum voltage in very less time and also the output 
remains constant. FLC reduces the complexity of finding 
Maximum voltage, and help to improve the efficiency. In 
Comparison between P&O,I&C  and FLC algorithms, the 
results of the proposed FLC algorithm show better 
performance compared with other algorithms.    
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Abstract— This projects presents a performance analysis of LLC resonant converter based electric vehicle battery 
charger using labVIEW. New LLC resonant converter with two transformers in parallel for the electric vehicle battery 
charger. This topology achieves the zero-voltage switching for main switches in the entire charging profile. In  addition, 
the zero-current switching for output rectifier diodes is extended under charging condition. The  proposed charger 
provides a wide range output voltage for the battery system because charge equalization algorithm used to achieving 
higher efficiency for battery charging system. Moreover, in order to maintain the high efficiency  under charging, the 
charger adopts a bidirectional switch. At low-output power condition, the charger uses one transformer to transfer 
the energy. Finally, the design procedure is provided and implemented in a prototype charger    with the input DC link 
230 V and the output voltage of 12–24 V. Experimental results are presented to demonstrate the system performance. 
peak efficiency is as high as 93.6%. 
 
Index Terms— LLC Resonant converter, LABView, Charge equalization algorithm, electric vehicle battery system.   

 

I. INTRODUCTION 
      Recently, battery technology has been improving in the 
applications of electric vehicles (EVs). Thereby the EVs battery 
chargers are critical for the applications of high-power density 
and high efficiency[1].  A typical EVs  battery  charger  
consisted  of an electromagnetic interference (EMI) filter, an 
AC/DC converter and a DC/DC converter as shown in Fig. 1. 
Generally, the front stage AC/DC converter adopts a boost 
topology for power factor correction (PFC) .  At the end stage, 
the DC/DC converter transforms the voltage to charge the 
battery. Traditional pulse-width modulation (PWM) converters 
suffer from high-switching losses and greater EMI. Among 
various DC/DC converters, LLC resonant converter has gained 
popularity. An LLC resonant converter has the advantage of (i) 
the main switches operate with zero-voltage switching (ZVS) 
over wide load ranges, (ii) the output rectifier diodes can 
achieve  zero-current  switching  (ZCS),  (iii)  the  output filter is 
formed by only a capacitor instead of the conventional 
inductor and capacitor and (iv) high efficiency and low EMI 

II. PROPOSED SYSTEM 

 The proposed battery charger, as shown in Fig., 
consists of a conventional LLC resonant converter[1], two 
transformers T1 and T2 in parallel, and one bidirectional switch 
S3. To facilitate the analysis of the proposed system, the FHA 

approach is used to simplify the LLC resonant converter 
circuits, the voltage gain of the LLC resonant tank is expressed 
and the circuit parameters are shown in fig. On the basis of 
the FHA approach, the voltage gain curves with different Q are 
shown in Fig, in which the conditions of from  the heavy load 
to the light load are included. The boundary between ZVS and 
ZCS regions is also shown in this figure. The Qmax is indicated 
for the proposed charger at the maximum output power. 
Basically, there are three operation regions for the LLC 
resonant converter in Fig.. In Region 1, the resonant tank 
impedance is capacitive. In general, the LLC resonant 
converter should avoid operating in this region to prevent high 
reverse recovery loss and device failure. In region 2, the 
switching frequency fr2 < fs < fr1, the resonant tank impedance 
is inductive so that it is easy to achieve ZVS for the main 
switches. Maximum voltage gain is achieved in this region. In 
addition,  the  magnetizing inductor Lm can join the resonance 
with the resonant inductor Lr and resonant capacitor Cr. 
Hence, when the rectifier diodes are reverse biased, ZCS can 
be achieved for the rectifier diodes. In region 3, the switching 
frequency above fr1, Lm does not join the resonance, though 
the resonant tank impedance is inductive. The LLC resonant 
converter can achieve ZVS under all load conditions, but 
cannot realize ZCS in region 3. Therefore, the switching loss in 
region 2 is lower than that in region 3. The converter  
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operating in region 2 has  high  efficiencies. shows the 
characteristics of system in regions 2 and 3. 
 
Fig(1). Circuit diagram 
 
III. Battery Charge Equalization system: 
 
 The battery charge equalization[2] is necessary to equalize 
the battery charge level of overcharged cell by transferring 
the excess energy to cell back or to equalize that of 
undercharged cell by feeding the required charge from the 
cell pack. The proposed battery charge equalization 
algorithm development is divided into two parts, a master 
board which comprises the microcontroller and flyback DC-
DC converter and the module board that consists of the 
measurement and the cell monitoring device with battery 
cells and bidirectional cell switches as shown in Fig.1. The 
microcontroller communicates with the monitoring IC where 
the IC monitors the cell status and switches on/off the 
bidirectional cell switches. Based on the cell status, the 
microcontroller executes the charge equalization algorithm 
and generates regulated PWM signal for the flyback DC-DC 
converter to protect and equalize the battery cell by 
discharging the overcharged cell or by charging 
undercharged cell accordingly. The flyback DC-DC converter 
provides the channel of current flow during charging or 
discharging process. The cell switch allows a specific cell to 
be connected through flyback DC-DC converter to cell pack 
for discharging or charging based on the cell condition as 
overcharged or undercharged respectively. National 
Instrument (CRIO) compact rio is the centrol control unit of 
this battery charge equalization algorithm. 

 
fig(2) Block diagram   
 

 
IV .Charge Equalization Algorithm: 
  
The modularization method is an active equalization 
method[2]. The monitoring IC is the sensor to make 
measurements on the status of the battery cell. The 
monitoring IC reads the voltage level of the cells and 
communicates with the microcontroller. The microcontroller 
collects data from monitoring IC, then estimates SOC and 
compares the result with the threshold value set, detects the 
unequalized cell and sends instruction to the monitoring IC 
to activate the bidirectional switch of the corresponding 
detected cell and the operation of flyback DC-DC converter 
to carry out charge equalization according to the proposed 
algorithm. The flowchart of the proposed charge equalization 
algorithm is shown in Fig.4. The charge equalization 
algorithm makes decision based on the SOC of battery cells’ 
voltage readings obtained from the monitoring IC. The 
charge equalization algorithm[2] is included the charge 
equalization for overcharged and undercharged battery, and 
the unbalanced charge in battery string. The following steps 
are used for the proposed charge equalization algorithm.  
 

 
Fig (3) Charge Equalization algorithm. 
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1.   Initialize the system.  
Record the voltage readings, Vi of the battery cells and sort 
in descending order, V1 to V8,  
2. Check the cells’ status whether they are normal or 
abnormal.  
if cells are operated at normal goto 
step2  
else ; a cell is found as abnormal. goto 
next  
3. Check the condition of cell if V1>Vmax  ; a cell is found as 
overcharged.  
4. Execute overcharge modularization and goto step7.  
     if V8<Vmin   ; a cell is found as undercharged.  
5. Execute undercharge modularization and goto step7.  
6. Start the cell equalization process.  
7. Estimate SOCi corresponding to the cells.  
8. Check the SOC value for discharge balancing.  
if SOC1>OSOC ;the respective battery cell of SOC1 is 
classified as overcharged battery, where SOC1 is the highest 
SOC reading of the battery cells and OSOC is the threshold 
value of the overcharged battery SOC which is 
corresponding to Vmax.   
9. Execute the discharge mode  
10. Control the bidirectional MOSFET switch corresponding 
to detected battery cell, generate the PWM signal for 
discharging the overcharged battery cell, control the stepup 
flyback DC-DC converter, and allow the equalization current 
for discharging.  
11. Check the balancing of discharging cell. if |SOC1-
SOCavg|>2%; the respective cell is unbalanced, where SOCavg 
is the average SOC of all battery cells and  
|SOC1-SOCavg| is ∆SOC.  
goto step7  
else   ; the cell is balanced. goto step2  
12. Check the SOC value for charge balancing.  
if SOC8<USOC ;the respective battery cell of SOC8 is 
classified as undercharged battery, where SOC8 is the lowest 
SOC reading of the battery cells and USOC is the threshold 
value of the undercharged battery SOC which is 
corresponding to Vmin.   
13. Execute the charge mode  
14. Control the bidirectional MOSFET switch corresponding 
to detected battery cell, generate the PWM signal for 
charging the undercharged battery cell, control the 
stepdown flyback DC-DC converter, and allow the 
equalization current for charging.  
15. Check the balancing of charging cell. if |SOC8-
SOCavg|>2%; the respective cell is unbalanced, where |SOC8-
SOCavg| is ∆SOC.  
Goto step7 else   ; the cell is 
balanced. Goto step2  
      The algorithm repeats to maintain the      continuous 
execution of the battery charge  equalization process. 
 
V. Simulation Results 
 
A) Input pulse circuit 
 the multisim simulation doesnot providing individual pulse 
control. So with the help of  LabVIEW software used for co 

simulation of multisim power circuit to achieve the linear 
control of switching circuit.   

 
  
Fig (4) Pulse generation circuit. 
 
B) Simulation Power Circuit: 
 

 
 
Fig (5) Simulation power circuit. 
This is the simulation circuit for proposed llc resonant 
converter. Switching control from labview tool. 
 
VI. Simulated Algorithmic Block 
The Battery charge equalization Algorithmic simulation 
diagram is shown in fig.   The below algorithmic diagrams are 
subdivided into three conditions. 
 
Condition -1-(Checking for battery voltage equal to 12v) 
 
Condition-2–(Checking for battery voltage less than or 
greater then, if less than battery voltage the cells excess 
charge can be added to this cells) 
 
Condition -3-(Checking for battery voltage greater than or 
lesser than, if greater than battery cell voltage the cell excess 
charge can be sent to the lowest cells) 
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A) Condition-1 

 
 
Fig(6)-Charge equalization algorithm-1 
B) Condition-2 

 
 
Fig(7)-Charge equalization Algorithm-2 
C) Condition-3 
 

 
 
Fig(8)-Charge equalization Algorithm-3 
 

VII. Output Result for Battery 
charging

 
 
Fig (9) Battery output Result. 
 
Initial input voltage is 230 dc link with getting output of 
battery voltage varies from 12 to 24 voltage output. Voltage       
 
Varying depends on input voltage tabulation is shown in 
below 
 

S.NO Input voltage(ac) Battery Output voltage(dc) 
1 210 11.20 
2 220 11.55 
3 230 12.00 

Table (1) - Different input voltage ratings. 
 
VIII. CONCLUSION 
A LabVIEW Based new LLC resonant converter for EV battery 
chargers has been presented in this paper. ZVS for main 
switches and ZCS for all rectifier diodes are achieved. The 
features of the new  LLC resonant converter include the 
resonant tank consisting of two transformers in parallel. The 
proposed design can achieve a gain adjustment with small 
frequency change for the charger at the CC stage. In the CV 
stage, the charger has higher efficiencies than the 
conventional LLC converter. In addition, the charge 
equalization algorithm is provided to achieve a wide range 
output voltage for the battery system. Finally, the simulation  
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results are given to demonstrate the system performance 
including the charging waveforms and the charging profile. In 
the battery charger with Vin = 230 V and Vo = 12–24 V, the 
measured efficiency is 93% and the measured peak efficiency 
is up to 94.6%. 
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Abstract— This paper presents Real time simulation to analyze the behavior of Integral controller for Single area power 
system. This work focuses on minimizing steady state error, change in frequency of power plant by matching the output 
power of the generator with the change in load demand. This is achieved by providing Integral Controller which controls 
collectively the power input to the governor. Single area power system of 2GW capacity designed with integral controller has 
been simulated using MATLAB/Simulink and run with Real Time Simulator. It is observed that the steady state performance 
of change in frequency (∆f) is improved with Integral Controller. 
 
Index Terms—Load frequency control, Area control error, Hardware-in-loop 

 

I. INTRODUCTION  
The modern power system with industrial and commercial 
loads needs to operate at constant frequency with reliable 
power. Load Frequency Control (LFC) is a very important issue 
in power system operation and control for supplying sufficient 
and reliable electric power with good quality. The main goal of 
the LFC is to maintain zero steady state errors for frequency 
deviation and good tracking load demands in a multi-area 
restructured power system. The dynamic behaviour of power 
system leads the system to lose its stability. To provide the 
stability, active power balance and steady frequency are 
required. Frequency depends on active power balance. If any 
change occurs in active power demand/generation in power 
systems, frequency cannot be hold in its rated value. So 
oscillations increase in both power and frequency. Thus, 
system subjects to a serious instability problem. In electric 
power generation, system disturbances caused due to load 
fluctuations result in changes to the desired frequency value. 
So, this frequency must be regulating inside the limit. In the 
power system the load changes are arbitrary without control 
and there is unbalance in real and reactive power. For 
controlling frequency in power system a load frequency 
control (LFC) is needed and it plays an essential task in power 
system control. The conventional controllers such as 
proportional integral and proportional integral derivative are 
utilized for Load Frequency Control. However, these methods 
have the capacity to control the single area, performed well 
under load variation, and good robustness. In this paper 
conventional integral controller used for LFC to control single 
area power system and also it enhances the system dynamic 
performance, reduces the oscillation & settling time. The 

results of integral controllers are compared using 
MATLAB/Simulink software package and on real time with real 
time simulator. 

II. SINGLE AREA POWER SYSTEM MODELING 
The aim of LFC is to maintain real power balance in the system 
through control of system frequency. Whenever the real 
power demand changes, frequency change occurs. This 
frequency error is amplified, mixed and changed to a 
command signal which is sent to turbine governor. The 
governor operates to restore the balance between the input 
and output by changing the turbine output. This method is 
also referred as Megawatt frequency or Power frequency 
control. Single generating unit or bunch of generating units is 
placed in close vicinity to distribute the electricity in the same 
area is called single area system. 

 
Figure.1: Single area power system without controller 
Here, in this system, a regulator regulating the speed of 
synchronous generator. Only the generating unit present in 
that area is responsible to maintain the desired frequency in 
normal and abnormal conditions. 
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III. ALFC WITH INTEGRAL CONTROL 
It is seen from the previous discussion that with the speed 
governing system installed in each area, for a given speed 
changer setting, there is considerable frequency drop for 
increased system load. System frequency specification is 
rather stringent and therefore, so much change in frequency 
cannot be tolerated. The steady state frequency change must 
be zero. In order to maintain the frequency at the scheduled 
value, the speed changer setting must be adjusted 
automatically by monitoring the frequency changes. For this 
purpose, integral controller is included. In the integral 
controller the frequency error is first amplified and then 
integrated. Further, a negative polarity is also included so that 
a negative frequency deviation will give rise to raise 
command. The signal fed into the integrator is referred as 
Area Controlled Error (ACE). 
 

 
Figure.2: Single area power system with Integral controller 

As long as an error remains, the integrator output will 
increase, causing the speed changer to move. When the 
frequency error has been reduced to zero, the integrator 
output ceases and the speed changer position attains a 
constant value. Integral controller will give rise to zero steady 
state frequency error following a step load change because of 
the reason stated above. 

IV. DESIGN OF INTEGRAL CONTROLLER 
 Integral controller is mainly used to eliminate the steady state 
error of the system. In this paper, the frequency deviation is 
represented as Area Control Error (ACE) and is given below:  
 
ACE = ∆f. Thus 

 
∆f - Change in Frequency 
∆Pref - Speed changer command 
Ki – Integral gain constant 

 

             

 
 
 

V. EXPERIMENTAL VALIDATION USING REAL TIME 
SIMULATOR(OPAL-RT) 
The power system is a large interconnected system and it’s 
more complex to develop the hardware setup for multi area 
system. The PC/FPGA based Real Time Digital simulator run in 
Hardware-in-loop(HIL) for testing the proposed controller 
equipment and it was developed by the leading companies 
and used in R & D centre to design, test and optimize the 

controller, protection of system in power grids and various 
other applications and there by significantly reduces the time 
required to complete the analysis as total testing time is 
reduced, more tests can be performed and has statistical 
confidence in the result. 
The OP4510 is a compact entry-level simulator that combines 
the core strengths of RT-LAB high-Performance Rapid Control 
Prototyping and Hardware-in-the-Loop systems. The OP4510 
has 128 fast I/O channels with signal conditioning, additional 
RS422 channels, high-speed communication ports (SFPs) and 
fully integrated with Simulink, Simpower System. The 
integration of high-end INTEL multicore processors with 
powerful Kintex 7 FPGA provides greater simulation power 
and sub-microsecond simulation time steps to maximize the 
accuracy of fast acting power grids/power electronics based 
grid systems. The OP4510 can simulate the power grids up to 
maximum of 200 nodes for various power system applications. 
In this work, OP4510 is used to validate the Simulink model of 
single area power system with and without integral controller. 
The results were obtained such as frequency deviation for a 
load disturbance of 1% (20MW). 

VI.  SIMULATION RESULTS AND DISCUSSION 
The MATLAB simulation has been conducted in MATLAB 
(R2014 b) for single area power system with conventional 
Integral controller. The frequency deviations in single area 
power studied under I controller. The parameters of proposed 
Single area power system are given in Appendix. 
Load frequency control for single area power system with and 
without integral controller was developed in MatlabSimulink 
and made run with real time Simulator (OP4510) and the 
frequency response of conventional Integral controller shown 
in the figure 4. 

 
Figure 3: Simulink model for single area power system 

 
The frequency deviation for a change in load of 1% is shown 
below with and without integral controller [Figure4.] It is 
observed that with integral control the steady state 
frequency deviation reduces to zero and frequency 
returns to its steady value approximately in 6 sec.  
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Figure4: Load disturbance of 1 %( 20MW) 

The proposed Integral controller is implemented in real time 
by using OPAL-RT platform and the simulation results are 
compared with the hardware results. And it is verified that 
settling time of integral controller in real time simulation in 
same as that of Matlab simulation results Figure4, Figure5. 
 

 
Figure 5: Load disturbance of 1% (20MW) 

 
VII. CONCLUSION 

Thus the single area power system of 2GW capacity are 
designed with and without integral controller have been 
simulated using MATLAB/Simulink and run with Real Time 
Simulator. The Figure 4 and Figure 5 shows the result for a 
change load disturbance of 1% (20MW) and it is observed 
that the steady state performance of change in frequency (∆f) 
is improved with Integral Controller. It is verified that Integral 
controller results a stable frequency. Real time simulation is a 
good technique of prototyping the controllers for various 
applications. 
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 APPENDIX 
The parameter of Single area power system 

 

 
    Where, 
Kg - Governor gain Constant 
Kt  - Turbine gain Constant 
Kp- Power System gain constant 
Tg - Governor time Constant 
Tt - Turbine time Constant 
 
Tp- Power System time constant 
      R - Speed Regulations 
 

  
 

Gain Time constants 
Kg = 1 Tg = 0.08 
Kt = 1 Tt  = 0.3 
Kp= 120 Tp= 20 
R = 2.4  
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Abstract- Modern power system must generate and deliver controlled output power from the generating units and also 
maintaining the voltage and frequency within permissible limits. A number of control strategies were proposed for load 
frequency control (LFC) in an interconnected power system. The meticulous discussion of two area power system is included 
in this survey. The control techniques of conventional power system and intelligent LFC scheme are discussed. 

Index terms-Inter-connected two area system, Load frequency control, tie line, conventional control techniques, intelligent 
control techniques. 

I. INTRODUCTION 
         Power systems are large and complex electrical 

networks. In any Power Systems, generations are located at 
few selected points and loads are distributed throughout the 
network. In between generations and loads there exist 
transmission and distribution systems in the power system, it 
is changing from time to time. In a multi area power system 
the deviation of frequencies of each area of the system as 
well as the tie line powers are caused by a sudden burden of 
load in any area. In such conditions load frequency control 
(LFC) also known as automatic generation control (AGC) is 
used to control each area to deliver its own load demand and 
transfer of power through tie line must be done only in the 
case of the demand of that area being lower than the 
generation of the units in the specified area. If load frequency 
changes all control area should respond.  
The major aim of control approach is to generate and 
distribute power in an interconnected power system as 
inexpensively and consistently as while maintaining the 
voltage and frequency within allowable limits. For better 
transmission and distribution proper balance of real and 
reactive power is needed otherwise the power system 
entered into instability mode. Instability of power system 
leads to imbalance, the  voltage and frequency values will 
oscillate around steady state and settle down to a finite value 
after some time which is undesirable from the stability point 
of view. Thus the control techniques are essential to cancel 
out these problems and to keep the voltage and frequency at 
the standard values. The voltage is dependent on the reactive 
power while the frequency is highly dependent on the active 
power. A number of control strategies for LFC have been 
proposed over past decades. Modern power system is 

complex, the oscillation incurred subjected to any 
disturbance may spread to wide areas leading to system 
blackout. To eliminate these problems many researchers 
have applied different control techniques, such as traditional 
control, variable control optimum state response control and 
robust control to LFC in order to achieve better 
consequences. All of these approaches have proved to be 
inadequate due to the nonlinear nature. Then intelligent 
control methodology has efficiently applied to LFC problem 
and it will provide superior results. 

II. LOAD FREQUENCY CONTROL
Load frequency control is used to reduce the transients 
deviation in frequency and tie line power and also to ensure 
their steady state errors to be zeros. The change in frequency 
and tie line power is sensed which is measured in terms of 
rotor angle. 

III. AGC IN TWO AREA SYSTEM
In many cases, a group of generators are closely coupled 
internally and swing in unison. Furthermore, the generator 
turbines tend to have the same response characteristics. Such 
a group are side be coherent. Then it is possible to let the LFC 
loop to represent the whole system, which is referred to as a 
control area. Consider two areas represented by an 
equivalent generating unit interconnected by a lossless tie 
line with reactance tie.    
IV. CONTROL STRATEGIES.
A lot of control techniques are proposed by the researches in 
there pioneer work to design LFC controllers .The controllers 
are classified based on: 
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Classical control techniques 
• LQR based controlling techniques 
• Proportional, derivative, integral controlling techniques 
 

 
Fig.1. Block diagram of Load frequency control of an isolated 
power system. 
 

 
Fig. 2  Interconnected areas in a power system. 
 
Soft computing/Artificial intelligence techniques: 
• Fuzzy logic based techniques 
• Neural network based techniques  
• Genetic algorithm based techniques  
• Particle swarm based techniques 
• Hybrid and other techniques  
 
V. RELATED WORKS 
 A lot of work has been done related to automatic 
load frequency control in power systems. Load variations give 
rise to drifts in frequency along with voltage consequential in 
reduction of generation because of line as well as blackouts. 
These variations are reduced by AGC that constitutes of two 
sections namely LFC and AVR. 
Adil Usman, et.al(2012) proposed a simulation study is to 
realize the operation of load frequency controller by 
developing models in SIMULINK. The simulation study helps 
students to recognize the principle and challenges behind 
load frequency controller. Benefit of interconnection is best 
understood by comparing the results of single and two area 
systems. It can be seen that the oscillations due to change in 
load in any area is damped down quickly because of tie line 
power flow. It can also be observed that the dynamic 
response is mainly governed by the secondary loop and 
hence design criteria of which is extremely vital for efficient 
implementation. 
Aditi Gupta et.al,(2014) proposed the combined control for 
single area power system including automatic voltage control 
by using automatic voltage regulator (AVR) and automatic 
frequency control by using automatic load frequency control 
(ALFC). The paper shows the coupling effects between the 
two loops, which are studied by extending the linearised ALFC 
system to incorporate the excitation system. A proportional 
integral gain controller is included in the AVR loop and 
conventional integral controller in ALFC loop so that system 

responses become better in terms of peak deviations and 
settling time. Damper winding is included in the AVR loop 
which is present on the rotor of the synchronous generator. 
The frequency of the system is dependent on real power 
output and is taken care of by ALFC. Terminal voltage of the 
system is dependent on the reactive power of the system and 
is taken care of by AVR loop. The cross coupling effects 
between the two loops are studied that are associated with 
low-frequency oscillations. By the addition of damper 
winding, the dynamic responses are further improved in 
terms of peak deviations and settling time.  
Shahnawaj, et.al,(2017) proposed an integration of wind 
energy into power systems has gathered substantial 
momentum globally due to its abundant supply and 
environmental benefits. Despite its numerous return, wind 
power in grid integration poses many challenges. The non-
dispatch able and inherent intermittent qualities of wind 
energy not only insert additional fluctuations to the existing 
frequency deviation, they also reduce frequency stability by 
decreasing the regulation capability and the inertia. This 
paper presents the significance of these effects, which causes 
a larger frequency deviation in the proposed system. In this 
paper optimization algorithm used to optimize PID controller 
is Harmony Search Algorithm (HSA).  
Weiwei Zhao,et.al,(2017) proposed the expression of the tie-
line power fluctuation of a two-area interconnected power 
system at the moment of power impact is derived in this 
paper. The power fluctuation process caused by a 
disturbance is divided into three stages, namely before, 
during and after the disturbance, and the dynamic equation 
for each stage is established and the variation of the state 
point is derived in this study. Based on the theory of the 
distribution of impact power in the power systems, the 
change of the tie-line power of a two-area interconnected 
power system after a disturbance is analyzed. After a 
disturbance, the tie-line power takes on damped oscillation 
of inter-area oscillation mode, and the steady-state power 
value is determined by the total inertia time constant of the 
generators in both areas. Temporarily, the expression of 
power fluctuation, which is similar to the step response of a 
second-order system and the formula for the peak power 
during the first power swing are derived. The peak power is 
mainly determined by the ratio of total inertia time constants 
of the two-area power systems units and the damping ratio 
of the inter-area fluctuation mode. The study provides the 
scientific basis for arranging operating schemes and control 
measures of interconnected power systems. The main 
conclusions of the paper are as follows:In the power system 
after hitting by a disturbance, its generator power will be re-
adjusted to reach the new balance between generation 
power and load power. Before the significant changing in 
mechanical power of the prime motor, the steady-state value 
of the tie line power fluctuation is determined by the total 
inertia time constant of the two-area interconnected power 
system. For the two-area interconnected power system, its 
tie line power fluctuation peak can be calculated by the 
overshoot of the second order linear system step response. 
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Seyed Abbas Taher, et.al(2014), proposed  fractional order 
PID (FOPID) controller for load frequency control (LFC) in an 
interconnected power system. This controller had five 
parameters to be tuned and it provided two more degrees of 
freedom in comparison with the conventional PID. For proper 
tuning of the controller parameters, imperialist competitive 
algorithm (ICA) was used. ICA is a new algorithm with proved 
efficiency. These results showed that FOPID controller was 
robust to the parameter changes in the power system. Also, 
the simulation results certified much better performance of 
FOPID controller for LFC in comparison with conventional PID 
controllers. 
SIMULATION BLOCK DIAGRAM 

 
 
Fig.3 Block diagram of AGC for two area system 
 
SIMULATION OUTPUT 

 
Fig.3 Frequency deviation in area-1 due to 0.01 p.u. load 
change in area1 

 

VI. CONCLUSION 
This survey has mainly investigated on the frequency change 
as well as change in the tie line power due to the change in 
the load and also the techniques that may be used for 
obtaining the optimized values of various parameters for 
minimizing the changes. Interconnection of two or more 
systems is being introduced to cope up with the load changes 
through tie line power exchange. Interconnecting two or 
more areas ensures the sharing of the power among the 
systems during the times of load changes which may occur in 
any area at any time. Then the trouble on the controllers to 
diminish the changes in the frequency is reduced as a result 
of the increase in the power demand can be satisfied by 
drawing power from the neighboring areas and thus 
maintains the stability of the system. The simulation results 
have been compared against conventional integral and PID 
controller. The results demonstrate that the proposed 
intelligent controllers give improved dynamic response as 
compared to the conventional controllers. 
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Abstract— Single phase transformer less inverter are currently used in grid connected Photo Voltaic system (PV). By using this 
type of inverter the size, weight, cost is reduced and also it increases the system efficiency. Leakage current is the main part 
to concentrate in the grid connected transformer less inverters. Recently, reduced Common Mode Voltage (CMV) has been 
proposed to reduce the leakage current in single phase transformer less photovoltaic systems. The Voltage Source Inverter 
(VSI) generally consists of four switches, for single phase PV system. In the proposed methodology, an improved H5 topology 
with Sinusoidal Pulse Width Modulation (SPWM) technique has been implemented, which reduces the leakage current as 
well as Common Mode Voltage variation and improve the overall performance of the system. In order to minimize the 
leakage current, the CMV is maintained constantly. The proposed topology was simulated by MATLAB/SIMULINK. 
 
Index Terms—Leakage Current, Common Mode Voltage, Transformer less inverter, Unipolar SPWM techniques. 

 

I. INTRODUCTION 
        PV systems are mainly classified as: stand-alone system 
and grid connected system. Stand-alone system supply power 
directly to load. It is integrated with energy storage (battery) 
system. In contrast, grid connected PV system As energy 
storage system is not needed, grid connected PV system is 
more cost effective and maintenance free [1-5]. The PV systems 
are usually classified as with transformer and transformer less. 
Most of the PV systems are designed with transformer for 
safety purpose with galvanic isolation. With galvanic isolation, 
the leakage current finds no path to flow between the PV and 
the grid [6]. Transformer can be low frequency (LF) and high 
frequency (HF) based on PV module configurations. Low 
frequency transformer is used in AC side while the high 
frequency transformer is located in DC side of the inverter. 
However, line frequency transformers (LF) are heavy, bulky and 
expensive, and reduce the system efficiency. To overcome 
these issues transformer less PV system is implemented [6-8].  
Transformer less inverters are increasing in popularity in 
European and Australian markets. In 2010, SMA Solar 
Technology AG earned the first UL certification for their 
transformer less inverters, thereby increasing product 
availability for residential consumers in the United States. 
However the elimination of the transformer may causes 
fluctuation of the potential between the solar array and the 
ground which is also known as stray capacitance or parasitic 
capacitance. The stray capacitance charged and discharged by 
fluctuating potential, knows as common mode which leads to 
leakage current. When a person touches PV array, electrical 

hazard occurs. Furthermore DC current injected in to the grid 
[9-13],[15]. 
There are mainly three modulation techniques: Unipolar, 
bipolar and hybrid modulation Leakage current problems can 
be solved by using bipolar sinusoidal pulse width modulation 
(SPWM) technique. However, efficiency of bipolar SPWM 
inverter is lower compared to Unipolar SPMW inverter because 
of higher core losses of filter inductors and switching losses 
[14].Thus, many inverter topologies are introduced, which have 
advantages of both Unipolar and bipolar modulation 
techniques: high efficiency and low leakage current. These 
topologies are mainly classified on the basis of leakage current 
reduction methods: Galvanic isolation without- CMV clamping 
and with-CMV clamping [13]. The leakage current is mainly 
depending on the CMV, in order to minimize the leakage 
current, the CMV is maintain constant [14]. 
This paper is organized as follows. Section II. Analysis of existing 
H7 topology. III. Common Mode leakage current. IV. Proposed 
topology. V. Simulation results. 

II. ANALYSIS OF EXISTING H7 TOPOLOGY 
     In existing method an improved CMV clamped H6 topology 
is presented the grid connected PV system as shown in Fig. 1. 
Existing method is modified by adding an actives witch (IGBT), 
S7. The voltage divider is made up of CPV1 and CPV2. Switches 
S1–S4 are switches of H4 topology. The switches S5 and S6, 
and anti-parallel diodes, D5 and D6, provide current path 
during freewheeling periods. The Switches S1–S4 are switched 
at high frequency to generate Unipolar inverter output voltage 
during power transfer state. the switch S7 is commutated at 
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high frequency during freewheeling period to clamp the CMV 
and avoid floating of terminals A and B.[14] 
 

 
Fig.1. Existing H7 topology 

 

III.COMMON MODE LEAKAGE CURRENT 
When absence of transformer, an electrical connection 
between the grid and PV array. As a result, a CMV is present, 
consisting of the parasitic capacitor between the PV modules 
and ground. The leakage current mainly depends upon the 
rate of change of common mode voltage. The Leakage current 
is flow through parasitic capacitance between the PV array 
and the ground Fig.2. In leakage current is occur means the 
entire system losses increase, reduces the grid connected 
current quality, causes personal safety problems. In order to 
reduce the leakage current by maintain the common mode 
voltage is constant. [14] 
Common Mode Voltage, 
 

Vcmv   =
𝑉𝐴𝑁+𝑉𝐵𝑁

2
 

 
IV. PROPOSED TOPOLOGY 
       Based on the above analysis, an improved H5 topology is 
proposed for the grid connected PV system Fig.2 (a).The 
proposed topology is modified by adding a diode. The voltage 
divider is made up of CPV1 and CPV2. The switches SI, S2, S3 
and S4 are normal single phase inverter types, the difference is 
existing method is used H7 switches, In propose topology is 
using H5 switches, the S5 switch is used for isolate the PV 
module from the circuit during freewheeling mode. The 
improved H5 topology is a adding diode, the diode is used for 
the Common Mode Voltage is maintained constant. Switching 
control pulses of the proposed topology are illustrated in Fig. 
2(b). 

 
Fig. 2 (a) Improved H5 topology 

 

 
Fig. 2(b). Waveform of proposed topology 

 
4.1. Operating modes of proposed topology 
In order to generate the Unipolar three-level voltage, inverter 
operations are divided into four modes in a full grid voltage 
cycle (positive and negative grid voltages). These operation 
modes are described as follows: 
    Mode I: During positive grid voltage 
       The switches S1 and S4 commutate at high frequency and 
S2 andS3 are OFF as shown in Fig. 3(b). Switch S5 is ON. Active 
current flows through S5, Diode S1, L1, grid, L2 and S4. The 
voltage VAB is VPV and CMV becomes, 
 

VCMV=𝑉𝐴𝑁+𝑉𝐵𝑁
2

 = 𝑉𝑃𝑉+ 0
2

 = 𝑉𝑃𝑉
2

 
Mode II: During negative grid voltage 
      The switches S2 and S3 commutate at high frequency and 
S1 and S3 are OFF as shown in Fig. 3(b). The current flows 
through S5, S2, and grid, L2, S3 and L1. The voltage VAB is VPV 
and CMV becomes,  
 
         VCMV=

𝑉𝐴𝑁+ 𝑉𝐵𝑁
2

= 0+𝑉𝑃𝑉
2

 = 𝑉𝑃𝑉
2

 
That CMV is constant and equal to VPV/2 in all the four 
operation modes. It is shown in simulation results that 
improved H5 switch fixes the CMV is constant and the 
leakage current is minimized. 

V. SIMULATION AND RESULTS 
VI.  

TABLE I TECHNICAL SPECIFICATION OF THE SINGLE-PHASE 
TRANSFORMERLESS PV SYSTEM 

Grid frequency 50Hz 
SPWM carrier frequency 20kHz 

DC link Voltage (VDC) 230V 
Stray Capacitance(CPV) 200e-6 
Ground Resistance(RG) 11Ω 

Filter Inductor(Lf) 20mH 
DC Link Capacitance(CDC) 10e-12 

Filter Capacitor(Cf) 10e-9 
 
In order to verify the operation and leakage current 
performance, simulations were done using Matlab/Simulink. 
In which technical specifications are mentioned in Table I. All 
simulations are based on the same parameters.  
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Fig. 3. Simulated single phase inverter voltage without filter 

Fig. 4. Simulated single phase inverter voltage with filter 

Fig 5. Simulated single phase inverter current without filter 

Fig 6. Simulated single phase inverter current with filter 
Figs. 3-7 show simulation results for this improved H5 
topology. In these figures, leakage current and the FFT of the 
leakage current are shown. The output current THD is 4.65% 
shown in Fig. 9. The stray capacitor voltage variations are 
reduced in improved H5 switch inverter topology, which 
results in lower leakage current. 
 
 

Fig.6 Simulated leakage current and stray capacitor voltage 
 

 
Fig.7 THD of output current without filter 

Fig.8 THD of output current with filter 
 

TABLE II PERFORMANCE COMPARISONS FOR EXISTING AND 
PROPOSED TOPOLOGY 

PARAMETER EXISTING 
TOPOLOGY 

PROPOSED 
TOPOLOGY 

Input Capacitors 2 2 
Number of 
Switches 7 5 

Diodes 0 1 
No of Output 
Voltage Levels 3 3 

Leakage Current 10mA Very low 
 
The simulation performance comparisons for existing and 
proposed techniques are summarized in Table II. This 
indicates that the proposed topology has the potential to be 
applied in single-phase transformer less grid connected PV 
applications. 

VII.CONCLUSION 
    In this paper, an improved H5 Single phase transformer less 
inverter topology for grid connected PV system is presented. 
It has been shown that leakage current generation is mainly 
dependent on Common Mode Voltage (CMV), especially, high 
frequency components. Proposed topology separates the PV 
array from the grid during freewheeling period. Hence no 
leakage current is flow. Performance analysis of proposed 
topology is carried out on Matlab/ Simulink, and results are 
simulated. The advantages of proposed topology are 
described as follows: 
1. Improved H5 proposed topology has fixed CMV to half of 
the dc link voltage throughout inverter operations. As a 
result, leakage current is almost reduced to zero. 
2. THD of the proposed topology is within the specified limit 
the existing topology generates current THD more than 5% at 
low solar irradiance level, which will reduce significant power 
generation 
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3. No extra CM filter is required to nullify the effect of 
junction capacitors switches. This can improve the power 
density and cost. 
Hence, the derived an improved H5 topology single phase 
inverter transformer less inverter is optimized candidate for 
high-performance grid connected PV system. 
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ABSTRACT— Net-centric Operations (NCO) including Net-Centric Warfare (NCW) has taken a paradigm shift in a way wars are 
fought involving intelligence, strategic decision making and deploying strategies which can effectively be demonstrated by 
probabilistic mathematical model known as ‘Game Theory’. In this paper the proposed work models the agent behavior 
which are represented by two players of a game one is a source/victim node and another being an intruder/attacker node 
initiates a game by deploying mixed strategies. The main idea is to tackle intruders for the benefit of the network by not 
purging it out of the network once it is being detected as intruder. The scenario of two-player non-cooperative zero sum 
game in a Wireless Mesh Network Setting is demonstrated wherein the payoff of the players which is the utility of the 
source/attacker is examined with varying dropping probability of packets and forwarding probability of packets through 
results. The scenario considered is theoretical model wherein an attacker/intruder is performing selective forwarding attacks. 

Index Terms—Game Theory, Players, Strategies, Payoff, Utility, Wireless Mesh Network, Intrusion Tackling, Selective 
Forwarding. 

 

I. INTRODUCTION 

Security for Net-Centric Warfare (NCW) adopted in 
Cyberspace is more than conventional cryptographic 
techniques like CIA (Confidentiality, Integrity and 
Authentication) and is also about mathematical modelling 
techniques for understanding behaviour of agents, decision 
making and intelligence in carrying out effective mission 
strategies on the go successfully by the military forces 
deploying Mobile Ad-Hoc Networks (MANETs) specially the 
military deploy hybrid tactical Wireless Mesh Network (WMN) 
for carrying out Net-Centric operations (NCO). 
 Net-Centric Warfare (NCW) is a military doctrine/hypothesis 
[1] that supports the use of data age ideas to accelerate 
information interchange and upgrade situational awareness 
through system administration and thus enhancing both the 
proficiency and adequacy of military operations. Air force is 
the one among the three defense forces that have embraced 
Net-Centric operations the most [2]. 
Net-Centric Warfare includes on how dispersed forces achieve 
information superiority from information aggregated through 
use of smart sensors and information being routed in a data 
centric fashion among peer nodes. Data prevalence is 
extremely basic prerequisite for net-centric operations in 
fighting as the necessities for both commanders and warriors 
has expanded which incorporates continuous video 
surveillance involving Global Positioning System (GPS). 

Fighting elements form a networked grid communicating 
information on the go through a fast paced communication. 
The military use mesh networking with a self-configuring 
topology called as “Ad-hoc” networks for its ease of 
installation and low-cost and mainly it possesses self-healing 
property [3]. The military/defense organizations operate in 
cyberspace where critical insider information of wars or next 
tactical moves are shared which could be breached. 
Cyberspace will play a dominant role where none of the 
involved entities is assured to hold information dominance in 
terms of intelligence and accessibility in future warfare. 
Hence, a game-centric approaches involving collaboration and 
compelling moves need to be played effectively. Then the 
question is how such a game-centric approach can be 
constructed in cyberspace? The answer to this question is that 
a game-centric approach with minimum two players needs to 
be placed which is a legitimate player and another is an 
attacker. A success of an individual player is dependent on the 
choices made by other players who are involved in the game 
[4].  
Game theory in context of network security tackles with issues 
where numerous players with opposing objectives and 
motives compete with/against each other. Here in this 
scenario, a non-cooperative game is considered where one 
player wins and other player loses. It equips us with the 
mathematical framework for analysing, modelling agent 
behaviours, actions dealing with network security problems. 
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Here in this proposed work game theory is applied to tackle 
intruders uniquely from conventional Intrusion Detection 
Systems (IDSs) where the intruders who cause harm to the 
network are handled in such a way that they are made to stay 
in the network by providing utility in the form of 
incentives/profit but later they are utilized to do good for the 
network if the intruder happily agrees to stay in the network 
else it is purged out of the network immediately [5]. A 
mathematical model involving mixed strategies of two players 
payoff is realized and in mixed strategy set of both the players, 
their moves is unpredictable or random. All the parameters of 
the mathematical model are chosen randomly based on 
assumptions and considerations to obtain simulation results. 

II. LITERATURE SURVEY 

Till date, the research contributions in the area on intrusion in 
Wireless Mesh Networks (WMNs) has not been significant. In 
many occasions the works carried out doesn’t provide optimal 
solution to the underlying problem but provides some kind of 
vague overview. 
The works proposed in [6] brings out an algorithm to defend 
specifically against security attacks in WMNs where it uses 
counter threshold to find the threshold value. This threshold 
value computed is checked with the original number of data 
packets sent. The route is declared to contain malicious nodes 
if the original number of data packets is lesser than the 
threshold value, which even signifies the packet loss is due to 
malicious nodes. Hence, the path will be eliminated from the 
route. This method is not efficient to tackle security attacks in 
dynamic topologies of WMNs and works on specific settings 
only. 
Authors in [7] propose an authentication protocol for 
accessing network (PANA) to authenticate wireless clients. The 
PANA model provides the cryptographic tools required to 
create an encrypted tunnel with the concerned remote access 
router. However, the mechanism of authentication is tedious, 
cumbersome and resource consuming which is safeguarding 
the confidentiality of exchanged information and the 
approach as a whole is analysed, it has not been significantly 
tested meticulously that could persuade the reviewers and 
readers about the robustness, efficiency in practical 
implementation scenarios. 
Authors in [8] present a novel algorithm called channel-aware 
detection (CAD) which adopts two different tactics to detect 
grey hole attacks. Their approach detects a potential victim 
mesh node by hop-by-hop loss observation and traffic 
overheating. 
Much of the efforts and focus has been spent on investigation 
and researching on the utilization of cryptographic techniques, 
protocols to secure the information being transmitted enroute 
the wireless network. Many such trivial and fundamental 
solutions have been addressed and put into practice in ad-hoc 
WMNs to mitigate various kinds of malicious attacks as 
discussed in [9], [10], and [11]. 
Authors in [12] put forward a framework of a non-cooperative 
zero-sum game between legitimate and malicious mesh 
routers and utilize mathematical tools and models for their 
approach. The game model proposed in this literature 
mitigates the issue of grey hole attacks wherein the malicious 

node drops a subset of the packets it receives from the 
victim/target node.  The game involves a source node as 
target and malicious node as the attacker node, each of the 
two nodes competes with one another for finite resources and 
each individual nodes gains/wins based on its own strategy 
and that of the other. The attacker is benefitted when packets 
are dropped and the target is benefitted when packets are 
forwarded successfully. 
In the proposed approach in this paper dwells around same 
idea and adopts a game theoretic model on the same lines as 
part of total solution to the problem identified. However, the 
deviation or the uniqueness adopted in proposed 
methodology in this paper is in the fact that solution 
circumvents the flaws of the work in [12] by using our own 
mathematical model of tackling intruders and choosing 
parameter values appropriately. 
Authors in [12] as an example to illustrate chooses 50% of the 
packet arrival rate to send buffer based on which gain both 
nodes vary. Hence, it is considered to be impractical since in 
reality, packet rates are considered to be higher to 
significantly reduce packet delays and a huge number of 
nodes must be involved in communication in any WMN. 
The proposed intrusion tackling model discussed in paper and 
[12] is closely related wherein selective forwarding attackers 
are detected and isolated in multi-hop network scenarios by 
comparative performance analysis. The analysis of the 
misdetection probability or false alarms is carried out and a 
design is brought to minimize these to a particular threshold. 
However, the concept is complicated, pays attention on a 
small range of attacks, and is feasible only in few restricted 
scenarios. The literature in [12] essentially pays much 
attention on the signalling and communication part in the 
physical layer and is in many ways related to our approach 
undertaken which becomes the motivational aspect in 
formulation of our approach. 
 

III. METHODOLOGY 

The security model for is performing intrusion tackling [5] in 
place of direct intrusion prevention in WMNs. A hybrid 
wireless mesh network is assumed where various kinds of 
devices form the boundary part or could manifest the role of 
clients. The setting of wireless mesh network is shown in 
Fig.1.below. It consists of mesh routers and mesh clients, 
where mesh routers form the backhaul providing both mesh 
and conventional client’s network access. Mesh clients can 
connect among themselves or to centralized backbone. Hence 
the mesh router forms a means of communication for mesh 
client to access the network in a multi-hop fashion. 
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Fig. 1. Setting of Wireless Mesh Network 

 
      A careful observation of the Fig.1. Reveals nodes in the 
perimeter of the network are mobile which permits the 
intruder to tinker the information in the network. The 
assumption is that standard security mechanisms are present 
within the network. The primary intrusion detection agents 
are installed in any node of the network. The proposed 
mechanism comes into effect after an intrusion is detected or 
some node is being suspected of being an intruder. Here 
rather than purging the intruder out of the network 
immediately after an attacker has intruded into the network 
directly as in conventional intrusion detection systems, the 
model proposed is interested in dealing with the intruder if it 
is suspected to be such.  
     Fig.2. below shows the operational flow diagram of 
proposed intrusion tackling model. The intrusion database 
could be stored in any of the devices with enormous storage 
space or could be partially maintained by each of the nodes. 
Here each of the node serves as intrusion tackler for its 
neighboring nodes. 

 
Fig. 2. Operational flow diagram of intrusion tackling model 

 
    The main goal of bringing out our model is to maximize or 
save the utilization of the network resources by applying the 
burden of transmission of packets on a rogue entity. If the 
rogue entity denies to render service, the proposed intrusion 
tackling model purges the intruder out from the network, and 
this is how our proposed mechanism deals with an intruder in 
a wireless mesh network setting by game theoretic approach 
which is mathematically modelled and is realized by 
implementing in MATLAB [15]. 

     There are mainly two phases in the approach of intrusion 
tackling. The first phase is tackling intruders based on game 
theoretic technique and second phase is detecting intruder 
by marking and taking a decision which is a part of intruder 
tackling model which is achieved using Wireless multi-hop 
acknowledgement algorithm.  

A. Strategy Initiation to put forth a Competition by game 
theoretic technique 
Game theory [13], [14] can be characterized as measurable 
model to investigate the association between the gatherings 
of players who act deliberately. Fig.3. below shows our 
proposed intrusion tackling model for handling intruders 
where two players are considered Player_1 who is 
source/target victim mesh node and Player_2 is 
intruder/attacker with a bad intention performing selective 
forwarding of packets and whose aim is to damage to whole 
network by degrading the payoff player_1. 
 

 
Fig. 3. Mathematical model of our intrusion tackling 

mechanism consisting of two players S and A. 
 
Before presenting the mathematical model of our approach. 
Table I gives an overview of the notations used in the 
mathematical equations leading to the formulation of 
mathematical model represented as resultant payoffs in form 
of utility functions of source node and attacker node.  
 

TABLE I. BASIC NOTATIONS AND THEIR MEANINGS IN 
INTRUSION TACKLING MODEL 

 
Notatio

n Meaning 

pi Probability to defend the ith node in the 
network 

vi Intermediate mesh node 
Vi-1 Upstream mesh node 
Vi+1 Downstream mesh node 
µ Packet arrival rate 
Esd Energy spent for utility cost 
Er Remaining energy 
α constant 
pa Probability of transmitting packets via 

Player_2 
pd Probability of direct transmission of packets  
qf Forwarding probability 
qd Probability of dropping the packet 
Pt Points received 
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        Assuming or we shall assign probability pi for defending 
ith node in the network. Total probability of defending all N 
nodes is ∑i=1

N  pi. The energy utilized for utility metric cost is 
given as: Esd= ∑i=1

N  pi. 

    The pending energy is given by: Er= 1- Esd where Esd <=1. The 
motive here is energy that attacker utilizes to cause havoc to 
the network should be greater than the energy spent by the 
victim.  
    The game possess 4 states in the form (m,n), where m 
denotes the transmitting buffer of source node i.e., Player_1 
and n denotes the discarding pool buffer of attacker/intruder 
node i.e., Player_2. Here m will possess a value of 1, when 
there is a packet to transmit on the transmitting buffer of 
player_1 and n will take values of 0 or d depending on 
packets being dropped or not. Let µ be the rate of arrival of 
packets at the transmitting buffer of source node and it is 
assumed to happen at a fast rate. The possible four states 
possessed by the game are as follows: g1=(0,0), g2=(0,d), 
g3=(1,0), g4=(1,d).  
    This being a stochastic model we need to compute 
transition probabilities from one state to another, that is 
computation of current state given previous state and 
computation of future state knowing past and current state 
with different probabilities that multiplied by utilities of 
source and attacker which are their individual payoffs 
formulated from their individual random strategic sets of 
forwarding/dropping behavior we compute the model. 
    When there is a packet in sending buffer of Player_1, 
possible transition probabilities of states of game involving 
mixed strategies: 
P(m, n)(m+i, n)(x) = (1- µ) (pd + pa qf) ;if i= -1,  n=0 
                          (1- µ) (pa qd)       ;if i= -1,  n=d 
                           µ (pd + paqf )       ;if i=  0,   n=0 
                             µ( pa qd)           ;if i=  0,   n=d 
   When there is no packet in sending buffer of Player_1, 
possible transition probabilities of states of game involving 
mixed strategies: 
P(m,n) (m+i,n)(x) = (1- µ) ; if i=0, n=0 
                             µ    ;  if i=1,n=d 
where, µ is the rate of arrival of packets in the transmitting 
buffer and x is the mixed strategies of two players. 
   The payoff of Player_1 is S1= {S1,S2} which implies that 
player_1 sends the packets directly to destination D (S1) or via 
A (S2). Mixed strategies where strategies are deployed 
randomly with a unknown probabilities is denoted by x 
correlated to S1 are πs (S1,S2) = (pd, pa), where pd + pa =1. On the 
same lines the strategy set for Player_2(attacker node) 
relates to A2 are πa (a1, a2) = (qf , qd) where qf + qd = 1. Here qd = 
probability of dropping the packet. Hence, (πs, πa ) = (pd , pa , qf 

, qd ). 
    The destination node yields utility in the form of profit or 
points to source S for the transmitted packet. When source 
node S routes packets along the path S→D, node S procures 
some points as utility of Ptd from D. When S routes packets 
through A, it procures modified points replaying packets and 
procures points Ptd from D and gives A points or 
reward/benefit to stay in network of Ptsa.. If S doesn’t procure 
any points/reward from D for the transmitted packet, it 
signifies the packet didn’t get transmitted successfully to D. 

For each transmission of packets in a wireless medium from 
intermediate node to downstream node will cause an energy 
exhaustion of E vi Vi+1. Hence based on the energy exhausted 
and rewards procured the source/victim and attacker nodes S 
and A will sustain with the following net utility functions:  
 
Us= Ptd – Esd ;           S forwards packets directly to D 
       Ptd – Ptsa – Esa ;   S forwards packets to D via A. 
       -Ptsa – Esa ;          node A drops the packet. 
 
If (-Ptsa – Esa ) < (Ptd – Esd) < (Ptd – Ptsa – Esa ), the utility of S 
decreases if A performs dropping of packets compares to 
utility it procures when a packet is routed to D directly. 
 
Ua = Ptsa – Ead ;  A forwards the packet to D. 
            Ptsa + β;     node A drops the packet.  
 
Where β is the profit gained by node A. If (Ptsa – Ead) < (Ptsa + 
β), the utility procured from discarding the data packet is 
greater than the utility procured from S for forwarding the 
packet. 
    The overall utility can be calculated from the equations 
below which is result of product of probabilities and the 
payoffs representing the strategic moves which are random. 
Based on these two equations formulated results are 
obtained in MATLAB. 
 
Us(x) = µ(1-µpaqd){pd(Ptd – Esd) + pa(qf(Ptd – Ptsa – Esa) + qd(-Ptsa – 
Esa)) + µ²paqd{pd(Ptd – Esa) + pa(qf(Ptd – Ptsa – Esa) + pa(qf(Ptd – 
Ptsa – Esa)) + pa(qd(-Ptsa –Esa))} 
 
Ua(x)= µ(1-µpaqd){pa(qf(Ptsa – Ead) + qd(Ptsa + β))} + 
µ²paqd{pa(qf(Ptsa – Ead))} + µ²paqd(paqd(Ptsa + β)) 
 
 

B. Multi-hop acknowledgement based algorithm for 
malicious node(s) detection 
The model proposed comes into picture once the intrusion 
event happens and not prior to the intrusion event. Now 
question is how to identify the intruder? For this question, a 
multi-hop acknowledgement algorithm is proposed to detect 
malicious nodes acting as intruders by analyzing their 
behaviors which are carrying out selective forwarding attacks. 
This algorithm marks the intruder by hop-by-hop loss 
observation and traffic overhearing mechanisms. 
 
Algorithm: 
Parameters: vi-1 (downstream node), vi (Intermediate node), 
vi+1(Upstream node). 
Do 
Begin 
Initailize  
Packet counter =0; 
vi+1 ← vi-1 

Update vi+1 

Packet counter←packet sequence number +1; 
Packet counter++; 
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For packet sequence number=0; packet sequence 
number<toal number of packets received; packet sequence 
number++ 
Begin 
Delay (link_ACK+packet_Arrival_Time) 
End for 
Forward: vi to vi+1; 

While (packet sequence number==NULL) 
End do while 
 
At the Upstream Node: Buffering & overhearing of 
downstream traffic 
Overhears the traffic going to downstream node & makes a 
decision by making simple analysis. 
Operations:  
Packet is relayed to downstream traffic by Mesh Router at 
the Upstream Node 
 
Upstream node  
• Buffer ACK & Overhears downstream traffic  
• Check whether downstream node forwarded or 
tampered with traffic by computing MAC over the packet 
header+ payload. 
 
At the Downstream Node: 
 The actual MARKING & DECISION MAKING is done at the 
downstream node. 
 The downstream nodes maintain 2 parameters. 
They are: 
• Propability of ACK - PAck 
• Propability of no ACK (NACK),PNAck 
• The probability of ACK(PAck)=1- PNAck 
• PNAck is computed as (nt + nd)/nf 
Where nt=no of tampered packets 
Nd= no of dropped packets 
Nf=total number of forwarded packets 
   Two packets namely PROBE packet & PROBE_ACK are used 
to detect the malicious routers in the data path. 
 
Decision: 
  The opinion of the downstream node is calculated as 
follows: 
• If (PNAck>tm)=malicious behaviour 
• If (PNAck<tm) =normal behaviour where tm is the 
monitoring threshold which carries values between ‘0’ & ‘1’.  
              The behaviour of the node is calculated by 
determining the loss rate of the packets       over the link vi to 
vi+1. It is calculated using the formula: 
• If (Lvi→vi+1>tl) malicious behaviour is detected. 
• If (Lvi→vi+1<tl) Normal behaviour is detected. 
   Where tl is the loss rate threshold that can take any value 
between ‘0’ & ‘1’. 
The algorithm will detect the malicious behaviour with higher 
propability with the lower value of tl & tm. 

 

IV. RESULTS AND DISCUSSION 

A. Plots of utility of source node/attacker mesh node 
vs dropping probability of packets (qd) sent directly from 
Source node to destination node. 
 
Case1: When dropping probability of packets (pd) is 0.8 and 
forwarding probability of packets by attacker mesh node (pa) 
is 0.2 

 
Fig.4. Enhancing the utilities of S as a function of drop 

probabilities of qd when pd =0.8 and pa=0.2 
 
Case2: When dropping probability of packets (pd) is 0.6 and 
forwarding probability of packets by attacker mesh node (pa) 
is 0.4 

 
Fig.5. Enhancing the utilities of A and degrading the utilities 
of S as a function of drop probabilities of qd when pd =0.6 
and pa=0.4 

 
Case3: When dropping probability of packets (pd) is 0.4 and 

forwarding probability of packets by attacker mesh node (pa) 
is 0.6 
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Fig.6. Enhancing the utilities of A and decreasing utilities of S 

as a function of drop probabilities of qd when pd =0.4 and 
pa=0.6 

 
 

Case4: When dropping probability of packets (pd) is 0.2 and 
forwarding probability of packets by attacker mesh node (pa) 

is 0.8. 

 
Fig.7. Enhancing the utilities of A and decreasing the utilities 

of S as a function of drop probabilities of qd when pd =0.2 
and pa=0.8 

 
Case5: When dropping probability of packets (pd) is 0 and 

forwarding probability of packets by attacker mesh node (pa) 
is 1 

 

 
Fig.8. Enhancing the utilities of A and degrading the utilities 
of S as a function of drop probabilities of qd when pd =0 and 

pa=1 

 
 
B. Plots of utility of source node/attacker mesh node 
vs transmitting probability of packets (pa) sent via 
Attacker/Player2 from Source node to destination node. 
 
Case6: When probability of forwarding the packets (qf) =1 is 
maximum and probability of dropping the packets (qd) =0 is 
minimum transmitted via Player2/Attacker 

 
Fig.9. Enhancing the utilities of S and A as a function of 

forward probabilities pa 
when qf=1 and qd=0 

 
Case7: When probability of forwarding the packets (qf) =0.75 

and probability of dropping the packets (qd) =0.25 
transmitted via Player2/Attacker 

 
Fig.10. Enhancing the utilities of S and A as a function of 

forward probabilities pa 
When qf=0.75 and qd=0.25 

 
Case8: When both the probabilities of forwarding the packets 
(qf) =0.5 and probability of dropping the packets (qd) =0.5 
transmitted via Player2/Attacker are equal. 
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Fig.11. Enhancing the utility of A and degrading the utility of S 
as a function of forwarding probabilities of pa when qd =0.5 

and qf=0.5 
 
Case9: When probability of forwarding the packets (qf) =0.25 
and probability of dropping the packets (qd) =0.75 
transmitted via Player2/Attacker 

 
Fig.12. Enhancing the utilities of A and decreasing the utility 
of S as a function of forwarding probabilities when qf =0.25 
and qd=0.75 
 
 
Case10: When probability of forwarding the packets (qf) =0 is 
minimum and probability of dropping the packets (qd) =1 is 

maximum transmitted via Player2/Attacker 

 
Fig. 13. Enhancing the utility of A and degrading the utility of 
S as a function of forwarding probabilities of qd when qf =0 

and qd=1 

V. CONCLUSION AND FUTURE WORK 

     The game theoretic analysis was carried out for tackling 
intruders in a Wireless Mesh Network setting using MATLAB 
programming. The game theoretic analysis was carried out by 
mathematical modelling of utility functions of source/victim 

node and attacker nodes. In general, the results shows that 
the Player_1(source) sending packets in the setting wins 
when packets are forwarded even when packets are routed 
through attacker and as dropping probability player_1 
increases chances of it winning decreases measured by 
performance metric like utility function. Player_2 (attacker) 
wins when packets are dropped when packets are routed 
through it. The considered game setting is a non-cooperative 
game where moves of individual of two players are random in 
nature i.e. mixed in nature. MATLAB plots were used to 
realize the same for mathematical and programming aspects.  
   As a future scope of work this model could be applied to a 
case colluding intruders performing selective forwarding 
attacks and mathematical model could be developed on the 
same lines. The model could not fit well with other Mobile 
Adhoc Networks (MANET’s) like Wireless Sensor Networks 
(WSNs). But Mesh networks could fit with futuristic 
networking technologies like Ubiquitous 
Computing/Pervasive Computing, Cloud Computing and 
Internet of Things (IOT) where there is a way for humans and 
machines to communicate through smart sensors and 
deployment of machine intelligence for devices in Netcnetric 
Operations. It can be applied as game of netcnetric warfare of 
swarm of UAVs (Unmanned Aerial Vehicles) in a data centric 
routing environment. For detecting of intruders anomalously, 
machine learning algorithms could be applied and adversarial 
search could be performed using artificial intelligence 
algorithms for game theory. 
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Abstract—This paper proposes a simple, cost-effective, and efficient renewable energy based water pumping system. A zeta 
converter is utilized as a DC-DC converter which extracts maximum power coming out from solar PV array.  The soft starting 
of BLDC motor can be achieved by the control of zeta converter by incremental conductance maximum power point tracking 
(INC-MPPT). Sliding mode controller is employed to provide an accurate maximum power point tracking of photovoltaic 
systems using single control stage. Sensorless control of BLDC motor is employed for high efficiency and high reliability 
operation. Adaptive commutation error compensation strategy for the sensor less brushless DC (BLDC) motor is employed 
based on the flux linkage function. The results of the proposed system through simulation results are shown using 
MATLAB/Simulink software 
 
Index Terms— Brushless dc (BLDC) motor, incremental conductance maximum power point tracking (INC-MPPT), Sliding Mode 
Controller (SMC), solar photovoltaic (SPV) array, voltage-source inverter (VSI), zeta converter. 

 
I. INTRODUCTION 

 
    The reduction in the cost of power electronic devices in 
near future invites to use the solar photovoltaic generated 
electrical energy for various applications. The water pumping, 
a standalone application of the solar photovoltaic array-
generated electricity, is receiving wide attention nowadays 
for irrigation in the fields, household applications, and 
industrial use.  The zeta converter in association with a 
permanent-magnet brushless dc (BLDC) motor is found to be 
good technique to develop renewable energy based water 
pumping system. The zeta converter has been used in some 
other SPV-based applications [1]–[3]. Moreover, a topology of 
SPV array-fed BLDC motor-driven water pump with zeta 
converter has been reported and its significance has been 
presented more or less in [4]. Nonetheless, an experimental 
validation is missing and the absence of extensive literature 
review and comparison with the existing topologies has 
concealed the technical contribution and originality of the 
reported work. The advantages of both zeta converter and 
BLDC motor can contribute to develop a Solar PV array-fed 
water pumping system possessing a potential of operating 
satisfactorily under dynamically changing atmospheric 
conditions. The BLDC motor has high efficiency, high 
reliability, high inertia/torque ratio, low radio frequency 
interference and noise, improved cooling, and requires 
practically very less maintenance [5].  
 
  A zeta converter exhibits the following advantages over the 
conventional buck, boost, buck–boost converters, and Cuk 

converter when employed in SPV-based applications. 
Belonging to a family of buck–boost converters, the zeta 
converter may be operated either to increase or to decrease 
the output voltage. Unlike a classical buck-boost converter 
[10], the zeta converter has a continuous output current. The 
output inductor makes the current continuous and ripples 
free. 

 
Fig .1.Block diagram of SPV-fed BLDC (with hall sensor) 

motor- driven   water pumping system 
 
     In contrast to PWM based MPPT, we propose                           
sliding- mode controlled MPPT. The sliding mode facilitates 
operation as either a voltage-source or a current source, thus, 
it guarantees stability all across   the photovoltaic curve—
from short-circuit to open-circuit. The implementation of the 
SMC control is simple and requires inexpensive hardware.  
Sliding-mode control theory has been introduced in this 
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paper. This controller is aimed at performing a fast MPPT 
action on PV systems using a single control stage.  Since this 
solution is based on a non-linear model, no linearization 
process is needed. Hence this approach avoids the circular 
dependency among cascade controllers, reduces the number 
of control devices and provides global stability in all the 
operation range. These characteristics are major 
improvements over classical maximum power point tracking 
solutions based on linear and cascade controllers. The SMC 
provides a much faster tracking of the MPP, it increasing the 
produced energy. Therefore, the proposed SMC enables to 
increment the profitability of PV installations, and hence the 
return-of-investment time is reduced. Finally, a further 
improvement to the sliding mode controller could be 
performed in a future work to improve the performance of 
the SMC operation. This fresh development will enable to 
constraint the hysteresis band of the sliding mode controller, 
which will eventually enable to reduce the settling time of the 
PV power to achieve a faster MPPT procedure. 
 

 
 
        Fig.2. Block diagram of the SMC and PV system 
 
 
   An incremental conductance maximum power point 
tracking (INC-MPPT) algorithm is used to operate the zeta 
converter such that the SPV array always operates at its 
maximum power point (MPP).  
 
 II.CONFIGURATION OF PROPOSED SYSTEM 
 
    The structure of proposed renewable energy based water 
pumping system employing a zeta converter is shown in 
Figure 1. The proposed system consists of (left to right) a 
Solar PV array, a zeta converter, a VSI, a BLDC motor and a 
water pump. Sensorless control of BLDC motor, INC-MPPT 
and SMC controller are employed. Sensorless BLDC motor 
control block diagram is shown in figure 3. 
 
 
III.OPERATION OF PROPOSED SYSTEM 
 
     The SPV array generates the electrical power demanded by 
motor-pump. This electrical power is fed to the motor-pump 

via a zeta converter and a VSI. The SPV array appears as a 
power source for the zeta converter as shown in Figure 1. In 
ideal case the zeta converter output is same as the output 
coming out from solar PV array which appears as an input 
source for the VSI. In practice, due to the various losses 
associated with a DC-DC converter, slightly less amount of 
power is transferred to feed the VSI. The INC-MPPT algorithm 
uses voltage and current as feedback from solar PV array and 
generates an optimum value of duty cycle. Further, it 
generates actual switching pulse by comparing the duty cycle 
with a high frequency carrier wave. In this way, the maximum 
power extraction and hence the efficiency optimization of 
SPV array is accomplished. Sliding mode controller is 
employed to track the maximum power point fast and 
accurate. 
 
    The VSI, converting DC output from a zeta converter into 
AC, feeds the BLDC motor to drive a water pump coupled to 
its shaft. An adaptive commutation error compensation 
strategy for the sensorless brushless DC (BLDC) motor based 
on the flux linkage function. The efficiency of the proposed 
system is improved and high frequency switching losses are 
eliminated. 
 
 
 Brushless motors are more efficient as its velocity is 
determined by the frequency at which current is supplied, 
not the voltage. 
 As brushes are absent, the mechanical energy loss due to 
friction is less which enhanced efficiency. 
 BLDC motor can operate at high-speed under any 
condition. 
 

 
 
Fig.3.Sensorless BLDC motor control block diagram 

A. Design of Zeta Converter: 
     The zeta converter design consists of an estimation of 
various components such as input inductor L1, output 
inductor L2 and intermediate capacitor C1. These components 
are designed such that the zeta converter always operates in 
CCM resulting in reduced stress on its components and 
devices. An estimation of the duty cycle, D initiates the design 
of zeta converter which is estimated as [6], 
                              
                   𝐷 = Vdc 

Vdc+𝑉𝑚𝑝𝑝
                                         (1)                                              
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Where, Vdc is an average value of output voltage of the Zeta 
converter (DC link voltage of VSI) equal to DC voltage rating 
of BLDC motor. 
 
 
Average current flowing through the dc link of VSI is given by 
                           
       𝐼𝑑𝑐 = Pmpp 

Vdc
                                       (2) 

 
L1, L2 and C1 are estimated as [6], 
 
                                𝐿1 = 𝐷 ∗ 𝑉𝑚𝑝𝑝

𝑓𝑠𝑤∗∆𝐼𝐿1
                         (3)                        

 
                                𝐿2 = (1 − 𝐷) ∗ 𝑉𝑑𝑐

𝑓𝑠𝑤∗∆𝐼𝐿2
               (4)                            

 
                     
                                𝐶1 = 𝐷∗𝑉𝑑𝑐

𝑓𝑠𝑤∗∆𝑉𝐶1
                               (5)                                        

  
Where fsw is the switching frequency of IGBT switch of zeta 
converter, ∆𝐼𝐿1 is the amount of permitted  ripple in the 
current flowing through L1 ,same as 𝐼𝐿1=Impp, , ∆𝐼𝐿2 is the 
amount of permitted  ripple in the current flowing through 
L2,same 𝐼𝐿2=Idc, , ∆𝑉𝐶1 is the amount of permitted  ripple in 
the voltage across C1,same as 𝑉𝐶1= 𝑉𝑑𝑐. 
 
B. Design of solar PV 
 
     The practical converters associated with various power 
losses and the performance of BLDC motor pump is 
influenced by associated mechanical and electrical losses. To 
compensate these losses, the size of solar PV array is selected 
with slightly more peak power capacity to ensure the 
satisfactory operation regardless of power losses. 
 
 
Under STC (1000 W/m², 25°C) 
 

𝑃𝑚𝑝𝑝 = 3266 𝑊 
 

𝑉𝑚𝑝𝑝 = 185.4 𝑉 
 
 
The current of solar PV array at MPP, 
 
                𝐼𝑚𝑝𝑝 = 𝑃𝑚𝑝𝑝

𝑉𝑚𝑝𝑝
= 3266

185.4
= 17.61 𝐴                  (6) 

 
 
Number of modules required to connect in series are as, 
 
 
                       𝑁𝑠 = 𝑉𝑚𝑝𝑝

𝑉𝑚
= 185.4

30.9
= 6                           (7)                                                              

Number of modules required to connect in parallel are as, 
 
                       𝑁𝑝 = 𝐼𝑚𝑝𝑝

𝐼𝑚
= 17.61

8.81
= 2                           (8) 

 

IV. CONTROL OF PROPOSED SYSTEM: 
 
A. INC MPPT Algorithm and SMC 
 
         An efficient and commonly used INC-MPPT technique  
(fig.3) in various Solar PV array based applications are utilized 
in order to optimize the power available from a Solar PV array 
and to facilitate a soft starting of BLDC motor. This technique 
allows perturbation in either the duty cycle or solar PV array 
voltage. The earlier application uses a PI (Proportional-
Integral) controller to generate a duty cycle [8] for the zeta 
converter, which increases the complexity.  
 
 

 
    
             Fig.4. Flow chart of INC-MPPT method 
 
 
     Hence, the direct duty cycle control is adapted in this 
work. Sliding mode controller is employed to provide a fast 
and accurate maximum power point tracking of PV using 
single stage control. 
 
B.  Sensorless control of BLDC Motor 
 
  In general the BLDC motor with hall sensor is controlled 
using a VSI operated through an electronic commutation of 
BLDC motor. An electronic commutation of BLDC motor 
stands for commutating the currents flowing through its 
windings in a predefined sequence in decoder logic. It 
symmetrically places the DC input current at the centre of 
each phasor voltage for 120°. Depending upon the various 
possible combinations of three Hall-effect signals six 
switching pulses are generated. These three Hall-effect 
signals are produced by an inbuilt encoder according t the 
rotor position. A unique combination of Hall-effect signals is 
produced for each specific range of rotor position at an 
interval of 60°[5]. The generation of six switching states with 
the estimation of rotor position is done. It is perceptible that 
only two switches conduct at a time, resulting in 120º 
conduction mode of operation of voltage source inverter and 
hence the reduced conduction losses.  
 
      In traditional sensorless control strategy, a deep low pass 
filter is usually used to obtain the BLDC motor rotor position 
signal from the high frequency interference. However, the 
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delayed angle caused by the low pass filter may be more than 
90 electrical degrees in the high speed range. Therefore, a 
novel sensorless control strategy based on the speed–
independent flux linkage function is proposed in this paper.  
 
 
V.  RESULTS AND DISCUSSION 
 
A. Zeta Converter output Results 
 
  Table I shows the zeta converter output parameters for 
different irradiance level i.e. (1000 W/m² and 800/m²) and 
the output power variation with SMC and without SMC is 
discussed. 
 
 
 Table I: Zeta converter output parameter values for different 
irradiance level 
 
where 
Vdc is the zeta converter output voltage in volts 
  Idc is the zeta converter output current in Amps     PMPP is the 
power at maximum power point in watts 
                       

 
 
    Vdc (v) vs Time(s) 

 
 
Fig.5.Zeta converter output voltage for 1000 W/m2 irradiance 
level (without SMC) 
 
                                                             
                              Vdc (v) vs Time(s) 

 
 

Fig.6.Zeta converter output voltage for 800 W/m2 irradiance 
level (without SMC) 
 
                             Vdc (v) vs Time(s) 

 
 
Fig.7. Zeta converter output voltage for 1000 W/m2 
irradiance level (with SMC)   
 
 
                             Vdc (v) vs Time(s) 

 
Fig.8. Zeta converter output voltage for 800 W/m2 irradiance 
level (with SMC) 
 
Figure 5 and 6 shows the output voltage of the zeta converter 
with SMC at different irradiance levels 1000 W/m2 and 800 
W/m2. 

Figure 7 and 8 shows the output voltage of the zeta converter 
without SMC at different irradiance levels 1000 W/m2 and 
800 W/m2. 
 
 
Motor specification 

Stator phase/phase resistance, Rs = 0.36 Ω;  

Stator phase/phase inductance, Ls= 1.3 mH;  

Torque constant, Kt = 0.49 Nm/Apeak;  

Voltage constant, Ke = 51 Vpeak L-L/krpm; 

 Rated current, IS rated = 18.9 A;  

Rated torque, T rated = 9.2 Nm;  

Rated speed, N rated = 3000 rpm ;   

No. of poles, P = 6;  

Moment of inertia, J = 17.5 kg.cm2;  

Proportionality constant, K = 9.32*10-5. 

 
 

 
PARAMETERS 

WITHOUT SMC WITH SMC 
IRRADIANCE 

(W/m2) 
IRRADIANCE 

(W/m2) 
1000 800 1000 800 

Vdc (V) 172.2 171.6 175.6 174.3 
Idc (A) 15.9 14.1 16.8 14.8 

PMPP (W) 2742 2418 2955 2581 
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B. Solar PV characteristics plot 
 

 
 
  Fig.9.Solar photovoltaic PV and IV characteristics  
 
Figure 9 shows the solar photovoltaic PV and IV 
characteristics of the proposed system. 
 
 
C. Simulation Results for BLDC motor pump 
 
 

 
 
Fig.10. BLDC motor output waveform of Stator current (ia) 
and back emf (ea) 
 
                                   
 
 

                                 Te(Nm) vs Time(s) 

 
 
Fig.11.BLDC motor output waveform of electro-magnetic 
torque (Nm) 
 
                   Rotor speed N (rpm) vs Time(s) 

 
Fig.12. BLDC motor output waveform of speed N(rpm) 
 
VI. CONCLUSION 
        The Renewable energy based water pumping system has 
been proposed and results are simulated using MATLAB 
software. The combination of zeta converter and BLDC motor 
has improved the performance of Solar PV array based water 
pumping system. The output voltage, current and power of 
zeta converter at different solar irradiance level has been 
compared with and without sliding mode controller (SMC). 
The MPP extraction of the Solar PV array has been achieved 
by the implementation of INC-MPPT algorithm and SMC. 
Sensorless control of BLDC motor is employed for high 
efficiency and high reliability operation. The performance 
characteristics of BLDC motor pump are simulated using 
MATLAB/Simulink software. 
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Abstract— This paper presents the development of a control approach for single phase Cascaded H-Bridge Multilevel Inverter 
(MLI) in the recent decade for high power and medium voltage energy control. The Selective Harmonic Elimination- Pulse 
Width Modulation (SHE-PWM) technique is being employed to reduce the lower order harmonics. Newton Raphson algorithm 
is used to calculate switching angles for a range of variation of the modulation rate for an symmetrical cascaded multilevel 
inverter control. Based on the simulation studies, performance of the nine level symmetrical cascaded H-bridge inverter is 
evaluated. Hence it is found that the cascaded MLI performs well with SHE PWM based on the switching angles determined 
from Newton Raphson algorithm. 
 
Index Terms — Symmetrical CHB multilevel inverter, Newton Raphson algorithm, SHE PWM, THD.  

 
I. INTRODUCTION  
 A multilevel inverter is more recent and popular type of 
power electronic converter that synthesizes a desired output 
voltage from several levels of dc voltages as inputs. If 
sufficient number of dc sources is used, a nearly sinusoidal 
voltage waveform can be synthesized. And it has an attractive 
solution for high power applications due to their better 
performance when compared to the two level inverter. There 
are three types, diode clamped multilevel inverter, flying 
capacitor type and cascaded multilevel inverter [1], [2]. 
When compare to diode clamped and flying capacitor type, 
the CHB inverter requires least number of components for 
achieve same number of voltage levels and there is no need of 
clamping diodes or capacitors. Hence the advantages can be 
summarized as low switching losses, low harmonic contents, 
low switching stresses, low electromagnetic interface and it 
has high system efficiency. 
There are several methods for the harmonic elimination , such 
as space vector modulation, sinusoidal pulse width 
modulation, pulse width modulation ,selective harmonic 
eliminated pulse width modulation , among all the PWM 
techniques the SHEPWM is used to achieve minimum 
harmonic and THD. In harmonic elimination, the higher order 
harmonics are eliminated by using various LC filters. But the 
main Focus study is to reduce the lower order harmonics. It 
can be eliminated by selecting the appropriate switching 
angles. These Switching angles can be chosen such that a 
desired fundamental output is generated and specifically 
chosen harmonics of the fundamental are suppressed. These 
angles are the solution of a set of nonlinear transcendental 

equations which are obtained using Fourier series function in 
terms of switching angles and harmonic contents. However, 
the solution of this set of nonlinear transcendental equations 
in real time is a big challenge [3], [4]. 
    This is done by various optimization Algorithms, like partial 
swarm optimization and symmetrical polynomial and 
resultant theory and model predictive method. In this paper, 
Newton Raphson Algorithm is used to reduce the lower order 
harmonics and to lower the THD value by using symmetrical 
CHB nine level inverter [5], [6]. This proposed method 
provides the better solution for practical applications. 
Generally, selective harmonic elimination (𝑆𝐻𝐸) technique of 
this system is employed to control the fundamental and 
remove the lower order harmonics ℎ5,ℎ7 and h11. This is 
done by using Newton-Raphson iteration and this algorithm 
which depend on initial values for 𝜃1, 𝜃2, 𝜃3 and 𝜃4 then 
continue until reaching the exact values.  While maintaining 
the fundamental component, in order to generate an 
optimum stepped output waveform. And these analytical 
results are validated through the simulation. 
        This paper is organized as follows. Section 2 describes 
both power topology of symmetrical CHB inverter. In section 
3 newton Raphson optimization is explained. Simulation 
results are explained in section 4. Finally, the concluding the 
remarks are drawn in section 6. 

II. POWER TOPOLOGY OF SYMMETRICAL CHB MULTILEVEL INVERTER 
As the name suggests, the cascaded H-bridge multilevel 
inverter uses multiple units of H-bridge power cells 
connected in a series chain to produce high ac voltages. In 
symmetrical cascaded multilevel inverter, where the DC-link 
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voltages of HBs are identical. The number of output levels is 
normalized by 
                          N=2h+1, h: number of H-Bridge                  (1)  
When h=4,  
             The N=2(4)+1=9 for Vdc1=Vdc2=Vdc3=Vdc4=E. 
The total number of active switches (IGBTs) used in the CHB 
inverters can be calculated by 
                           Nsw = 6(N– 1) N: number of output level     (2) 
A typical configuration of a nine-level CHB inverter is shown in 
figure 1. 
 

 
Fig.1 Single phase Symmetrical Cascaded 9-level inverter 

 
The CHB inverter introduced above can be extended to any 
number of voltage levels. 
The CHB inverter in Fig. 1 can produce a phase voltage with 
nine voltage levels. When switches K1, K4, K5, K8, K9, K12,  
K13 and K16 conduct, the output voltage of the H-bridge cells 
H1,H2,H3 and H4 is Vdc1=Vdc2=Vdc3=Vdc4=E, and the 
resultant inverter phase voltage is vAO = vH1 + vH2+VH3+VH4 
= 4E, which is the voltage at the inverter terminal A with 
respect to the inverter neutral O. Similarly, with K2, K3, K6, 
K7, K10, K11, K14 and K15 switched on, VAO = –4E. The other 
voltage levels are 3E, 2E, E, 0, and –3E, -2E, -E. which 
correspond to various switching states[9], [10]. It is worth 
noting that the inverter phase voltage VAO may not 
necessarily equal the load phase voltage VAO, which is the 
voltage at node A with respect to the load neutral O. 
 

III. HARMONIC ELIMINATION BASED ON NEWTON RAPHSON 
ALGORITHM 
The staircase output voltage waveform as shown in figure 2. 
Using this waveform the selective harmonic elimination 
technique is applied. The problem is to find appropriate 
switching angles like θ1, θ2, θ3 … θp . Hence non-triplen odd 
harmonics can be eliminated and finally we get the 
fundamental output voltage. 
 

 
 

Fig.2 Output voltage waveform for multilevel inverter 
 

The fourier series expansion of the output voltage Vao as 
shown in figure 2 can be written as, 
        
         f(𝜔𝑡)=4/𝜋∫0

π/2 𝑉𝐴𝑂(𝜔𝑡) 𝑑𝜔𝑡 , for odd n                        (3) 
                  An=0,  for even n                                                  (4) 
              Bn=0,  For all n                                                             (5) 
              f(𝜔𝑡)=∑ 𝐴𝑛 sin (𝑛𝑤𝑡)∞

𝑛=1                                              (6) 
 
The magnitude of the nth harmonic order respectively, such 
as  
          An=4𝐸

𝑛𝜋
∑ cos(nθi)𝑝
𝑖=1                                                        (7) 

 
For N-level, in the staircase output voltage waveform, the 
number of the switching angles p to be calculated is given by 
              P= 𝑁−1

2
                                                                               (8) 

Here, N=9; the number of harmonics eliminated is equal to (p-
1)=3. 
When the maximum fundamental voltage is obtained at all 
the switching angle is zero. 
In case, 
        A1max= 4p/π.Vdc1= 16/π .E                                         (9) 
     The fundamental component of the output voltage is 
controlled as a desired value and the lower order harmonics 
are eliminated as much as possible. The triplen harmonics will 
be automatically eliminated in a three phase- three wire 
system. In fact, p switching angles are determined by imposing 
the amplitude of the fundamental component and eliminate 
the (p-1) harmonics.  
      In our case, the four switching angles (θ1, θ2, θ3 and θ4) 
must be determined to eliminate the first three odd harmonic 
components (5th, 7th and 11th order). One solution approach 
for sets of nonlinear transcendental equations (10) is by 
applying an iterative method based one Newton Raphson 
algorithm. 

VA0=4𝐸
𝑛𝜋
∑ cos(nθi)∞
𝑛=1,3,5,..  

F1=cos(θ1) + cos(θ2)  + cos(θ3) + cos(θ4) = rπ 
F2= cos(5θ1) + cos(5θ2 ) + cos(5θ3) + cos(5θ4) = 0 
F3= cos(7θ1) + cos(7θ2) + cos(7θ3) + cos(7θ4) = 0 
F4= cos(11θ1) + cos(11θ2) + cos(11θ3) + cos(11θ4) = 0                           
(10) 
 
  Where, r= modulation rate = 𝐴1

𝑝𝐸
                                                      

(11) 
The Newton Raphson(N-R) method is one of the fastest 
iterative methods. Here, the N-R is used in Matlab to solve 
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the set of transcendental equations in (10), and the following 
matrices are implemented. 
The switching angle matrix, 

               θj=

⎣
⎢
⎢
⎢
⎡

 

𝜃1
𝑗

𝜃2
𝑗

𝜃3
𝑗

𝜃4
𝑗  ⎦
⎥
⎥
⎥
⎤

                                                                                             

(12)                                                                                
The nonlinear matrix, 
F(θ)= 

⎣
⎢
⎢
⎡
 

𝑐𝑜𝑠(𝜃1)     𝑐𝑜𝑠(𝜃2)  𝑐𝑜𝑠(𝜃3)        𝑐𝑜𝑠(𝜃4) 
𝑐𝑜𝑠(5𝜃1)       𝑐𝑜𝑠(5𝜃2)       𝑐𝑜𝑠(5𝜃3) 𝑐𝑜𝑠(5𝜃4) 
𝑐𝑜𝑠(7𝜃1) 𝑐𝑜𝑠(7𝜃2) 𝑐𝑜𝑠(7𝜃3) 𝑐𝑜𝑠(7𝜃4)
𝑐𝑜𝑠(11𝜃1)  𝑐𝑜𝑠(11𝜃2)  𝑐𝑜𝑠(11𝜃3)  𝑐𝑜𝑠(11𝜃4)  ⎦

⎥
⎥
⎤
     

(13) 
 
And, 𝜕𝐹

𝜕𝜃
  is, 

=

� 

−𝑠𝑖𝑛(𝜃1𝑗) −𝑠𝑖𝑛(𝜃2𝑗) −𝑠𝑖𝑛(𝜃3𝑗) −sin(θ4j)
−5𝑠𝑖𝑛(5𝜃1𝑗) −5sin(5θ1j) −5sin(5θ3j) −5sin(5θ4j)
−7𝑠𝑖𝑛(7𝜃1𝑗) −7𝑠𝑖𝑛(7𝜃2𝑗) −7𝑠𝑖𝑛(7𝜃3𝑗) −7𝑠𝑖𝑛(7𝜃4𝑗) 

 −11sin(11θ1j −11sin(11θ2j −11sin(11θ3j) −11sin(11θ4j)

� 

 
The corresponding harmonic amplitude matrix, 

                                       T=� 

𝑟𝜋
0
0
0 

�                                                             

(14) 
        Generally, equation (7) can be written: 
                          (𝜃) = 𝑇                                            (15) 
By using matrices (11) to (15) and the Newton_Raphson 
method, the statement of the algorithm is shown as follows: 
 
-Guess a set of initial values for θj with j=0 

               θ0=

⎣
⎢
⎢
⎢
⎡
 

𝜃10

𝜃20

𝜃30

𝜃40 ⎦
⎥
⎥
⎥
⎤
                                                                                       

(16) 
 
-calculate the value of F(θ0)=F0                                    (17) 
 
-Linearize equation (10) about θ0 
       𝐹0 + [𝜕𝐹 /𝜕𝜃]0 𝑑𝜃0 = 𝑇                                                              
(18) 
And, 

          dθ0=

⎣
⎢
⎢
⎢
⎡
 

𝑑𝜃10

𝑑𝜃20

𝑑𝜃30

𝑑𝜃40 ⎦
⎥
⎥
⎥
⎤
                                                                                       

(19) 
-Solve dθ0 from equation (18) 
            dθ0=INV[𝜕𝐹/𝜕𝜃]0 (T-F0)                                            (20) 
 
   - As updated the initial values, 
𝜃𝑗+1 =𝜃𝑗+ 𝑑𝜃𝑗                                                                            (21) 

Repeat the process for equations (15) to (19),until dθj is 
satisfied to the desired degree of accuracy, and    the solutions 
must satisfy the condition: 
          
             𝜃1 <𝜃2 <𝜃3 <𝜃4 < 𝜋

2
                                                           (22) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

IV. SIMULATION RESULTS 
By using MATLAB simulation, the nine level cascaded H-Bridge 
inverter is simulated and the simulation results are without 
using any optimization technique. For this condition we get a 
THD profile as shown in figure 4. Finally, using MATLAB 
program for N-R technique returns all the possible values of r. 
here, r is modulation rate, which is varied from 0.826 to 1.0. 
This optimal range is used to eliminate the 5, 7 and 11th 
harmonics.  
The THD is defined by, 

          THD (%) = 100*(1/A1)* �∑ 𝐴𝑛2∞
𝑛=3,5,7..              (23) 

The best angle values are therefore the ones leading to the 
lowest THD. The THD is a quantifiable expression for 
determining how much the signal has been distorted. The 
greater are the amplitudes of the harmonics, the greater are 
the distortions. 
Single phase symmetrical cascaded nine level inverter is used 
to drive the load such as the first H-Bridge inverter unit(HB1), 
second HB inverter unit(HB2), third HB inverter unit (HB3) and 
fourth HB inverter unit(HB4) Dc sources voltages are Vdc1= 
Vdc2 =Vdc3=Vdc4=100v, respectively. The modulation rate r is 
chosen is equal to 1, and the output frequeny is 50Hz. 
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Fig.4 MATLAB/Simulink model of single phase symmetrical 
nine level inverter 

Using N-R algorithm the switching angles  𝜃1 = 10.1⁰, 
𝜃2 = 22.140, 𝜃3 = 40.750,  𝜃4=61.75⁰.Which is used in the 
MATLAB Simulation diagram and the corresponding results 
are shown in figure.7. 
 

 
         Fig.5 Single phase nine elvel inverter output voltage wave 

form (VAO) for random switching angles 

 
 

Fig. 6 FFT analysis of nine level inverter output voltage 
waveform for random switching angles 

 
Fig.7 Single phase nine elvel inverter output voltage wave 

form (VAO) based on N-R Algorithm 

            
Fig.8 Pulse pattern for single phase symmetrical nine level 

inverter 

 
 

Fig.9 FFT analysis of the nine level output voltage 
waveform(VAO) based on N-R algorithm for r=1 

In Figure.7 and Figure.9   represent the nine level inverter 
output voltage and its FFT analysis. It reveals harmonics 5,7 
and 11th in entirely, reason why the THD is higher than that 
obtained based on N-R, hence an output voltage waveform 
represent a poor quality signal. In fact the higher harmonic 
range is shown in figure.6 which is explained the absence of 
the optimization technique in order to eliminate 5th, 7th and 
11th harmonics. However, figure 9, when N-R algorithm is 
applied, it is clearly identified that the 5th ,7th and 11th  

harmonics are completely eliminated, which explains the 
significant improvement in harmonic profile.  
From the spectrum analysis, it is inferred that the THD Newton 
Raphson based is 10.15% and the without using optimization 
technique has 15.83%. 
 
V. CONCLUSION 
This paper presented SHE PWM technique for single phase 9-
level symmetrical CHB multilevel inverter. With the 
symmetrical topology, the output quality can be improved 
with a lower THD. Using Newton Raphson method, the 
objectives are achieved by eliminating the 5th, 7th and 11th 
harmonics of the output voltage.  
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Abstract—This work propose a simple and versatile Rotor position computation algorithm (RPCA)for the Doubly fed induction 
generator (DFIG),here the rotor position is computed in a straight forward manner without the need for estimating the stator 
flux instead of estimating the stator magnetic flux using various technique the resolved components of the stator flux vector 
in the stationary reference frame are computed using analytical equivalents in terms of measurable stator and rotor  also it is 
not necessary to assume a constant grid or stator flux since the algorithm is flexible to allow for variations in the stator flux. 
 
Index Terms- Rotor position computation algorithm (RPCA), doubly fed induction generator (DFIG), maximum power point 
tracking (MPPT), power levelling, sensorless, wind energy conversion system (WECS). 

 

 

I. INTRODUCTION  
 

EARTH’s fossil energy resources such as oil, gas and coal are 
limited in production and are expected to use beyond their 
peak in the next decades, so the price of energy may continue 
to rise. Ever rising need of the energy in the future can be 
met by contributing more renewable energy sources. 
Renewable sources are climate-friendly because of the 
absence of detrimental emissions to the environment. Out of 
all renewable energy technologies, the wind energy is one of 
the lowest-priced because of advancements in power 
electronics. Fixed speed wind energy conversion systems 
(WECSs) using squirrel cage induction machines are mostly 
used because of their simplicity and low cost. From the wind 
turbine characteristics, one can clearly observe that for 
different wind speeds, the machine should run at different 
rotor speeds for achieving maximum power. As fixed speed 
induction generators (FSIG) are running at same speed for 
different wind speeds. FSIG are less efficient. As the stator is 
directly connected to the grid, these fixed speed generators 
draw large lagging reactive power. /Now a days, variable 
speed induction generators are used to run at desired speed 
using power electronic converters to improve the energy 
output substantially and also to achieve unity power factor. 
Doubly fed induction generator (DFIG) are the familiar type 
variable speed wind conversion system due to the use of 
small size power converter units and the use of single stage 
gear box is a good choice in terms of control and cost. Vector 
control methods have been successfully employed to control 
both active and reactive powers of DFIG independently Due 
to the intermittent nature of wind, the change in power 

generated by the wind turbine is very high. This problem 
prevails when the wind energy penetration increases in the 
grid. So many attempts have been made for reducing the 
volatile effect of wind power generation on the grid .Different 
strategies like tip speed ratio (TSR) control and Pref versus  
 
ωm are used for smoothening the wind power fluctuations. 
But in my concept, the power output was reduced because it 
is not operating with maximum efficiency. This can be 
overcome by integrating sensorless control algorithm. The 
implementation of vector control requires accurate 
information on the slip angle (rotor position with reference to 
the stator)in order to maintain the direct axis(d) of the stator 
current aligned with the rotor flux space vector but the 
system a mechanical shaft. The significant interest in 
sensorless control, which implies control without a 
mechanical shaft sensor. While electrical measurements are 
acceptable since sensors can be placed anywhere, usually 
inside the converter cabinet, a mechanical sensor is often 
consider as a nuisance because of space restriction and also 
due to added cost. 

II.SYSTEM CONFIGURATION 
     
  There are two main methods to perform sensorless 
measurement. The first method, the rotor currents are 
measured in one reference frame, and then the rotor 
currents are estimated in another reference frame to 
estimate the rotor position. The estimation of the rotor 
currents can be estimated either in the stator coordinates or 
the rotating synchronous coordinate frame (3).The speed 
estimation is based on the machine equations, which can lead 
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to significant steady state errors for variations in machine 
parameters. 
 
A. Induction machines 

 
  The winding arrangement and flux distribution of a 2-pole, 
3-phase,Wye connected symmetrical induction  machine is  of 
different space vector shown in fig 1. With balanced 3-phase 
currents flowing in the stator windings, a rotating air gap 
magneto motive force (MMF) is established which rotates at 
a speed determined by the stator frequency and the number 
of poles. if the rotor speed is different from the speed of the 
stator MMF,3-phase currents will be induced in the short 
circuit rotor winding. The frequency of the rotor currents 
corresponds to the difference in the speed of the rotating 
stator MMF and the speed of the rotor. In case of the wound-
rotor induction machine, we can directly apply a voltage 
source to the rotor, and hence influence the amplitude, 
frequency and phase of the rotor currents. 
 

 
                  
                    Fig 1.Spatial Difference of Space Vectors 

 
The rotor current will in turn produce an air gap MMF that 
rotates at a speed corresponding to the frequency of the 
rotor current. The speed of the rotor MMF superimposed to 
the rotor speed is the same as the speed of the stator MMF. 
Hence, the two MMF rotate synchronously and torque is 
produced due to an interaction of both MMFs. 

III. CONTROL STRATEGY 
    Control algorithms of Rotor side Control (RSC )and 
sensorless operation of DFIG are discussed in detail in this 
Section. 

A.Control algorithm for RSC 
 
Case (i) Constant grid voltage 
 
The stator current 𝑖𝑠, the rotor current 𝑖𝑟 , the stator voltage  
are used for the computation of rotor position and speed. 
The total stator voltage vector are chosen to be aligned with 
the q-axis in the synchronous reference frame. This further 
implies that the stator magnetizing flux can be considered to 
be aligned with d-axis assuming the stator resistance drop to 
be negligible. 
 
The rotor  current makes an angle ɵ1 with respect to the α-
axis of stator reference frame and an angle ɵ2 with respect to 
the  _a-axis of rotor reference frame .Hence the difference of 

angle ɵ1 and ɵ2 gives the required rotor position ɛ 
information. 
 
Step 1: ir in stator reference frame (ir_a  and ir_b) 
Since the rotor winding currents can be measured, the _a_b 
components of rotor current ir in rotor reference frame can 
be computed using the abc to _a_b transformation. From 
these sin(ɵ2) and cos(ɵ2) can be computed as 

Sin (ɵ2)   =  𝑖𝑟_𝑏
�(𝑖𝑟−𝑎2 +𝑖𝑟__−𝑏

2 )
                                (1) 

 
Cos (ɵ2)   =  𝑖𝑟_𝑎

�(𝑖𝑟−𝑎2 +𝑖𝑟__−𝑏
2 )

                               (2) 

 
step 2: ir in stator reference frame(irα  and irβ) 
 
The rotor current coordinates in the stationary reference 
frame can be computed in a straight forward manner without 
the need for estimation of stator flux. The procedure is based 
on analytical substitutions for the resolved flux components 
in terms of measurable stator and rotor quantities. Thus the 
scheme eliminates the need for estimation.                          
 
The stator flux in the stationary reference frame can be 
expressed as 

 φsα =Lsisα+Lmirα                                              (3) 
                                  

 φsβ=Lsisβ+Lmirβ                                                                      (4) 
 
From the above, the rotor currents in the stationary 
reference frame can be written as 

 
 

                                        𝑖𝑟𝛼 = �ϕsα−Ls𝑖sα�
Lm

                              (5) 

 

                                           𝑖𝑟𝛽 =
�ϕsβ−Ls𝑖sβ�

Lm
                             (6) 

 
At this stage, the resolved components of the stator flux can 
be written in terms of other known variables. From the 
machine basics, the stator voltage components in the 
stationary reference frame can be expressed as 

 
                                      vsα=Rsisα+ 𝑑

𝑑𝑡
𝜑𝑠𝛼                           (7) 

 
                                      vsβ=Rsisβ+ 𝑑

𝑑𝑡
𝜑𝑠𝛽                           (8)  

 
Since the total stator magnetizing flux is along the d-axis in 

the synchronous reference frame, the components of stator 
flux in the stationary reference frame can be written as 

 
                                                     φsα=|𝜑𝑠|cos(μ)                          (9) 
  
                                                        φsβ=|𝜑𝑠|sin(μ)                      (10) 
 
          Stator flux and the angle μ are the function of time t. 
 
On differentiating the flux components (9) and (10) with 
respect to time gives 
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𝑑
𝑑𝑡

φsα=� 𝑑
𝑑𝑡

|𝜑𝑠|�cos(μ)-φsβ(ωe)    (11) 
 
and 
 

𝑑
𝑑𝑡

φsβ=� 𝑑
𝑑𝑡

|𝜑𝑠|�sin(μ)+φsα(ωe)      (12) 
 
Where ωe= 𝑑

𝑑𝑡
(μ) is the angular velocity of the stator  

magnetizing flux.In(11) and (12),the time derivative of the 
stator flux magnitude can be considered negligible under 
normal grid conditions, wherein the maximum fluctuation in 
the grid voltage and frequency is restricted by the prevailing 
grid codes. 
 
In this study, the grid voltage and frequency are considered 
constant for implementation. 
 
Using the result of (11) and (12) in (7) and (8) gives 
 
                     vsα=Rsisα-ωeLsisβ-ωeLmirβ                     (13) 
 
                     vsβ=Rsisβ+ωeLsisα+ωeLmirα                   (14) 
 
By rearranging the terms in (13) and (14),we get 
 
                         irα =

𝑣𝑠𝛽−𝑅𝑠𝑖𝑠𝛽−𝜔𝑒𝐿𝑠𝑖𝑠𝛼
𝜔𝑒𝐿𝑚

                (15) 

 
                         irβ =

𝑅𝑠𝛽−𝑣𝑠𝛼−𝜔𝑒𝐿𝑠𝑖𝑠𝛽
𝜔𝑒𝐿𝑚

                   (16) 

As against (5) and (6),(9)-(16) are rendered free of the stator 
flux terms and contain only the stator voltage and current 
components in the stationary reference frame which are 
measurable. Thus ,irα and irβ are computed implicitly. 
 
                                  Sin(ɵ1)  =

𝑖𝑟𝛽

       ��𝑖𝑟𝛼2 +𝑖𝑟𝛽
2 �

    (17) 

                             
                                 cos(ɵ1)= 𝑖𝑟𝛼

��𝑖𝑟𝛼2 +𝑖𝑟𝛽
2 �

           (18) 

 
   step 3:Rotor position is the angle (ɵ1-ɵ2) 
 
 
from step 1 and step 2 ,the rotor position (ɛ = ɵ1-ɵ2) can be 
obtained in terms of sine and cosine. 
 
 
              Sin(ɛ)=sin(ɵ1)cos(ɵ2)-cos(ɵ1)sin(ɵ2)   (19) 
 
            cos(ɛ)=cos(ɵ1)cos(ɵ2)-sin(ɵ1)sin(ɵ2)     (20) 
 

 
 

         Fig 2. Rotor Position computation algorithm 
 

 

IV.SPEED CONTROL STRATEGY 
Enhanced phase locked loop (EPLL) calculates amplitude, 
angle, frequency and rate of change of frequency The 
estimation of voltage angle (ɵe )is performed with EPLL 
 

 
 
                   Fig.3.Schematic representation of EPLL 
 

An independent control of both active and reactive powers 
is achieved by the RSC. Through this RSC control, the 
maximum power point is achieved operationally. RSC is 
controlled in voltage oriented reference frame. So the active 
and reactive powers are controlled by controlling d and q axis 
rotor reference currents (Idr and Iqr), respectively. Direct axis 
rotor reference current (I∗ dr) is obtained through 
proportional integral (PI) speed controller by processing the 
speed error (ωer ) between reference and estimated rotor 
speeds. 
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V. RESULTS AND DISCUSSION 
 

In order to test the accuracy of the speed sensorless 
algorithm, simulations were run using Matlab/simulink. The 
tests were intended to find how accurately the slip frequency 
PLL estimate the speed in dynamic situations. The DFIG is 
represented by the software model of a wound rotor 
induction machine (WRIM), The WRIM is excited by a three 
phase voltage source at the stator and the rotor is shorted. In 
order to allow a large range of rotor speed, resistance is 
added to the rotor. The input torque of the machine is varied 
both positive (motor) and negative (generator) values. 
 
From the results, we see that the sensorless measurement of 
the speed is able to track the real speed with no .There is a 
discontinuity around the synchronous speed due to the fact 
that at frequency, the rotor current is zero. However, when 
the rotor is fed a voltage, there is no discontinuity around the 
synchronous speed. 
 

 
Fig.4.a.It can be clearly seen from the graph that the DFIG             

operates at 1 p.u of grid voltage 
 

 
 
       Fig.4.b.Experimental results of rotor speed in rpm output 
 
 
 
 

 
Fig.4.c.Experimental results of rotor position angle cos(ɛ)        

     and sin (ɛ) using RPCA 
 

 
Fig.4.d.Computed speed in rotor 

 

VI. CONCLUSION 
A unique, straightforward and versatile RPCA for the vector 

control of DFIG is proposed in this work. The algorithm is 
explained considering constant as well as varying grid voltage 
and frequency conditions. if the grid voltage and frequency 
are constant, the algorithm is rendered an implicit procedure, 
without any need for computing the stator and rotor 
currents, the speed and position of the DFIG are estimated. 

  
 The speed is estimated independent of machine 

parameters, which results in a significant improvement in 
speed control robustness to parameter variations. In 
addition, the algorithm avoids using differentiation, which 
significantly improves its immunity to noise and does not 
require the measurement of the rotor voltage. The simulation 
results validate the efficiency of the proposed position 
computation algorithm. Overall this work presents a potential 
for computing rotor position which is simple and innovative. 
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Abstract—New graphene/Mn3O4nano composite usable for portable supercapacitor have been synthesized using pyrolysis 
technique. The material has been characterized by FTIR, XRD, CV, and GCD analysis. The nano composite has nano Mn3O4in 
the size 96nm embedded in graphene and posses specific capacitance of about 130F/g. Which could be retained for 
1.1mintues giving a power density of 180w/kg. 
 
Index Terms—Mn3O4, Graphene, nanocomposite, supercapacitor. 

 

I. INTRODUCTION   

   In recent years, supercapacitor as an energy storage device, 
has drawn attention of researchers, owing to their high 
energy density, rapid charge-discharge ability, excellent 
reversibility and long reaction cycle life.[Lingxiang zhu, Su 
Zhang, Yuhua Cui, Huaihe Song, Xiaohong Chen][1]. Pseudo 
capacitors which show capacitance due to Faradic charge-
transfer chemical reactions, in charge-discharge process, are 
under continuous research. Electric double layer capacitor 
(EDLC) which is based on charge separation at 
electrode/electrolyte interface, uses transition metal oxides 
such as MnO2 [X.Lang,A.Hirata,T.Fujita,M.Chen][2], 
NiO[B.Zhao, Sang,P.Liu, W.Xu, T.Fang,Z. Jiao,H. Zhang, 
Y.Jiang][3], and Co3O4[J.Yan, T.Wei, W.Qiao,B.Shao, Q.Zhang, 
Z.Fan][4] offer high super capacitances. Although a major 
advantage observed in these capacitors, is their inability to 
reverse their oxidation states, their feeble conductivity makes 
them usable in practical applications, as electrodes. With the 
purpose of overcoming this problem, Graphene has been put 
in use as a matrix material to support the  nano metal oxides. 
Graphene is a two dimensional sp2 hybridized carbon material 
having a large specific surface area,2630 m2/g . Nowadays, 
the graphene- metal oxide electrodes are becoming popular 
in super capacitors. So far many composites containing  
Mn3O4 , Fe3O4, Co3O4 have been investigated as super 
capacitor active materials. Of all, Mn3O4 is proved to be one 
of the most promising electrode materials owing to its low 
cost and environmental friendliness. 
           In this work, we have reported a simple pyrometric 
method for the synthesis of Mn3O4 /graphene  nano 
composite as a super capacitor material with improved 
specific capacitance. The new nano composites have been 
characterized using FT IR analysis, X-ray crystallographic 

analysis, cyclic voltametry, charge – discharge characteristic 
studies.  

 EXPERIMENTAL 

  A. Preparation of Composite 
       A Simple cost -effective pyrolysis method was followed 
for the synthesis of Mn3O4 by using manganese acetate  as 
metal precursor. A slurry graphene in water (0.5g of graphene 
in 20ml water) and manganese acetate solution(0.2g in 20ml 
water).are mixed thoroughly and subjected to ultra-
sonication for 15minites. The above mixture was transferred 
to a crucible partly closed, was kept in a muffle furnace for 
1.5 h at 210 oC. A black  precipitate remained in the crucible, 
was washed with water and ethanol thrice, dried at 70°C and 
used as such for electrode preparation. 
III. Materials Characterization 
 
A. FTIR 
 
The FT IR spectrum of the composite is shown in Fig. 1. The 
absorption at around 2800Cm-1, 1500Cm-1 are present in both 
the graphene and its composite implying that there is no 
modification in the graphene structure due to the 
incorporation of metal oxides. The absorption at 539 
corresponding to C-O indicates that metal oxide is introduced 
into graphene matrix.  
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             Fig.1 IR spectrum of Graphene-Mn3O4 Composite 
 
B. X-RAY DIFFRACTION ANALYSIS 
 
     The XRD Patterns of G/ Mn3O4 nano composite is shown 
in fig 2.While comparing the XRD Patterns of composites with 
that of standard Mn3O4 it is found that the peaks observed at 

2𝜃 values 26 (002) [6] indicate that the metal oxide is 
hausmanite further applying scherrer’s formula D=KX/𝛽𝑐𝑜𝑠𝜃, 
it is understood that the hausmanite particles are in nano 
size(96nm). 

 
                   Fig.2 XRD Patterns of G/ Mn3O4nano composite 
 
C. Electrochemical Analysis 
 
     The electrochemical performance of Mn3O4  were 
analyzed by cyclic voltammetry (CV) and Galvanostatic 
charge-discharge (GCD) measurements using 1M Na2SO4[5]. 
as electrolyte solution. The CV profile at different scan rates 
such as 10,30,50,70 and 100 mV/s was shown in the fig (3). 
The rectangular shape of the profile depicts the double layer 
capacitance contribution at the voltage range of -0.2-0.8 V. It 
was observed that as the sweep rate increases the peak 
current increases which implies that the voltammetric 
currents are directly proportional to the scan rate[8]. The 
Mn3O4/graphene exhibits ideal capacitive behavior with 
better reversibility.  
    The GCD curves is shown in fig 4.The GCD analysis at 
different current densities 0.1, 0.2, 0.4, 0.8 and 1 A/g were 
performed. The obtained linear discharge profile is attributed 

to double layer capacitance with excellent reversibility. The 
obtained specific capacitance 123, 112, 103, 77 and 73 F/g [9] 
respectively were calculated using the formula as given 
below[7]. 
 
               Csp= I×Δt/m× ΔV     
   
where ‘I’ is the specific current (A), ‘Δt’ the discharge time, 
‘m’ the mass of the active material and ‘ΔV’ the potential 
window (V). The decrease of capacitance with the increase of 
current density was observed which signifies that at lower 
current density the electrolyte ions intercalate deeper with 
the inner core of the active material. 
    Cycle stability is a key performance for determining the 
supercapacitors for practical application. Cycle stability of the 
electrode material was evaluated by continuous charging-
discharging at the current density of 1 A/g for 870 cycles. The 
electrode has better rate capability with capacitance 
retention of 70%. 
                                                                        

 
 

Fig.3 (a) 
  

   
 
 

Fig.4 (b) 
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Fig. 5 (c) 

Fig.6 (d) 
 
 
 
 Figure3 (a) CV (b) charge-discharge curves at different 
current densities (c) cycle life of the g/ mn3o4 electrode (d) 
curves at first and last three cycles. 

 

IV. Table 
 
Table.1 current density Vs specific capacitance 
 

S.NO CURRENT DENSITY 
A/g 

Specific Capacitance 
F/g 

1 0.1 123 
2 0.2 112 
3 0.4 103 
4 0.8 77 
5 1 73 

 
V.CONCLUSION 
     
A new composite graphene Mn3O4 has been successfully 
prepared by a simple pyrolytic technique using manganese 
acetate and graphene in water medium. The composite has a 
specific capacitance of 123F/g with a power density of 180 
W/Kg. The charge-discharge experimental data indicate the 
composite can hold charge up to 300 cycles with a low loss of 
above 12%.the charge is retained to about 50% till 900 cycles. 
The energy density of the new composite it found to be 
61.5w.h kg-1 implying that material can be used as a good 
electrode material in portable Supercapacitors used in hybrid 
vehicles. 
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Abstract—The objective of this thesis is to monitor a battery integrated circuit by using a bi-directional DC-DC converter as 
the channel for charging and discharging of the battery cell. The proposed converter provides a wide range output voltage for 
the battery system and negligible harmonic content of the output current. In order to maintain a high efficiency under 
charging, it adopts a bidirectional switch. In this topology, the non-isolated half bridge bidirectional DC-DC converter is used, 
allowing high flexibility for the charge and discharge of the battery and it has the advantage of lower inductor current and 
lower conduction as well as lower switching losses. It presents a battery charging and discharging in electric vehicle 
applications to enhance the battery performance, low power loss, life cycle and safety. This project is started with the design 
of charging and discharging of a battery using LabVIEW. Thus, the overall system of a battery charger for a bidirectional DC-DC 
converter can be an effective and thus it improves the efficiency of the converter and life cycle of the battery.  
 
Index Terms—charging and discharging, electric vehicle, battery performance 

 

I. INTRODUCTION 
 An integral part of any modern day electric vehicle is power 
electronic circuits (PECs) comprising of DC-AC inverters and 
DC-DC converters. A DC-AC inverter supplies the high power 
electric motor and utility loads such as air-conditioning 
system, whereas a DC-DC converter supplies conventional 
low-power, low-voltage loads. However, the need for high 
power bidirectional DC-DC converters in future electric 
vehicles has led to the development of many new topologies 
of DC-DC converters.  
This paper presents an overview of DC-DC converters used in 
battery electric vehicles (BEVs), hybrid electric vehicles 
(BEVs), and fuel cell vehicles (FCVs). Several DC-DC converters 
such as isolated, non-isolated, half-bridge, full-bridge, 
unidirectional and bidirectional topologies, and their 
applications in electric vehicles are presented. The proposed 
system mainly consists of non-isolated bi-directional dc-dc 
converter of half-bridge topology.  
DC-DC converters in an electric vehicle may be classified into 
unidirectional and bidirectional converters. Unidirectional 
DC-DC converters cater to various onboard loads such as 
sensors, controls, entertainment, utility, and safety 
equipment’s. They are also used in DC motor drives and 
electric traction. Bidirectional DC-DC converters find  
applications in places where battery charging, regenerative 
braking, and backup power are required. 
The power flow in a bidirectional converter is usually from a 
low voltage end such as battery or a super capacitor to a high 

voltage side and is referred to as boost operation. During 
regenerative braking, the power flows back to the low 
voltage bus to recharge the battery (buck mode). Due to the 
aforementioned reasons, high power bidirectional DC-DC 
converters have gained a lot of importance in the recent past. 
The bidirectional dc-dc converter along with energy storage 
has become a promising option for many power related 
systems, including hybrid vehicle, fuel cell vehicle, renewable 
energy system and so forth. It not only reduces the cost and 
improves efficiency, but also improves the performance of 
the system.  
In renewable energy applications, the multiple-input 
bidirectional dc-dc converter can be used to combine 
different types of energy sources. This bidirectional dc-dc 
converter features galvanic isolation between the load and 
the fuel cell, bidirectional power flow capability; to match 
different voltage levels, fast response to the transient load 
demand, etc. 

II. PROPOSED BLOCK DIAGRAM 
A detailed model of proposed block diagram is shown in 
figure.2. 
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Figure 1. Block diagram of proposed system  

III. BIDIRECTIONAL DC-DC CONVERTER 
In most of charger systems for electric vehicles, bidirectional 
converters for charging and discharging the batteries are 
required. As compared to high-frequency transformer-
isolated bidirectional dc-dc converters, non-isolated bi-
directional dc-dc converters generally have advantages of 
simple structure, high efficiency, low cost, high reliability, etc. 
One of the main concern while designing the electric vehicle 
battery charging system is to maximize the efficiency of the 
load. This can be done by increasing the voltage level and 
thereby reducing the high current and thus the associated 
losses. Therefore a bidirectional dc-dc converter can be 
preferred. 

 
Fig. 1. Converter based battery 

Bidirectional DC–DC converters allow transfer of power 
between two dc sources, in either direction. Due to their 
ability to reverse the direction of flow of current, and thereby 
power, while maintaining the voltage polarity at either end 
unchanged, they are being increasingly used in applications 
like dc uninterruptible power supplies, battery charger 
circuits, telecom power supplies and computer power 
systems. 

 
 

Fig. 2. Electric vehicle battery charging system 
 

Bidirectional DC-DC converters serves the purpose of 
stepping up or stepping down the voltage level between its 
input and output along with the capability of power flow in 
both the directions as shown in Fig. 4. Bidirectional DC-DC 
converters are employed when the DC bus voltage regulation 

has to be achieved along with the power flow capability in 
both the direction. A bidirectional DC-DC converter is needed 
to be able to allow power flow in both the directions at the 
regulated level. Basic DC-DC converters such as buck and 
boost converters do not have bidirectional power flow 
capability. This limitation is due to the presence of diodes in 
their structure which prevents reverse current flow. In 
general, a unidirectional dc-dc converter can be turned into a 
bidirectional converter by replacing the diodes with a 
controllable switch in its structure.  

 
 

Fig. 4. Power flow direction of converter 
 
Based on the placement of the auxiliary energy storage, the 
bidirectional dc-dc converter can be categorized into buck 
and boost type. The buck type is to have energy storage 
placed on the high voltage side, and the boost type is to have 
it placed on the low voltage side.  
To realize the double sided power flow in bidirectional dc-dc 
converters, the switch cell should carry the current on both 
directions as shown in Fig. 5. 

A. Operation of Converter 
Half bridge non isolated bidirectional DC-DC converter is 
shown in Fig. 5. Low voltage battery pack is installed on both 
side and on the other side. During step up switch Q1 is 
conducting at the required duty cycle while Q2 is remains in 
off condition at all the time. Similarly during step down 
operation Q2 is conductive at required Duty cycles whereas 
Q1 remains in off condition. In order to avoid cross 
conductance through two switches and converter output 
capacitance is controlled by providing small dead time during 
transitions mode. 

 
Fig. 5. Bidirectional DC-DC converter 

B. Continuous conduction mode 
A large valued filter inductor is required for continuous 
conduction mode of a bidirectional DC-DC converter. As the 
use of large valued inductor, mode transitioning and transient 
response will goes on decreasing. 

C. Discontinuous conduction mode 
In this case, the inductor value is less as compare to 
continuous conduction mode so that the response becomes 
faster this result in increasing power density. This operation 
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allows zero turn on losses and thus low reverse recovery loss 
in diode. 

IV. NON ISOLATED BIDIRECTIONAL DC-DC CONVERTER 
In the transformer-less non-isolated power conversion 
systems, the boost type and buck type dc-dc converter are 
chosen usually is shown in Fig. 6. The high frequency 
transformer based system is an attractive one to obtain 
isolation between the source and load sides. But from the 
viewpoint of improving the efficiency, size, weight and cost, 
the transformer-less type is much more attractive. Thus, in 
the high power or spacecraft power system applications, 
where weight or size is the main concern, the transformer-
less type is more attractive in high power applications.  
Non-isolated BDCs (NBDC) are simpler than isolated BDCs 
(IBDC) and can achieve better efficiency the transformer-less 
type is more attractive in high power applications. For the 
present high power density bidirectional dc-dc converter, to 
increase its power density, multiphase current interleaving 
technology with minimized inductance has been found in 
high power applications. 

A. Operation Of Converter 
In the transformer-less non-isolated power conversion 
systems, the boost type and buck type dc-dc converter are 
chosen usually. The high frequency transformer based system 
is an attractive one to obtain isolation between the source 
and load sides. But from the viewpoint of improving the 
efficiency, size, weight and cost, the transformer-less type is 
much more attractive. Thus, in the high power or spacecraft 
power system applications, where weight or size is the main 
concern, the transformer-less type is more attractive in high 
power applications.  
Non-isolated BDCs (NBDC) are simpler than isolated BDCs 
(IBDC) and can achieve better efficiency the transformer-less 
type is more attractive in high power applications. For the 
present high power density bidirectional dc-dc converter, to 
increase its power density, multiphase current interleaving 
technology with minimized inductance has been found in 
high power applications. 

 
 

Fig. 6. Non Isolated Half-Bridge Bidirectional DC-DC Converter 
resulting out of the antiparallel connection of the Buck and 

Boost converters 
When the Buck and the boost converters are connected in 
antiparallel across each other with the resulting circuit is 
basically having the same structure as the fundamental Boost 
and Buck structure but with the added feature of 
bidirectional power flow. The above Fig. 6. shows the basic 
structure of the Non-Isolated Half-Bridge Bidirectional DC-DC 
converter. 

The above circuit can be made to work in buck or boost mode 
depending on the switching of the mosfets Q1 and Q2. The 
switches Q1 or Q2 in combination with the anti-parallel 
diodes D1 or D2 (acting as freewheeling diode) respectively, 
makes the circuit step up or step down the voltage applied 
across them. 
B. Advantages of NBDC: 

• Structure is symmetrical. 
• Low ripple current on both side 
• It has protection against short-circuit. 

C. Limitations: 
• It can only operate in buck mode in one direction 

and boost in another mode. 
• Structure becomes impractical, when the voltage 

ratio more. 
• Galvanic isolation is less between two sides. 

V. SIMULATION AND RESULTS 
The performance evaluation of this model is based on the co-
simulation LabVIEW/Multisim. With the intention of 
determining the impact of the charging process on batteries, 
the behavior of different internal parameters of the batteries 
and bidirectional dc-dc converter was simulated.  
The bidirectional dc-dc converter provides the channel of 
current flow during charging or discharging process. There 
are two switches used in this modes, which are charging and 
discharging. 

A. Charging Evaluation 
In the charging mode, the converter processes the 
equalization by transferring the required charge from battery 
string to the detected undercharged cell.  

B. Discharging Evaluation 
In the discharging mode operation of bidirectional dc-dc 
converter, the step-up converter performs the equalization 
by transferring the excess energy from the detected 
overcharged cell to the battery string.  
VI. BATTERY MODEL SIMULATION STRUCTURE 
The National Instruments Community presents the principle 
of co-simulation using the two simulators LabVIEW and 
Multisim. Therefore, the battery modelling and simulation 
are developed in the following manner. Firstly, the stage 
circuitry is designed in Multisim which contains three parts: 
an equivalent circuit model, a charge or discharge mode. 

A. Multisim Stage 

 
Fig. 7. Circuit diagram using Multisim 

 
The equivalent circuit shown in Fig. 7. is composed of a 
voltage controlled source V1 in series with a voltage 
controlled resistor R1. The values of V1 and R1 depend on the 
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battery operation mode at a given time. The resistance also 
varied with the sensed current. 
The charge and discharge mode switches offers the possibility 
to switch between two modes according to the sent value by 
mean of the terminal Sw1. But at discharging time the 
connection is switched to the voltage controlled resistor (R2) 
instead. 
 

B. LabVIEW Stage 

 
Fig. 8. Circuit diagram using LabVIEW 

 
It represents the proposed LabVIEW to simulate the 
instantaneous battery model parameters evolution. It can 
test the impact of the current rate on batteries charging or 
discharging process. 
During the charging mode the GUI gives the possibility to 
define directly the value of the current, but during the 
discharging mode, this value is defined by varying the load 
resistance value. Moreover, the behavior of each battery can 
be simulated at any given initial conditions. 
 
1) Pulse for Buck Converter 

 
 

Fig. 9. Pulse for buck converter 
 

The Fig. 9. shows that the pulse waveform for the buck 
converter. Normally a buck converter (step-down converter) 
is a DC-to-DC power converter which steps down voltage 
(while stepping up current) from its input (supply) to its 
output (load). 
 
 
 
 
 
 
 
 

a) Low Current Waveform 

 
 

Fig. 10. Low current waveform 
 
The Fig. 10. shows the low current output waveform of the 
bidirectional dc-dc converter during charging time of the 
battery. 
 
b) Low Voltage Waveform 

 
 

Fig. 11. Low voltage waveform 
 
The Fig. 11. shows the low voltage output waveform of the 
bidirectional dc-dc converter during charging time of the 
battery. In this mode, a buck converter can be switched on 
and it can be charged up to 12 V to 24 V. 
 
2) Pulse for Boost Converter 

A boost converter (step-up converter) is a DC-to-DC power 
converter that steps up voltage (while stepping down 
current) from its input (supply) to its output (load). To 
reduce voltage ripple, filters made of capacitors (sometimes 
in combination with inductors) are normally added to such a 
converter's output (load-side filter) and input (supply-side 
filter). 

 
Fig. 12. Pulse for boost converter 

 
The Fig. 12. shows that the pulse waveform for the boost 
converter.  
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a) High Current Waveform 

 
 

Fig. 13. High current waveform 
 
The Fig. 13. shows the high current output waveform of the 
bidirectional dc-dc converter during charging time of the 
battery.  
 b) High Voltage Waveform 

 
 

Fig. 14. High voltage waveform 
 
The Fig. 14. shows the high voltage output waveform of the 
bidirectional dc-dc converter during charging time of the 
battery. In this mode, a buck converter can be switched on 
and it can be charged up to 24 V to 48 V. 
Thus the waveforms of the input and output voltages, and 
the charging current during charge mode are presented.  
To make a full use of those batteries and to improve their 
lifecycle, high performance charger is often required. The 
implementation of an advanced charger needs accurate 
information on the batteries internal parameters.  During the 
charging mode, the value of the current must decrease. 
 

VI. CONCLUSION 
This paper concerns with analysis, design and realization of 
bidirectional dc-dc converter. This converter can be operated 
in all three possible ways; it can be buck, boost and buck-
boost simply by selecting different combinations of the 
switches for the EV system. The implementation of the model 
was based on the co-simulation LabVIEW-Multisim. The 
circuitry stage is designed in Multisim and the code of 
controlling of this circuitry is developed in LabVIEW.  
This co-simulation is able to provide accurate simulation 
results and a very fast simulation speed. Thereby, it reveals 
the strong instantaneous relationship between the internal 
batteries parameters and the charging current rate. The use 
of zero bidirectional dc-dc converter makes the system 
operation more efficient.  
 The two simulators characteristically exchange data in a 
synchronized and variable time step mode. Simulation results 
demonstrate the impact of the charging current on the 
internal resistance and the capacitance of the battery. In the 
future work, it may be intend to implement a fuzzy-control-

based battery charger to cop traditional charger fails. This 
control is taking the variation of temperature and SOC as 
input to adjust the charging current as an output. 
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Abstract-This work presents an efficient renewable energy based water pumping system based on a Permanent Magnet 
Synchronous Motor (PMSM). This method proposes a PMSM controlled by the conventional Field Oriented Control (FOC) 
scheme. The PV array is connected to the DC-DC boost chopper for power conversion. The stepped-up output voltage of the 
converter is fed into the Voltage Source Inverter (VSI). The FOC is employed to provide proper gating signals for the switches 
in the VSI. The Incremental Conductance Maximum Power Point Tracking (INC-MPPT) adjusts the motor speed reference to 
achieve the maximum power point of the PV array. The simulation results of the proposed system at various operating 
conditions are verified using MATLAB/Simulink software. 
  
Index Terms—Permanent Magnet Synchronous Motor (PMSM), Field Oriented Control (FOC), Voltage Source Inverter (VSI), 
Incremental Conductance Maximum Power Point Tracking (INC-MPPT).  

 

I. INTRODUCTION 
       Water provision in remote or isolated areas lacking water 
and energy distribution systems has always been a challenge. 
In those regions, typically desert or mountainous, that are not 
easily accessible by conventional transportation means, 
water pumping represents the only viable method to ensure 
a minimum water supply even during severe droughts. Hand 
pumps, possibly operated with the assistance of animals, are 
only suitable for low consumption rates and pumping heads. 
On the other hand, mechanically operated pumps can sustain 
all those activities, besides of conventional domestic uses for 
the small rural communities, such as irrigation and livestock. 
Most of them are powered by diesel engines; however, 
especially for small communities in developing countries, 
their use could be impracticable because of the limited 
availability and high cost of fuel. Recently, the advent of 
cheaper photovoltaic (PV) panels and mass-produced pumps 
has made solar powered water-pumping a viable and 
competitive solution, especially in those areas interested by 
the presence of a large solar radiation. Solar pumping 
systems offer many advantages over the more traditional 
diesel pumps, including improved reliability and reduced 
operational and maintenance costs. The availability of 
pumping power in these systems is well matched to the 
water demand, which is in fact larger at daytime. However, it 
is also affected by weather and environmental conditions, 
which are by their nature variable. In particular, intermittent 
power shortages could easily occur, especially in a cloudy 
day. In order to maximize the energy utilization and thus 
reduce the breakeven point with respect to other solutions 

(e.g., diesel pumps), the PV source should be always operated 
at its point of maximum efficiency. This prevents oversized PV 
panels, to the benefit of the overall system cost and 
reliability. The MPP is shifting the PV array voltage by 
changing the motor speed in a predefined range and by 
measuring the inverter input power. Unfortunately, the 
technique suffers the interference of sunshine variations and 
a certain complexity in fixing the range of speed sweep. The 
design of an energy-efficient solar pumping system requires 
to match the motor-pump load curve with the MPP locus (on 
the power versus voltage curve) of the PV source. An 
additional dc/dc converter is used to boost the voltage of the 
PV. In general, the design of a stand-alone solar pumping 
system should guarantee maximum operating efficiency, by 
foreseeing the implementation of a suitable MPP tracking 
scheme. The speed reference is continuously adjusted in the 
direction that implies an increased power demand to the PV 
array. This action is performed by an ad hoc MPPT that 
operates according to the INC MPPT technique. PMSM is 
used in this setup for its high performance and high efficiency 
motor drives. 
 

II. BLOCK DIAGRAM OF PROPOSED SYSTEM 
The proposed architecture of the proposed MPPT for a 
stand–alone solar–powered water pumping system is 
reported in Fig. 2. The water pump is driven by an inverter-
fed PMSM, controlled with a conventional Field Oriented 
Control (FOC) scheme. 
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Fig 1: Proposed Block diagram of a stand-alone solar water                        

pumping system 
   

 
Fig 2: The structure of proposed solar water pumping 

system 
The PV array is directly connected to the DC bus of the VSI, 
without any intermediate power conversion stage. The 
INC- MPPT operates by adjusting the speed reference of 
the PMSM speed control loop, in order to draw the 
maximum available power, for any given irradiance 
condition. 

III. FOC  
   High-performance motor control is characterized by smooth 
rotation over the entire speed range of the motor, full torque 
control at zero speed, and fast accelerations and 
decelerations. To achieve such control, use the FOC 
techniques for 3-phase AC motors. The basic idea of the FOC 
algorithm is to decompose the stator current into the 
magnetic field-generating part and the torque-generating 
part. Both components can be controlled separately after the 
decomposition. The actual speed can be taken from the 
PMSM simultaneously and the reference speed can be taken 
from the INC-MPPT which should be a continuous process. 
 

 
Fig 3: Simplified block diagram of FOC 

 
 

IV. MAXIMUM POWER POINT TRACKING 
  This method exploits the assumption of the ratio of change 
in output conductance is equal to the negative output 
Conductance. 

P = V I 
 Applying the chain rule for the derivative of products yields 
to ∂P/∂V = [∂(VI)]/ ∂V. At MPP, as ∂P/∂V=0. The above 
equation could be written in terms of array voltage V and 
array current I as ∂I/∂V = - I/V. 
The MPPT regulates the PWM control signal of the dc to dc 
boost converter until the condition: (∂I/∂V) + (I/V) = 0 is 
satisfied. In this method the peak power of the module lies at 
above 98% of its incremental conductance. The algorithm can 
be easily understood by the following flow chart which is 
shown in figure 4. 
Without the acceleration feedforward compensation, the 
speed adjustments are not rapid enough to counteract the 
quick PV voltage drop occurring once the power absorption 
exceed the maximum available at the MPP. The working point 
quickly moves to the only stable equilibrium at the left of the 
MPP, located at the intersection of the VSI voltage saturation 
limit curve and the current power vs voltage characteristic. 
The system remains there until the motor power demand 
(related to the motor speed) is brought below the power 
availability at the equilibrium point. Then, the working point 
quickly moves to the right of the MPP, to a stable operating 
point located at the same power level . Once there, the MPPT 
starts to increase the speed again, and the whole cycle is 
repeated indefinitely, never reaching a stable MPP operating 
condition. 
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Fig: 4 Flowchart of the INC-MPPT 

 
V SIMULATION RESULTS AND DISCUSSIONS 
 
Fig: 5 shows the simulation diagram of the stand-alone water 
pumping system.  

 
Fig: 5 Simulation diagram of the proposed system 

 
Fig.6 explains about output acquired from P&O and INC-
MPPTs. The experimental results were tested in (600-1000) 
W/m2  irradiances and the temperature at constant 30°C. 

 

 
 

Fig: 6 Experimental results of MPPT under constant solar 
irradiance condition (1000W/m2 at 30°C) 

 
 

Ia,b,c[A] Vs Time[S] 

 
Fig: 7(a) Measured phase currents during the experiments 

with acceleration feedforward 
 

Fig: 7(a) and 6(b) are the phase currents Iabc and Idq during the 
experiments with acceleration feed forward. 

 
 

Id,q[A] Vs Time[S] 

 
Fig: 7(b) Measured id, iq during the experiments with 

acceleration feedforward 
 
 

In the presence of the proposed acceleration feedforward the 
speed regulation is faster, so that once the MPP is reached, 
the controller is capable of contrasting, through rapid 
changes of the motor speed, which would cause a departure 
of the operating point from the MPP. It is worth to point out 
here that, in principle, a similar result could have been 
obtained by enlarging the speed control bandwidth.  
 

Iabc [A]Vs Time[s] 
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Fig: 8 Output Voltage of an inverter 

 
Fig. 8 reports the experimental d − q currents and the relative 
phase currents during the same experiments described in Fig. 
7(a) and 7(b), in presence of the acceleration feedforward. 
 

 
VI CONCLUSION 
The Renewable energy based water pumping system has 
been proposed and demonstrated through simulated results. 
The combination of Boost converter and PMSM motor has 
improved the performance of Solar PV array based water 
pumping system. The proposed system study has shown 
various desired functions such as MPP extraction of the Solar 
PV array, fundamental frequency switching of VSI resulting in 
reduced switching losses, speed control of PMSM motor with 
FOC control. 
 
By the implementation of INC an accurate maximum power 
point tracking of photovoltaic systems. And also it improved 
the profitability of the PV system. The experimental results of 
the proposed system at practical operating conditions are 
demonstrated through simulation results using 
MATLAB/Simulink software 
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Abstract— With the depletion of petroleum products and coal there is raised a wide space for the use of renewable resources 
like solar energy, wind energy for electricity generation and for the purpose of cooling the room space. The solar thermal 
collectors utilize the solar thermal energy to heat up a system. The huge versions of solar thermal collectors are also in use for 
power generation purposes. In that major types are flat plate collectors and parabolic collectors. Flat plate collector is cheap 
and low efficiency and parabolic collector is having high efficiency but high cost. So a new hybrid solar collector is proposed 
that is discretized solar parabolic collector. It has the advantages of both parabolic and flat plate collector. The discretized 
reflector system uses flat reflecting surfaces instead of curved reflectors. Since the reflecting surfaces are flat, the reflecting 
surfaces cannot be kept as a whole. Instead, the flat reflecting surfaces are divided into small discrete reflecting surfaces. As 
the discretized reflecting surfaces are flat, they cannot focus the solar radiation towards a single line of focus. Instead, the 
reflected beam radiation will be a plane when it is looked from the receiver. So, to collect all the reflected radiation, the size 
of the receiver tube is same as width of individual discrete reflecting surface. This study focus on mathematical analyzis of 
linear property of conventional parabola with a proposed discretized parabolic collector. The analysis carried out by taking 
two geometries such that conventional parabola and individual lines that were drawn using MS excel, the coincidence of both 
geometries were analyzed. The obtained results suggesting that curved parabolic mirror can be replaced with an individual 
linear mirror.  
 
Index Terms— Concentrated Solar Power(CSP), Focal point, Parabolic collector, Linear Fresnel Collector, Discretization, Linearity           

 

INTRODUCTION  
The standard of living of people in a country is dependent 

on the per-capita income, which in turn strong influence on its 
economy. In fact, a country's energy strategy is the lifeline of 
its economy. India remains to be a net importer of energy 
sources. Majority of the energy demand is met through Coal, 
oil and natural gas. The distribution of Energy consumption 
during 2015-2016 is shown in Fig.1 [1]. India has substantial 
solar potential, estimated by India’s National Institute of Solar 
Energy at around 750 Giga Watts [2] converted using thermal 
power plants (see Fig 1), requirements of fossil fuels is 
increased day by day. Primarily there are two main ways of 
utilizing solar energy [3].  

 
Fig.1 Source wise energy consumption of Energy during 2015-

2016 

 
One is using PV cells, to convert the incident solar radiation to 
electricity and the other is to tap the heat from the solar 
radiation as done by solar water heaters, solar kitchens, which 
would otherwise use electricity for their operation. It is well 
known that energy needs of our country & for that matter of 
fact, any country, grows day by day. 
 
In certain countries, like India, the increase in supply rate is 
less than the increase in the demand rate, leading to a 
viscous cycle of events. Due to depletion in fossil fuel, 
thermal energy generation is now mainly depending on solar 
energy. Also energy required for heating and space cooling 
needs are predominant which means that they can be 
operated by devices like solar collectors directly rather than 
using electricity to generate heat and using it. This means 
that there is a greater potential for efficient & economic solar 
collectors in the future and the objective of this project is 
build the same. 
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SOLAR THERMAL COLLECTORS 
 The solar thermal collectors utilize the solar thermal 

energy to heat up a system. There are different types of solar 
thermal collectors available today and a few of them such as 
flat plate collectors, Concentrated Solar Power (CSP) 
collectors, evacuated tube collectors, Heliostat type systems, 
etc., widely used in many parts of the world. In that major 
types are flat plate collectors and parabolic collectors [4]. The 
widely used solar thermal technologies that are promising in 
high temperature requirements are the parabolic trough and 
Linear Fresnel reflector systems [3,4,5]. Jain Neha Et al did a 
comparative study of parabolic trough collector and solar 
power tower technology [4, 5]. He presented a detailed 
overview of structure and working of two main types of CSPT 
plants, i.e. the parabolic trough collectors and the solar 
power tower technology with focus on their merits and 
limitations. He concluded that methods of solar power 
technology are confronted with many challenges which need 
to be positively addressed in order to achieve a better 
tomorrow. Mainly effects of shading and angular deflection 
of receivers due to changing position of sun have to be 
automatically altered to track the solar rays. 

 

The proposed solar thermal collector is a CSP type collector 
and therefore the two parental forms of the proposed 
collector which exists will be discussed first. 

A. Solar Parabolic Collector 
Parabolic collector is the most widely used CST technology 

accounting 90% currently installed Solar Thermal Electricity 
Capacity [4]. Parabolic trough systems are the extruded 
parabolic curves [5, 6]. They focus the received solar beam 
radiation towards a single line called the line of focus. A 
receiver tube fixed co-axial to the line of focus, receives the 
concentrated solar radiation from the reflecting surfaces. A 
fluid circulating inside the tube collects the received solar 
radiation from the receiver tube. The collected heat energy 
can then be used for required applications. Parabolic trough 
reflectors have high concentration ratio. It means, for a given 
aperture width of parabolic trough reflector, the required size 
of the receiver tube is very small. This is a very attractive 
feature of the parabolic trough system [7]. Because, reduced 
receiver size significantly increases the temperature rise of 
the heat collecting fluid. The divergence of reflected solar 
radiation from the reflectors is lesser than Linear Fresnel 
reflector systems. 

 

 
 

Fig.2 Parabolic Trough Solar Collector 
 

But it requires curved reflectors which are expensive due to 
manufacturing difficulties. Even though the development of 
thin-film coated or polished sheet metals have eliminated the 
difficulties of manufacturing curved reflectors, the need for 

precisely curved base frames for the sheet metals continue to 
be a challenge [4]. 

Liang Zhang A, Zitao yu did an experimental investigation 
of the heat losses of a u-type solar heat pipe receiver of a 
parabolic trough collector based natural circulation steam 
generation system [8]. Field experiments were performed to 
determine the overall heat losses of the receiver. Effects of 
wind, vacuum glass tube, radiation, and structural 
characteristics on the heat losses were analyzed. It was 
shown that neither convection nor radiation heat losses 

may be negligible in the analysis of such U-type solar 
receivers.   

Linear Fresnel Collectors 
The Linear Fresnel reflector (Fig 3) system was actually 

developed to overcome the difficulties felt in parabolic 
trough reflectors [3, 4]. The Linear Fresnel reflector system 
uses flat reflecting surfaces instead of curved reflectors. Flat 
reflectors are ease of manufacturability. Since the reflecting 
surfaces are flat, the reflecting surfaces cannot be kept as a 
whole. Instead, the flat reflecting surfaces are divided into 
small discrete reflecting surfaces [9]. 

 

 

 

 

 

 

 

 

 

 

Fig.3 Perspective View of a Linear Fresnel Reflector System 
These discrete reflectors are oriented individually in their 
corresponding slope angles, to focus the received solar 
radiation towards the receiver. (Fig 4) 

 

 

 

 

 

 
 

Fig.4 Dimensional view of the Linear Fresnel reflector 
 
Linear Fresnel reflector system is cheaper than parabolic 

trough collector since manufacturing cost of straight mirror is 
low cost. But the optical efficiency of Linear Fresnel reflector 
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is lower than parabolic collector [4]. So the Linear Fresnel 
reflector systems are unable to completely eliminate the 
parabolic trough reflectors because of the focusing in-
efficiency of them. Since the reflecting surfaces are discrete 
and they rotate independently while tracking, there is 
shadow casted by one reflector over the adjacent one. Since 
the discretized reflecting surfaces are flat, they cannot focus 
the solar radiation towards a single line of focus. Instead, the 
reflected beam radiation will be a plane when it is looked 
from of the receiver tube is slightly higher. 

From the literature survey, we can conclude that most of 
the research works are studied only on the parabolic collector. 
Since it is of high manufacturing cost, most of the scholars are 
trying to increase the efficiency. This paper discusses the 
mathematical model for discretizing parabolic curve into small 
discretized mirror plates such that it manufacturing cost will 
be reduced with no compromise in efficiency. 

PROPOSED SOLAR THERMAL COLLECTOR 
The Micro Concentrated Thermal (MCT) technology uses 

one of the above reflector systems. Both of these 
concentrating solar power technologies find their application 
in space heating, cooling and in water-heating. However, 
there are certain reasons for why the one is preferred over 
the other. The advantage of one technology could not 
eliminate the other because of some dis-advantages in the 
former.  

Development Stages of the Proposed Idea  
In this project, it is decided that discretization of parabolic 

curvature is to be implemented first. Because, if the parabolic 
curvature was discretized into several flat surfaces as shown 
in Fig . 5, the need for curved reflecting surfaces could be 
eliminated and hence, only the flat reflecting surfaces can be 
used. In the discrete parabolic trough, the beam of solar 
radiation falling over the discrete surfaces would be focused 
towards the receiver tube as a plane as in the case of Linear 
Fresnel systems. The discrete parabolic trough concept would 
eliminate the manufacturing difficulty of the curved reflecting 
surface. The 2D ray diagram of the proposal concepts would 
eliminate the manufacturing difficulty of the curved reflecting 
surface. The 2d ray diagram of the proposed concept is 
shown Fig. 5. 

 
 
 
 
 
 
 
 
 
 
 

Fig 5. 2D Ray Diagram of the Proposed Concept 
 

The proposed concept differed from the Linear Fresnel 
systems only in the aspect of positioning the reflecting 
surfaces. By positioning the reflecting surfaces in a parabolic 

fashion, the focusing efficiency of the system was expected to 
get improved. Also, since the mirrors were discrete and 
individually rotating, the salient features of Linear Fresnel 
systems were also be expected to get preserved. 

Expected Merits of the Proposed Thermal Collector 
The proposed solar thermal collector could have high focusing 
efficiency than Linear Fresnel Systems.  
• The discrete parabolic trough concept would eliminate the 
manufacturing difficulty of the curved reflecting surface.  
• High efficient ultra-light-weight aluminium reflectors could 
be utilised. 
• Manufacturing cost of linear discretized parabolic collector 
is very low as compared to parabolic collector. 
These advantages in solar collectors would be valid only when 
the focal efficiency of the proposed solar thermal collector 
was proved to be better than the Linear Fresnel system [13]. 
Otherwise, if the focal efficiency of the proposed system was 
not better, there is no advantage in switching over to the new 
design. Hence, the focal efficiency of the proposed solar 
thermal collector and existing solar thermal collectors were 
evaluated. 

Mathematical Validation of Proposed Parabolic Collecto 
In a parabola all of the incoming rays from the sun are 

reflected back to the focal point of the parabola [10]. If the 
said parabola is extended along an axis (becoming a trough) 
the solar rays are concentrated along a line through the focal 
point of the trough.  
 
Donald Jeremy Gaitan designed and constructed miniature 
parabolic and conducted an experiment on it [11]. The test 
results were compared with a mathematical model drafted 
during the design stage. Because of the small scale of the 
project, actual use of the parabolic trough to heat water 
would not be feasible, although testing showed consistency 
with initial mathematical modeling. 
For experimentation, it is fixed the aperture width of 
parabola is taken as 1 metre and length of parabola is taken 
as 1 metre. From calculation, It is found that focal length of 
parabola should be fixed either as 25 cm or 30 cm or 40 cm or 
50 cm. Here focal length is taken as 30 cm.  
 
   General equation of parabola,  𝑥2 = 4𝑎𝑦  [11, 14] 
    

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.6 Conventional Parabola with focal length as  
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         30cm (𝒙𝟐 = 𝟏𝟐𝟎𝒚) 
 

B. Available Area 
 

The area of the solar reflector which is available for 
receiving and concentrating the solar radiation is termed as 
available area [12]. As said earlier, the actual area of the 
reflecting surface is not the available area. The cosine effect 
would reduce the available area. If a flat reflecting surface of 
known area is kept normal to the sun, the solar radiation 
received by the reflecting surface would be, 
 
𝑇𝑜𝑡𝑎𝑙 𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 𝑟𝑒𝑐𝑖𝑒𝑣𝑒𝑑
= 𝐴𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑟𝑒𝑓𝑙𝑒𝑐𝑡𝑖𝑛𝑔 𝑠𝑢𝑟𝑓𝑎𝑐𝑒  
× 𝑆𝑜𝑙𝑎𝑟 ℎ𝑒𝑎𝑡 𝑓𝑙𝑢𝑥 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑛𝑜𝑟𝑚𝑎𝑙 𝑡𝑜 𝑡ℎ𝑒 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 

 
On the other hand, if the reflecting surface is not kept 

normal to the sun (if the reflecting surface is inclined), the 
solar radiation received by the reflecting surface would be, 

 
𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑠𝑜𝑙𝑎𝑟 𝑒𝑛𝑒𝑟𝑔𝑦 𝑟𝑒𝑐𝑖𝑒𝑣𝑒𝑑 

=  𝐶𝑜𝑠𝑖𝑛𝑒 (𝑖𝑛𝑐𝑙𝑖𝑛𝑒𝑑 𝑎𝑛𝑔𝑙𝑒) × 
                                      𝐴𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑟𝑒𝑓𝑙𝑒𝑐𝑡𝑖𝑛𝑔 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 

                                   × 𝑠𝑜𝑙𝑎𝑟 ℎ𝑒𝑎𝑟 𝑓𝑙𝑢𝑥 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑛𝑜𝑟𝑚𝑎𝑙   
                                         𝑡𝑜 𝑡ℎ𝑒 𝑠𝑢𝑟𝑓𝑎𝑐𝑒  

 
Hence the cosine effect due to the inclination of the reflective 
surface would be to reduce the area of the reflecting surface 
as seen by the sun. For curved surfaces, the curved surface 
area would be the actual area. The surface of the curved 
Figure is a parabolic trough but the area as seen by the sun is 
only the rectangle, the available area. It is illustrated in Fig. 7. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.7 Illustration of cosine effect on a parabolic trough 
surface. 

 
Now,  
Available area of parabolic collector = aperture width *    
                                                             Length 

             ∴ Available area = 1 ∗ 1 = 1m2 
C. Arc Length of Discretized Parabolic Collector                   
Now the mathematical form of parabola is going to be 
discretized as small lines. So the flat reflecting surfaces are 
divided into small discrete reflecting surfaces.  
This discretized parabola also has the same available area as 
the mathematical model parabola. Now it is required to find 

the number of individual reflecting surfaces to make the 
same available area. 
The calculation is as follows, 
Equation of parabola,  𝐱𝟐 = 𝟏𝟐𝟎 𝐲 
Arc length of any curve  

𝐋 = � �𝟏 + �
𝐝𝐲
𝐝𝐱
�
𝟐𝐛

𝐚
𝐝𝐱 

By calculating above integration,  
Arc Length 𝑳 = 𝟏𝟏𝟎.𝟓𝟗 𝒄𝒎 

Since diameter of receiver tube is 3 cm, length of each 
individual plate is made as 3 cm. 
Using arc length and the length of each individual plate, 

𝑵𝒐 𝒐𝒇 𝐢𝐧𝐝𝐢𝐯𝐢𝐝𝐮𝐚𝐥 𝐫𝐞𝐟𝐥𝐞𝐜𝐭𝐢𝐧𝐠 𝐬𝐮𝐫𝐟𝐚𝐜𝐞𝐬 =  𝟑𝟔. 
Each side of parabola, it is required to keep 18 discrete 
surfaces to make it like conventional parabola. Next each 
individual reflecting surfaces with conventional parabolic 
curve is analyzed as following. 

PROPOSED SOLAR THERMAL COLLECTOR 
A. Coordinates of discretized parabola 

Here it is required to prove that straight line of 3cm width 
in parabolic curve behaves same as parabolic curve. So we 
have to find the points on parabola that are kept in the 
distances of 3 cm. 

 
Fig. 7 Coincidence of first line on parabolic profile 

Let First point of the parabola is (x1, y1). We can get that point 
from parabolic profile.  Let second point be (x, y). 
Distance between two points, 

�(𝒙𝟐 − 𝒙𝟏)𝟐 + (𝒚𝟐 − 𝒚𝟏)𝟐 = 𝟑 
∴ �(𝒙𝟏 − 𝒙)𝟐 + (𝒚𝟏 − 𝒚)𝟐 = 𝟑 

𝐒𝐢𝐧𝐜𝐞,𝒚 =
𝒙𝟐

𝟒𝒂
 

�(𝒙𝟏 − 𝒙)𝟐 + �
𝒙𝟏𝟐

𝟒𝒂
 −

𝒙𝟐

𝟒𝒂
 �
𝟐

= 𝟑 

 
The above equation is programmed in excel solver and 
solving it numerically we can get each and every point that 
are spaced in the distance 3 cm in parabola. Now end points 
of the discrete reflecting surfaces are found out and they are 
plotted over the conventional parabolic curve. 

END POINTS INDIVIDUAL DISCRETE REFLECTING SURFACES:                                        
X Y X Y 

-1 1 0.906036 0.820902 

-0.95347 0.909097 0.857688 0.735629 

-60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60 

Finding Coordinates Discretized Parabolic 
Collector  

 

 
Projected Area - rectangle 

 
Parabolic Trough 
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X Y X Y 

-0.90604 0.820902 0.8084 0.653511 

-0.85769 0.735629 0.758156 0.574801 

-0.8084 0.653511 0.706945 0.499771 

-0.75816 0.574801 0.654759 0.42871 

-0.70694 0.499771 0.601602 0.361925 

-0.65476 0.42871 0.547485 0.29974 

-0.6016 0.361925 0.492431 0.242489 

-0.54749 0.29974 0.436476 0.190511 

-0.49243 0.242489 0.379671 0.14415 

-0.43648 0.190511 0.322082 0.103737 

-0.37967 0.14415 0.263794 0.069587 

-0.32208 0.103737 0.204906 0.041987 

-0.26379 0.069587 0.145536 0.021181 

-0.20491 0.041987 0.085813 0.007364 

-0.14554 0.021181 0.025878 0.00067 

-0.02588 0.00067 0.145536 0.021181 

1 1 0.085813 0.007364 

0.953466 0.909097 0.025878 0.00067 
a. (x cordinates values are nomalized from -1 to 1 and y 

cordinates values are nomalized from 0 to 1) 

 
 

Fig. 9 Parabolic profile 𝑥2 = 120𝑦 with discretized in  
           negative x axis 

 
From this proof, we can draw a parabolic profile by joining all 
the individual discrete lines. So mirror arranged in a linear 
manner will accurately focus the all the incident radiation to 
focal point exactly.   
Although reflecting mirror 18 and mirror 19 deviates from 
parabolic profile, it will focus exactly to the receiver tube. 
 
Because diameter of receiver tube is 3 cm and the deviation 
also is very minimum. From this analysis we are good to 
fabricate the discretized parabolic collector. 
  
The analysis of discrete (Fresnel) type reflectors and 
determining the available area was calculated using the 
Microsoft Excel software. 
 
B. Solid works Model 
From the previous section dimension of discretized solar 
parabolic collector are found out. 
 The dimensions of the discrete solar collectors are 
listed below. 

1. Length of each collector               = 1 m 
2. Aperture width of each collector = 1 m 
3. Height of the receiver tube          = 0.3 m 
4. Diameter of the receiver tube      = 0.03 m                                             
5.   Number of reflectors                 = 36 

Using this dimension, 3D model is drawn in solid works and it 
is shown in fig 10. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig 10. 3D solid works model of discretized solar 

parabolic collector 
 

 CONCLUSION 
 

The new hybrid discretized solar parabolic collector have the 
advantage of both flat plate collector and conventional 
collector and of low cost. The mathematical model proposed 
is exactly coincides with parabolic trough concentrator. The 
linearity property of parabolic profile is analyzed using MS 
Excel. From Excel analysis, it is found that parabolic profile is 

-60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60 

Parabolic profile with discretized lines 
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line 1 

line 2 

line 3 

line 4 

line 5 

line 6 
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discretized into linear lines without compromising focal 
accuracy of parabola.  
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Abstract— In photovoltaic (PV) power generation, partial shading is an unavoidable complication that significantly reduces 
the efficiency of the overall system. Under this condition, the PV system produces a multiple-peak function in its output 
power characteristic. Thus, a reliable technique is required to track the global maximum power point (GMPP) with in an 
appropriate time. This study aims to employ a hybrid evolutionary algorithm called the DEPSO technique, a combination of 
the differential evolutionary (DE) algorithm and particle swarm optimization (PSO), to detect the maximum power point 
under partial shading conditions. The paper starts with a brief description about the behavior of PV systems under partial 
shading conditions. Then, the DEPSO technique along with its implementation in maximum power point tracking (MPPT) is 
explained in detail. Finally, Simulation and experimental results are presented to verify the performance of the proposed 
technique under different partial shading conditions. 
 
Index Terms— Differential evolution (DE) algorithm, maximum power point tracking (MPPT), partial shading, particle swarm 
optimization (PSO), photovoltaic (PV) system. 
 
I.INTRODUCTION 
   The world is facing many problems and environmental 
pollution. The research and development of photovoltaic (PV) 
technologies have become a hot topic in the world. Solar PV 
is now used around the world as an important technology for 
the conversion of solar energy because of its cleanliness and 
security. The solar PV industry is one of the fastest growing 
high-tech industries. The major problem solar PV is Maximum 
Power Point Tracking (MPPT).Various MPPT algorithms were 
discussed and decrease in PV output power, and hot-spot 
generated damages the PV cells. Since the dynamics of the PV 
power system under partial shading is time varying, (MPPT) is 
equipped with features such as tracking Global Maximum 
Power Point (GMPP) at different conditions ,e.g., shading 
,degradation of PV cell, and adaptability of P-V characteristics 
change in PV array, smooth,  and steady tracking behavior. A 
number of MPPT techniques such as Hill Climbing (HC), 
Perturb and Observe (P&O) and Incremental conductance (IC) 
and have been proposed for improving the efficiency of the 
PV system. The HC method uses a perturbation in the 
operating voltage of the PV system. Both these methods yield 
oscillation at (MPP) owing to the fact that the perturbation 
continuously changes in both directions to maintain the MPP 
resulting in power loss. The module efficiency, the IC method 
was proposed which reduced the oscillations but not 
completely. Both P&O and IC methods fail during those time 
intervals characterized by changing atmospheric conditions. A 
few improved IC algorithms were also proposed to improve 

the MPP tracking capability during fast-changing irradiance 
level and load. To achieve a fast MPP response, a simple 
trigonometric rule has been presented to establish 
relationship between the load line and I-V curve. A dynamic 
MPPT controller for PV system under fast-varying insolation 
and partial shading conditions is proposed, which uses a 
scanning technique to determine the maximum power –
delivering capacity of the panel at a given operating 
condition. The focus  of the research here is to determine the 
global peak(GP) during PSCs; in order  to alleviate some of the 
issues like lower tracking efficiency and oscillations generated 
in the PV output power, an alternative approach is to employ 
evolutionary algorithm (EA) techniques, which has the 
capability to handle nonlinear objective functions. Meta-
heuristic optimization methodologies such as particle swarm 
optimization (PSO) and firefly have been extensively used for 
various engineering applications. In the proposed method, 
the P&O identifies the nearest local MPPs in the first step and 
then the PSO starts searching the GMPP in the second step.  
1)As a result of using this combination, the search space 
exploration is reduced in early iterations. 
2) Given the random values in the algorithm architecture, the 
meta heuristic approach of evolutionary algorithms is not 
avoided. 
 3) In contrast to the other modified forms of PSO, the 
algorithm continues to search the GMPP until a justifiable 
stopping condition. 
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4) Given the simple approach of the proposed hybrid 
technique, the computational burden of the algorithm is 
reduced. 
 
 

 
 
 
Fig.1 Block diagram of MPPT technique  
 
II. CHARACTERISTICS OF A PV SYSTEMS UNDER PSCs 
A. Basic characteristics of a PV cell 
     A PV cell can be represented by an equivalent single diode 
model. The symbol used in the model are defined as follows: 
Ipv   PV current source; 
D      a diode connected in parallel to the current source; 
Rs     the sum of resistance due to all the components 
the come in path of current which is desirable to 
be as low as possible; 
Rp     to represent the leakage across the P-N junction; 
I      difference  between the photocurrent Ipv and 
the diode current Id,which is given bys 
I = Ipv –Io[exp (qV+qRsI/Ns Ks Ta -1) –V+RsI/Rps…(1) 
Where  
Io is the saturation current, 
α is diode ideality factorElectron, 
T is the temperature in kelvin .Ns is the number of series. 
 
  

              
  Fig.2 (a) Patterns. (b) pattern 2 (c) P-V curves under  PSC 
 
III. COMPARING PSO & DEPSO 
A.Basic overview of PS0  
       PSO is a swarm-based evolutionary algorithm that 
investigates the search space and determines the 
components and settings required to optimize a special 
objective function 
 

Fig. 3 Simple vector diagram of PSO  
The PSO algorithm hires a certain number of particles (N) to 
explore the D-dimensional search space of the problem. At 
each iteration, every single particle represents a solution to 
the problem on the basis of the particle’s location in the 
search xi. 
The particles move stochastically using a velocity vector of Vi, 
a resultant of three vectors: 1) the best location experienced 
by the particle (Pbi); 2) the best location experienced by the 
entire swarm (Gb); and 3) a portion of itself in the last 
iteration. Fig. 3 shows a simple representation of the 
movement of a particle in the search space. Pbi and Gb must 
be updated at each iteration throughout the optimization 
process. To do so, a fitness function should be defined to 
evaluate the location of each particle at each step. The 
mathematical form of obtaining the velocity and updating the 
location of each particle. The mathematical equation is  

.......(1) 
Here, the subscript I represents the particle number;  
k denotes the iteration number;  

are the velocity vector and 
 location of the ith particle, respectively, at the kth iteration; 
r1 and r2 are random values chosen from a uniform 
distribution from 0 to 1; 
 c1 and c2 are the cognitive and social coefficients, 
respectively; and 
 w is the inertia weight, which decreases continuously 
throughout the optimization and controls the scale of  
particle. 

 
Fig 4 Generation of trial vector using target and mutant 
vectors. 
   
 B. Overview  of DEPSO 
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 The DE algorithm is a particle-based global optimization 
algorithm consisting of three main operation sections, 
namely mutation, crossover, and selection eq .2 shows the 
mutation unit of the DE algorithm, which works as a search 
engine . 

..(2)  
Here, vi,Gis the mutant vector and xi,Gis the target vector 
ofthe ith particle at the Gth step. r1, r2, and r3 are random 
numbers in the range of 1, 2, . . .nop, where nop denotes the 
number of particles. K and F are the scaling and combination 
factors, respectively. The crossover or recombination in the 
DE technique is a non uniform operation that generates trial 
vectors on the basis of components from the population. The 
DE algorithm uses a non-uniform crossover operation to 
generate trial vectors on the basis of the components of the 
population. The crossover enables the algorithm to propose 
better solutions by shuffling the data of the successful 
combinations. ui, Gi s the trial vector which is generated 
based on the two other vectors, namely target vector (xi,G) 
and mutant vector (vi,G). The target vector is indeed used for 
the selection step, which is the last step in the algorithm. To 
be exact, the new target vector (xi,G+1) takes its members 
based on comparing the fitness values for the old target 
vector (xi,G) and the trial vector (ui,G). Equation (12) shows 
the trial vector of the crossover and Fig. 4 describes how the 
trial vector is generated using target and mutant vectors. 

..(4) 
Here, j ∈1, 2, . . .,D, CR is the crossover constant between 0 
and 1, rn djis a random value between 0 and 1, and rn iis a 
random number chosen from the domain of j. The maximum 
dimension of the search space is denoted by D. Fig. 9 shows 
the process of obtaining a new trial vector in the DE 
algorithm for a two-dimensional (2-D) search  space. 
 

 
Fig.5 Process of obtaining new trial vector for DE algorithm. 
 The final operation is the selection operation that directs the 
movement toward prospective areas in the search. The 
selection of the parents is independent of the fitness values; 
however, the produced children (offspring) in the mutation 
and crossover must be evaluated by the fitness function and 
compared with the parents. The parents stay in the 
population if the fitness values have no effect on the 

selection of parents. The children produced in the mutation 
and crossover are then evaluated and compared with the 
parents. The parents remain in the population if they have 
better fitness values than their children. The selection 
procedure can be expressed as follows: 

..(5) 
 In the PSO algorithm, as the iteration goes on, the diversity 
of particles decreases significantly. This phenomenon 
increases the probability of being trapped in the local optima 
of the solution space. By contrast, the DE algorithm 
successfully explores the local optima of the search space by 
utilizing the differential information; however, this algorithm 
degrades its search quality in finding the global optima. The 
DEPSO algorithm keeps individuals from being trapped in the 
local optima by combining the DE operator with the PSO 
algorithm, which diversifies the PSO technique. Several 
applications of training, clustering, and optimization have 
been presented in literature, which shows that DEPSO 
outperforms both the PSO and DE algorithms in terms of 
solution quality and convergence speed. Gband Pbi are 
important components in the searching process of the PSO 
algorithm, in which every individual tries to improve its 
position toward reaching Gb as the best position found by the 
swarm. However, the decremental weighted velocity of the 
individuals decreases the ability of the swarm to diversify 
after a certain iteration. are kept from being stuck to the local 
optima. 

.  
                  Fig.6 Flowchart of DEPSO 
The search space of the problem consists of a vector of 
different values for the terminal voltage of the PV panel. The 
location vector of the problem, a 1 × N vector, where N 
denotes the number of particles hired. Each location 
represents a voltage value that is a potential solution to the 
MPPT problem. The particles are evaluated based on the 
output power of the PV panel with respect to the proposed 
terminal voltage 

..(6) 
Equation (6) shows the location vector of the problem, a 1 × 
N vector, where N denotes the number of particles hired. In 
practice, during partial shading, instantaneous variations in 
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the insolation level cause sharp fluctuations in the generated 
power. Therefore, the condition presented .Must be satisfied 
to initialize the algorithm. The condition indicates the 
minimum allowed variation in the output power to run the 
algorithm and to find the new MPP, which is given by ΔP 

 
Where J (Xi) returns the output power of the PV panel, 
respective to the location of ith particle in the search space.  
   
IV. EXPERIMENT RESULTS 

 
Fig . 7 Simulation of PSO 
 

 
Fig.8 Output of PSO  
A. specifications of PSO 
Power of array 30W 
Voltage 17.2V 
Current 1.27A 
Response time 0.5 sec 
 
 

.  
Fig.9 Simulation model of DEPSO 
 

 
Fig.10 Output of DEPSO  
The power, voltage and current for the configuration under 
PSCs employing DEPSO is shown above .In   model of DEPSO 
based MPPT converges to the GP of 100w. D 
 
 B. Specification of DEPSO 
 

Power of array 100W 
Voltage 17.25V 
Current 3.25 A 
Response time 0.35 sec 

The DEPSO–based MPPT can handle partial shading 
conditions efficiently and it out performs Ant-colony based 
technique with respect to fast convergence to GP, tracks 
more power. 
 
V.   CONCLUSION 
This paper proposed a new evolutionary computing approach 
called DEPSO technique to design a maximum power 
extraction algorithm for PV systems to work under partial 
shading condition .In view of accessing the effectiveness of 
this new hybrid MPPT DEPSO its performance was compared 
with existing MPPT namely PSO optimization technique and 
from obtained results , it was found that the DEPSO based 
MPPT exhibits superior performance compare Ant-colony 
based MPPT. The proposed method is highly robust, reliable, 
system independent (DEPSO) can track the Global Maximum 
Power Point (GMPP) very accurately and quickly in 
comparison to state of art methods with a good dynamic as 
well as a steady state response in every type of 
environmental conditions. 
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Abstract— The Synchronization strategy  analyses  cascaded H-Bridge multi level inverter (CHBMLI) topologies with carrier 
based sinusoidal phase shifted pulse width modulation (PSPWM)  technique. A separate carrier is used for each H-Bridge (HB) 
in PSPWM technique. To obtain unipolar PWM, the carriers are phase shifted from one another by ∏/x rad. The value of x is 
determined with the number of H-Bridges used. To maintain quarter wave symmetry among the multi level inverter, the 
carrier frequency is chosen to be the integer multiple of  the fundamental frequency. The zero crossings of the carriers with 
respect to the zero crossings of the voltage reference plays an important role to maintain quarter wave symmetry. In this 
paper, the conditions for half wave symmetry and quarter wave symmetry are experimentally verified with a five level 
CHBMLI for a PSPWM technique using Matlab software. 
 
Index Terms—phase shifted carrier based PWM, cascaded H-Bridge multilevel inverter, quarter wave symmetry, half wave 
symmetry. 

 

I. INTRODUCTION 
The use of multilevel inverters is gradually increased 

with the increasing demand of medium voltage and high 
power drives. This reduces the harmonics in the inverter 
output voltage and also it maintains lesser electromagnetic 
interferences. The important challenge faced today is to 
increase the power rating thereby reducing the switching 
frequency to improve the power quality. Although different 
multi level inverter topologies are involved, cascaded H-
Bridge (CHB) is the most preferable choice owing to its 
modularity and performance.   

The switching frequency is low for the power 
converters used in high power and medium voltage 
applications. In PWM voltages, synchronization is necessary 
due to the low pulse ratio which causes higher Total 
Harmonic Distortion (THD). It is also essential for PWM 
voltages to maintain half wave, quarter wave and three phase 
symmetries along with the synchronization. The PWM 
voltages is free from sub-harmonics due to synchronization. 
The triplen harmonics appear as zero sequence voltage and 
are in phase as three phase symmetry is ensured. Half wave 
symmetry nullifies the even order harmonics in the PWM 
voltages. Quarter wave symmetry eliminates the possibility of 
phase error between the reference and the fundamental 
output voltage. 

 Selective harmonic elimination and selective 
harmonic mitigation PWM techniques are the offline 
techniques which require lookup tables for implementation. 
This increases the memory space of microcontroller. As the 
number of voltage level increases, the calculation complexity 
gets increased. Carrier based PWM technique is well suited to 
multi level inverter as it does not require any look up tables 
for the generation of firing angles. Level shifted PWM 
(LSPWM) and Phase shifted PWM (PSPWM) are the two 
carrier based PWM techniques available for MLIs. 

The LSPWM technique requires only one synchronous 
carrier to implement different voltage levels. Hence the 
switching frequencies are different for different H-Bridges in 
this PWM method. The PSPWM technique requires multiple 
phase shifted carriers for different H-Bridges. Hence it is 
impossible to match the zero crossings of voltage references 
with the zero crossings of each carrier. The positions of zero 
crossings of voltage reference with respect to the zero 
crossings of carriers play an important role to maintain the 
ideal synchronous PWM. In this paper the analytical studies 
to maintain half wave symmetry and quarter wave symmetry 
among the CHBMLI pole voltages are performed. 

II. PHASE SHIFTED PWM TECHNIQUE IN CHBMLI 
The gate pulses are generated for each H-Bridge with the 

unipolar PWM technique. The pole voltage of H-Bridge varies 
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between 0 to +Vdc for the positive voltage reference and it 
varies between 0 to –Vdc for the negative voltage reference. 
The positive voltage reference R1 generates gate pulses for 
switches S11 and S12 of leg1.The negative voltage reference  R2 
generates gate pulses for switches S13 and S14 of leg2. The gate 
pulses for both the legs are generated using a common 
carrier CHB1. 

 

 
            Fig 1: Single H-Bridge 
 

III. CONDITIONS FOR THREE PHASE SYMMETRY AND  
    HALF WAVE SYMMETRY 
    Double cascaded H-Bridge consists of two single 

cascaded bridges with two DC input sources. The inverter 
output pole voltage VO is the difference between two 
individual H-Bridges voltages Va1 and Va2. The fig.2 shows 
the circuit topology of doubly cascaded multi level inverter 
which produces five level output voltage. 

Three phase symmetry is maintained among the individual 
H-Bridge output pole voltage waveform when the carrier 
frequency is 3n times the fundamental frequency. It is 
observed from fig.3  for an odd integer ratio between carrier 
and fundamental frequency,  the region from 0rad to ∏rad is 
the mirror image of the region from ∏rad to 2∏rad  with 
respect to X-axis(θ). Hence the intersection points c1 to c6 

forms the mirror image of c7 to c12 respectively. In case of 
even integer pulse ratio, the three phase symmetry is 
maintained for the output pole voltage of CHBMLI. But the 
individual H-Bridge voltages do not maintain three phase 
symmetry. The half wave symmetry is maintained with both 
odd and even integer pulse ratio.  

 

 
 

Fig 2: Double cascaded H-Bridge 
 

 
 
             Fig 3: (a) Carrier CHB1 lagging the normalized            
           references R1 and R2 by φrad,  (b) Pole voltage Vo 

IV. CONDITIONS FOR QUARTER WAVE SYMMETRY 

A. Single H-Bridge 
In a single H-Bridge, the quarter wave symmetry of pole 

voltage waveform can be maintained if the zero crossings of 
the carrier lags the zero crossings of the voltage reference by 
∏/6rad. Similarly, it is also maintained when the zero crossings 
of the carrier leads the zero crossings of the voltage reference 
by ∏/2rad. 

The two essential conditions to maintain the quarter wave 
symmetry in the output pole voltage is summarized as follows: 

(i) The zero crossings of the voltage reference should 
coincide with the zero crossings of the carrier. 

(ii) The zero crossings of the carrier should be placed at 
±∏/2rad with respect to the zero crossings of the voltage 
references. 

The individual carriers are phase shifted from each other 
by ∏/2rad for double cascaded H-Bridge. One carrier has to 
satisfy the condition 1 and the other carrier has to satisfy the 
condition 2 as mentioned above. Hence the output voltages of 
both the H-Bridge will maintain quarter wave symmetry.   
 
B. Double H-Bridge 
      In double cascaded H-Bridge, the quarter wave 
symmetry is maintained by considering the two conditions 
listed below: 
 (i) The fictitious carrier Cref1 is placed in between the 
zero crossings of the carriers CHB1 And CHB2. 
 (ii) The fictitious carrier Cref2 is placed in between the 
zero crossings of the carriers CHB1 and CHB2. 
    The voltage reference R1 generates gate pulses for the 
switches S11,S12,S13,S14. Similarly the voltage reference R2 
generates the gate pulses for switches S21,S22,S23,S24. Fig.4 and 
fig.5 shows the voltage references R1 and R2 along with the 
carriers CHB1 and CHB2 to the fictitious carriers Cref1 and Cref2 

respectively. The two approaches to maintain quarter wave 
symmetry in double CHBMLI are analysed in the coming 
sections. 
        
        (a)Approach 1 
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    Fig 4 : (a) References R1 and R2 carriers CHB1 and CHB2         
when cref1 is in phase with voltage references (b) VHB 

The quarter wave symmetry among resultant pole voltage 
can be maintained when φ1=φ2.i.e.the zero crossings of           
carriers CHB1 and CHB2 are placed at equidistant from the zero 
crossings of carrier cref1. The quarter wave symmetry is 
maintained in this case only when the carrier frequency is 3n 
times the fundamental frequency of voltage reference and 
also the zero crossings of the carriers CHB1 and CHB2 either lags 
or leads the zero crossings of carrier Cref1 by φ1rad and φ2rad 
respectively.  
      (b)Approach 2 
     Similar to the approach 1, here also quarter wave 
symmetry among resultant pole voltage can be maintained 
when φ1=φ2.i.e.the zero crossings of carriers CHB1 and CHB2 are 
placed at equidistant from the zero crossings of carrier cref2. 
The quarter wave symmetry is maintained in this case only 
when the carrier frequency is 3n times the fundamental 
frequency of voltage reference and also the zero crossings of 
the carrier Cref2 leads the zero crossings of the voltage 
reference by ∏/2rad. 
 

 
 
Fig5: (a) References R1 and R2 carriers CHB1 and CHB2 when 
cref1 is lags the voltage references by ∏/2rad  (b) VHB             
 

C. Condition for equal power 
Each H-Bridge handles equal power in PSPWM technique 

with the high switching frequency.Unequal power 
distribution occurs when the zero crossing of one of the 
carriers coincides with the zero crossings of the voltage 
reference. And hence the zero crossings of the voltage 
reference are placed equidistantly between the zero 
crossings of the two carriers. This is just a specific example 

whereas unequal power distribution occurs among CHBMLI 
when the pulse ratio is comparatively less.   
 

V. Experimental Results 
    The squirrel cage induction motor operated in open loop 
V/f method hereby verifies the synchronization strategy for 
PSPWM based CHBMLI. For experimental verification, the 
pulse ratio is kept at 3 to obtain the ideal synchronous PWM.        
Fig.6 shows that the zero crossings of the carrier CHB1 
coincides with the zero crossings the voltage reference.Fig.7 
shows that the resultant output pole voltage maintains half 
wave and quarter wave symmetry.Fig.8 (a),(b),(c)shows the 
line to line voltage of R,Y,B phases in CHBMLI.Fig.9 shows the 
harmonic spectrum of the inverter output pole voltage. 
 
 
 

 
 
Fig 6. zero crossings of carrier with repect to zero crossings of 
voltage reference. 
 

 
Fig.7 Output pole voltage 
 

 
Fig 8 (a). R-Phase line to line voltage 
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Fig 8 (b). Y-Phase line to line voltage 
 
 

 
Fig 8 (c). B-Phase line to line voltage 
 

 
Fig 9. Harmonic spectrum of pole voltage. 
 
VI. CONCLUSION 

    This paper analytically shows the conditions and possible 
positions of zero crossings of the carrier with respect to 
the zero crossings of the voltage reference for CHBMLI 
using the PSPWM technique. It maintains the three phase, 
half wave and quarter wave symmetry among the H-Bridge 
pole voltage waveforms as the carrier frequency is 3n 
times the fundamental frequency of the voltage reference. 
This is studied analytically in this paper for a five level 
cascaded H-Bridge. The study is experimentally verified 
and the results are presented. 
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Abstract—The performance of photovoltaic (PV) solar module is affected by its tilt angle. Since the sun is higher in the 
summer and lower in the winter, it is possible to capture more energy during the whole year by adjusting the tilt of the 
panels according to the season. Solar panels should always face true south if the location is in the northern hemisphere, or 
true north if the location is in the southern hemisphere. India lies in northern hemisphere hence the solar panel must be 
mounted in the southern hemisphere and adjusting the tilt angle twice a year gives a meaningful boost in energy. The tilt 
angle can be determined by geographic factor method, clearness index method, declination angle method, experimental 
method.  

Index Terms— Solar radiation, tilt angle, latitude, geographic factor, clearness index, declination angle. 

 

I. INTRODUCTION 
Solar photovoltaic panels collect solar radiation directly 

from the sun, and from sunlight reflected off the ground or 
area surrounding the PV panel. Orienting PV panel in a 
direction and tilt to maximize its exposure to direct sunlight 
will optimize the collection efficiency. The panel will collect 
solar radiation most efficiently when the sun's rays are 
perpendicular to the panel's surface. The angle of the sun 
varies throughout the year.  

The tilt angle determines the amount of solar radiation on 
panel surface and in turn determines the quantity of energy 
collected (1). Inspite of installing a solar panel on a flat roof or 
pitched roof, the output of solar PV system would be 
increased by optimizing the tilt angle. The array output is 
highest if the array faces directly to the sun at all times. Since 
location of the sun moves throughout the day, it is not 
possible to face directly to the sun unless a system uses a two 
axis solar tracker for tracking sun’s path (2). 
                                              

II. METHODS FOR FINDING TILT ANGLE 
   For stand-alone systems with a battery backup, in which the 
PV modules are attached to a permanent structure, the tilt 
angle of PV modules should be determined to optimize their 
performance when sunlight is most scarce.  
 

 
          FIGURE 1.EQUIVALENT CIRCUIT OF SOLAR CELL  
 
Generally, if electric power generation is adequate when 
sunlight is most scarce, then the chosen angle should be 
adequate throughout the year. For grid-connected 
installations where PV modules are attached to a permanent 
structure, it is recommended to tilt the PV modules at an 
angle equal to the latitude of the installation site to optimize 
their power generation throughout the year. 
 
  A.GEOGRAPHIC FACTOR METHOD (Rβ) 
 
     Estimation of daily beam radiation on the tilted surfaces is 
possible with the geographic factor method. The geographic 
factor includes the climate and rainfall pattern. The following 
geographic factors govern the amount of insolation received 
at any point on the earth’s surface are angle of incidence, 
duration of sunshine, solar constant, distance between the 
earth and sun, transparency of the atmosphere. The longer 
the duration of daylight, the more the insolation received per 
day. 
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    The optimum tilt angle is the angle corresponding to the 
maximum value of Rβ over the specific period under 
consideration. It is similar as considering the maximum 
radiation on the panel surface. 
 
 
          𝑅𝛽 =    Total radiation on the tilted surface 
                     Total radiation on a horizontal surface             (1) 
 
B.CLEARNESS INDEX METHOD 
    It is defined as the surface radiation divided by the 
extraterrestrial radiation. The clearness index has a high value 
under clear, sunny conditions, and a low value under cloudy 
conditions. The clearness index is a measure of the clearness 
of the atmosphere. The clearness index can be defined on an 
instantaneous, hourly, or monthly basis.  
 
  Clearness index =              Global irradiance 
                                  Extra terrestrial global irradiance         (2) 
 
The monthly average clearness index hardly ever falls in the 
range 0.3–0.7 in most locations around the world. The solar 
irradiance received on the ground will be equal to the value 
of the solar constant subtracted by the amount of 
atmospheric absorption under the ideal atmospheric 
condition. In general, the global solar irradiance consists of 
two main components, these are known as diffuse sky 
irradiance and the direct beam component. The clearness 
index obtained is calculated from the clear-sky solar 
irradiance. 
 
C.DECLINATION ANGLE METHOD (δ) 
     The sun declination angle, δ is defined to be that angle 
made between a ray of the sun, when extended to the center 
of the earth, and the equatorial plane. If the graph is drawn 
for the solar declination against time through a whole year, 
the result is approximately a sine wave. However the earth’s 
orbit around the sun is not perfectly circular but it is elliptical. 
Because of this the earth is closest to the sun in January than 
July. Therefore the solar declination changes rapidly in January 
than they do in July. 
The sun’s declination angle is given by, 
  
           δ=−23.45°× Cos (360/365× (d+10))                             (3) 
 
δ is positively oriented whenever the sun’s rays reach the 
centre of earth by passing through the northern hemisphere. 
where, d is day of the year. 
 
D.EXPERIMENTAL METHOD 
     The experimental method involves the tilting of solar based 
on biaxial basis. Depending on the season it is tilted twice a 
year, once during summer and the other during winter. The 
tilting can also be done month wise but the efficiency is nearly 
same as biaxial tilt. So the panel is tilted twice a year for 
obtaining optimum efficiency. 
 

III.  ESTIMATION OF OPTIMUM TILT ANGLE 
   The angle of the sun changes from summer to winter. In 
India, during the summer season over 90% of the country 

receives a significant amount of solar radiations of the order 
of 3.0–6.5 kWh/m2-day.  
   A roof is designed for water to run off it and so it is 
commonly at around a 2 degree tilt. Furthermore, we are 
able to tilt solar panels around 3 degrees or so without using 
a tilt kit. This means that we will typically have solar panels 
on around a 5 degree tilt when we are installing them ‘flat’. 
This is an important point because a small tilt allows the 
panels to be washed clean when it rains, and ensures that 
water doesn’t pool on the panels. The tilt angle should be 
chosen in such a way that it should meet adequate power 
demand. 
   The sun moves across the sky and will be low or high 
depending on the time of the day and the season. For that 
reason the ideal angle is never fixed. The five major factors 
determining solar energy potential are, latitude, cloud cover, 
aerosols, elevation, shadowing. The performance of the 
photovoltaic system depends upon the availability and the 
intensity of solar radiation. 
   The two simple methods for calculating approximate solar 
panel angle according to the latitude are, 
   
A.CALCULATION METHOD ONE 
    The optimum tilt angle is calculated by adding 15 
degrees to your latitude during winter, and subtracting 15 
degrees from your latitude during summer. 
Since the latitude in India is 11.004556, the optimum tilt 
angle for winter is given by, 
 
             Tilt angle for winter = Latitude+15°                         (4) 
                                              = 11.004556+15° 
              Tilt angle for winter =   26.004556°                        
     The optimum tilt angle for summer is given by, 
                 
              Tilt angle for summer = latitude-15°                         (5) 
                                                 = 11.004556-15 
             Tilt angle for summer = -3.995444°                                     
 
This is the simplest method of finding the optimum tilt angle 
for both summer and winter but it is less effective. 
 
B.CALCULATION METHOD TWO      
     In this method, the optimum tilt angle for solar panels 
during winter is calculated by multiplying the latitude by 0.9 
and then adding 29°. 
 The optimum tilt angle for winter is given by, 
 
               Tilt angle for winter = latitude*0.9+29°                   (6) 
                                                = 11*0.9+29° 
              Tilt angle for winter = 38.9° 
 
It is the most preferable method even though the  angle is 
10° steeper than in the general method but very effective at 
tapping the midday sun which is the hottest in the short 
winter days. 
The optimum tilt angle for summer is given by, 
            
              Tilt angle for summer = latitude *0.9 - 29 °             (7) 
                                                 = 11*0.9 - 29°  
             Tilt angle for summer = -13.6 ° 
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IV. EFFECTS OF ANGLE OF INCIDENCE 
     When the incident radiation is perpendicular to the solar 
panel the number of incident photons is maximum. This can be 
described by the following equation, 
 
                       I = Iocos(α)                                                           (8)  
  where,   

      α is the tilt angle, the angle between the incident ray and    
the area vector of the panel plane 
      IO = received irradiance when α = 0° and 
      I= received irradiance when α =other than 0° 
 
   The rotation of our planet causes the sun to rise in the east 
and set in the west. From sunrise to sunset, the sun travels 
180 degrees across the horizon. Since solar cells produce 
maximum output when the panels are placed perpendicular 
to the sun position, the solar tracker is a motorized device, 
which adjusts the disposition of the solar panel to follow or 
"track" the angle of incidence of sunlight throughout the day. 
This allows the solar panel to work at full efficiency at all 
times during the day. 
   A photovoltaic (PV) module is composed of several solar 
cells. The output power of a PV module primarily depends on 
two factors: cell temperature and solar radiation incident on 
the module. When the cell temperature increases, open 
circuit voltage of the solar cell decreases, thus leading to the 
reduction in maximum power. As solar radiation increases, 
the short circuit current, maximum power, and conversion. 
efciency also increase 

V. SURVEY AND RESULT 
   The optimum tilt angle for each month can be calculated by 
estimating the latitude of the location. The choice of a 
suitable tilt angle for erecting the solar panel is calculated 
month wise. 
               TABLE I.MONTHWISE TILT ANGLE 
           

           MONTH    TILT 
ANGLE(DEGREE) 

      JANUARY 63 

      FEBRUARY 71 

      MARCH 79 

      APRIL 87 

      MAY 95 

      JUNE 102 

      JULY 95 

      AUGUST 87 

      SEPTEMBER 79 

      OCTOBER 71 

      NOVEMBER 63 

      DECEMBER 56 

  

   The optimum tilt angle varies throughout the year, 
depending on the seasons and the location. At solar noon, 
the irradiance from the sun is at its very highest and it is 
possible to generate the most power. In the northern 
hemisphere, the sun is due south at solar noon. Therefore, to 
get the very best out of the photovoltaic panels, it is typically 
faced south at the optimum angle so that the panel is 
receiving as much sunlight as possible. 
   The correct angle for tilting depends very much as to when 
you want to get the best out of your photovoltaic system. By 
adjusting the photovoltaic panels throughout the optimum 
performance from the solar panel can be attained all of the 
time. Pointing solar panels toward the sun with trackers is a 
common ways to get more energy from panels, particularly at 
large-scale farms. 
   By the knowledge of the position of sunrise and sunset at 
different times of the year it is possible to identify all the 
potential obstructions and steps can be taken to eliminate it, 
thus maximum output can be obtained. 

The variation of tilt angle throughout the year is determined 
to obtain the maximum possible output from the solar panel 
in spite of the obstructions. 

 
                      FIGURE 2.GRAPH FOR TILT ANGLE Vs MONTH 

 
From the graph it is clear that the tilt angle is maximum 

from the month of May to July. The power demand is also 
higher in the summer season, hence the optimum tilt angle 
increases the efficiency of the solar panel. Otherwise biaxial 
tilting can be used to reduce the frequent tilting and nearly 
same efficiency can be obtained. 

   
VI. CONCLUSION 

    From the analysis above, based on one year record of the 
solar radiation, the importance of setting the angle of PV 
panel to an optimum angle was investigated and the value of 
the optimal angle was calculated. This paper provides simple 
methods which just make use of one year data to build the 
solar radiation prediction model. 
   Two methods were adopted to derive the model. Since the 
only parameter used to build the model is the radiation value, 
the results cannot be as accurate as using other complicated 
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method such as intelligent network which can incorporate 
many meteorological factors. 
    In addition, solar radiation is quite a site-specific value, in 
order to develop more accurate model, long term data is 
needed. However, from the results, the general weather 
condition of India can also be derived which is useful in the 
design of PV system parameters and make the operation 
schedules. The monthly average solar radiation is utilized for 
calculating optimum tilt angle. 
    Moreover, the installation and maintenance of the system 
with change in tilt angle throughout the year will be far more 
complex than a two tilt angles system. Hence, it can be 
concluded that, if a solar system adopts a two tilt angle 
system instead of the default one tilt angle system, with only 
a minimum increase in installation complexity, it will witness 
a significant increase in radiation. 
 
   The experiment results showed that by tilting the PV panel 
angle to a specific optimal value can increase the energy it 
can receive, thus increase the output energy of the panel. The 
proposed prediction model also can be adopted to predict 
average distribution of solar radiation in a specific time 
period and can give acceptable results. 
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Abstract - Outlyingness is a kind of noise, which is also known as impulse signal occurs at the unsuitable position. This outlyingness 
noise occurs when the sudden change in frequency happens. While removing these outlyingness noises or Gaussian mixed noise, the 
algorithm may tend to remove the sharpness of an image. This made to propose a replacement detection mechanism for almost any 
type of impulse noise, which works based on nonlocal means that (NL-means). The operation is dispensed in 2 stages, i.e., detection 
followed by filtering. For detection, we propose the Outlyingness Magnitude Relation (OMR) for measurement and to analyze the 
relation. previously the impulse-like actual pixel elements will be removed with the old traditional algorithms. This OMR measure and 
divides the difference between the actual pixel and the noise by generating clusters inside the image components. This clustering 
process continues as recursively with reference to the noise density available.  This process will be handled within the divided 
quadrant and relative nature. OMR will cluster the image elements from-coarse-to-fine Outlyingness ratio is measured to identify the 
noise.  The projected OMR-NLM additionally achieves high peak ratio and nice image quality by expeditiously removing 
impulse/Gaussian mixed noise. The main advantage of using this method is it can be easily implemented with VL. 
 
Index Terms—Image denoising, outlyingness Ratio, Noise detection,  nonlocal means, OMR. 

 
 
I. INTRODUCTION 
Images could be attenuated because of the transmission 
error or storage error. These error may have been occurred 
due to  sensors defects or malfunctioned qunatizers etc., 
Smoothening and linear filtering process have been used for 
image denoising process to in-plant simple filtering 
methodology[1]. However, since these methods are based 
upon the assumption that the image signal is stationary and 
formed through a linear system, their effectiveness, although 
generally acceptable, is limited. In reality, real-world images 
have typically non-stationary statistical characteristics, and 
are formed through a nonlinear system process where the 
intensity distribution arriving at the imaging system is the 
product of the reflectance of the object or the scene of 
interest and the illumination distribution falling on the 
scene[2]. There exist various adaptive and nonlinear Image 
denoising methodologies, which is capable of making 
fundamental processing by bisecting the spatial features/ 
pixels of an image[3]. Cai and Silverman proposed a 
thresholding scheme for signal denoising by taking the 
immediate neighbor coefficients into account. They claimed 
that this approach gives better results over the traditional 
term-by-term approach for both translation invariant (TI) and 

non-TI single wavelet denoising[4]. Chen and Bui  extended 
this neighboring wavelet thresholding idea to the 
multiwavelet case. They claimed that neighbor multiwavelet 
denoising outperforms neighbor single wavelet denoising and 
the term-by-term multiwavelet denoising  for some  standard 
test signals and real-life signals [5], [6]. Chen et al.  proposed 
an image denoising scheme by considering a square 
neighborhood window in the wavelet domain[7]. Chen et al.  
also considered a square neighborhood window and tried to 
customize the wavelet filter and the threshold for image 
denoising[5] [6]. Experimental results show that both 
methods produce better denoising results. Mihcak et al.  
performed an approximate maximum a posteriori estimation 
of the variance for each coefficient, using the observed noisy 
data in a local neighborhood. Then, an approximate minimum 
mean squared error estimation procedure is used to denoise 
the noisy image coefficients. Sendur and Selesnick developed 
a bivariate shrinkage function for image denoising. Their 
results showed that the estimated wavelet coefficients 
depend on the parent coefficients. The smaller the parent 
coefficients, the greater the shrinkage is. Crouse et al. 
developed a framework for  statistical signal processing based 
on wavelet-domain hidden Markov models. This framework 
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enables them to concisely model the nonGaussian statistics 
of individual wavelet coefficients and capture statistical 
dependencies between coefficients. Simoncelli and Adelson 
proposed a Bayesian wavelet coring approach by 
incorporating the higher-order statistical regularity present in 
the point statistics of subband representation. Chen and Qian 
proposed to combine wavelet denoising with dimensionality 
reduction for hyperspectral imagery by using bivariate 
wavelet thresholding, wavelet packets, and principal 
component analysis (PCA). Othman and Qian developed a 
noise reduction algorithm [hybrid spatial-spectral noise-
reduction algorithm (HSSNR)] for hyperspectral data cube. 
The algorithm resorts to the spectral derivative domain, 
where the noise level is elevated, and benefits from the 
dissimilarity of the signal regularity in the spatial and spectral 
domains. Letexier and Bourennane proposed a generalized 
multidimensional Wiener filter for denoising hyperspectral 
images. Suksmono and Hirose developed a new adaptive 
noise reduction method for interferometric synthetic 
aperture radar complex amplitude images. In recent years, 
there has been a major effort to improve the denoising 
methods. This includes the Bayes least squares-Gaussian 
scale mixtures (BLS-GSM) method, the bivariate Laplacian 
mixture technique, and the local polynomial approximation-
intersection of confidence intervals technique. More recently, 
significant improvement has also been developed by using 
anisotropic windows around each coefficient. Chen and Zhu 
proposed a signal denoising method by using neighboring 
dual-tree complex wavelet coefficients. 
 
Additive low frequency noise is formed by imperfect bit 
encoding or due to the imperfect transmission path, this 
makes each image pixel to undergo value with a zero-mean 
Gaussian distribution, which in turn affects many pixels in an 
image. Image acquisition plays a vital role in introducing 
these noises[8] [9]. The property of zero-mean distribution 
make such noise to be removed by local averaging of pixels. 
Recently, a number of nonlocal methods such as nonlocal 
means (NL-means), K-SVD, and BM3D have been developed, 
and these methods have shown great promise and obtained 
state-of-the-art results. Our proposed method originates and 
inspired by Non-Local means algorithm. Unlike previous 
denoising methods, which were developed under local 
regularity assumption, the NL-means exploits the correlation 
in the entire image. Basically, the NL-means filter estimates a 
noise-free intensity as a weighted average of all pixel 
intensities in the image, and the weights are proportional to 
the similarity between the local neighborhood of the pixel 
being processed and the local neighborhoods of the 
surrounding pixels. Therefore, these nonlocal methods are 
very powerful of preserving image details when denoising[10] 
[11]. High frequency noise, which is the occurrence of sudden 
change in the pixel values(also known as impulse noise). The 
characterized of this noise affects and replaces a portion of 
an image pixel and leaves a scar on the image. Nonlinear 
filters is the median filter with good denoising power, simple 
implementation, and high computational efficiency, which 
exploits the rank-order information of pixel intensities within 
a filtering window and replaces the center pixel with the 
median. However, one difficulty with the median filter is that, 

in many cases, it removes desirable details[12]. This is 
particularly a problem when the noise density is high. To 
obtain improved performance, various generalized and 
modified median-based filters have been proposed, such as 
the weighted median filter, the multistate median (MSM) 
filter, the center-weighted median filter, and the stack 
filter[13]. Nevertheless, they are still uniformly implemented 
across the image without considering whether the current 
pixel is noise free or not[14]. As a result, this would inevitably 
alter the intensities and remove the image details 
contributed from uncorrupted pixels and cause image quality 
degradation. In order to deal with this problem, one solution 
is to introduce a noise-detection mechanism, prior to 
filtering, to identify the corrupted pixels and, meanwhile, 
leaving the uncorrupted pixels unaltered. By incorporating 
such noise-detection mechanism into the median filtering 
framework, the so-called switching median filter is proposed, 
and it has been shown to be simple and yet more effective 
than uniformly applied median-based methods[15]. Next, 
over the years, better noise removal methods with different 
kinds of noise detectors have been proposed, such as MSM 
filter, tristate median (TRI) filter, adaptive center-weighted 
median (ACWM) filter, the pixel-wise median absolute 
deviation (PWMAD) filter, the adaptive switching median 
(ASWM) filter, a directional weighted median (DWM) filter, 
Luo-iterative median filter, the conditional signal-adaptive 
median (CSAM) filter, the rank-ordered logarithmic difference 
edge-preserving regularization filter (ROLD-EPR), and so 
on[16]. For mixed noise, some filters have been also 
proposed. The median-based signal-dependent rank-ordered 
mean filter can remove impulse noise rather effectively, but 
when applied to images with mixed noise, it often produces a 
visually disappointing output. The trilateral filter is a 
modification of the bilateral filter with incorporated rank-
order absolute difference (ROAD) statistics for impulse noise 
detection[17] [18]. It has been especially designed for 
uniform impulse and Gaussian noise removal. The ROAD 
value could be false provided that half of the pixels in the 
processing window are corrupted. The sorted quadrant 
median vector switching bilateral filter (SQMV-SBF) is also a 
modification of the bilateral filter with the incorporated 
SQMV for impulse noise detection[19]. It removes the mixed 
noise by switching the bilateral filter between the Gaussian 
noise and the impulse noise depending upon the noise-
detection results. The HDIR  filter is based on a Bayesian 
classification of the input pixels, and then it removes the 
mixed noise by the kernel regression framework[10]. These 
methods also need a detection rule to classify the impulse 
noise and Gaussian noise[21]. As aforementioned, most of 
the impulse denoising and mixed denoising filters need a 
detection step before filtering[22]. The main issue of these 
decision-based filters lies in building a decision rule, or a 
noise measure, that can discriminate the uncorrupted pixels 
from the corrupted pixels or impulse noise from the Gaussian 
noise as precisely as possible[23]. In this paper, we propose a 
new detector based on new statistics called robust 
outlyingness ratio (OMR), which is used to measure how 
much a pixel looks like an impulse noise. Based on the OMR, 
the pixels are divided into four different clusters. Then, 
different decision rules are adopted to detect the impulse 
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noise in each cluster. During the detection process, the from 
coarse- to-fine strategy is used[24]. In addition, the detection 
process contains two stages, i.e., the coarse stage followed by 
the fine stage[25]. Different thresholds are used in the two 
stages. Finally, the detection procedure is iteratively adopted. 
Furthermore, as aforementioned, the NL-means is very 
powerful for denoising Gaussian noise, but to the best of our 
knowledge, it is not yet extended to remove impulse 
noise[26] [27]. In this paper, the NL-means is extended to 
clean impulse noise, and then a universal noise removal 
framework is proposed by combining the NL-means with the 
new detection mechanism[28] [29] [30].  
 
II. OMR FOR OUTLYINGNESS DETECTION 
 Noise Models When an image is corrupted by impulse noise, 
only a portion of the pixels are changed. To be precise, let 
xi,j and yi,j  be the pixel values at location (i,j) in the original 
and noisy images, respectively, and [nmin, nmax] be the 
dynamic range of the allowed pixel values. Then, for an 
impulse model with noise probability or noise ratio p, we 
have 

 

yi,j = �
xi,j,
ni,j,

�   with probability 1 − p 
with probability p  

 
With ni,j probability with probability (1) where is a noise value 
independent from xi,j . There are two cases of noise 
distributions for impulse noise, namely, fixedvalued (also 
called salt-and-pepper) impulse noise and randomvalued 
impulse noise. For fixed-valued impulse noise, the values of 
the corrupted pixels are equal to nminor nmax with equal 
probability. For random-valued impulse noise, however, the 
corrupted pixels are uniformly distributed between 
nminand  nmax . For gray-level images with 8 bits per pixel 
(i.e. nmin = 0 and  nmax = 255), the noise value ni,j of the 
first case corresponds to a fixed value of 0 or 255 with equal 
probability, whereas that of the second case corresponds to a 
random value uniformly distributed between 0 and 255. 
Cleaning random valued impulse noise is far more difficult 
than removing fixed valued noise because, in the latter case, 
the differences of the pixel values between a noisy pixel and 
its noise-free neighbors are often significant. 
 
III. DEFINITION OF THE OMR 
 
1) |Ki| > 𝑡. , where as Ki is the cluster threshold and t is the 
pixel variance. 
2) In very small samples, the rule is ineffective: it can be 
shown that 

ti <  
(n − 1)

√n
 

For all possible data sample values, if n ≤ 10, there always 
exists |ti| < 3. 
3) When there are several outliers, their effects may interact 
in such a way that some of them remain unnoticed defined as 
 
CADN(J)= CAD(y) / 0.8457 
CAD(J) = Centroid {|y – Med(y)|} 
Med(J) = Centroid(𝐲𝟏, 𝐲𝟐, , , , , , 𝐲𝟑) 

 
where the operation “Centroid" represents the median 
cluster value of the pixel standard normal random variable, 
and y is the vector representation of the data. 
 
a) It is hard to give suitable threshold . Since the impulse 
noise is randomly distributed in an image, the OMR values of 
the impulse noise are random. When the noise ratio is high, 
the situation is more complex. Furthermore, the OMR values 
of the noise-free pixels are also distributed in every 
cluster[31].  
 
b) It is hard to obtain pleasing detection results, and the 
optimal threshold is sensitive to noise ratios. Since the OMR 
values of the noise-free and noisy pixels are both randomly 
distributed, it is too hard to make a tradeoff between the 
“miss” and “false-hit” terms whichever threshold is used, 
particularly when the noise ratio is high[32].   
 
c) The   sum of the   “false-hit” and “miss” terms is used to 
assess the results, and the best result of every noise ratio is 
marked in bold. It shows that, for different noise ratios, the 
best thresholds are different, and the results do not keep 
good balances between the “false-hit” and “miss” terms. 
According to the experiments and analysis above, it reveals 
that it is not the best way to directly use the OMR to detect 
the impulse noise, and there are some problems. In order to 
over- come these problems, a new detection mechanism 
based on the OMR is proposed[33]. As indicated above, the 
pixels are classified into four clusters. Every cluster 
represents how impulse like are the pixels. For the sake of 
detecting the impulse noise, the absolute difference between 
the processed pixel and the median of its neighbors is 
calculated. Then, the difference is compared with a pre- given 
threshold to judge the impulse noise[34] [35]. Since the pixels 
have different degrees of the impulse like, different 
thresholds are adopted in different clusters. 
 
We use , , , and  to represent the thresholds of 
the most like, second like, third like, and fourth like levels, 
respectively. In order to make detection more accurate and 
more robust, the iterative framework is adopted, which has 
been used by many method. After each iteration, the 
Centroid based output of the input is obtained according to 
the detection result, and this restored image is used as an 
input for the next iteration[36] [37]. 
 
Intuitively, thresholds , , , and  are very critical in 
the detection process. If the thresholds are too large, the 
“false- hit” term is small and the “miss” term is large. In 
contrast, if the thresholds are too small, the “false-hit” term is 
large and the “miss” term is small. In order to keep a good 
balance between the “false-hit” and “miss” terms, the from-
coarse-to-fine ideal is used, and the detection procedure is 
divided into two stages, i.e., the coarse stage followed by the 
fine stage. In the coarse stage, the relatively larger thresholds 
are adopted. Then, the “false- hit” term is small and the 
“miss” term is large. After detection, the median-based 
restored image is got and used for the next iteration. 
Therefore, after a few iterations in the coarse stage, the image 
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for the next iteration becomes more and more close to the 
original image, and then it is easier to detect more noisy 
pixels. Therefore, in the fine stage, the relatively smaller 
thresholds are used, and this can detect most of the noisy 
pixels while keeping the tradeoff between the “false-hit” and 

“miss” terms. Since the pixels in the fourth level are most unlike 
the impulse noise, these pixels are not considered in the coarse 
stage, and they deemed as good pixels. The whole detection 
mechanism can be described as follows[38].

Characteristics of OMR 
Statistical parameter MAD is used in our method, and it has 
been utilized by ACWM [16]. In accordance with the principle 
of the ACWM and our method, the roles of MAD are different 
in these two methods. In ACWM, MAD is used to calculate the 
threshold for making the final decision, whereas MAD is applied 
to calculating the OMR used to divide the pixels into different 
clusters in our detection mechanism. 
 
• Hierarchical: The pixels in the image are divided into 
four clusters based on the value OMR, and they 
independently detect impulse noise in every cluster. 
 
• Progressive: The from-coarse-to-fine strategy is 
adopted, and the detection mechanism contains two stages, 
i.e., the coarse and fine stages. The detection results become 
more and more accurate. Iterative:  The  iterative  framework  
is  adopted  by our method. 
 
• Anisotropic: The decision rule with different 
thresholds is used in different clusters. In contrast, the ACWM 
does not have these characteristics. In  t h i s  method, the 
simple switching-median decision rule with different 
thresholds is used in different clusters. In fact, other good 
decision methods can be applied to different clusters 
according to the principle of our detection mechanism. 
For example, in cluster OMR  , the simple median-based 
decision rule could be used, whereas in cluster OMR  Ki   , 
the center-weighted median-based decision rule could be 
adopted, etc. 
 
 
 
 Implementations and Testing Procedures 
 
The proposed OMR-NLM is implemented based upon the 
dataflow with respect to  impulse noise and mixed noise, 
respectively. Testing is divided into two parts, i.e., one for 
noise detection and the other for noise removal. In noise 
detection, the salt-and-pepper impulse noise and the 
random-valued impulse noise are both considered.  
 
In each experiment, we strive to be impartial while collecting 
data. For each method tested, we vary its parameters 
exhaustively  to obtain the best possible results. Furthermore, 
to eliminate the bias created by different manifestations of 
noise, we create a standard set of noisy im- ages. Five noisy 
images are created for each test image and noise level and 
form the common input to each method. The numerical 
results shown are the average results for these five images.  
 
CONCLUSION 
 
The main contribution of this paper is the introduce of new 

sensible OMR algorithm, which  describes the outlyingness of 
the pixels and propose a new detection mechanism; ex- tend 
the non local centroid to the impulse noise; and obtain a 
universal noise removal framework with the proposed 
detection method and the Non-Local means. This proposed 
approach can be used to various outlyingness pixel values of 
the image by modifying some parameters in the algorithm. 
Due to the simple analytics used in this method this method 
is well suitable for the VLSI based systems to be 
implemented. 
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Abstract— The development in new technology like fuel cell, wind turbine, photo voltaic and new innovation in power 
electronics forces the power industry to provide more importance to distributed generations. Hence distributed generation 
(DG) has become an inseparable part in power system. Islanding is the condition that occurs when a portion of the 
distribution system becomes electrically isolated from the remainder of the power system yet continues to be energized by 
distributed generators.  It can be dangerous to grid workers who may not realize this condition. The effects of islanding are 
low power quality, equipment damage, and personnel safety hazards. To avoid this situation, DG should detect an islanding 
condition and stop producing the power immediately. In this paper, the performance of various anti-islanding (AI) protection 
relays is analysed when the islanding condition of Grid-Tied PV (photovoltaic) system appears at the Point of Common 
Coupling (PCC) between the PV system and the power grid. The main purpose of this work is to detect the presence of island 
by determining the performance of several AI prevention schemes, by monitoring the detection time of the islanding 
condition through different methods. Additionally, it provides significant reduction in the NDZ of the DC-Link voltage using 
data detrending algorithm implemented in MATLAB/Simulink on a 100 kW PV grid-DG model. 

Index Terms— DC-Link voltage; distributed generation; islanding detection; non-detection zone; photovoltaic; under/over 
voltage.  

 

I. INTRODUCTION 
Recently distributed generator installation into low voltage 
buses near electrical consumers has created some new 
difficulties for the electrical protection worker that are 
different from traditional radially based protection 
methodologies. Therefore, new and general protection 
configurations must be re-thought such as out-of-step 
monitoring, impedance relay protection zones, non-detective 
zone with the detection of sudden and unplanned islanding of 
distributed generator systems. The condition of islanding, 
defined as when a section of the nonutility generation system 
is isolated from the main grid/power system, is considered 
undesirable because of the potential threat to existing 
equipment, utility liability concerns, reduction of power 
quality and other damages.   
Islanding detection techniques are divided into local and 
remote techniques. The local techniques further classified 
into passive, active and hybrid techniques. Remote islanding 
detection techniques are based on communication between 
the grid and the DG like Supervisory Control and Data 
Acquisition (SCADA), Power Line Carrier Communication 

(PLCC). Even though they are more reliable but they are 
expensive to implement compare to local islanding detection 
techniques. Local islanding detection techniques are based on 
the measurement of parameters such as voltage, current, 
frequency. They are classified as passive, based on the 
monitoring of these parameters but it suffers with having 
large Non Detection Zone (NDZ). Hence it is not useful for 
high DG penetration. The active islanding detection 
techniques are based on intentionally introduce 
perturbations in the parameters voltage, frequency or output 
power and continues monitoring of these parameters to 
confirm the islanding detection condition. Hybrid methods 
employ both the active and passive detection techniques. 
 
II. DISTRIBUTED GENERATION 
Distributed Generators can be categorized into three basic 
types: induction, synchronous and asynchronous. Induction 
generators require excitation externally and start up much 
like an induction motor(regular). Induction machine are less 
costly than synchronous machines and are commonly less 
than 500 KVA. Induction machines are most commonly used 

184

http://seeepedia.org/
mailto:kavinilavuj05@gmail.com
mailto:eeechitra@gct.ac.in
mailto:dean.research@srit.org
mailto:kavinilavuj05@gmail.com
mailto:eeechitra@gct.ac.in
mailto:dean.research@srit.org


SEEE DIGIBOOK ON ENGINEERING & TECHNOLOGY, VOL. 01, MAY 2018  

978-81-933187-0-6 © 2018 SEEEPEDIA.ORG 
Society for Engineering Education Enrichment 

in so called wind power applications [1]. Synchronous 
generators are excited through DC field and need to 
synchronize with the utility grid before connection. 
Synchronous machines are used commonly with gas turbines, 
and small hydro dams etc. and asynchronous generators are 
most commonly used with micro turbines, photovoltaic, and 
fuel cells internal combustion machine. 
Islanding detection is all about a power system consisting a 
multiple distributed generator where sometimes one or more 
distributed generators face the islanding problem [2]. 
Because of this reason when islanding occurs first thing to do 
is disconnect all the distributed generators from supplying 
power and then finding the one where the islanding has 
actually occurred. The method which we choose for the 
islanding condition depends on the distributed generator’s 
type so that it will detect islanding condition perfectly 
without any fault. For example, hybrid technology for inverter 
based distributed generator. 
 
III. SIMULINK MODEL OF GRID TIED PV SYSTEMS 
The model used in the simulation is depicted in Fig. 1 and was 
developed starting from [3]. This detailed model represents a 
100kW PV Array connected to a 20kV utility grid via a dc-dc 
boost converter and a three-phase three-level Voltage Source 
Converter (VSC). Maximum Power Point Tracking (MPPT) is 
implemented in the boost converter, as in [5], using a MPPT 
variant subsystem that provides implementations of either 
perturb and observe (P&O) or incremental conductance 
algorithms. 
The model contains the following elements: the PV solar 
array that delivers a maximum power of 100kW at 
1000W/m2 sun irradiance and 25°C solar cell temperature, 
the 5kHz dc-dc boost converter that increasing dc voltage 
from 272V (PV natural voltage at maximum power) to 500V, 
the MPPT controller is implemented using a variant 

subsystem DC-DC MPPT Boost Controls that automatically 
varies and optimizes the switching duty cycle in order to 
generate the required voltage to extract maximum power 
using the State flow implementations of P&O and 
incremental conductance algorithms described in [5],  a 2kHz 
three-level three-phase VSC shown in Fig. 2 converts the 
500Vdc to 260Vac and keeps unity power factor, a VSC filter 
that contains the 25μH inductor L and the 10kVAr capacitor 
bank C filtering harmonics produced by VSC; a 100kVA 
260V/20kV three phase coupling transformer; and a standard 
utility grid model (20kV distribution feeder and 110kV 
equivalent transmission systems), shown in Fig. 3. The utility 
frequency is 50Hz. The model of PV solar array uses 330 Sun 
Power modules and consists in 66 strings of 5 series-
connected modules connected in parallel.  
The three-level VSC converter whose Simulink 
implementation is depicted in Fig. 2 [3] regulates dc bus 
voltage at 500V and keeps unity power factor. The control 
system uses two control loops: an external control loop which 
regulates dc link voltage to +/−250V (is it about the voltage 
control of the two dc split capacitors C1 and C2) and an 
internal control loop which regulates Id and Iq grid currents 
(active and reactive current components). Id current 
reference is the output of the dc voltage external controller. 
Iq current reference is set to zero in order to maintain unity 
power factor. Vd and Vq voltage outputs of the current 
controller are converted to three modulating signals Vref_abc 
used by the pulse-width modulation (PWM) three-level pulse 
generator. The control system uses a sample time of 100μs 
for voltage and current controllers as well as for the PLL 
synchronization unit. Pulse generators of dc-dc boost and VSC 
converters use a fast sample time of 1μs in order to get an 
appropriate resolution of PWM waveforms [3][4]. 

 
Fig. 1. Simulink model of the 100kW Grid-Connected PV 

Array. 
 

 
Fig 2. Simulink model of VSC main controller 

 

 
Fig. 3. Simulink model of the 20kV utility grid. 

The islanding condition occurs in the studied network when 
the three-phase circuit breaker CB2 on the 110kV side of 
utility grid is in open position; that disconnects the utility grid 
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from the rest of the EPS; if that happens, the locally 
generated power is less than the connected local loads need. 
The islanding can also be present when a grid fault appears at 
5km away of PCC of the PV System. The AI protection 
schemes are presented below. Detailed description of AI 
detection relays and their setting are shown in Fig. 4 – 6. 
 

 
    Fig. 4. Simulink model of over/ under current protection. 
 

 
Fig. 5. Simulink model of the over/ under frequency 

protection. 

 
Fig. 6. Simulink model of the over/ under voltage protection. 

 
A. NON DETECTION ZONES OF UOV AND UOF 
In practical situations, there will be power mismatch between 
the DG output and the RLC load. This   mismatched load can be 
represented by (R+∆R, L+∆L, C+∆C). Before the grid is 
disconnected, the power mismatch will be compensated by the 
grid.  
When grid is disconnected, the voltage and frequency will be 
forced to new values of voltage and frequency. If the DG is 
controlled as a constant power in the system [6]. When the 
power mismatch is large enough, the values of voltage and 

frequency may be out of nominal ranges and under/over 
voltage/frequency protection will trip the circuit breaker present 
at the DG side to prevent continued island operation [7]. The 
relationship between the power mismatch thresholds and 
voltage/frequency thresholds can be derived  

                                 (1)                                                                                                            
                                                                                                                                                 

              (2)                                                                                        

where are under/over voltage and under/over frequency 
thresholds, respectively. Non detection zone is shown in   Fig 7. 
In the NDZ the islanding detection is not possible [8]. 

 
 

 
Fig 7. Non Detection zone 

 
IV. DETRENDING ALGORITHM FOR NDZ IMPROVEMENTS 

 
According to [9], for a grid-connected VSI (Fig 2), the active 
power interchange information is accessible through the dc-
link voltage regulator signal. It is also observed by [10]-[13] 
that in an electrical power system with randomly varying 
loads, estimation of electromechanical modes can be made 
using ambient data analysis starting with the application of 
detrending algorithm on the system’s raw frequency data for 
the removal of steady-state bias. Given the above, the DC-
Link voltage is detrended to remove the steady state bias of 
the nominal dc voltage and to pass the result to a controller 
with the control 
law stated in equation (6). 
 
∆VDC2=KP*∆VDC1+K1∫∆VDC1dt                                     (3)                                                                                                                          
 
The parameters of Kp and K1 are tuned such that the output 
of ∆VDC2 is around unity [14][15]. 
 
∆VDC1=VDCref-VDC                                                                                          (4)                                                                                                                                                                                                                  
 
The flowchart in Fig 8. summarizes the methodology adopted 
by [16][17] for the determination of the NDZ of the DC-Link 
voltage and is itemized using the following steps: 
1. Set the required power mismatch; starting with zero 
mismatches, when load power is equal to 100 kW and 
increment in steps of ± 5% up to 40%. 
2. Measure the DC-Link voltage, VDC 
3. Switch off the circuit breaker, CB1 at time t = 3 seconds to 
represent the occurrence of islanding mode. 
  4. Compare the pre-islanding DC-Link voltage VDC1   with that 
of the post-islanding voltage VDC2 
       5. If the value of VDC2 is not equal to VDC1 return to step 1 
for another power mismatch setting 
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       6. If the value of VDC2 is equal to that of VDC1 the    non-
detection zone of the DC-Link voltage is attained 
7. Stop the algorithm. 
The result obtained by the method using the above algorithm 
is shown in Fig 8. with islanding occurring at time t = 3s. It 
could be observed from the result that for the DG-load power 
mismatches less than or equal to 20% there is no variation in 
the post islanding DC Link voltage. However, at the 
mismatches greater than 20% the variation in the DC-Link 
voltage becomes evident as illustrated by the curves for 30% 
and 40% respectively in Fig 10. Thus, the NDZ for the DC-Link 
voltage was said to be 20% since all variations between the 
pre and post islanding values show no difference for 
mismatches less than or equal to 20% [18]. 

 
Fig. 8. NDZ determination flowchart 

 
 

V.  RESULTS AND DISCUSSION 
 
The 100kW Grid-Connected PV Array from Fig. 1 was 
simulated during 4s at 25°C and 1000W/m2 irradiance level 
using an incremental conductance algorithm for MPPT 
Control. The results under the conditions of islanding given by 
the chosen test cases are presented below. Dynamic 
simulation cases involved opening of the three-phase breaker 
on the 110kV grid side (CB2) that led to an islanding 
condition, and also different other faults that can occur in the 
utility grid 
A. Test Case 1: Three-Phase Breaker in Open Position 
       An islanding condition is simulated when the three-phase 
breaker CB2 is opened at time (t) = 0.1s and is closed at time 
(t) = 0.25s. Considering the connected load at the utility grid 
as shown in Fig. 3, the local generated power is less than 
what the local connected load needs in this scenario. The 
active power, the voltage, and the duty cycle of MPPT 
controller obtained in dc-dc boost converter are shown in Fig. 
9. Fig. 10 depicts the reference and the measured dc link 
voltages of VSC represented by blue and respectively 
magenta lines. In practice, the dc OV protection will trip the 
inverter when dc voltage exceeds a threshold, probably 
around 900V. When the inverter is no longer able to control 
the dc voltage, the boost converter should limit the output dc 
voltage to a certain safe limit. Fig. 11 and Fig. 12 contain plots 

of the Id and Iq currents in (pu) of VSC Control and 
respectively of the voltage between phases A and B of VSC 
converter, Vab. 
 

 
Fig. 9. Output results of boost converter. 

 

 
Fig. 10. The output result of dc link voltage (VDC) in VSC 

 

 
Fig. 11. Id and Iq currents (pu) of VSC Control. 

 

 
Fig. 12. The Voltage between phase A and phase B of VSC. 

 
In Fig. 13 – 15, the line-to-line voltages and currents, the 
active power, and the RMS values of voltages and currents 
that are obtained in PCC (the 20kV measurements point, B20) 
are shown. The frequency and the rate of change of 
frequency df/dt (ROCOF) are depicted in Fig. 16. 
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Fig. 13. Simulation result in 20kV measurement point of utility 
grid. 

 
 

 
 

Fig. 14. The RMS value of voltage in PCC. 
 

 
Fig. 15. The RMS value of current in PCC. 

 

 
Fig. 16. The output result of frequency in PCC. 

 

 
 

Fig. 17. Relay status and trip time of anti-islanding protection 
device(ms) 

VI. CONCLUSION 
From the results provided by the performed Matlab/Simulink 
simulations, it was observed that using traditional relays for 
islanding detection such as the OC or UV resulted in 
significantly better performance in respect to detection time 
of islanding conditions. The terminal voltage of PV inverter 
needs to exceed a certain threshold when the frequency is 
not stabilized by VSC. 
The effects of unintentional islanding were observed from 
simulation of transient grid faults on a power distribution 
network. The protection equipment needs to distinguish 
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between islanding event and grid faults. The Grid-Tied PV 
System protections should detect the fault and trip before 
islanding occurs as a result of the opening of the circuit 
breaker in response to a downstream fault. In order to 
minimize these effects and to perform according to the 
international standards, the AI relays have to be inserted at 
the points where islanding conditions may occur. The 
theoretical simulation results are useful to select these points 
and design the AI protection devices for Grid-Tied PV 
Systems. 
 

ACKNOWLEDGEMENT 
The authors are thankful to the authorities of Government 
college of Technology, Coimbatore and Sri Ramakrishna 
Institute of Technology, Coimbatore for the facilities 
rendered to carry out this research work. 

REFERENCES 

[1] P. P. Barker and R. W. De Mello. Determining the 
impact of distributed generation on power systems. i. 
radial distribution systems. In Power Engineering 
Society Summer Meeting, 2000, volume 3, page 1645. 
IEEE, 2000. 

[2] T. Funabashi, K. Koyanagi, and R. Yokoyama. A review 
of islanding detection methods for distributed 
resources. Power Tech Conference Proceedings, 2003 
IEEE Bologna, 2:1– 6, June 2003. 

[3] P. Giroux, G. Sybille, Hydro-Quebec Research Institute 
(IREQ), and C. Osorio, S. Chandra hood, The Math 
works, “100-kW Grid-Connected PV Array demo 
detailed model,” Math Works File Exchange, 2012. 

[4] Kim, S.-K. et al., “Modelling and simulation of a grid-
connected PV generation system for electromagnetic 
transient analysis “, Solar Energy 2008.  

[5] I. V. Banu, R. Beniuga and M. Istrate, “Comparative 
Analysis of the Perturb-and-Observe and Incremental 
Conductance MPPT Methods,” Proceedings of the 
International+ Symposium on Advanced Topics in 
Electrical Engineering (ATEE), pp. 1-4, 2013. 

[6] H. H. Zeineldin, E. F. EI-Saandany, and M. M. A. Salama, 
“Impact of DG interface control on islanding detection 
and nondetection zones,” IEEE Trans. Power Del., vol. 
21, no. 3, pp. 1415–1523, Jul. 2006.  

[7] M. Singh, V. Khadkikar, & A. Chandra, Grid 
Interconnection of Renewable Energy Sources at the 
Distribution Level with Power-Quality Improvement 
Features, IEEE Trans. POWER Deliv., 26(1), 307–315, 
2011. 

[8] L. Vanfretti, J. H. Chow, U. Aliyu, L. Dosiek, J. W. Pierre, 
D. Trudnowski, R. García-valle, & J. A. Momoh, 
Estimation of the Nigerian Power System 
Electromechanical Modes using FDR Measurements, 
the 9th International Conference on Power System 
Operations and Planning (ISCPSOP) 2010. 

[9] M. Khodaparastan, H. Vahedi, F. Khazaeli, & H. Oraee, 
A Novel Hybrid Islanding Detection Method for 
Inverter-based DGs Using SFS and ROCOF, IEEE Trans. 
Power Deliv., 8977, 2015. 

[10]  S. K. Mohammed, N. Mariun, M. A. M. Radzi, N. I. A. 
Wahab, and M. Lurwan, Islanding detection using 
inverter dc-link voltage, ARPN J. Eng. Appl. Sci., 10(21), 
2015. 

[11]  S. K. Mohammed, N. Marium, M. A. M. Radzi, & N. I. A. 
Wahab, Impact of Inverter Controller on Efficiency and 
Islanding of Photovoltaic Distributed Generation, Appl. 
Mech. Mater., 785, 167–171,2015. 

[12]  Z. Ye, R. Walling, L. Graces, R. Zhou, L. Li, & T. Wang, 
Study and Development of Anti-Islanding Control for 
Grid-Connected Inverters Study and Development of 
Anti-Islanding Control for Grid-Connected Inverters, 
Nrel/Sr-560-36243, 2004. 

[13]  Hesan Vahedi, Reza Noroozian, Abolfazl, Gevorg B. 
Gharehpetian, Jalilvand “A New Method for Islanding 
Detection of Inverter-Based Distributed Generation 
Using DC-Link Voltage Control” IEEE transactions on 
power delivery, vol. 26, no. 2, April 2011. 

[14] Abbineni Sai Subhadra, P. Linga Reddy, Shailesh B. 
Modi “Detection of islanding in a distribution system 
with DG source and interconnection with the grid” in 
Advanced Research in Electrical and Electronic 
Engineering (AREEE) vol 2, no 9, pp. 1-5 Apr-Jun 2015.  

[15] X. Chen & Y. Li, An Islanding Detection Algorithm for 
Inverter- based Distributed Generation Based on 
Reactive Power Control, IEEE Trans. Power Electron., 
29(9), 4672–4683, 2014. 

[16] I. J. Balaguer, Q. Lei, S. Yang, U. Supatti, & F. Z. Peng, 
Control for grid-connected and intentional islanding 
operations of distributed power generation, IEEE 
Trans. Ind. Electron., 58(1), 147–157, 2011. 

[17] IEEE Std 1547-2003, Standard for Interconnecting 
Distributed Resources with Electric Power Systems, 
IEEE, 2003. 

[18] CIGRE Working Group B5.34, “The Impact of 
Renewable Energy Sources and Distributed Generation 
on Substation Protection and Automation,” CIGRE, 
2010. 

 
 

189

http://seeepedia.org/


SEEE DIGIBOOK ON ENGINEERING & TECHNOLOGY, VOL. 01, MAY 2018  
ALTERNATE ENERGY TECHNOLOGIES 

 978-81-933187-0-6 © 2018 SEEEPEDIA.ORG 
Society for Engineering Education Enrichment 

 S.Siva, siva6192@yahoo.com; 

 
 
                   

A Renewable Energy based 
Grid Tied Micro Grid – 

Islanded Mode operation 
 

 

S.Siva, Dr. Sujatha Balaraman, 
Government College of Technology, Coimbatore, India 

siva6192@yahoo.com 
 

Abstract— Islanding is a condition in which a microgrid or a portion of power grid, consisting of Distributed Generation 
sources or Renewable Energy Sources (RES), converter, and load, gets disconnected from the utility grid. Under this condition 
the DG sources in a microgrid must switch to a voltage control mode, in order to provide constant voltage to local loads. In 
grid connected mode, depending on the power demand in local load with suitable market price and also supplies reactive 
power to the RES to maintain the power generated. Providing constant voltage at a stable frequency with proper 
synchronization amongst each Renewable Energy Resources (RES) in a microgrid is a challenge. The complexity of such grid 
requires careful study and analysis before actual implementation. Thus the paper describes an islanded microgrid with master 
slave controller for power balance, voltage/frequency regulation, and synchronization. The effectiveness of the proposed 
Hysteresis controller is designed in MATLAB; simulation results under balanced/unbalanced nonlinear loads condition were 
analyzed.  
 
Index Terms— PV System, Wind System, Fuel Cell, grid-connected, Hysteresis Controller, MATLAB/Simulink.  

 
I.INTRODUCTION 

Conventional Energy sources, are depleting because of 
increase in the use of energy, has led the society to think of 
other alternative resources which will meet the increasing 
demand of energy. The Renewable Energy Sources (RES) are 
grouped to form a microgrid and supply to a regional area. 
Microgrid operates in two different modes: Grid Connected 
Mode and Islanded (Autonomous) Mode, of operation. In grid 
connected mode, the microgrid works as current controller 
and injects power to the main grid, depending on the power 
generation and local load with suitable market policies. 
Microgrid operates in islanded/autonomous mode due to 
disturbances, such as a fault and its subsequent switching 
incidents, or due to preplanned switching events or due to 
unavailability of resources. In islanded mode, microgrid works 
as voltage controller and is responsible for voltage control as 
well as for power sharing and balancing. The role of power 
sharing features is to ensure that all modules share the load 
according to their rating and availability of power from their 
energy source. In islanded mode converters always require 
grid-forming (master) power converters; otherwise there is no 
voltage reference and no control to maintain the power 
balance. In the single master operation, one unit operates as a 
grid-forming converter. The other units operate as grid-
following units. In the multi-master operation, more than one 
unit is grid-forming, possibly combined with grid feeding 
converters. One of the units in microgrid act as master 

controller and other units are acting as a slave controller. The 
master DG operates as voltage controlled source and the rest 
of them as slave DGs which operate as current controller. The 
master controller works like grid forming power converters 
and the main aim is to regulate the voltage and frequency of 
the microgrid. The slave DGs work like grid-feeding power 
converters and are controlled as current source, allowing 
active and reactive power modulation depending on voltage 
and frequency measurements at their Point of Common 
Coupling (PCC). Therefore, this kind of converter cannot 
operate independently in island mode [4, 5]. Since a microgrid 
comprises a number of micro sources, their synchronization 
with each other is an important task. When interconnecting 
the microgrid with the main grid, many authors have 
developed the synchronization algorithms considering each 
micro source as a DC source. But in a microgrid maintaining 
constant voltage and frequency, each micro source is an 
important issue in addition to synchronization. This paper 
proposes a master-slave controller for 
synchronization/resynchronization of all the DGs, regulation of 
voltage/frequency, and effective power sharing among the 
micro sources. The islanded microgrid is formed by three DG 
units. Each unit consists of controller, battery for storage, and 
load. The impact of the parallel operated RES units has to be 
carefully studied and analyzed before actual realization.  
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II.SYSTEM CONFIGURATION 
Microgrid connected to Utility Grid is shown in Figure 1. 
Islanding is a situation where microgrid is disconnected from 
the main utility, due to fault in line, but remains energized and 
continues to supply local loads. Microgrid can be formed by 
numbers of micro sources connected together. This paper 

considers an islanded microgrid formed by three Renewable 
Energy Sources (RES) units. Each unit connected to battery to 
backup, based micro sources, controllers with storage system, 
and loads. There are three RES units are grouped to form 
microgrid.  
  

  
Fig. 1: Microgrid Block Diagram 

The PV array of 250KW and PEM fuel cell stack are connected 
to the to the DC/DC Buck-Boost converter for the variable 
control of each RES. Also for Wind Energy Conversion System 
AC/DC rectifier is used then the DC/DC Buck Boost Converter. 
All DC supplies from the DC/DC Buck Boost Converter are 
connected in series to get the maximum voltage and it is given 
to the Inverter, with Hysteresis Controller for PWM signals, 
and then finally given to the step up transformer. The inverted 
AC supply is given to the PCC of the load and utility grid. 

III.  CONTROL STRATEGY FOR PROPOSED CONTROLLER 
A microgrid is said to be in islanded mode when it is 
disconnected from the main grid and it operates 
independently with the sources and supplies the load. In the 
proposed work autonomous microgrid is formed by 
considering three units of Renewable Energy Sources (RES). 
Each conversion unit which performs the interface the 
function between the DC link and the three-phase voltages of 
main source, and LC filter that transports and distributes the 
energy to the load and three-phase nonlinear load. In the 
proposed configuration three such units are connected in 
parallel through line impedances; values are mentioned in 
appendix. Figure 2 shows the proposed MATLAB simulation 
diagram. In islanded mode of operation, each RES should 

operate in voltage control mode and provide a constant 
voltage to the local loads. In addition to this, synchronization 
of microgrid is also important due to unpredictable availability 
of Renewable Energy Sources (RES) and varying electrical 
loads. 
In parallel operation of micro sources, phase angle, frequency, 
and voltage difference should be as close as possible. This is 
called synchronization. Thus in a microgrid system 
synchronizing conditions should be fulfilled by each generating 
unit in order to connect them in parallel with varying load. 
This is achieved by the proposed topology, which uses a DQ  
and Phase Lock Loop (PLL), a PI regulator, and an integrator. 
The 𝑉𝑞 is set to zero. This becomes the input of PI regulator 
and its output is an angle (theta, denoted by 𝜃old). This 𝜃old is 
compared with the 𝜃new to generate the reference angle for 
all micro sources. This angle (𝜃new) can be the angle between 
the grid and micro source; in the islanded mode of microgrid 
this angle is obtained from any reference (master) source and 
the rest is acting like slave source. Here plant one is 
considered as master plant and other two plants are 
considered as slave plant. The 𝜃new is generated as follows. 
Assume that the phase difference between the two micro 
sources voltages (1 and 2) is given by  
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𝜃 = ∠𝑉 𝑔1 − ∠𝑉𝑔2…………………………….…. (1) 
 
In order to obtain the information of 𝜃, two sets of voltage 
values are used: 
 
𝑘 = 𝑉𝑔𝑎1𝑉𝑔𝑎2+ 𝑉𝑔𝑏1𝑉𝑔𝑏2+ 𝑉𝑔𝑐1𝑉𝑔𝑐2, 
 
𝑔 = 𝑉𝑔𝑎1𝑉𝑔𝑏3+ 𝑉𝑔𝑏1𝑉𝑔𝑐3+ 𝑉𝑔𝑐1𝑉𝑔𝑎3…………….…...(2) 
Using the variables 𝑘 and 𝑔, sin(𝜃) can be found as 
 
sin (𝜃)new = ……………………... (3) 

 
When this (𝜃)new is compared with 𝜃old, the final reference 
angle (𝜃final) will be generated. 
The synchronizing angle 𝜃final obtained is used to generate 
unit vector template as shown in Figure 4.The unit templates 
are obtained as 
𝑈V𝑎= sin (𝜃final) , 
𝑈V𝑏= sin (𝜃final −  ) , 

𝑈V𝑐= sin (𝜃final + ) …………………………………………..(4) 
In this algorithm the master controller is based on frequency 
and voltage regulation. The slave controller is based on 
active/reactive power balance theory . 
The proposed microgrid in islanded mode comprises one 
master DG which behaves as an ideal voltage source and one 
slave DG which can be represented as ideal current source. 
Any voltage and frequency deviations are regulated by the 
master controller. Therefore voltage and frequency controller 
is utilized to compensate and adjust the system frequency and 
voltage within a stable range in addition to synchronization. 
The control scheme is based on the generation of reference 
source voltage (𝑉∗𝑠𝑎, 𝑉∗𝑠𝑏, 𝑉∗𝑠𝑐). Reference source voltage has 
two components: (1) quadrature component (𝑉∗ 𝑠𝑎𝑞𝑞, 𝑉∗𝑠𝑏𝑞𝑞, 
𝑉∗𝑠𝑐𝑞𝑞) for controlling the magnitude of generator voltage and 
(2) in-phase component (𝑉∗𝑠𝑎𝑝𝑝, 𝑉∗𝑠𝑏𝑝𝑝, 𝑉∗𝑠𝑐𝑝𝑝) for regulating 
the frequency of the system. The generation of direct and 
quadrature axis reference voltages is as per the diagram 
shown in Figure 5.These reference voltages (𝑉∗𝑠𝑎, 𝑉∗𝑠𝑏, 𝑉∗𝑠𝑐) 
are compared with the sensed generator voltage (𝑉DG𝑎, 𝑉DG𝑏, 
𝑉DG𝑐). The difference of these signals (error) is given to the 
PWM controllers which generate the firing pulses. The master 
controller generates the reference angle for generation of in-
phase and quadrature unit vector templates of the slave 
controller. The in-phase components of reference current are 
generated from the active power and the quadrature 
components of reference current are generated for the 
reactive power component. To estimate the active component 
of the reference source current, the instantaneous active 
power of the load is calculated from micro source voltage and 
its load current. This power contains an average or DC and AC 
or oscillating components. Thus, in order to extract the DC 
component of the load power, a low pass filter is used. The 
active load current is obtained by dividing the output of filter 

with the terminal voltage and denoted by 𝐼𝑑. The output of 
frequency PI controller is added with the DC component (𝐼𝑑) of 
the load current to generate the reference in-phase current (𝐼∗ 
). This current when multiplied with the unit vector, generates 
the three phase reference in-phase current.  
Similarly the reactive power component is calculated and is 
denoted by 𝐼𝑞.The output of terminal voltage PI controller is 
subtracted with the DC component (𝐼𝑞) of the load current to 
generate the reference quadrature current (𝐼∗𝑞 ).This current 
when multiplied with the quadrature vector, generates the 
reference three-phase quadrature current. The sum of these 
components yields the total reference current (𝐼∗𝑠𝑎, 𝐼∗𝑠𝑏, 
𝐼∗𝑠𝑐).These reference currents are then compared with the 
sensed generator currents (𝐼DG𝑎, 𝐼DG𝑏, 𝐼DG𝑐). The difference 
between these signals (error) is given to the controller as 
shown in Figure 6. For neutral current compensation, sensed 
neutral current is compared with the reference current 
(𝑖∗𝑠𝑛=0) and the difference is given to the controller. The 
hysteresis controller generates the pulses for the IGBTs in a 4-
leg voltage source converter. The micro sources are 
represented by number1, 2, 3, . . . , 𝐾 and the total capacity  
𝑆” of the microgrid is the sum of total individual micro 
sources. 

IV.  SIMULATION AND RESULTS 
The proposed RES based microgrid islanded mode of 
operation is implemented in MATLAB/Simulink shown in 
Figure 2. Here the three sources are connected in parallel to 
give the constant voltage to the inverter connected at Point of 
Common Connection (PCC). Each RES is converted in variable 
DC irrespective nature of the actual source nature by Buck-
Boost Converter. The duty cycle for Buck-Boost Converter is 
given by the MPPT technique; here the proposed system uses 
Perturb and Observe method. The PWM for Inverter at PCC is 
given by the Hysteresis Controller. The Inverter gives the three 
phase ac output which is given to the transformer and tied to 
the grid. 
In Utility Grid has source of 120KV/2500MVA three phase 
supply is connected to various load, via step down 
transformer, in the grid. The Simulation of the Microgrid 
based on Islanded mode of operation, the scenario is created 
by introducing fault near the Utility grid, and the Circuit 
Breaker near the transformer will operate and opens the 
circuit, disconnecting the utility grid from the load connected 
in the grid. Then the supply from the RES supplies the load. 
Thus maintaining the stable voltage, frequency and phase 
sequence at the load connected to the microgrid. When the 
fault is cleared the circuit breaker is closed and the normal 
operation of RES supplying the utility grid. The active de-
synchronisation and re-synchronisation is done by the 
hysteresis controller. 
 
 
 
 

192

http://seeepedia.org/


SEEE DIGIBOOK ON ENGINEERING & TECHNOLOGY, VOL. 01, MAY 2018  

978-81-933187-0-6 © 2018 SEEEPEDIA.ORG 
Society for Engineering Education Enrichment 

 

Fig. 2: The Proposed Microgrid in MATLAB/Simulink 
 

The proposed system simulated in MATLAB and output of 
`the RES connected to the utility grid as follows: 
 
Solar Power Plant Outputs: 
 

 
 

Fig. 3: Solar Panel Irradiance and Temperature 
 

 

Fig. 4: Solar Panel Voltage and Current 
 

 
Fig. 5: Wind Turbine, Wind Speed and Pitch Angle 

 

 
Fig. 6: Fuel Cell Stock Voltage and Current 

 
The Figures 1- 6 shows the various RES Conditions and Voltage 
and Current for the respective Sources. 
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Fig. 7: Hysteresis Controller PWM for Switches1,2&3 in 

Inverter 
 

 
Fig. 8: Hysteresis Controller PWM for Switches 4,5 & 6 in 

Inverter 
 

The Figures 6-7 are the switching pulses given to the inverter 
from the hysteresis controller. 
The Figure 8 shows the Load volatage and current at the 2-KW 
load connected to the utility grid. 
  
 

 
Fig. 9: 2-KW Load Voltage and Current Connected to Grid 

 
V.CONCLUSIONS 

Thus the proposed microgrid system islanded mode of 
operation is simulated and results are obtained in the MATLAB 
environment for nonlinear loads during transient and steady 
state conditions. The Hysteresis controller regulates the 
indirect current control mode of the microgrid whereas MPPT 
controllers work’s in indirect voltage controller, thus 
regulating the active and reactive power. The controller works 
satisfactorily for sharing of loads during load perturbations 
and failure of one micro source in microgrid due to fault or 
unavailability of renewable resources and avoids critical load 
curtailment. The proposed scheme in autonomous mode 
ensures that the RES can be effectively synchronized/ 
resynchronized to Utility Grid maintaining synchronizing 
criteria. 
Future work, to improve performance of the hysteresis 
controller, under different transient and steady state 
conditions. 
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Abstract— The interaction between wind farms and the grid will be an important aspect in the planning of wind farms. It is essential to 
ensure that the generators remain connected to the grid under fault conditions in order to improve the transient stability of the network. This 
work investigates the performance of a direct drive permanent magnet synchronous generator (PMSG) based real wind farm. The study deals 
with the behavior of a wind turbine (WT) under steady state and fault conditions. Real time data has been used to simulate the wind farm 
using digital simulation and electrical network calculation program (DIgSILENT) software. The average size of WT installations has 
increased due to the advent of larger capacity machines, the rise of integration rate of wind energy could lead to propagation of transient 
stability and could potentially cause local or system wide blackout. This has provoked many utilities to adopt low voltage ride through 
capability (LVRT) and it must be satisfied by each generator as per the requirements imposed by the Indian grid code. Nevertheless, the WTs 
do not have the LVRT capability in the current scenario. Therefore, in order to improve the transient stability of power system, the control 
circuit of the PMSG should be modified to provide reactive power support to the network as per the grid code or FACTS devices can be 
connected that improve the LVRT capability of the machine. 

Index Terms— PMSG, DIgSILENT, Low Voltage Ride Through (LVRT) 

I. INTRODUCTION  

The interaction between wind farms and the grid will be an important 
aspect in the planning of wind farms. It is essential to ensure that the 
generators remain connected to the grid under fault conditions in 
order to improve the transient stability of the network. This work 
investigates the performance of a direct drive permanent magnet 
synchronous generator (PMSG) based real wind farm. The study deals 
with the behaviour of a wind turbine (WT) under steady state and 
fault conditions. Real time data has been used to simulate the wind 
farm using digital simulation and electrical network calculation 
program (DIgSILENT) software. The average size of WT installations 
has increased due to the advent of larger capacity machines, the rise 
of integration rate of wind energy could lead to propagation of 
transient stability and could potentially cause local or system wide 
blackout. This has provoked many utilities to adopt low voltage ride 
through capability (LVRT) and it must be satisfied by each generator as 
per the requirements imposed by the Indian grid code. Nevertheless, 
the WTs do not have the LVRT capability in the current scenario. 
Therefore, in order to improve the transient stability of power system, 
the control circuit of the PMSG should be modified to provide reactive 
power support to the network as per the grid code. The wind power 
penetration has increased dramatically in the past few years, 

hence it has become necessary to address problems associated with 
maintaining a stable electric power system that contains different 
sources of energy including hydro, thermal, coal, nuclear, wind, 
and solar. In the past, the total installed wind power capacity was 
a small fraction of the power system and continuous connection 
of the wind farm to the grid was not a major concern. With an 
increasing share derived from wind power sources, continuous 
connection of wind farms to the system has played an 
increasing role in enabling uninterrupted power supply to the load, 
even in the case of minor disturbances. The wind farm capacity is 
being continuously increased through the installation of more and 
larger wind turbines. Transient stability and an efficient fault ride 
through capability are the basic requirements for higher 
penetration. Wind turbines have to be able to continue 
uninterrupted operation under transient voltage conditions to be in 
accordance with the grid codes [1]. Grid codes are certain standards 
set by regulating agencies like Central Electricity Authority of India. 
Wind power systems should meet these requirements for 
interconnection to the grid.    
               One of the major issues concerning a wind farm 
interconnection to a power grid concerns its dynamic stability 
on the power system [4]. Voltage instability problems occur in 
a power system that is not able to meet the reactive power demand 
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during faults and heavy loading conditions. Standalone systems 
are easier to model, analyze, and control than large power 
systems in simulation studies. A wind farm is usually spread over 
a wide area and has many wind generators, which produce 
different amounts of power as they are exposed to different wind 
patterns.  

           The generation of electrical power from wind farms as said 
before is developing rapidly with the worldwide installed capacity. The 
interaction between the wind farms and the grid will be an important 
aspect in the planning of wind farms [1]. It is essential to ensure that 
the grid is capable of staying within the operational limit of frequency 
and voltage for all foreseen combination of wind power production 
and consumer load and to keep at the same time the grid transient 
stability. Therefore, a wind turbine is required to be able to ‘Ride 
Through’ a severe voltage dip or swell, as well as frequency 
disturbance or other occurrences of deteriorated power quality. The 
turbine should also assist the power system operator to improve the 
power quality, by supplying the ‘ancillary services’. For the mechanical 
design of a wind turbine, this implies that it may have to face heavy 
torque fluctuations that have their origin at the generator side of the 
drive train, with the obligation of staying in operation. So far, much 
research has been done to assess the mechanical loads originating at 
the turbine side of the drive train, due to wind speed characteristics, 
turbine aerodynamics and mechanical design. 
        This thesis investigates a permanent magnet synchronous 
generator (PMSG) based real wind farm (WF). This study deals with 
the behavior of WFs under steady state and fault conditions, i.e., it 
includes both load flow analysis and short circuit analysis. Load flow 
analysis gives the power flow through the network and the short 
circuit analysis describes how the PMSG behaves under the fault 
condition. It also deals with control of PWM back to back converter 
(AC/AC) of the wind turbine, since the average size of WTG (Wind 
Turbine Generator) installations has increased due to the advent of 
larger capacity machines, especially variable speed technology, this 
raise of integration rate of wind energy could lead to propagation of 
transient stability and could potentially cause local or system wide 
blackout. This has provoked many utilities to adopt low voltage ride 
through capability (LVRT), its analyze is a deferential element for the 
new Grid Connection Requirement (G.C.R) and the analyze of the 
dynamic behavior of the PMSG in presence of the grid disturbance, 
especially the electromechanical stress on the generator and the 
turbine. Simulation results have been presented under real 
parameters of the PMSG in case of normal operating conditions and 
with presence of grid voltage disturbance. Due to the separation of 
the PMSG to the grid via the back to back converter, the influence of 
the grid disturbance on the generator is reduced compared to the 
other type of wind turbine such as double fed induction generator 
(DFIG) and the fixed speed induction generator (FSIG). 

          In this thesis, fully rated back to back converter based    
PMSGs are connected to grid in every bus of wind farm. The entire WF 
has been modeled in simulation to conduct load flow and short circuit 
studies. 

II WIND ENERGY IN THE POWER SYSTEM 

      Wind is a continuously varying source of energy and so is 
the active power generated by the wind turbine. If a WT is 
connected to a weak grid (which has low short circuit power), the 
terminal voltage also fluctuates, producing Transients, flicker, 
harmonics and inter harmonics due to the presence of power 
electronics. 

       For a set of connected wind turbines forming a wind farm, there 
exist certain grid codes or specific requirements with which each 
wind turbine must conform with in order to be allowed to be 
connected to the grid [12]. Most wind power systems are based 
in remote rural locations and are therefore prone to voltage sags, 
faults, and unbalances. These unbalanced grid voltages can cause 
many problems such as torque pulsations, unbalanced currents 
and reactive power pulsations [13]. 

  When wind farms are connected to a strong grid, that 
is closer to a stiff source, voltage and frequency can be quickly re-
established after a disturbance with the support of the power grid 
itself. Waiting the voltage to re-establish after the fault has 
been cleared in the case of a weak grid interconnection is not reliable 
because there is always a risk of voltage instability initiated by the 
disturbance. Hence, reactive power and voltage support that can 
be provided by mechanically switched capacitors are insufficient 
and SVC or STATCOM is needed to improve the short term voltage 
stability and reinforce the power network and thus by improving 
transient stability of grid connected wind farm. 
      A turbines low voltage ride through (LVRT) capability is its 
ability to survive a transient voltage dip without tripping. Wind 
turbines’ LVRT capability is vital for wind farm interconnection 
because the tripping of a wind farm due to a fault on a nearby power 
line results in the loss of two major system components (the line and 
the wind farm). The most popular type of wind turbines installed 
today are variable speed wind turbines that feature improved 
power quality and speed control and reduced mechanical stresses. 
Recently-developed grid codes requirements that wind turbines be 
able to withstand voltage disturbances without disconnection, 
which is known as the LVRT capability of the wind turbine.Figure 
2.5 shows the LVRT requirement for wind generation facilities 
per IWGC (Indian Wind Grid Code) and power electronic based 
FACTS controllers such as STATCOM can be used to hold the line 
voltage to a specific value to help the WT ride-through the fault.  

The LVRT requires that a WT does not trip even if the voltage 
drops to 0.15 per unit for about 0.300 seconds. If due to a fault, 
the voltage drops below this value, the wind turbine can be 
tripped until the system restores and the wind turbine can be 
resynchronized. A WT can take a maximum of 3000 milliseconds to 
restore to about 0.85 per unit voltage(i.e.85% of the pre fault 
value) after the fault has been cleared. This thesis focuses mainly 
on the low voltage ride through requirement for wind turbines. 
Several studies have been performed to understand the behavior 
of the wind generators, the voltage profile and the reactive 
power in the system, to various system disturbances. The 
transient behavior of the wind turbines during and after fault in 
the presence of different compensation techniques and their 
dynamic performance has been studied. 

 Fig.1. Indian grid code requirements for LVRT 
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III. STEADY STATE AND SHORT CIRCUIT ANALYSIS

         Steady state analysis is the analysis of the network 
under steady state condition. It is really the capability of the 
system to return to its steady state condition after subjected 
to certain disturbances. Here we consider a synchronous 
generator to understand the power system stability. The 
generator is in synchronism with the other system connected 
to it. The bus connected to it and the generator will have 
same phase sequence, voltage and the frequency. So, we can 
say that the power system stability here is the capability of 
the power system to come back to its steady condition 
without affecting synchronism when subjected to any 
disturbances. This system stability is classified into - Transient 
Stability, Dynamic Stability and Steady State Stability. 
           It is the study which implies small and gradual 
variations or changes in the working state of the system. The 
purpose is to determine the higher limit of loading in the 
machine before going to lose the synchronism. The load is 
increased slowly. The highest power which can be transferred 
to the receiving end of the system without affecting the 
synchronism is termed as steady state stability limit. 
           Short Circuit is any abnormal condition in a power 
system. The steady state operating mode of a power system 
is balanced 3-phase ac. However, due to sudden external or 
internal changes in the system, this condition is disrupted. 
When the insulation of the system fails at one or more points 
or a conducting object comes into contact with a live point, a 
short circuit or a fault occurs. 

A. LOAD FLOW ANALYSIS 
        Load flow calculations are used to analyze power 
systems under steady-state and non-faulted (short-circuit-
free) conditions. The load flow calculates the active and 
reactive power flows for all branches, and the voltage 
magnitude and phase for all nodes.  
         Wind farms with wind turbine generators can be 
simulated by a complete model including the modeling of all 
wind turbines and the wind farm electrical network. Fig.2 
shows the network created in DIgSILENT for load flow 
calculation.  

Fig.2. Network created in DIgSILENT for load flow 
calculations. 

B. SHORT CIRCUIT ANALYSIS 

       The short circuit analysis are done to identify the weak 
and strong busses in the test system under disturbance. 
       The short-circuit calculation in power factory is able to 
simulate single faults as well as multiple faults of almost 
unlimited complexity. Power factory supports different 
representations and calculation methods for the analysis of 
short-circuit currents. One application of short-circuit 
calculations is to check the ratings of network equipment 
during the planning stage. 

IV. TEST SYSTEM AND SIMULATION RESULTS

A. TEST SYSTEM 
       System under consideration is Chinnaputhur Substation 
(110/22kV). The wind turbines installed in this wind farm are 
variable speed PMSG. During the field visit, the details of 
Chinnaputhur wind farm substation are collected from the 
system operator. 
        The substation has sixteen wind farm feeders (E1 to E14) 
with different rating of wind turbines that are connected to a 
22 kV bus bar. Each turbine of the wind farm is capable of 
generating 0.85 MW at 0.44 kV and is connected to a 
transformer of rating 25 MVA, 0.44 kV/22 kV. This connection 
is realized with a converter and inverter control system. 
        The HT side of the unit transformer of the wind 
generator is connected to the 22 kV bus bar. This 22 kV bus 
bar is connected to 110 kV bus bar through the six identical 
transformers capacity of each 25 MVA, 22kV/110 kV. The 
capacity of all the 16 wind power feeders and the total power 
generation of the substation is 153.04 MW.  
       The data required for analysis such as wind generator 
data, rated power of each wind turbine, transformer voltage 
rating, percentage impedance, peak values and wind turbines 
connected in each feeders are tabulated as follows: 

  Table 1. Maximum peak reached in the wind farm 

Sl
.No Feeders 

Max. Peak Reached So 
Far 
MVA 

1 110 kV GC-I 
Breaker 72.2 

2 110 kV GC-II 
Breaker 77.9 

3 22 kV LV-I ( PrTr-I, 
25 MVA) 24.7 

4 22 kV LV-II ( PrTr-
I, 25 MVA) 26.03 

5 22 kV LV-III ( PrTr-
I, 25 MVA) 25.2 

6 22 kV LV-IV ( PrTr-
I, 25 MVA) 25.08 

7 22 kV LV-V ( PrTr-
I, 25 MVA) 25.08 

8 22 kV LV-VI ( PrTr-
I, 25 MVA) 25.46 

9 PrTr- 
I 

22 kV- 2# 11.4 
10 22 kV -7# 11.02 
11 PrTr-

II 
22 kV -3# 10.4 

12 22kV -15 11.78 
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# 
13 22 kV -8# 10.07 

14 
PrTr-

III 

22 kV -
16# 10.26 

15 22 kV -1 
# 11.4 

16 22 kV -6# 11.02 
17 PrTr- 

IV 
22 kV -4# 11.21 

18 22 kV -5# 1.4 

19 
PrTr- 

V 

22 kV -
10# 10.64 

20 22 kV -9# 11.4 

21 22 kV -
11# 8.74 

22 

PrTr- 
VI 

22 kV -
12# 10.26 

23 22 kV -
13# 9.88 

24 22 kV -
14# 10.64 

 
The details of the wind machines connected to each feeder is 
shown below: 
 

Table 2. Wind machine connected to each feeder 

Sl.No Feeders 
Total 
No. of 
WEGS 

Total 
Connected 

Load in 
MW 

No. of WEGS in 
Each Capacity 

1 1# 13 10.4 13 X 800 KW 
2 2# 13 10.4 13 X 800 KW 
3 3# 13 10.4 13 X 800 KW 

4 4# 14 10.26 
12 X 800 KW 
2  X 330 KW 

5 5# 14 10.73 
13 X 800 KW 
1 X 800 KW 

6 6# 13 10.4 13 X 800 KW 
7 7# 14 11.2 14 X 800 KW 
8 8# 9 7.2 9 X 800 KW 
9 9# 13 10.4 13 X 800 KW 

10 10# 12 9.6 12 X 800 KW 
11 11# 9 7.2 9 X 800 KW 
12 12# 9 7.2 9 X 800 KW 

13 13# 18 9.7 
8 X 800 KW 

10 X 800 KW 
14 14# 10 8.0 10 X 800 KW 

15 15# 10 11.2 
8 X 1.25 KW 
2 X 600 KW 

16 16# 8 8.75 
7 X 1.25 KW 
1 X 600 KW 

TOTAL 19
2 153.04  

 
 
 
 
 

B. SIMULATION RESULTS 
     
    (a) Load flow Analysis: 
            Single line diagram of the substation (Fig.2.) is drawn 
using the DIgSILENT software and the results obtained are 
analyzed.  It has been seen that the power flow after 
simulation matches with the real time datas of the 
substation. 
    (b) Short Circuit Analysis: 
              For simulation studies, two types of faults are taken 
into account: three phase short circuit (symmetrical fault) and 
double line to ground fault (unsymmetrical fault) at terminal 
19 of E9# (i.e. 22kV bus bar).  Both the fault initiates 
immediately after 1 second and it is cleared after 1.3 seconds, 
i.e. the fault duration is 300 milliseconds. The fault 
impedance considered here is 0.02Ω. 
              (1) Three Phase Short Circuit: 
                  (1.1) Active and Reactive Power of PMSG               
Connected to E9#: 

 

 Fig.3. Active and reactive power of PMSG during symmetrical 
fault 

               It can be seen from the simulation plot that the initial 
active power value (10.4MW), during the fault gets oscillated 
continuously indicating the instability and it takes more time 
about 50 seconds to settle down to the pre fault value. Also, 
during fault, high reactive power is injected to bring the 
machine to stable condition and it takes more settling time 
for the reactive power to reach the pre fault value.  
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                (1.2) Speed of PMSG Connected to E9#: 

 
Fig.4. Speed of PMSG during symmetrical fault 

                Speed of PMSG also oscillates continuously during 
the fault indicating its instability and time taken by the 
machine to be in stable position is prolonged, i.e., it takes 
about 50 seconds to settle down to normal value.   
                (1.3) PCC Voltage: 
           It can seen from fig.5. that the initial voltage of PCC 
which was 0.98 p.u., during fault reduces to 0.15 p.u. and 
when the fault is cleared after 300 ms, it takes about 50 
seconds to settle down to the 85% of the pre fault value. But 
according to the requirement imposed up by the Indian grid 
code, within 3000ms, voltage should be recovered to about 
85% of the pre fault value, i.e. in the present scenario, above 
said requirement is not followed. 
           Certain measures has to be put forward to ensure that 
the Indian grid code is followed without fail.   

 
Fig.5. PCC voltage during symmetrical fault 

 
        (2) Double Line to Ground Fault: 
            (2.1) Active and Reactive Power of PMSG Connected to 
E9#:    
                    It can be seen from the fig.6. that the active power 
of PMSG continuously oscillates during the fault indicating the 
instability of the machines and settling time to settle down to 
the pre fault value is prolonged. Similarly, the reactive power 
is injected during the fault period, but the time taken for    
Since the unsymmetrical fault is less severe compared to the 
symmetrical fault, the amplitude of oscillation during the fault 
and the settling time to settle down to the pre fault value is 
reduced compared to the symmetrical fault. The value of 

reactive power injected during the fault is 125 MVAR which is 
less compared to the reactive power injected during the 
symmetrical fault (165 MVAR). 
     

 
Fig.6. Active and reactive power of PMSG during 

unsymmetrical fault 

                                      (2.2) SPEED OF PMSG: 

 
Fig.7. Speed of PMSG during unsymmetrical fault 

              During unsymmetrical fault, speed of PMSG 
connected to E9# oscillates indicating the instability of the 
machines. But when the fault is cleared after 300ms, it get 
settle down to the pre fault and time taken to settle down is 
more, i.e., about 45 seconds. 
              (2.3) PCC Voltage: 

 
Fig.8. PCC voltage during unsymmetrical fault 

                  During the unsymmetrical fault, the PCC voltage 
reduces to 0.28 p.u.(which was 0.15 p.u. in case of 
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symmetrical fault) and it takes around more than 3000ms to 
settle down to 85% of the pre fault value.  

 
V. CONCLUSION AND FUTURE WORK 
 
A. CONCLUSION 
          The work demonstrates how network voltage dips 
affect the LVRT capability of WT, by having destructive effects 
on the power electronic converters and the electrical 
generators. Generator should inject maximum possible 
reactive power to the grid to maintain the current constant 
until the clearance of the fault according to the Indian grid 
code. FACTS devices can be connected that improve the LVRT 
capability of the machine. 
 
B. FUTURE WORK 
        The GSC of PMSG does not supply reactive power during 
steady state or transient condition. The control loop of GSC 
has to be modified to supply VAR voltage at PCC till it 
recovers. Also, the impact of reactive power from PMSG in a 
weak grid must be evaluated.  
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Abstract- In conventional method three converters are used to regulate the power transfer to the grid. In this work, the operation 
of an effective power transfer scheme with minimum number of converters is proposed for a grid connected wind & Photo 
Voltaic (PV) system. In this proposed system, the Distributed generation sources are Permanent Magnet Synchronous Generator 
(PMSG)-based wind energy conversion system and PV array system. Two voltage source converters with a common DC-link serve 
as Wind Side Converter (WSC) and Grid Side Converter (GSC) respectively. The PV array is directly tied to the DC link without any 
power converter providing variable DC-link voltage. The Perturb and Observe technique extracts the maximum power from PV 
and the DC-link voltage is set to the Maximum Power Point (MPP) voltage of the PV array. The output DC voltage of WSC is 
regulated to an MPP PV voltage using an outer proportional–integral voltage control loop.  The GSC tracks the maximum power 
from wind and PV array is an advanced method. A shunt active power filter to compensate for the current unbalance due to the 
connection of non-linear loads at the grid.  

Index Terms—WSC, MPP, GSC,Grid Side converter. 
 
 

I. Introduction  

The conventional energy sources are creating air pollution, 
plant installation cost is high and with increased generation 
cost, now has started depleting. In recent years much 
attention has been paid towards the green energy sources 
like hydraulic, tidal, wind, solar, fuel cell and so on. The 
above distributed generations (DGs) are popular in 
commercial and residential domains of energy harvesting. 
Earlier the focus was separately on the individual sources 
but to extract maximum power from DGs, owing to the 
varying environmental conditions, developments are also 
happening using a combination of DGs. The commercial 
viability study of wind/photovoltaic (PV)/diesel hybrid 
system reported in [1, 2] states that stand-alone PV array is 
a better solution from the economic point of view, but 
suffers deficit power during winter seasons. Earlier studies 
carried out on stand-alone solar and other different 
combinations of hybrid systems project viability and 
importance of solar energy in global electrification [3–5]. 
In recent years, both PV and wind power generation have 
put forward opportunities for utilizing the renewable energy 
sources for electricity generation. In wind generation 
systems, variable-speed variable-frequency based electrical 
generators can increase the energy  production,  with  the  
flexibility  of  operating  under  wide wind conditions, 

simultaneously reducing the stress on the mechanical  
subsystem  and  offering  maximum  efficiency  at  all wind 
velocities. 
Though both solar PV and wind power being intermittent in 
nature, a possible combination of both is much appreciated 
as they complement each other in many aspects. The 
authors [6, 7] report that in weak grids, the wind/PV array is 
considered optimal, as the hybrid system rapidly suppresses 
the random output power from individual sources. Wang 
and Lin [8] propose for utilization of a battery unit in the 
hybrid wind/PV system. The battery unit is reported to 
significantly improve the reliability of the system and 
flexibility. A stand-alone system with both PV and 
permanent magnet synchronous generator (PMSG) as 
sources is discussed in [9]. This system offers a regulated 
load voltage but the reliability of the system in satisfying the 
load demand cannot be ensured. To overcome the above 
disadvantages, a hybrid system comprising of wind/PV/fuel 
cell is reported in [10]. This paper projects a novel topology 
for meeting out the differences in power generation where 
fuel  cell  supports  the  system  when  both  wind  and  PV  
fails  to satisfy the demand. The authors also use an ultra-
capacitor as a dump load to store the excess generated 
energy.  Giraud and Salameh [11] propose a grid supported 
hybrid system and ensures reliable power supply with the 
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help of battery storage. The present work uses a novel 
topology and effective power transfer scheme with 
minimum number of converters in a hybrid wind/PV system. 
The   proposed   system   offers   maximum   power   point   
(MPP) operation of both the renewables and also 
compensate for current unbalances on the grid side. Various 
combinations of hybrid micro grid systems consisting of both 
PV and wind are discussed in the literature. A system 
with both PV and PMSG as sources and battery as primary 
energy storage device is discussed in [12], where both the 
source and storage systems are connected to a common DC 
bus through individual power electronic converters, which 
in turn is connected to the grid through an inverter unit. 
Bae and Kwasinski [13] describe a grid connected hybrid 
renewable energy system with PV and PMSG, but MPP 
tracking (MPPT) for PMSG is not implemented. Various 
configurations of a hybrid DG system with PV and PMSG as 
their sources are reported [14, 15]. In [16] a single-phase 
grid connected hybrid PMSG–PV array where the PV array is 
directly connected to DC link is proposed. An uncontrolled 

diode bridge rectifier followed by DC–DC converter and 
single- phase inverter are used and the DC-link voltage is 
tracked based on the duty cycle variation of DC–DC 
converter. However, the implemented control scheme 
achieves active power transfer and DC-link voltage 
regulation only. In all the above mentioned PV and   
PMSG   systems,   the   system   employs   individual   power 
electronic interface units for the sources and backup supply. 
Furthermore, complex control algorithms were employed 
for tracking maximum power from the intermittent sources. 
However, higher efficiency can only be achieved by 
employing lesser power converter stages and this paper 
attempts for a system schema with minimum converters 
where three-phase voltage-source converter (VSC) is used 
on either side of the DC link. The proposed control scheme 
performs active maximum power transfer, DC-link voltage 
regulation, load compensation, and reduces torque 
pulsations in PMSG simultaneously. 
 

                                                   Figure 1: circuit diagram of the proposed system 

System description  
 From the schematic diagram of the proposed hybrid 
Distribution Generating system with wind and PV array as 
sources is shown in fig.1. A Wind Side Converter is 
connected to the stator of PMSG and Grid Side Converter 
transfers power from the DG sources to the grid/load. Both 

WSC and GSC are bidirectional voltage source converters 
connected in back-to-back configuration through a common 
DC link. The PV array is tied to the DC bus creating a variable 
DC-link voltage. 
To facilitate power extraction from both PV array and wind, 
the GSC is current controlled to deliver 

maximum power from both wind and solar system. The DC 
voltage of the WSC is regulated to the MPP voltage of the PV 
panel. A PI voltage controller is used to changes in the 
voltage loop of WSC with respect to the PV voltage. Under 
this condition, the maximum power for the given irradiation 
and for the available wind speed/velocity is drawn by the 
action of the current controller developed for the GSC. The 
maximum power information from the hybrid DG sources is 
given to the GSC for generating reference grid currents at 
unity power factor (UPF). 

In this proposed system, the DC voltage reference for the 
WSC is set to the MPP voltage of the PV panel. In the 
absence of solar energy, the reference DC voltage of WSC is 
set to a default value. It is proposed to test the hybrid 

system under conditions of varying wind velocity, 
irradiations, and load demand and to develop suitable 
current control techniques to meet the objectives. 

 
MPPT for PV: For a different temperature and solar 
irradiation, the Perturb and Observe (P&O) technique MPPT 
technique tracks the PV array output voltage Vpv at which 
the PV array can deliver maximum power. The PV output 
power (PPV) and change in power (ΔPPV) are calculated 

from the sampled values of PV array voltage and current. 
The flowchart of the P&O MPPT algorithm is shown in 
Appendix 1. 
MPPT for wind: An MPP algorithm applied to the WECS 
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follows the MPP trajectory to extract maximum power 
depending on the different level atmospheric wind speed. 
The maximum generated power of the Permanent Magnet 
Synchronous Generator for different wind velocities ‘v’ are 
computed from the power curves. From the obtained data, 
Pmax can be related to ‘v’ using polynomial  
Curve fit as given in equation (1) 

𝑃𝑚𝑎𝑥 = −3 + 1.05𝑣 − 0.133𝑣2 + 0.798𝑣3                  (1) 

The maximum power output of PMSG is set as Pw which 
can be related with Pmax as follows 
                   𝑃𝑤 = 𝑃𝑚𝑎𝑥ŋ𝑔                                                                 
(2) 
Where efficiency of the generator, ηg is assumed as 90%. 
Thus, for each wind velocity, the obtained Pref from t h e  
e q u a t i o n  (2) is plotted and is shown in Appendix 2 
 
Design of WSC and GSC 
In Fig.1, v123, vgxyz are the corresponding  phase voltages 
of the Permanent Magnet Synchronous Generator   and AC 
grid, respectively; i123, igxyz are the corresponding  line 
currents of PMSG and AC grid, respectively; V dc = V PV is the 
DC bus voltage of the system; and Idc is the average DC 
current. The midpoint of each leg of GSC is connected to 
individual lines of the AC grid through   interface   
inductances   L1_g= L2_g= L3_g= Lgg, the system having 
internal resistance are r1_g= r2_g= r3_g= rg_g, respectively.  
The PMSG voltages are fed to the WSC through an inductive 
input    filter    L1 = L2 = L3 = L1      to   suppress    high    
frequency harmonics. The rate of change of stator current 
(Δi ) is limited to 10% of the peak stator current which is 
given as follows: 
                          ∆𝑖𝐿1 = 10%𝑜𝑓 𝑃𝑤 𝑚𝑎𝑥

𝑉1𝑠(max)
                                   (3) 

                            𝐿1 =
𝑉1𝑠(𝑟𝑎𝑡𝑒𝑑)∗(𝑉𝑝𝑣−𝑉1𝑠(min)

∆𝑖𝐿1∗𝑓𝑠∗𝑉𝑝𝑣
                         (4) 

The DC capacitance value selected by the required DC-link 
output voltage, minimum Vpv voltage, maximum output 
power and holdup time (thold ). The value of the capacitor cdc 
is given equation (5) 

                       𝐶𝑑𝑐 =
(𝑃𝑤(max)+𝑃𝑝𝑣_𝑚𝑎𝑥)2𝑡ℎ𝑜𝑙𝑑

𝑉𝑝𝑣2 −𝑉𝑝𝑣(𝑚𝑖𝑛)
2                            (5) 

 Rating of GSC inverter 
The  size  of  the  GSC  inverter  is  decided  by  considering  
the following situations: 
i. maximum VA to be processed, 
ii. Connected load demand, 
iii. Inverter efficiency. 
The rating of the inverter is selected to be >1.5 times of the 
total input power, because starting current is high 
compared to steady- state current. The input power from 
wind and PV is added and fed to the GSC. 
               𝑃𝐺𝑆𝐶 = ŋ𝐺𝑆𝐶(𝑃𝑤+𝑃𝑝𝑣 + 𝑃𝑛𝑙)                              (6) 
Where ηGSC stands for the efficiency of the GSC which is 
taken as 90%.  
Dynamic current controller for WSC 
Dynamic current controller is desired to regulate the output 
voltage of WSC to MPP voltage, a PI controller is 
incorporated in the voltage loop to adapt to the servo 
changes. To eliminate torque pulsations of PMSG due to 
the harmonics and effective utilization of the generated 
power, the stator currents are made to follow the stator 
voltage. With Unified Power Flow control, the overall VA of 
the WSC would contribute to the active power transfer and 
thereby reduce the kVA rating of the Wind Side Converter 
in the proposed system. The system lead to a smaller size 
and hence reduce the economic cost of the power circuit, 
which is one of the significant considerations for variable 
speed wind electrical generation. To achieve this, the 

electrically generated power is computed by using the stator 
voltage and current information from which the reference 
current template for the current controlled WSC is 
generated using synchronous detection method (SDM). 
The Hysteresis Controlle  after processing the current error, 
controls the PMSG current. DC ripples are reduced and 
regulated to MPP voltage of PV array using PI controller. 
Due to hysteresis action, the actual WSC input current 
templates follow and tract the reference current templates. 
The hysteresis band of the inner current controller is 
±0.00001 A. 
Voltage controller for WSC 
The voltage controller proposed for WSC is a PI controller. In 
spite of PV or wind variations, the DC-link voltage is 
regulated using the PI controller. Ziegler–Nichols (ZN) tuning 
method is employed to design Kp and Ki values as 10 and 
1, respectively. The small- signal transfer function of WSC 
cascaded with a PI controller is given as following equation 
(7) 

𝐴(𝑠) = �𝐾𝑝 + 𝐾𝑖
𝑠
� 2𝑉𝑚

(1−𝐷)2
1−(8𝐿

3𝑅𝐿
(1−𝐷2)𝑠

1+(8𝐿/3𝑅𝐿(1−𝐷)2+(8𝐿𝐶/3(1−𝐷)2)𝑠2
(7) 

Current controller of GSC 
The control objective of GSC is to transfer the maximum 

power from the DG sources and to supply the oscillatory 
and reactive VAR needed by the non-linear loads. 
Considering the maximum wind and PV power and the 
losses of the GSC (ploss) the total grid reference currents 
are computed using SDM. 
The computed reference currents are compared with the 
actual AC grid currents to generate current error. This GSC 
current error is fed to HC controllers to produce the 
switching pulses for the gate drives of GSC.  
Design of  PI  controller 

 
      Figure 2: design of control scheme  

 From the fig 2 shows the internal structure of the control circuit. A 
control scheme consists of PI controller, limiter, and three phase sine 
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wave generator for reference current generation and generation of 
switching signals. The peak value of reference current is estimating by 
regulating the DC link voltage. The actual capacitor voltage is 
compared with a set reference value.  
The error signal is then processed through a PI controller, which 
contributes to zero steady error in tracking the reference current 
signal. The output of the PI controller is considered as peak 
value of the supply current (I), to maintain the average 
capacitor voltage to a constant value. Peak value of the 
current (I) so obtained, is multiplied by the unit sine vectors 
in phase with the respective source voltages to obtain there 
reference compensating currents. These estimated 
reference currents (Isa*, Isb*, Isc*) and sensed actual 
currents (Isa, Isb, Isc) are compared at a hysteresis band, 
which gives the error signal for the modulation technique. 
This error signal decides the operation of the converter 
switches. In this current control circuit configuration, the 
source/supply currents I are made to follow the sinusoidal 
Reference current Iabc, within a fixed hysteretic band. The 
width of hysteresis window determines the source current 
pattern, its harmonic spectrum and the switching frequency 
of the devices. The DC link capacitor voltage is kept constant 
throughout the operating range of the converter. In this 

scheme, each phase of the converter is controlled 
independently. 
 To increase the current of a particular phase, the lower 
switch of the converter associated with that particular phase 
is turned on while to decrease the current the upper switch 
of the respective converter phase is turned on. With this one 
can realize, potential and feasibility of PI controller. 

 
                           Figure 3:d-q transformation

 

Validation of the proposed system 

     Different   type  of  power transfer modes  of operation  under 

the various   conditions  of changing irradiation and wind are 
considered, to achieve  the effective control operation.  

Case 1 (both wind and PV generating power) 

        

            

 
 
          Figure4a: WSC voltage,        Figure4b:Compensated WSC 
current,         Figure4c: DC-link voltage,                                          

       

                    

   
Figure4d GSC AC grid voltage,    Figure4e: Compensated 
GSC currents,              Figure4f: PV and IV curve,  

When both wind and PV generating power, the solar MPPT 
continuously tracks the maximum panel voltage value it is 
set as the reference voltage Vpv-ref for the Wind Side 

Converter.  The output DC voltage of WSC is regulated to 
Vpv_ref using a PI controller. In order to achieve Unified 
Power Flow operation, the reference currents for Wind Side 
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Converter are generated using Synchronous Deduction 
Mechanism, which are compared with actual WSC currents 
to produce current error signal. The Hysteresis Controller 
processes this error signal and transfers this maximum 
power to DC side of WSC. In order to make the Grid Side 
Controller  currents follow grid voltage along with maximum   
power   transfer   from   renewables   (Pw + Ppv),   the 
reference currents for GSC are generated using Synchronous 
Deduction Mechanism. 
When wind speed is 12 m/s which makes PMSG to rotate at 
a speed of 1500 rpm is considered.  The PV array  i s  
subjected to an irradiation of 1000 W/m2. figs. 4a and 4b 
show the compensated sinusoidal WSC currents and WSC 
voltages under constant wind speed, respectively. Fig. 4c 
shows regulated DC-link Voltage (241.7 V) under the 
constant wind and solar irradiation. fig. 4f shows the I–V/P–
V curve of the PV system. In the proposed system, MPPT 
tracks the maximum panel voltage at any variation of 
irradiation levels, irrespective of variations in solar 
irradiation. From the figs.4d and e show the utility grid 
voltage and GSC compensated grid currents, respectively.  
Case 2 (only PMSG generating power) 
During night time  or climatic changes like cloudy  conditions  
when  solar  PV cannot generate the power , MPPT 
algorithm becomes ineffective in generating Vpvref. In such 
condition, the voltage controller regulates the DC-link 
voltage to 230. The power from the PMSG is directly 
transferred to the AC loads and grid by GSC. The wind speed 
variations (10–12 m/s) are simulated in the matlab 
environment, and the corresponding currents variations in 

WSC and GSC. 
fig. 5a shows PMSG voltages under varying wind speed 
where it can be seen that generated voltages increase 
proportionally with increasing wind speed. At a wind speed 
of 10 m/s the generated where a change in wind speed is 
instigated, Fig. 5b shows DC-link voltage and RMS voltage of 
one phase of WSC under rectification mode with power 
being transferred from PMSG to the DC side.  Fig.  5c shows 
the RMS current of one phase of GSC. DC power is 
transferred to linear/non-linear loads with surplus power 
being fed to the grid through GSC operating under inversion 
mode. Figs. 5d show DC power. 
 
 
Case 3 (only PV generating power) 
Sometimes wind speed may reduce under the condition of 
climatic changes due to which, WSC may be unable to track 
the solar PV MPP voltage. With sun's irradiation varying over 
time in the absence of wind power, the PV power is directly 
fed to the DC link providing a variable link DC voltage. 
Corresponding the compensated grid current also varies 
with varying irradiation and temperature, the system 
transferring this variable power to the grid. 
Figs. 6a and b show DC-link voltage and PV power varying 
correspondingly to changes in illuminations introduced at 
t = 1.5 s, As  irradiation  varies  from  800  to  1000 W/m2,  
the GSC currents increase proportionally, which are 
successfully tracked by the employed grid side Hysteresis 
controller . 

            

           

 
                                figure5(a) WSC voltage                            figure 5(b) DC-link 
voltage                   Figure5(c) current of WSC                                                              
 

             

       

 
                          figure 5(d): PV power                     6(a) PV voltage under varying 
irradiation                    6(b)PV power,   
  

Case 4 (STATCOM operation)      
 
A GSC act as a STATCOM device it also providing VAR support to 
non-linear loads connected to the grid. When the absence of 
renewable power, the non-linear loads connected to the GSC are 

powered by the grid and the GSC gives a shunt active power filter 
to compensate for the current unbalance 
   In nonlinear loads and linear loads need reactive and 
harmonic VA, it will be oscillating between the AC loads and Cdc 
through the GSC, whereas the total fundamental active power will 
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be provided absorbed by the grid. When the renewable sources are 
not generating power, the Cdc charges from grid. When the 
renewable sources generating power, the Cdc is regulated to an 
MPP voltage of PV panel by the control action of PI controller. 
During both renewable sources are operating, the grid provides 
the active power required by the loads and the GSC 
compensates for the harmonic and oscillatory current of the loads. 
To calculate the AC grid reference currents, the output of the PI 
controller is added to the total fundamental active power, which is 
calculated by measuring the AC grid voltages and currents. The 
reference grid currents are then calculated using (9a-9c) adopting 
SDM. The difference between reference source current and non- 
linear load current is the GSC reference current. HC compares the 
reference current of GSC and the actual current of GSC and 
generates gating pulses for the GSC switches. 
The power flow through GSC is [(PW + PPV) − Pnl + ploss] which may 
be either positive or negative. With an increase in load the  
converter  losses  will  also  increase,  consequently  the  DC 
voltage regulation will be lost and the current controller also may 

not be able to follow the AC grid reference current. Hence it is 
proposed to regulate the DC voltage to desired DC reference value 
using a PI controller given in equation. The DC reference would be 
the MPP voltage of PV panel in the presence of renewables and 
230V in their absence. 
𝑃𝑙𝑜𝑠𝑠 = (𝐾𝑝 + 𝐾𝑖

𝑠
)(𝑉𝑝𝑣𝑟𝑒𝑓 − 𝑉𝑑𝑐)                                                

(8) 
Where kp and ki  are the proportional and integral gains 
of the PI controller, respectively. The grid reference currents 
computed using SDMs are given: 

𝑖𝑔𝑎 = 𝑉𝑔𝑎+(𝑉𝑔𝑏−𝑉𝑔𝑐)𝛽

𝑉𝑔𝑎2 +𝑉𝑔𝑏
2 +𝑉𝑔𝑐2

(�𝑃𝑤 + 𝑃𝑝𝑣� − 𝑃𝑛𝑙 + 𝑃𝑙𝑜𝑠𝑠)                (9a) 

𝑖𝑔𝑏 = 𝑉𝑔𝑏+�𝑉𝑔𝑐−𝑉𝑔𝑎�𝛽

𝑉𝑔𝑎2 +𝑉𝑔𝑏
2 +𝑉𝑔𝑐2

��𝑃𝑤 + 𝑃𝑝𝑣� − 𝑃𝑛𝑙 + 𝑃𝑙𝑜𝑠𝑠�                (9b)   

𝑖𝑔𝑐 = 𝑉𝑔𝑐+(𝑉𝑔𝑎−𝑉𝑔𝑏)𝛽

𝑉𝑔𝑎2 +𝑉𝑔𝑏
2 +𝑉𝑔𝑐2

(�𝑃𝑤 + 𝑃𝑝𝑣� − 𝑃𝑛𝑙 + 𝑃𝑙𝑜𝑠𝑠)                 (9c)

 

 
             Figure 7a: different level of wind speed  
 

 
                    Figure 7b: different level of irradiation  

 
MPPT operations  
In the hybrid system there are in different level of 
investigations are performed under various different wind 
speeds and irradiation are considered for the system 
performance.  When the constant   irradiation condition is 
1000 W/m2, In this  t i m e  the PV power generate is 1365 
W, the system is performed  for varying wind speeds, and 
the corresponding variations in PMSG power and generated 
reference currents. From the fig.7a  variations of these 
parameters with respect to wind speed variations are 
cached . It can be clearly understood from the figure that, 
the generated PMSG power also had increased 
correspondingly with an increase in wind speed between 
the cut-in and cut-out speeds, The reference currents 
generated by the controller proportionally   increases    
proportionally   to   extract   maximum available power 
from the sources Under conditions of constant wind speed, 
MPPT investigations were carried out for varying irradiation 
levels. The variations in generated PV power and reference 
currents are noted down for gradual increase in irradiation 
level between 800 to 1000 W/m2 during which the 
generated PMSG power remains nearly constant. The 
variations of these parameters with respect to irradiation 
level variations are depicted in Fig. 7b which clearly shows 
that with increase in solar irradiation level, the PV generated 
power had increased correspondingly.  

In order to extract maximum power, the reference currents 
generated by the controller to increase proportionally. Both 
the MPP algorithm successfully tracks the maximum power 
and from the different irradiation and wind speed, it can be 
communicated to   the controller works effectively in 
transferring the maximum power to the grid/load.   
Results and discussion 
The   proposed system   consists   of   using   two   back-to-
back   interfaced converters connected in  common DC link 
where the PV panel is directly tied in DC link. The MPP 
algorithm is implemented on both WECS and PV system  to 
tract the maximum power from  any conditions of 
atmospheric wind and solar irradiation,  The voltage 
regulation of the control system for WSC consists of DC-link 
using PI controller and effective power transfer from PMSG 
using Hysteresis Control. The control strategy for GSC 
consists of transferring the maximum available from wind 
and solar power to the linear/non-linear loads and grid using 
Hysteresis Control. 
The experimental results are found to complement the 
simulation results under steady state and transient 
conditions. Steady-state investigations are conducted at a 
constant wind speed of 12 m/s and constant irradiation of 
1000 W/m2. The implemented (P&O) MPP algorithm for PV 
panel tracks the maximum power from solar and outputs 
the corresponding MPP voltage as a reference to the 
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comparator for DC-link voltage regulation. The current 
control of both WSC and GSC is  to operates effectively 
transfer the available maximum renewable power to the 
load/grid 
Conclusion 
In this paper contain a hybrid Distribution Generation 
system PMSG- based WECS and PV array system connected 
through a common DC link. With parallel operation of PMSG 
and PV, future expansion of the system becomes feasible 
allowing plug and play, load sharing and islanded mode of 
operation. The DC voltage is regulated to an MPP voltage 
of PV through WSC. Without considering any DC–DC 
converter and duty cycle variation and with fewer power 
converters employed, the system track maximum power 
from PMSG and PV and transfers it to linear/non-linear 
loads and grid through a GSC. Same VSC topology and 
controls is implemented in both WSC and GSC to achieve 
maximum power through    under   different   sources   and   
load   conditions.   The proposed system may facilitate the 
integration process of DC power technologies into the 
pervious AC system. Maximum power from PMSG is used to 
generate reference currents for WSC to control the 
harmonics in PMSG stator currents leading to better 
utilization of PMSG. GSC is also acts as a STATCOM device to 
providing VAR support to the grid connected loads and also 
providing active power to the grid. 

 

                        
Appendix 1: Flowchart of P&O MPPT algorithm                

 
         Appendix 2: Turbine power characteristics of PMSG 
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Abstract—In smart grids, one of the most important objective is the ability to improve the grids situational awareness and 
allows for fast acting changes in power generations. Microgrid has caused increasing attention for its high efficiency and low 
emissions. In this paper, share’s a power generation in a microgrid including a wind turbine, solar pv array and then the 
modelling of various DERs are conducted and the objective functions and constraints are developed. Minimizing the cost of 
generation and the inconvenience caused due to shifting of loads is a multi-objective optimization problem.  It shares 
optimally the power generation in a microgrid including wind plants, photovoltaic (PV) plants and a combined heat and 
power (CHP) system.  In the end the genetic algorithm is employed to solve the optimal model. 

  
Index Terms—Microgrids, DERs, MGA. 

 
1.Introduction   
 Renewable energy resources are becoming as prominent 
alternatives for supplying the growing demand of electrical 
energy in microgrid. In power system, a microgrid is a 
controllable local energy system including distributed energy 
resources, storage devices and loads which can be 
disconnected from the traditional grid work autonomously 
(microgrids are able to operate in grid connected and isolated 
mode). 
 Microgrid optimization is one of the most important 
and challenging areas of research. Literature review shows 
that the optimization problems related to different fields of 
microgrids have been solved by various algorithms.  In 
microgrids, the load is firstly met by the DERs. Consequently, 
long distance transport of energy is avoided and the small 
distance producer-consumer paradigm is satisfied. DERs are 
used to improve the power system operation by reducing 
pollutant gas emissions, increasing energy reserve and 
contributing to ancillary services. In recent years, the 
attention of smaller investors has been oriented toward 
entering the energy market especially power generation in 
microgrids. As a result, in order to buy their power, 
consumers are faced with a number of power producers. In 
such market, there is a strict competition among the power 
producers. 
 In microgrids, there is an energy management 
system (EMS) which performs the balancing task between the 
produced and consumed energies. Based on this assumption 
that at each hour, the available DERs have the ability of 
supplying the requested power, the EMS is able to select 

which DER (in which proportion) should be used to provide 
the requested power. Significant researches have been 
carried out to model the microgrid and optimize the costs of 
fuel, operation and maintenance and start-up costs, as well as 
the emission costs. The economic dispatching models of 
microgrid to optimize the cost as well as the emissions and 
solved them with different multi objective algorithms. 
 DG refers to the application of small generators 
(Distributed Generators/ Micro-sources), with typical capacity 
range of 15kW-l0MW, distributed throughout the power 
system in order to provide electric power to the end 
customers. DGs may be located at the utility side itself or at 
customer side or may even isolated (not connected to the 
grid). Since DGs are located very close to loads it is an 
efficient way to reduce transmission losses and grid 
congestion. 
  If the DG (both intermittent and consistent) of a 
locality or a distribution network are interconnected along 
with necessary storage systems and a control center, it can 
form an autonomous grid termed as "Microgrid (MG)". A MG 
can solve some of the issues associated with DG in grid 
integration. It can serve both in grid connected mode as well 
as in islanded mode. In grid connected mode, the excess 
power generated by the MG will be fed to the utility grid and 
the excess power consumed is drawn from utility grid. Due to 
various reasons the interconnection with the utility grid can 
be lost. During this situation the microgrid switches to 
islanded mode and continue supplying power to customers, 
by generating required power from the DGs alone. Thus, the 
continuity of supply is ensured. During grid connected mode 
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voltage and frequency of the MG is determined by the utility 
grid, and hence in grid connected mode, the control 
operations are done mainly for economic operation of the 
MG. When the MG is islanded there should be a control 
system for the MG to keep its frequency and voltage inside 
the limits and also to match the demand and generation of 
active power and reactive power. Therefore, in islanded 
mode, the control objective changes to regulation of 
frequency and voltage. 
 
2. MG Optimization 
 Control at the load side is termed as DSM (Demand 
Side Management). DSM alters consumers energy 
consumption so as to make necessary changes in the supply 
load profile. From DSM perspective, loads are classified as 
controllable, semi-controllable and uncontrollable. 
Controllable loads are those loads whose usage can be shifted 
to some other point of time owing to the lack of generation 
e.g. Pluggable Electric Vehicles (PEV), Heating, Ventilating and 
Air-Conditioning(HVAC) loads. Uncontrollable loads are those 
to be operated at that time and the customer cannot 
postpone their to some other time. The importance of DSM 
increases when intermittent sources such as Photo-Voltaic 
(PV), wind generation etc. are integrated to the power 
system. If the penetration of these intermittent sources 
increases, which in the current scenario arising due to 
environmental considerations, the controllability of 
generation will be reduced and the system operators will be 
left with the only other option of controlling the loads. There 
are two types of DSM; price based and incentive based. In 
priced based DSM, customers control their load according to 
the change in energy price (dynamic tariff). In incentive 
based, power supply to some part of the load (controllable 
load) will be withdrawn by the utility at time of low 
generation or high demand according to the agreement 
between the customer and the power distributor, for which 
incentives are provided to the customer. There is a 
bidirectional flow of power in some components of an MG, 
example battery. Figure 1 shows the Power flows in a MG 
(arrows represents power flow direction). 

  
   Figure 1: Power flow in MG 
 
 

 
Battery can be used to store power when the grid price is low 
or when the intermittent sources output is high and can be 
made to discharge when the grid price is high or when the 
intermittent sources output is low. In similar pattern buying 
and selling with the utility grid is also scheduled. This is the 
basic principle of the conventional MG optimization. With the 
introduction of DSM into MG optimization we can shift the 
load when the grid price is high or when the intermittent 
sources output is low.  
 

                                                                                        
Figure 2: Optimization with DSM 
 
 
 

 
Figure:3 Supplying demanded powers in DERs in Microgrid 
 
3.PROBLEM DEFINITION 
A. Generation cost  
In practice, EMS faces with a large number of ways for sharing 
the requested power among DERs. The best way is that one 
by which the power generation cost is minimized. To reach 
this goal, a quadratic function which is a common accepted 
cost function for DERs in microgrid literature is considered for 
optimization as follows; 

where C is 
the hourly cost ($), i denotes the ith DER, P is the generated 
power by DER (MW), and α, β and γ are the function 
coefficients which depend on the DER technology (fuel cost, 
efficiency, etc). Among the function coefficients, α introduces 
nonlinearity in the optimization problem  
B. Objective function and constraints 
For minimizing generation cost of the required power, an 
objective function (OF) is defined based on a quadratic cost 
function for each DER (Eq. (2)). The total cost of the energy 
production in the microgrid is the summation of the 
generation cost of each DER. To satisfy the balancing 
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notification of EMS, the produced power should be equal to 
the requested power. This is done by the help of an equality 
constraint given in Eq. (2). To solve the scheduling problem, 
at each hour, the following optimization problem should be 
solved. 
 
 
 

 
where Pl is the requested power.  
To solve this problem, the power of each DER is considered as 
a decision variable. The decision variables are put into a 
vector and make a solution, x = [x1 x2 … xi]. In this paper, 
there are three wind plants, two PV plants and one CHP as 
DERs. So, the number of the decision variables is six and each 
solution is represented by x = [Pwp1 Pwp2 Pwp3 PPV1 PPV2 
PCHP] where Pwp1, Pwp2, Pwp3, PPV1, PPV2 and PCHP are 
the output power of wind plant 1, wind plant 2, wind plant 3, 
PV plant 1, PV plant 2 and CHP. A number of initial feasible 
solutions are generated and the optimizer tries to update the 
solutions until the optimal solution is found.  
In optimization theory, the way by which the equality 
constraint is handled is a challenging problem. One of the 
most common ways to handle this issue is to use penalty 
function. By use of penalty function, an optimization problem 
with equality constraint is converted to an optimization 
problem without equality constraint whose number of the 
decision variables is same as those of the original problem. By 
using penalty function concept, the problem defined by Eq. 
(2) is modified as follows: 

 
         where Pf is the penalty factor which controls the 
importance of the balance equation (here 10).  
As Fig. 1 shows, at each hour, the EMS should optimally share 
the requested power among the available DERs so that the 
load is met and the value of OF is minimized. This goal can be 
achieved by the help of an efficient optimization algorithm. 
With respect to the DERs considered in this paper, Eq. (3) is 
expressed as follows:     
 

 
 
 
 

 
4.Genetic Algorithm  
GA is one of the most popular metaheuristic algorithms which 
attempts to mimic the process of natural selection . In GA, 
each solution is called chromosome. To implement GA, the 
following steps should be employed:  
Step 1: Initialization- At first, a population of N chromosomes 
is valued in the search space. Each chromosome has d genes 
where d denotes the number of the decision variables (here 
the number of DERs). Chromosome i is shown by a vector, 
where xd

i
 is gene d of chromosome i. The matrix of population 

is shown by X as follows:      

 
Step 2: Objective function evaluation- For every chromosome, 
the related genes (decision variables) are put into the 
objective function and its value is calculated.  
Step 3: Selection- Selection operator selects N chromosomes 
by an approach based of survival of the fittest and transfers 
them to the mating pool. Here, as one of the most popular 
selection operators, roulette wheel approach has been used 
to select the chromosomes. In roulette wheel, the 
chromosome with better OF values have more chance of 
being selected. In this approach, the fittest chromosomes 
may be included in the mating pool more than one time.  
Step 4: Crossover- In general, by applying the crossover 
operator, two chromosomes (as parents) are randomly 
selected from the mating pool and two offspring are 
generated. Crossover operator is applied by the probability of 
Pc. By the probability of 1 – Pc, the selected chromosomes 
are directly transferred to the next generation. Most often, 
convex crossover is used to merge parents and generate 
offspring. If a and b are the parents and ab and ba are the 
generated offspring, the offspring are as follows:  
 

 
Step 5: Mutation- Mutation operator is applied by the 
probability of Pm to each gene of the offspring generation. In 
this paper, the value of the mutated gene is replaced by a 
random value from the possible range.  
Step 6: Evaluation of offspring generation- The objective 
function value is calculated for every chromosome of the 
offspring generation. 
Step 7: Replacement- N chromosomes should be selected 
among the parent and offspring chromosomes as the 
population of the next generation. Most often, the offspring 
generation is considered as the population of the next 
generation only the worst chromosome among the offspring 
generation is replaced by the best chromosome among the 
parent chromosomes.  
Step 8: Termination criterion- Steps 4 to 7 are repeated until 
maximum number of generations (gmax) is reached. Finally, 
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the best chromosome is returned as the optimal solution of 
the problem under consideration.  
     
5. Memory-based Genetic Algorithm 
GA finds promising results in many optimization problems but 
it suffers from premature convergence especially when the 
problem is nonlinear and there are many local minima in the 
search space. In order to enhance the performance of GA, this 
paper proposes a memory-based GA. Utilization of memory 
schemes to reuse the stored useful information can be 
beneficial to enhance the GA performance. Powerful 
optimization algorithms not only have the ability to exploit 
the solutions with good fitness but also have the potential to 
explore the new regions of the search space. So, the key 
factor in global optimization is to provide a good balance 
between exploitation and exploration. This feature increases 
the probability of finding the optimal or close-to-optimal 
solution in difficult problems. In GA, two chromosomes are 
randomly selected from the mating pool and by applying the 
crossover operator, two offspring are generated. To 
implement MGA, the following steps should be employed 
(most of MGA steps are same as GA steps.):  
Step 1: Initialization  
Step 2: Objective function evaluation  
Step 3: Memory assignment- In MGA, a direct memory is used 
in which the best-so-far chromosome ( Gd ) has been 
memorized. At the first generation (g), the best solution of 
the initial population is memorized in B. B= [B1, B2…. .BD] 
Step 4: Selection  
Step 5: Crossover- In MGA, the way by which the offspring is 
generated is conducted based on the considered memory. 
The genes of the generated offspring are the combination of 
the parents and best-so-far chromosome. The produced 
offspring are generated as follows: 

 
where r1 and r2 are scalar values drawn from a normal 
distribution with mean 0 and variance σ2. Fig. 2 illustrates the 
histogram of a scalar value drawn from a normal distribution 
with mean 0 and variance 4. By applying crossover, if a 
chromosome exceeds the search space, it is modified to be a 
feasible solution. 
Step 6: Mutation  
Step 6: Evaluation of offspring generation  
Step 7: Replacement  
Step 8: Memory assignment- The memory is updated if there 
is a chromosome in the offspring generation which is better 
than the memorized chromosome.  
Step 9: Replacement  
Step 10: Termination criterion 
The following points can be regarded about this algorithm:  

• MGA makes use of a direct memory. Hence, it has a 
more effective memory capability than GA.  

• MGA enhances the intensification of GA since the 
memory is directly used for updating solutions in the 
search space.  

• Using r1 and r2 in updating pattern (Eq. (6)) provides 
the possibility of local and global searches. As Fig. 2 
shows, these numbers can lead to small or large step 
sizes.  

• r1 and r2 may be negative. Negative sign of r1 and r2 
leads to moving the opposite of the memory. In the 
literature, the repulsion factor which allows moving 
in the opposite of the obtained good solutions is a 
key factor for escaping local minima.  

The pseudo code of MGA. 
Generate randomly N feasible chromosomes  
Calculate objective function of chromosomes  
Memorize the best chromosome  
for i = 1: maximum number of generations  
for j = 1 : N % Selection operator  
Generate a random number between 0 and 1  
Transfer the winner chromosome to mating pool  
end  
for k = 1 : N/2 % Crossover operator  
Apply MGA crossover based on Eq. (6)  
end  
Mutate the generated chromosomes % Mutation operator  
Evaluate offspring generation  
Update memory  
Select the best chromosome among parents  
Select the worst chromosome among offspring  
Replace the worst offspring by the best parent  
Transfer offspring to the next generation as parents  
end  
6.SIMULATION AND RESULTS 
In general, microgrid energy management is defined as an 
offline optimization problem for day-ahead scheduling. Most 
often, offline methods assume perfect forecasting of the 
renewables, demands and market. In practice, this 
assumption is difficult because of the intermittency and 
variability of renewables, load uncertainty and the 
randomness in real-time pricing. To tackle this problem, 
recently, the attempt is to develop online algorithms for real-
time energy management in microgrids. To create a Simulink 
model of microgrid including PV, Wind, CHP. Then all the 
subsystems are created for power optimization. All the data’s 
are stored to workspace. In that workspace data’s are called 
by GA coding in the MATLAB editor. 
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Figure no 4.flow chart for memory based genetic algorithm 
 
 
 
 

 
Figure 5.subsystem of power measurements 
 
 
 

 
 
Figure 6.subsystem of PV 
 
 
 
 

 
Figure 7.subsystem of wind turbine 
All the data’s are adjustable and the CHP data’s are given by 
manual. The three co efficients are maintains cost, isolation 
cost, transmission cost. The modelling of microgrid is 
connected to the GA coding using grid connected control loop 
and the workspace is the mediator of power optimization. 
According to local typical daily data, a optimal scheme can be 
achieved through the model above. 
  The typical daily data includes typical daily load 
curve, local day light intensity curve, environmental 
temperature curve, wind speed curve, local gas price, the 
technical performance parameters (rated power, power 
characteristic curve, operation & maintenance costs, fuel 
consumption characteristics, battery maximum allowable 
charge-discharge power, etc) of various distributed 
generators. Since the wind turbine and pv array has high 
efficiency and almost no emission, we assume they generate 
as much power as possible. 
  The wind speed, light intensity and environmental 
temperature of a typical day are shown in Fig3,4 and the 
power output of wind turbine and pv array are presented 
respectively. And then adjust the output of fuel cell, 
microturbine and the charge or discharge of battery storage 
to minimize the cost and emission while meeting the 
electrical load and heat load respectively. 
  The peak-valley price of electricity is considered for 
it has aroused a lot of attention for its contribution to reduce 
the pressure of grid peak regulation and ensure the economy 
and stability of the system. The purchasing and selling price of 
electricity is available in When the local typical daily data is 
given in the model, the Pareto optimal set of economic costs 
and emissions objective can be achieved and the dispatching 
scheme when the emissions are not considered. The results 
of two modes are compared and the two modes are two 
conditions that the battery and peak-valley price are 
considered or not considered. 
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Figure 8. Simulink model/Microgrid 
 

 
Figure 9.wind power  

 
Figure 10 Combine  Heat and Power 

 
Figure 11.solar photovaltanic power 

 
Figure 12.Grid current 

 
Figure 14. power range for Combine heat and power                              
, Utility, and nonlinear load  
  
 In optimization the coding of the program was 
controlled the system model grid. The power sharing in the 
grid was optimized by MGA algorithm, in that case if the 
demand was too high the algorithm performs to connect 
which power generation was satisfied to the rated demand 
that can be connected to the grid others are connected to the 
grid utility. In that case power generation was high and 
maintains cost   was decreased.  
 
6. CONCLUSION 
The microgrid consisting of wind turbine, PV, CHP system is 
studied and genetic algorithm is employed to solve the 
optimal model. After optimization the best electricity can be 
provided to the consumers. However, this article is stressed 
on the optimal problem when microgrid is settled and the 
external conditions is not paid attention to. This paper 
proposes a new approach based on GA, called Memory Based 
Genetic Algorithm, for optimal sharing the demanded power 
among Ders microgrid. Demanded load is optimally shared by 
MGA among the three wind plants,2 PV, and 1 CHP by the aim 
of cost minimization. It can be dawn that MGA is an efficient 
optimization technique which may find better result than 
other optimizers for solving optimization problems related to 
microgrid power scheduling and other power system 
optimization problems. 
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Abstract—The safe operation of Distributed Generation (DG) systems require proper synchronization with power grids by 
using power electronics converters. Grid Synchronization is one of the most important issues for operating grid-tied inverters 
in practical applications, which involve Distributed Power Generation Systems, Flexible AC Transmission Systems (FACTS) and 
High Voltage Direct Current (HVDC) Transmission and so on. The use of Phase Locked Loop (PLL) is an important technique for 
grid synchronization along with control techniques. In recent years, there have been many attempts to design more advanced 
PLLs for three-phase applications. This paper presents a comparative study of Synchronous Reference Frame (SRF) PLL and 
Double Synchronous Reference Frame (DSRF) PLL. The comparative study has been made among SRF PLL, DSRF PLL (based on 
synthesis circuit) and DSOGI PLL under normal grid condition and line to ground fault. The results are obtained from 
MATLAB/SIMULINK and are analyzed for feasibility of the study.  

 
Index Terms—Distributed Generation (DG) system, Grid synchronization, Synchronous Reference Frame (SRF) PLL, Double 

Synchronous Reference Frame (DSRF) PLL, Double Second Order Generalized Integrator (DSOGI) PLL. 

 

I. INTRODUCTION 

     Distributed Generation (DG) System based on renewable 
energy sources provides a good substitute to the centralized 
power generation systems which consumes fossil fuels and 
has imposed several problems on the environment. The 
Distributed Generation (DG) systems based on renewable 
energy systems which include solar power, wind power, small 
hydro power etc. present a good prospect for the future 
power demands. The most important aspect of DG systems is 
their proper control so as to ensure sinusoidal current 
injection into the grid. For this their proper synchronization 
with the grid (utility voltage vector) is very essential [1]. The 
information about phase angle of utility voltage vector is very 
important especially to control the flow of active and reactive 
power and to turn on and off power devices [2]. Hence it 
should be tracked properly.                   
     The advent of the phase-locked loop (PLL) dates back to 
1930s when it was first designed and used for the 
synchronous reception of radio signals. Since then, it has 
found widespread applications in different areas such as the 
estimation of fundamental parameters (phase, frequency, and 
amplitude) of power signals, measurement of harmonics and 
power quality indices, implementing adaptive filters and 
robust controllers, control of ac and dc machines, contactless 

energy transfer systems, induction heating systems, 
piezoelectric applications and battery charge circuits. 
     A phase-locked loop (PLL) is a non-linear negative feedback 
control system that synchronizes its output in frequency as 
well as in phase with its input. PLLs are now widely used for 
the synchronization of power electronics based converters 
and also for monitoring and control purposes in different 
engineering fields. PLL is used as an important technique for 
grid synchronization and to track the phase angle. For single- 
phase synchronization, Linear PLL is used whereas for three- 
phase grid synchronization, PLLs based on Synchronous 
Reference Frame (SRF) is used. But SRF PLL fails to detect the 
phase angle for unbalanced conditions [3-4].To detect the 
phase angle in abnormal grid conditions various advanced PLL 
techniques have been proposed like Double Synchronous 
Reference Frame (DSRF) PLL based on synthesis circuit 
proposed in [4], Decoupled Double Synchronous Reference 
Frame (DDSRF) PLL proposed in [5],etc. The PLLs based on 
Synchronous Reference Frame uses Park’s Transformation 
which takes two orthogonal signals as inputs and generates 
constant voltages. To generate orthogonal components 
Clarke’s transformation is employed [3-4]. The use of Second 
Order Generalized Integrator (SOGI) was proposed as an 
alternative of Clarke’s transformation to generate orthogonal 
signals and then to use it for grid synchronization. Dual Second 
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Order Generalized Integrator – Frequency Locked Loop (FLL) 
was proposed as an advanced method for grid synchronization 
[7-8]. In this paper, a comparative study is made among SRF 
PLL, DSRF PLL (based on synthesis circuit) and DSOGI PLL 
(QSG) under normal and line to ground fault. Both DSRF PLL 
and DSOGI PLL can accurately detect the phase irrespective of 
the grid conditions along with decoupling of positive and 
negative sequence components. But the steady state and 
dynamic response of the DSOGI PLL is better than DSRF PLL. 
The difference in THD response of the three PLLs is studied in 
MATLAB/SIMULINK environment. 

II.  SYNCHRONOUS REFERENCE FRAME (SRF) PLL 

The basic idea of the PLL system is a feedback system with a 
PI controller tracking the phase angle. Input is the three 
phases of the grid voltage and output from the PLL is the 
phase angle of one of the three phases. In the power supply 
substation, there will be one inverter leg for each of the three 
phases. Fig. 1 shows the schematic diagram of the 
conventional Synchronous Reference Frame (SRF) PLL, which 
is a standard PLL for three-phase applications and the basic 
block of almost all innovative PLLs.  
 

 
 
Fig. 1 Schematic diagram of the SRF PLL 
 
In this structure, the PD, LF and VCO are abbreviations for the 
phase detector, loop filter and voltage-controlled oscillator 
respectively. V,

^  𝜔𝑔
^   and   θ^ are the amplitude, frequency and 

phase angle estimated by the SRF-PLL respectively; 𝜔𝑛is the 
nominal frequency. kp and ki are the proportional and integral 
gains of the LF (which is a proportional–integral (PI) 
controller) respectively and kv is the cut-off frequency of the 
low-pass filter (LPF) used for the amplitude estimation. The 
signal vq contains the phase error information and the signal 
vd is a measure of the amplitude of the three-phase signals. 
The PD in the SRF-PLL is implemented by applying the Clarke’s 
transformation and then the Park’s transformation to the 
three phase input signals. The q-axis output of the PD, which 
contains the phase error information, is passed through the 
LF (the PI controller). The resultant signal, which is the 
estimated frequency, is applied to the VCO to provide an 
estimation of the phase angle. 
     Let the three-phase input signals of the conventional SRF 
PLL be as  

 
va(t) = V cos  (θ)                                                  (1) 
vb(t) = V cos �θ − 2π

3
�                                          (2) 

vc(t) = V cos �θ + 2π
3
�                                           (3) 

where θ is the phase angle. The αβ-transformation matrix is 
given in equation (4) 
 

Tabc→αβ =  2
3
�
1 −1

2
− 1

2

0 √3
2

− √3
2

�                             (4) 

 
The dq-transformation matrix is given by  
 

Tαβ→dq  =  � cos θ� sin θ�
− sin θ� cos θ�

�                              (5) 

 
The dq output voltages are given as  
 
𝑣𝑑(𝑡) = 𝑉 cos(𝜃 − 𝜃�)                                      (6) 
𝑣𝑞(𝑡) = 𝑉 sin (𝜃 − 𝜃�)                                      (7) 
 
     In recent years, there have been many attempts to design 
more advanced three-phase PLLs. The majority of these 
efforts have focused on enhancing the disturbance rejection 
capability of the conventional SRF-PLL and its relatives [6]–[8] 
so that they can deal with the ever increasing power quality 
issues in power systems. 

III. DOUBLE SYNCHRONOUS REFERENCE FRAME (DSRF) PLL 

     Double Synchronous Reference Frame (DSRF) PLL is a 
combination of two conventional SRF PLLs which are 
separated by a synthesis circuit. This PLL decomposes the 
voltage vector V into its positive and negative sequence 
vectors (V+ and V-) respectively.  
     The schematic diagram of the DSRF PLL is shown in Fig. 2. 
As shown, this PLL uses two SRF’s rotating at the same 
angular speed but with opposite directions and a cross-
feedback network to extract and separate the Fundamental 
Frequency Positive Sequence (FFPS) and Fundamental 
Frequency Negative Sequence (FFNS) components. As a 
result, the grid voltage imbalance has no steady-state 
negative effect on the DSRF PLL performance. The presence 
of harmonics in the DSRF PLL input, however, may cause 
oscillatory errors in the estimated quantities.  
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Fig.2 Schematic diagram of the DSRF PLL 
 
This problem can be improved by adding several SRFs 
rotating at the targeted harmonic frequencies to the standard 
structure. The resultant PLL structure is often called the 
multiple SRF-based PLL (MSRF-PLL). But this approach causes 
a considerable increase in the PLL computational effort. A 
systematic approach for tuning the control parameters of the 
DSRF PLL and its extended version, the MSRF-PLL can be 
found in [31]. It is also worth mentioning that the DSRF PLL is 
mathematically equivalent with the Decoupled Double SRF 
PLL (DDSRF PLL). The DSRF PLL is a well-known PLL in three-
phase systems. As it can be seen, there are some 2ω ripples 
in the d-axis component which is attenuated by using a low 
pass filter. The two frames rotate in positive direction and 
negative direction respectively and detect the corresponding 
phase angle simultaneously. The d-axis component from the 
Park’s transformation which is the voltage amplitude in 
steady state is fed to the synthesis circuit. The synthesis 
circuit as shown in Fig. 3 is used to create decoupling signals. 
These decoupling signals are used as feedback [4].              
Double Synchronous Reference Frame (DSRF) PLL [10] is 
based on transforming both the positive and negative 
sequence components of the utility voltage into the double  

  
Fig. 3 Synthesis Circuit  
 
synchronous frame, which can completely eliminate the 
detection errors of the conventional SRF PLL. Its unique 

decoupling network can cancel out the double frequency 
oscillations therefore; there is no need to reduce the PLL 
bandwidth for the accurate positive sequence component 
estimation compared with the conventional SRF PLL. It is very 
suitable to the control of grid-interfaced converters operating 
in the severe frequency derivation and unbalanced 
conditions. 

IV. DOUBLE SECOND ORDER GENERALIZED INTEGRATOR (DSOGI) PLL  

     A Second-Order Generalized Integrator (SOGI) acts as a 
sinusoidal signal integrator and can be arranged to behave as 
a quadrature signal generator (QSG) and band pass filter by 
feeding back its output signal as shown in the dashed box in 
Fig. 4. The band-pass filter and QSG based on the SOGI, 
briefly referred to as the QSG-SOGI which was a useful tool 
for the extraction and separation of the FFPS and FFNS 
components of three-phase signals. There are two solutions 
for this purpose. They are the transport delay buffer method 
and the all pass filter method. However, such methods are 
not frequency-adaptive, which could give rise to errors in the 
positive sequence estimation. Moreover, they can’t block 
harmonics from the input signals. 

     
Fig. 4 Schematic diagram of the DSOGI PLL 
 
     In order to solve these problems, a smart combination of a 
low pass filter (LPF) and a band-pass filter (BPF) is utilized, 
where the BPF only provides harmonic-filtering functions but 
the LPF offers both the harmonic filtering and 90-degree 
phase shift. Therefore, it can provide the accurate positive 
sequence information for grid synchronization even under 
grid faulty conditions.   As shown in Fig. 4, the two QSG-SOGIs 
are used to extract the filtered direct and quadrature signals 
of  𝑉𝛼 and 𝑉𝛽. The FFPS component is then calculated based 
on the instantaneous symmetrical component method. This 
PLL structure, which under certain conditions is 
mathematically equivalent to the DSRF-PLL and the DCCF PLL 
is often called the Double QSG-SOGI-based PLL (DSOGI PLL). 
To improve the harmonic filtering capability of the DSOGI PLL 
additional QSG-SOGIs tuned at harmonic frequencies can be 
added to the standard structure. 
     Let the positive and negative sequence components of 𝛼 
and 𝛽 axis voltages are given as follows:   
 
vα+ =  1

2
× (v′α − qv′β)                   (8) 
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vβ+ =  1
2

× (qv′α + v′β)                   (9) 
 
vα− =  1

2
× (v′α + qv′β)                   (10) 

 
vβ− =  1

2
× (−qv′α + v′β)               (11) 

 

V.  SIMULATION RESULTS AND DISCUSSION 

A. Response of SRF PLL, DSRF PLL and DSOGI PLL 
Under Normal Grid Condition 
The following results are obtained when the PLLs are 
connected in between the DG’s and Grid to track the phase 
angle information. The THD results obtained from simulation 
for SRF PLL, DSRF PLL and DSOGI PLL under normal grid 
condition are shown in Fig. 5. For this study, the input voltage 
of the inverter is set to Vdc = 750V and grid voltage is equal to 
Vg = 380V. The explanation for the study is given as follows. 
 

(a) 

 
(b) 

 

 
(c) 

Fig. 5 THD results obtained under normal grid condition for (a) SRF PLL (b) 
DSRF PLL (c) DSOGI PLL  
     Under normal grid condition, the SRF PLL and DSRF PLL THD 
response is same as shown in Fig. 5 (a) and (b) and equal to 
5.52%. But the DSOGI PLL’s THD response is 5.05% which is 
somewhat better than the other two PLLs shown in Fig. 5 (c).   
 
     B. Response of SRF PLL, DSRF PLL and DSOGI PLL Under 
Line to Ground Fault 
     The simulation results of the three PLLs under line to 
ground fault are explained in this section and are illustrated 
in Fig. 6. 
 

 
(a) 

 

 
(b) 

 

 
(c) 

Fig. 6 THD results obtained under line to ground fault (a) SRF PLL (b) DSRF PLL 
(c) DSOGI PLL  
    Figure 6 (a) shows the THD response of SRF PLL which is 
9.13% under single line to ground fault. Fig. 6 (b) shows the 
DSRF PLL whose THD response is also 9.13%. But the DSOGI 
PLL’s THD response is better than the other two PLLs exposed 
in Fig. 6 (c) which is equal to 9.08%.  

V. CONCLUSION 

     This paper presents the comparative study of Synchronous 
Reference Frame (SRF) PLL, Double Synchronous Reference 
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Frame (DSRF) PLL based on synthesis circuit and Double 
Second Order Generalized Integrator (DSOGI) PLL under 
normal and line to ground fault conditions. From this study, it 
can be found that, DSRF PLL and DSOGI PLL detect the phase 
angle by decoupling the positive and negative sequence 
components and tracking the corresponding phase angles. 
Further, the THD response of DSOGI based PLL during grid 
abnormalities is better than SRF PLL and DSRF PLL, even 
though both the PLLs can detect the phase angles accurately.  
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Abstract— Wind energy has grown more and at a faster rate than all other renewable energy sources. Doubly Fed Induction 
Generator (DFIG) is preferred in Wind Energy Conversion System(WECS) because of their low cost, higher energy output, 
lower converter rating and better utilization of generator. DFIG is able to control both active and reactive power 
independently. This paper presents a control strategy for DFIG based WECS during unbalanced grid voltage conditions by 
using Matrix Converter. From the perspective of power grid friendly operation, the control targets of DFIG system are: 1) 
Active and Reactive power injected into the power grid; 2) balanced and sinusoidal current injected into the power grid. The 
proposed system is simulated with various wind speed conditions. 
 
Index Terms—Doubly fed induction generator, Matrix Converter, Active and Reactive power control, Unbalanced grid voltage.  

 
I. INTRODUCTION  

         Nowadays renewable sources are emerging in Power 
generation. With increasing of wind power into electrical 
grids, DFIG based wind turbines are largely deployed due to 
their dynamic response and operating with various speed 
feature. Wind turbines are subjected to variation of load and 
impact of sudden change in wind speed with respect to time 
due to the non-linear behaviour of environment and increase 
in population. So the necessity of wind power to grid has 
been increasing day by day.  

DFIG’s have been widely used for large scale wind 
generation systems and their control and operations have well 
researched during the last few years. However, as the stator of 
DFIG is directly connected to the grid and the power rating of 
its excitation converter is limited, the DFIG system is quite 
sensitive to grid disturbances. Voltage unbalance can give rise 
to excessive unbalanced stator and rotor currents in DFlG's 
and overloading of the rotor converter causing generators to 
trip out. It is necessary to redesign the control strategy based 
on  
 
the existing grid code requirements which now include specific 
requirements regarding the performance of wind power 
generators under unbalance situations. Several strategies have 
been proposed for operating the DFIG under unbalance 
voltage to minimize the impact of such unbalance voltage 
conditions. But most of these strategies’ aims are to control 
the Rotor Side Converter(RSC) and Grid Side Converter(GSC) 
working individually, various control targets including 
eliminating the stator/rotor currents’ negative components, or 

stator active/reactive powers oscillations, were realized by 
these. This paper proposes a coordinated control strategy 
which will reduce the second harmonic pulsation of the total 
power and also the DC-link voltage simultaneously by 
integrating the control variables of both the RSC and GSC, new 
control strategy can give the wind power system more degree 
of freedom to enhance the performance of DFIG under 
unbalanced supply by using Matrix Converter instead of GSC 
and RSC. 
          The term "Doubly Fed" refers to the fact that the 
voltage on the stator is fed from the grid and the voltage on 
the rotor is also induced indirectly by grid via the power 
converter. This system allows a variable-speed operation over 
a large, but restricted, range. The converter compensates the 
difference between the mechanical and electrical frequencies 
by injecting a rotor current with a variable frequency. Hence, 
the operation and behaviour of the DFIG is governed by the 
power converter and its controllers.  

The principle of the DFIG is that rotor windings are 
connected to the grid via slip rings and back-to-
back voltage source converter that controls both the rotor 
and the grid currents. Thus rotor frequency can freely differ 
from the grid frequency (50 or 60 Hz). By using the converter 
to control the rotor currents, it is possible to adjust the active 
and reactive power fed to the grid from the stator 
independently of the generator's turning speed. The Block 
Diagram of DFIG is shown in fig 1. 
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FIGURE 1: DFIG Block Diagram 

           DFIG has a several advantages 1) Power factor control 
can be implemented in this system. It has ability to control 
reactive power and ability of decouple control of active and 
reactive power by independently controlling the rotor 
excitation current. 2) DFIG is wound rotor induction machine 
which is simple in construction and   cheaper than the 
synchronous machine. In DFIG, converter rating is typically 
25-30 % of total system power which results: reduced 
converter cost, less harmonics injection to the connected grid 
and improved overall efficiency (approx. 2-3% more than full 
scale frequency converter) of the wind turbine system. 3) It 
can operate in Generator/Motor mode for both super 
synchronous and sub synchronous speed mode with four 
possible operating conditions. 4) It is not necessarily to be 
magnetized from the power grid since it can be magnetized 
from the rotor circuit too 5) A speed variation of ±30% around 
synchronous speed can be obtained by the use of power 
converter of 30% of nominal generated power 6) High energy 
conversion efficiency.  

II. DFIG EQUIVALENT CIRCUIT 

 
FIGURE 2:  Equivalent Circuit of DFIG 

Applying Kirchhoff's voltage law to the circuit 
 
     𝑉𝑠= 𝑅𝑠𝐼𝑠+𝑗 𝜔1𝐿𝑠𝜆𝐼𝑠+ 𝑗𝜔1𝐿𝑚 (𝐼𝑠+𝐼𝑟+𝐼𝑅𝑚)                    (1) 
     𝑉𝑟

𝑠
= (𝑅𝑟 /𝑠) 𝐼𝑟+𝑗 𝜔1𝐿𝑟𝜆𝐼𝑟+𝑗 𝜔1𝐿𝑚  (𝐼𝑠+𝐼𝑟)                     (1.1) 

     0= 𝑅𝑚𝐼𝑅𝑚+ 𝑗𝜔1𝐿𝑚 (𝐼𝑠+ 𝐼𝑟)                                           (1.2) 
 
Where 
Vs =stator voltage                Rs = stator resistance      
Vr = rotor voltage                 Rr = rotor resistance  
Is = stator current                 Rm = magnetizing resistance  
Ir = rotor current                  Lsλ = stator leakage inductance  
IRm = magnetizing resistance current         
Lrλ = rotor leakage inductance  
ω1 = stator frequency             Lm = magnetizing inductance 
 
Slip = (w1 – wr) / w1 = w2 / w1                 (2)                                                                      

 

       Where, wr is the rotor speed and w2 is the slip frequency. 
Moreover, the air-gap fluxes, stator flux and rotor flux are 
defined as 

 
Air gap flux (𝛹𝑚)= 𝐿m (  𝐼𝑠+𝐼𝑟+𝐼𝑅𝑚)                   
(3) 
Rotor flux (𝛹𝑟)= 𝐿𝑟𝜆I𝑟+ 𝐿𝑚 (𝐼𝑠+𝐼𝑟+𝐼𝑅𝑚   )= 𝐿𝑟𝜆𝐼𝑟+𝛹m         (4)           

Stator flux (𝛹𝑠)= 𝐿𝑠𝜆𝐼𝑠+ 𝐿𝑚 (𝐼𝑠+𝐼𝑟+𝐼𝑅𝑚 )= 𝐿𝑠𝜆𝐼𝑠+𝛹m             (5) 
          The equations describing the equivalent circuit can be 
rewritten as: 
 
               V𝑠= 𝑅𝑠𝐼𝑠+𝑗𝜔1𝛹s                       (6) 
               Vr= (𝑅𝑟 /𝑠) 𝐼𝑟+𝑗𝜔1𝛹s                                              (6.1) 
               0= 𝑅𝑚𝐼𝑅𝑚+ 𝑗𝜔1𝛹𝑚                   
(6.2) 
 
The resistive losses of the induction generator are 

P 𝑙𝑜𝑠𝑠=3 𝑅𝑠 [Is] 
2+ 𝑅𝑟 [𝐼𝑟]2+[ 𝐼𝑅𝑚 ]

2                         (7) 
 

It is possible to express the electro-mechanical torque (Te) as 
               𝑇𝑒= 3 np𝐼𝑚 [𝛹𝑚𝐼𝑟∗] = 3𝑛𝑝𝐼𝑚 [  ]     (8) 

  
 np=Number of pole pair 

Vds= rsIds−ωsλqs+d/dt(λds)                   (9) 
Vqs= rsIqs+ωsλds+d/dt(λqs)                   (10) 
Vdr= rrIdr− ωs−ωr λqr+d/dt(λdr)                  (11) 
Vqr= rrIqr+ ωs−ωr λdr+d/dt(λqr )                  (12) 

 
Where  

vds,v𝑞𝑠 = d-axis , q-axis stator voltage respectively 
v𝑑s,v𝑞𝑟 = d-axis , q-axis rotor voltage 
𝐼ds,I𝑞𝑠 = d-axis , q-axis stator current 
𝐼dr,I𝑞𝑟 = d-axis , q-axis rotor current 
𝜆𝑑s, 𝜆𝑞𝑠 = d-axis, q-axis stator fluxes 
𝜆𝑑r, 𝜆𝑞𝑟 = d-axis, q-axis rotor fluxes 
rs,r𝑟 = stator and rotor resistance. 

              𝜔𝑠 = Rotational speed of synchronous reference 
frame. 
 Solving equation 9,10,11,12 will get, 
 

 𝜆𝑑𝑠= 𝐿𝑙𝑠𝐼𝑑𝑠+ 𝐿𝑚 𝐼𝑑𝑠+𝐼𝑑𝑟 = 𝐿𝑠𝐼𝑑𝑠+𝐿𝑚𝐼𝑑𝑟                 (13)  
 𝜆𝑞𝑠= 𝐿𝑙𝑠𝐼𝑞𝑠+𝐿𝑚 𝐼𝑞𝑠+𝐼𝑞𝑟 = 𝐿𝑠𝐼𝑞𝑠+ 𝐿𝑚𝐼𝑞𝑟                  (14)  
 𝜆𝑑𝑟= 𝐿𝑙𝑟𝐼𝑑𝑟+ 𝐿𝑚 𝐼𝑑𝑟+𝐼𝑑𝑠 = 𝐿𝑚𝐼𝑑𝑠+𝐿𝑟𝐼𝑑𝑟                 (15)  
𝜆𝑞𝑟= 𝐿𝑙𝑟𝐼𝑞𝑟+ 𝐿𝑚 𝐼𝑞𝑠+ 𝐼𝑞𝑟 = 𝐿𝑚𝐼𝑞𝑠+𝐿𝑟𝐼𝑞𝑟                  

(16) 
 
Where    𝐿𝑠= 𝐿𝑙𝑠+ 𝐿𝑚 and 𝐿𝑟= 𝐿𝑙𝑟+ 𝐿𝑚 

Now representing all equations in state space matrix form 

          �

 λds
 λqs
 λdr
 λqr

�  =�

𝐿𝑠  0  𝐿𝑚  0
0    𝐿𝑠  0   𝐿𝑚
𝐿𝑚  0  𝐿𝑟   0
0   𝐿𝑚   0   𝐿𝑟

� �

𝑖𝑑𝑠 
𝑖𝑞𝑠
𝑖𝑑𝑟
𝑖𝑞𝑟

�                        (17) 

 

�𝑉𝑑𝑠𝑉𝑞𝑠�=�
𝑅𝑠  0
0  𝑅𝑠� �

𝑖𝑑
𝑖𝑞�+

𝑑
𝑑𝑡
�λds
λqs�+�

0  − ωs
 ωs     0 � �

λds
λqs�          (18) 

 
            Te= 3

2
PLm(iqsidr-idsiqr)                                             (19) 

By construction the stator winding turn ratio is 2 to 3 
times of the rotor. So the stator voltage is higher and current 
is lower compared to rotor. The rated current of the 
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converter is accordingly lower which leads to a lower cost of 
the converter, in the typical ± 30% operational speed range 
around the synchronous speed. The drawback here is the 
controller operation beyond the operational speed range is 
impossible because the rotor voltage is higher than rated 
voltage. Hence the rotor circuit is controlled by a power 
electronics converter, the induction generator is able to both 
import and export reactive power which helps in improving 
power stability and allows machine to operate with grid 
during sever voltage disturbance. The synchronism with grid 
does not hamper due to this dual side control of machine. 
III. MATRIX CONVERTER 

The matrix converter is a development of the Fully 
Controlled Converter (FCC) based on bidirectional fully 
controlled switches, incorporating Pulse Width Modulation 
(PWM) voltage control, as mentioned earlier. With the initial 
progress made by Venturini, it has received considerable 
attention in recent years as it provides a good alternative to 
the double-sided PWM voltage source rectifier–inverters 
having the advantages of being a single stage converter with 
only nine switches for three-phase to three-phase conversion 
and inherent bidirectional power flow, sinusoidal 
input/output waveforms with moderate switching frequency, 
possibility of a compact design due to the absence of dc link 
reactive components, and controllable input power factor 
independent of the output load current. The main 
disadvantages of the matrix converters developed so far are 
the inherent restriction of the voltage transfer ratio (0.866), a 
more complex control, commutation and protection strategy, 
and above all the non-availability of a fully controlled 
bidirectional high frequency switch integrated in a silicon chip 
(TRIAC, though bilateral, cannot be fully controlled). 

 
FIGURE 3: Matrix Converter 

New perspective configuration of the bidirectional 
switch is to use two Insulated-Gate Bipolar Transistor (IGBT) 
with reverse blocking capability in antiparallel, eliminating the 
diodes reducing the conducting losses in the converter 
significantly. The circuit is called a matrix converter as it 
provides exactly one switch for each of the possible 
connections between the input and the output. The switches 
should be controlled in such a way that, at any time, one and 
only one of the three switches connected to an output phase 
must be closed to prevent “short circuiting” of the supply 
lines or interrupting the load current flow in an inductive 
load. With these constraints, it can be visualized that out of 
the possible 512 (=29) states of the converter, only 27 switch 
combinations are allowed which includes the resulting output 
line voltages and input phase currents. These combinations 
are divided into three groups. Group-I consists of six 
combinations when each output phase is connected to a 

different input phase. In Group-II, there are three subgroups 
each having six combinations with two output phases short-
circuited (connected to the same input phase). Group-III 
includes three combinations with all output phases short-
circuited. With a given set of input three-phase voltages, any 
desired set of three-phase output voltages can be synthesized 
by adopting a suitable switching strategy. However, it has 
been shown that regardless of the switching strategy, there 
are physical limits on the achievable output voltage with 
these converters as the maximum peak-to-peak output 
voltage cannot be greater than the minimum voltage 
difference between two phases of the input. 

To have complete control of the synthesized output 
voltage, the envelope of the three-phase reference or target 
voltages must be fully contained within the continuous 
envelope of the three-phase input voltages. Initial strategy 
with the output frequency voltages as references reported 
the limit as 0.5 of the input as shown in Figure. 4(a). This can 
be increased to0.866 by adding a third-harmonic voltage of 
input frequency (Vi/4) cos 3ωit to all target output voltages 
and subtracting from them a third harmonic voltage of output 
frequency (Vo/6) cos 3ωot as shown in Figure. 4(b). 

 
FIGURE 4: (a) Basic converter input voltages (b) maximum 

attainable with Inclusion of third harmonic voltages of input 
and output frequency to the target voltages. 
The converter in Fig. 3 connects any input phase (A, 

B, and C) to any output phase (a, b, and c) at any instant. 
When connected, the voltages van, vbn, vcn at the output 
terminals are related to the input voltages VAo, VBo, VCo as 

 

�
𝑉𝑎𝑛
𝑉𝑏𝑛
𝑉𝑐𝑛

�=�
S𝐴𝑎  S𝐵𝑎  S𝐶𝑎
S𝐴𝑏  S𝐵𝑏  S𝐶𝑏
S𝐴𝑐  S𝐵𝑐  S𝐶𝑐

� �
V𝐴𝑜
V𝐵𝑜
V𝐶𝑜

�         (20) 

 
Where SAa through SCc are the switching variables of 

the corresponding switches shown in Fig. 3 For a balanced 
linear star-connected load at the output terminals, the input 
phase currents are related to the output phase currents by 

 

 �
𝑖𝐴
𝑖𝐵
𝑖𝐶
�=�

S𝐴𝑎  S𝐴𝑎  S𝐴𝑎
S𝐵𝑏  S𝐵𝑏  S𝐵𝑏
S𝐶𝑐  S𝐶𝑐  S𝐶𝑐

� �
ia
ib
ic
�               (21) 

 
IV. SPACE VECTOR PULSE WIDTH MODULATION 

The SVMPWM method is an advanced computation-
intensive PWM method and is possibly the best method 
among the all PWM techniques for variable frequency drive 
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application. Because of its superior performance 
characteristics, it has been finding wide spread application in 
recent years. One major benefit is in the reduction of total 
harmonic distortion created by the rapid switching inherent to 
this PWM algorithm. The Principles of Space Vector PWM are 
1)Treats the sinusoidal voltage as a constant amplitude vector 
rotating at constant frequency.  
2)Coordinate Transformation (abc reference frame to the 
stationary d-q frame).  
     i)A three-phase voltage vector is transformed into a vector 
in the stationary d-q   coordinate frame which represents the 
spatial vector sum of the three-phase voltage.  
    ii)This PWM technique approximates the reference voltage 
Vref by a combination of the eight switching patterns (V0 to 
V7).  
3) The vectors (V1 to V6) divide the plane into six sectors 
(each sector: 60 degrees).  
4) Vref is generated by two adjacent non-zero vectors and two 
zero vectors. 
 

Table 1: Valid switch states for a three-phase VSI 
Switching States Sate Vab Vbc Vca Space 

Vactor 
S1, S2 and S6 are on 

and S4, S5 and S3 
are off 

1 Vi 0 -Vi V1 

=1+j0.577 

S2, S3 and S1 are on 
and S5, S6 and S4 

are off 

2 0 Vi -Vi V2 =  j1.55 

S3, S4 and S2 are on 
and S6, S1 and S5 

are off 

3 -Vi Vi 0 V3 = -
1+j0.577 

S4, S5 and S3 are on 
and S1, S2 and S6 

are off 

4 -Vi 0 Vi V4 = -1-
j0.577 

S5, S6 and S4 are on 
and S2,S3 and S1 are 

off 

5 0 -Vi Vi V5 = -j1.55 

S6, S1 and S5 are on 
and S3,S4 and S2 are 

off 

6 Vi -Vi 0 V6 = 1-
j0.577 

S1, S3 and S5 are on 
and S4, S6 and S2 

are off 

7 0 0 0 V7 = 0 

S4, S6 and S2 are on 
and S1, S3 and S5 

are off 

8 0 0 0 V8  = 0 

V. EFFECT OF NEGATIVE SEQUENCE ON DFIG  
  Double frequency circulating current produced in rotor 

circuit due to opposite rotating flux caused by negative 
sequence current in stator winding. Double Frequency 
components produce excessive heat in the rotor and thereby 
damage the rotor. Hence elimination of negative sequence 
component is essential.    
VI. VECTOR PROPORTIONAL INTEGRAL REGULATOR 
        When the alternative control targets the smooth active 
and reactive power output or balanced and sinusoidal stator 
current, the closed-loop control with vector proportional 
integral (VPI) regulator tuned at 100 and 300 Hz would be 

employed to directly regulate the negative sequence and 
harmonic components of stator current. 
        
For the purpose of achieving the alternative control targets 
with the proposed modularized control strategy, it is 
important to implement the accurate control of 100 and 300 
Hz components. The VPI regulator, based on pole–zero 
cancellation to avoid the unexpected gain peak, can be used 
to eliminate the DFIG stator current or active and reactive 
power 100 and 300 Hz components control error (GSC three-
phase current or active and reactive power 100 and 300 Hz) 
due to the adequate closed loop phase margin and accurate 
ac signal tracking capability 
   

CVPI= 𝑲𝒑𝒓𝟐 𝑺𝟐+𝑲𝒊𝒓𝟐 𝑺
𝑺𝟐+𝝎𝒄𝟐 𝑺+(𝟐𝝎𝟏)^𝟐

+ 𝑲𝒑𝒓𝟔 𝑺𝟐+𝑲𝒊𝒓𝟔 𝑺
𝑺𝟐+𝝎𝒄𝟔 𝑺+(𝟐𝝎𝟔)^𝟐

 
 

where ωc2 and ωc6 are the resonant bandwidth of 100 and 
300 Hz components to widen the resonant frequency and 
improve the VPI regulator robustness against grid frequency 
variation; ω1 is the angular speed of grid voltage fundamental 
component; Kpr2 and Kir2 , Kpr6 and Kir6 are the proportional 
and integral coefficients for 100 and 300 Hz components, 
respectively, and Kir2 = Kpr2Rr/σLr ,Kir6 = Kpr6Rr/σLr should be 
followed based on the rule of pole–zero cancellation for RSC 
control, and Kir2 = Kpr2Rg/Lg ,Kir6 = Kpr6Rg/Lg for GSC control 
VII.RESULTS AND DISCUSSION 

In order to simulate the control strategy, the DFIG 
considered in this work is taken as 1.3 MVA, 575 V, 50 HZ. The 
output of the DFIG is connected to grid through step-up 
transformers of rating 575 V/25 KV and 25 KV/120 KV and 
transmission line. The 3 phase balanced load (5+j5.33Ω) is 
connected at the output end of DFIG. 

The Overall Simulink model of proposed system is shown in 
figure 5. 

 
FIGURE 5: Overall Simulation Diagram 

 
Figure 6 shows a connection between Wound Rotor 

Induction Machine (DFIG) and Matrix Converter. The input of 
matrix converter is connected to stator output of DFIG and 
output is connected to wound rotor of the DFIG 
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FIGURE 6:  Matrix Converter with DFIG 

 
       Figure 7 shows the Simulink model of SVM Symmetric 
Switching for the Matrix Converter. The input are taken from 
grid side controller unit and the outputs connected to 9 
Switches of the Matrix converter. 

 
FIGURE 7 Matrix Converter Switching Unit 

The Space Vector Modulation for rectifier switching is shown 
in Figure 8. The stator current of DFIG is taken as reference to 
rectifier switching. The currents Ia ,Ib, Ic are converted into 
alpha(α) beta(β) quantity to find space vectors. Based on 
space vectors the switching sequences and duty cycles of 
switches are determined. 

 
                    FIGURE 8: SVM for Rectifier Switching 

 
FIGURE 9:  SVM for Inverter Switching 

        The Indirect switching conversion from rectifier and 
inverter switches (6+6) is shown in Fig 10. The matrix 
converter has totally 9 Bi-Directional switches used for 
configure the Indirect Matrix  

 
FIGURE 10: Indirect Switching for Matrix Converter 

     Figure 12 shows the simulation model of VPI regulator. It 
extracts the negative sequence component and third order 
harmonic components. In the simulation Negative sequence 
component is taken as reference to control the DFIG under 
Unbalance conditions. 

 
FIGURE 12: VPI Regulator 

The indirect Switching Pulses for the Matrix converter 
shown in figure13. By indirect Switching 12 Switching Pulses (6 
for Rectifier Switches and 6 for Inverter Switches) converted 
into 9 switching pulses 

 
FIGURE 13:  Switching Pulses for Matrix Converter Switches 
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Figure 13, 14 show the stator output voltage and current 
of DFIG for a wind speed of 12 m/sec. The Stator output 
voltage of DFIG has a THD of 7.75% 

 
FIGURE 14: Stator Output Voltage of DFIG 

 
FIGURE 15:  Stator Output Current 

The Power generated by DFIG is shown in Figure 16. The Real 
Power generation is finally settled at 1.829 MW and Reactive 
Power is 0.0524 MVAR at wind speed of 12 m/sec.  

 
 FIGURE  16: Real and Reactive Power Output of DFIG  

From the above figure the Reactive Power Consumption by 
DFIG is zero. Instead of consuming Reactive power DFIG is 
generates small amount of Reactive Power and supplied to 
grid. 
 

The Real and Reactive power capabilities are observed for 
the Matrix Converter fed DFIG at various wind speeds and 
reported in Table 2. 

 
Table 2 Real and Reactive Power Capabilities for Various wind 
speed 
Wind Speed (m 

/ sec) 
Real Power 

Generation( MW) 
Reactive Power 

Generation (MVAR) 
8 1.290 0.0394 

10 1.524 0.0396 
12 1.829 0.0524 
15 2.240 0.0738 

 
VIII. CONCLUSION 

This paper presents the control strategy for DFIG 
based WECS using Matrix Converter under unbalanced 
Conditions. A Simulation Study conducted in Matlab/Simulink 
shows the Performance of DFIG with matrix converter under 
unbalanced conditions at various wind speeds. With particular 
focus on Negative Sequence Control can be mitigated by 
utilization of VPI Regulator.  It is observed that matrix 
converter is capable of providing sinusoidal input and output 
current without the DC-Link capacitor under unbalanced 
conditions. The use of Matrix Converter results in reduction of 
size and cost of AC-AC converter topologies. Simulation results 
show that with appropriate selection of Space Vectors of PWM 
there is an improvement in real and reactive power 
capabilities and also elimination of negative sequence 
component.  
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Abstract— One of the solutions to meet the growing load demand in rural and remote areas is to introduce Distributed 
Generation (DG) within the existing network. With different types of power generation available at present, it is believed that 
some designs contribute significantly to a network’s Power Quality (PQ). Flexible AC Transmission System (FACTS) is an 
emerging technology which improve power transfer scenario around the world. It improves the power transfer capability of 
existing transmission system with enhances reliability and security of the system. The IPFC with its exclusive capability of 
series compensation, is a powerful device which can provide the power flow control of multiple transmission lines. This paper 
provides an overview of some of the known PQ issues solved by FACTS devices in a power network.  

 
Index Terms: FACTS, Reactive power compensation, Power Quality, Transient and Dynamic stability  

 
 

I. INTRODUCTION  
 
In today’s world, the demand of electricity is growing rapidly. 
So need to strengthen power transmission capability by 
improving power transfer capacity of existing network or by 
installing new transmission networks. In developing nation 
like India where funds are limited generally avoid this 
practice. Under Indian circumstances, it is important to better 
utilization of existing transmission systems as efficiently as 
possible, to increase both the capacity and the quality of 
transmission networks through various methods with 
minimum investment. With the increased loading of long 
transmission lines, the problem of transient stability after a 
major fault can become a transmission limiting factor [1]. 
Installation of FACTS device in existing transmission network 
is an alternative way to strengthen power transmission  
 
 
 
 
 
 
capability. FACTS are power electronic based technology 
which help to increase the power transfer capacity and 
enhances controllability in ac transmission system. 
Furthermore, FACTS reduce oscillations in the grid, which is 
especially interesting when dealing with the stochastic 
behavior of renewable. FACTS technology is a collection of 
controllers that are situated separately or coordination with 

other devices to control one or more interconnected power 
system such as shunt impedance, series impedance, current, 
voltage and damping oscillations. This concept is known as 
FACTS Controllers. 
 

II. FLEXIBLE AC TRANSMISSION SYSTEMS (FACTS) 
 
Developing industry semiconductor and their usage in power 
systems, the FACTS concept was offered, to use the real 
capacity of transmission lines without making any new lines. 
The main failure in thyristor switches is that they can’t be 
controlled for turn-off capability. So, in a cycle it’s not 
possible to use switching more than once. But due to 
inventing semiconductor  parts in the power and voltage of 
power system which can be turned off too, such as IGBT and 
GTO another development occurred in energy transmission 
systems field which the most important of all is using VSCs. 
These equipment can be applied in series, shunt or shunt-
series in transmission line and controls operation parameters 
in transmission systems in steady state and system dynamic 
behaviour in transient state[2]. 
 
The benefits of utilizing FACTS devices in electrical 
transmission systems can be summarized as follows:  
 Increased transmission system reliability. 
 To improve the damping of oscillations and line 
capacity.  
 It controls line impendence angle and voltage which 
helps in controlling the power flow in transmission line.  
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 It supports the power system security by 
increasing the transient stability limit. It also limits overloads 
and short circuit currents.  
 The reactive power in the lines can be decreased 
and the lines are made to carry more active power[3].  
 
One of the greatest advantage using FACTS controller is that it 
can be used in all the three states of power system, namely:  
(1) Steady state  
(2) Transient  
(3) Post transient steady state 
  
STATIC VAR COMPENSATOR (SVC)  
 
 The primary purpose is usually for rapid control of voltage at 
weak points in a network. Installations may be at the 
midpoint of transmission interconnections or at the line ends. 
Static VAR Compensators are shunting connected static 
generators / absorbers whose outputs are varied so as to 
control voltage of the electric power systems. In its simple 
form, SVC is connected as Fixed Capacitor Thyristor 
Controlled Reactor (FC-TCR). The SVC is connected to a 
coupling transformer that is connected directly to the ac bus 
whose voltage is to be regulated. The effective reactance of 
the FC-TCR is varied by firing angle control of the anti-parallel 
thyristors. The term "static" refers to the fact that the SVC has 
no moving parts (other than circuit breakers and disconnects, 
which do not move under normal SVC operation). Prior to the 
invention of the SVC, power factor compensation was the 
preserve of large rotating machines such as synchronous 
condensers. The SVC is an automated impedance matching 
device, designed to bring the system closer to unity power 
factor. If the power system's reactive load is capacitive 
(leading), the SVC will use reactors (usually in the form of 
Thyristor-Controlled Reactors) to consume VARs from the 
system, lowering the system voltage. Under inductive 
(lagging) conditions, the capacitor banks are automatically 
switched in, thus providing a higher system voltage. They also 
may be placed near high and rapidly varying loads, such as arc 
furnaces, where they can smooth flicker voltage. SVC is based 
upon the thyristor without gate turn off capability. 

 
 
STATIC SYNCHRONOUS COMPENSATOR (STATCOM) 
 
. Usually a STATCOM is installed to support electricity 
networks that have a poor power factor and often poor 
voltage regulation. From the power system dynamic stability 
viewpoint, the STATCOM provides better damping 
characteristics than the SVC as it is able to transiently 
exchange active power with the system. In the case of two AC 

sources, which have the same frequency and are connected 
through a series reactance, the power flows will be:  Active or 
Real Power flows from the leading source to the lagging 
source. Reactive Power flows from the higher to the lower 
voltage magnitude source.  
A STATCOM’s advantages include flexible voltage control for 
power quality improvement, fast response, and applicability 
for use with high fluctuating loads. 

 
 
 
STATIC SYNCHRONOUS SERIES COMPENSATOR (SSSC) 
 
The SSSC is settled in transmission line in series and injects a 
voltage with controlled magnitude and angle into it. This 
injected voltage is, directly or indirectly, always used to 
control the flowing power on the line. However, this injected 
voltage is dependent on the operating mode selected for the 
SSSC to control power flow. This device work the same way as 
the STATCOM. It has a voltage source converter serially 
connected to a transmission line through a transformer. It is 
necessary an energy source to provide a continuous voltage 
through a condenser and to compensate the losses of the 
VSC. But if our only aim is to balance the reactive power, the 
energy source could be quite small. The injected voltage can 
be controlled in phase and magnitude if we have an energy 
source that is big enough for the purpose. It is able to transfer 
both active and reactive power to the system permitting it to 
compensate for the resistive and reactive voltage drops-
maintaining high effective X/R that is independent of the 
degree of series compensation. 

 
 
 
UNIFIED POWER FLOW CONTROLLER (UPFC) 
 
UPFC is one of the unique equipment in FACTS which is 
used in series and shunt on the transmission line. The UPFC is 
combination of a static synchronous compensator and a static 
synchronous series compensator coupled via a common DC 
voltage link. One converter operates in series, the other in 
shunt. Shunt converter, in addition to the real power need of 
series converter, they also can have STATCOM operation 
modes. UPFC is used for providing fast –acting reactive power 
compensation on high voltage electricity transmission 
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networks. It uses a pair of three- phase controllable bridges to 
produce current that is injected into transmission line using a 
series transformer. UPFC is a multifunction power conditioner 
that can be used to compensate various voltage disturbance 
of the power supply, to correct voltage fluctuation, and to 
prevent harmonic load current from entering the power 
system. It has ability to simultaneously control every 
parameter of the transmission systems, like voltage, phase 
angle and impedance. Alternatively, it can independently 
control both the real and reactive power flow in the line 
unlike all other controllers.  
 
 
INTERLINE POWER FLOW CONTROLLER (IPFC):  
 
The IPFC is based on the Convertible Static Compensator of 
FACTS Controllers which are connected in two different 
transmission lines. In IPFC provides comprehensive power 
flow control in multi-line transmission system having multiple 
number of DC to AC converters. These converters provide 
series compensation to each transmission line. These 
converters are linked with DC terminals and connected with 
AC systems through series coupling transformers.[5] It 
provides series reactive compensation and addition of 
converter it control the supply of active power with common 
dc link in transmission line.  

   
This capability of IPFC makes it possible to: 
 Power flow management between multi line 
transmission systems 
 Equalize both real and reactive power flow between 
the lines.  
 Reduce the burden of overloaded lines by real power 
transfer. 
 Compensate against resistive line voltage drops and 
the corresponding reactive power demand. 
 Increase the effectiveness of the overall 
compensating system for dynamic disturbances. 
 

 
 
PI CONTROLLER  
 

 
 

 
III. FACTS APPLICATIONS TO DEREGULATED 

ELECTRICITY MARKET  
 
Nowadays, electricity demand is rapidly increasing without 
major reinforcement projects to enhance power transmission 
networks. Also, the electricity market is going toward open 
market and deregulation creating an environment for forces 
of competition and bargaining. FACTS devices can be an 
alternative to reduce the flows in heavily loaded lines, 
resulting in an increased load ability, low system loss, 
improved stability of the network, reduced cost of 
production, and fulfilled contractual requirements by 
controlling the power flows in the network[6]. Generally, the 
changing nature of the electricity supply industry is 
introducing many new subjects into power system operation 
related to trading in a deregulated competitive market. 
Commercial pressures on obtaining greater returns from 
existing assets suggests an increasingly important role for 
dynamic network management using FACTS devices and 
energy storage as an important resource in generation, 
transmission, distribution, and customer service. There has 
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been an increased use of the FACTS devices applications in an 
electricity market having pool and contractual dispatches. 
 

 
 

IV. APPLICATIONS AND TECHNICAL BENEFITS OF FACTS 
 
 The technical benefits of the principal for dynamic 
applications of FACTS in addressing problems in transient 
stability, dampening, post contingency voltage control and 
voltage stability. FACTS devices are required when there is a 
need to respond to dynamic (fast-changing) network 
conditions. The conventional solutions are normally less 
expensive than FACTS devices, but limited in their dynamic 
behavior[7]. It is the task of the planners to identify the most 
economic solution. 
 

V. IPFC SIMULATION RESULTS 
 
The different control strategy of IPFC was described and 
compared its performance using simulation. The power 
quality issues are almost reduced. The closed loop control 
schemes of current control, for the proposed UPQC have 
been investigated. Total harmonic distortion was analysed 
and that describes that the UPQC with FUZZY controller 
provides more efficiency than the other strategies. 
 

 
    Fig 1. IPFC Simulink model 
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Fig 2. Real and reactive power across load 

 

 

 
 

 
 

VI. CONCLUSION 
 
The fundamental features of FACTS controllers and their 
potential to improve system stability is the major concern for 
effective & economic operation of the power system. The 
stability of power system using FACTS devices like STATCOM, 
UPFC and other FACTS device is compared and discussed. A 
brief review of FACTS applications to optimal power flow and 
deregulated electricity market has been presented. In 
developing nation like India, power demand in near future is 
very high and to meet this increased power demand; not only 
installed capacity has to be increased but also transmission 
network to be strengthened. IPFC is capable of balancing the 

power through the lines. The power quality is improved since 
the IPFC permits additional power[9]. The IPFC has good 
compensation of Differentiation of each fact devices varied 
from each other, through various quality factors. Therefore 
IPFC shows the effectiveness of power quality enhancement 
as compared with all other FACTS devices. 
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  Fig 3. Current and voltage waveform with IPFC  
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Abstract— In this paper, a new general cascaded multilevel inverter using developed H-bridges is proposed with new 
Trapezoidal Triangular Pulse Width Modulation technique (TTPWM). The proposed topology requires a lesser number of dc 
voltage sources and power switches, which minimize the cost of the inverter and the proposed TTPWM technique mitigates 
the Total Harmonics Distortion (THD) in multilevel inverter. The proposed multilevel inverter is designed to provide 31 levels. 
The performance of both existing and new PWM techniques in proposed multilevel inverter is compared with the help of 
MATLAB simulation. 
 

Index Terms— Total Harmonics Distortion (THD), Mitigation of THD, Trapezoidal Triangular PWM, Cascaded Multilevel inverter. 
 

I. INTRODUCTION 
Nowadays, multilevel inverters have received more attention 
for their ability on high-power and medium-voltage operation 
and because of other advantages such as high power quality, 
lower order harmonics, lower switching losses, and better 
electromagnetic interference [1], [2]. These inverters 
generate a stepped voltage waveform by using a number of 
dc voltage sources as the input and an appropriate 
arrangement of the power-semiconductor-based devices [3]. 
Three main structures of the multilevel inverters have been 
presented: “diode clamped multilevel inverter,” “flying 
capacitor multilevel inverter,” and “cascaded multilevel 
inverter” [4]. The cascaded multilevel inverter is composed of 
a number of single-phase H-bridge inverters and is classified 
into symmetric and asymmetric groups based on the 
magnitude of dc voltage sources. In the symmetric types, the 
magnitudes of the dc volt-age sources of all H-bridges are 
equal while in the asymmetric types, the values of the dc 
voltage sources of all H-bridges are different. 
In recent years, several topologies with various control 
techniques have been presented for cascaded multilevel 
inverters [5]–[8]. In [4] and [9]–[15], different symmetric 
cascaded multilevel inverters have been presented. The main 
advantage of all these structures is the low variety of dc 
voltage sources, which is one of the most important features 
in determining the cost of the inverter.  
In this paper, in order to increase the number of output 
voltage levels and reduce the number of power switches and 
the total cost of the inverter, a new topology of cascaded 

multilevel inverters is proposed. The major advantage of this 
topology is ability to generate a considerable number of 
output voltage levels by using a low number of dc voltage 
sources and power switches and the proposed Trapezoidal 
Triangular PWM technique is help to reduce the percentage 
of THD. 
 
II. PROPOSED TOPOLOGY 
The 31-level proposed inverter topology shown in Fig.1. This 
topology consists of ten unidirectional power switches and 
four dc voltage sources. According to Fig. 2, if the power 
switches of (SL,1, SL,2), (SL,3, SL,4), (SR,1, SR,2), and (SR,3, SR,4) 
turn on simultaneously, the dc voltage sources of VL,1, VL,2, 
VR,1, and VR,2 will be short-circuited, respectively. Therefore, 
the simultaneous turn-on of these switches should be 
avoided. In addition, Sa and Sb should not turn on 
simultaneously. It is important to note that the 31-level 
topology can be provided through the structure presented.  
In the proposed general topology, the number of output 
voltage levels (Nstep), number of switches (Nswitch), number of 
dc voltage sources (Nsource), and the maximum magnitude of 
the generated voltage (Vo,max) are calculated as follows, 
respectively: 
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Fig.1.Proposed Inverter Topology 
 
Nstep = 22n+1 – 1    Eq. 1 
Nswitch = 4n + 2    Eq. 2 
Nsource = 2n    Eq. 3 
Vo,max = VLn + VRn    Eq. 4 
 
The magnitudes of the dc voltage sources of the proposed 31-
level inverter are recommended as follows 
VL1 = Vdc     Eq. 5 
VR1 = 2Vdc    Eq. 6 
VL2 = 5Vdc    Eq. 7 
VR2 = 10Vdc    Eq. 8 
The proposed inverter can generate all negative and positive 
voltage levels from 0 to 15Vdc with steps of Vdc 
 
III. TRAPEZOIDAL TRIANGULAR PWM 
In Trapezoidal Triangular PWM the carrier consists of two 
waveforms viz, a trapezoidal and a triangular wave as shown 
below in fig. 2. The lower part is trapezoidal and upper part is 
triangular wave. 
 
 
 
 
 
 
 
 
 

Fig. 2 A Typical Trapezoidal Triangular Wave 
The Fig.3 shows that the various level shifting technique in 
TTPWM, Such as Phase Disposition (PD) TTPWM, Phase 
Opposition Disposition (POD) TTPWM and Alternate Phase 
Opposition Disposition (APOD) TTPWM. 

 
(a) PD TTPWM 

 
(b) POD TTPWM 

 
(c) APOD TTPWM 

Fig. 3 Trapezoidal Triangular Pulse Width Modulation 
(a) PD TTPWM (b) POD TTPWM (c) APOD TTPWM 

 
IV. RESULTS AND DISCUSSION 
In order to clarify the advantage of the proposed topology 
with proposed TTPWM technique, it should be compared 
with existing Triangular PWM Technique. Here the Output 
voltage of inverter and percentage of THD are compared 
based on the MATLAB simulation results. 
The percentage of THD of the output voltage can be calculate 
by 
 THD = √(∑∞

n=2,3..Vn
2)1/2/V1  Eq. 9 

      Where, V1 and n are the fundamental component of 
voltage and order of the harmonics, respectively. 
 

 
(a)For 1kHz Carrier Frequency 

 
(b)For 5kHz Carrier Frequency 

Fig.4 Proposed inverter Output voltage in TTPWM technique 
for (a)1kHz and (b)5kHz carrier frequency. 

 The Fig.4 shows the output voltage and current waveform of 
proposed inverter with proposed TTPWM technique. 
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To verify the effective performance of proposed method the 
harmonic analysis of existing PWM and TTPWM were taken 
and shown in Fig.5 

 
(a)harmonic analysis of existing Triangular PWM 

 
(b)harmonic analysis of existing Triangular PWM 

 
(c)harmonic analysis of proposed TTPWM 

 
(d)harmonic analysis of proposed TTPWM 

Fig.5 Harmonic analysis of proposed method output. 
The Fig.5(a) and Fig.5(b) are the harmonic analysis result of 
existing Triangular PWM technique in proposed inverter for 
1kHz and 5kHz carrier Frequency respectively. The Fig.5(c) 

and Fig.5(d) are the harmonic analysis result of proposed 
TTPWM technique in proposed inverter for 1kHz and 5kHz 
carrier Frequency respectively. 

PWM technique Output 
Voltage THD 

1k Triangular PWM 361.1 3.72 
1k TTPWM 361.1 3.67 

5k Triangular PWM 359.8 3.65 
5k TTPWM 360 3.43 

Table Number.1 
V. CONCLUSION 
 
This paper present simulation results for new general 
cascaded multilevel inverter using developed H-bridges is 
proposed with new TTPWM technique and existing PWM 
technique. The brief comparison of Existing and New PWM in 
proposed inverter topology output voltage and Harmonic 
analysis results are tabulated in Table No.1. and its clearly 
shows the proposed TTPWM have advantage that is its 
minimized the THD compare to the existing PWM results. So, 
the proposed inverter topology is cost effective compare to 
conventional inverter because it requires less number of 
power switches and voltage source and the TTPWM is the 
best choice for minimizing THD and obtain maximum output 
voltage.  
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Abstract—People with diabetes can have an eye disease called diabetic retinopathy. Due to this blood vessels can swell and 
leak and also it leading causes of blurring, distortion, loss of detail vision, floaters and blindness. In this paper proposes a new 
approach to classify salient points belongs to the retinal image. Speeded-Up Robust Feature (SURF) is used to detect robust 
key point detector of local feature in a retinal image. The performance of this conventional SURF algorithm can be improved 
by transforming the input images into different sub images by the (DWT) Discrete Wavelet Transform before applying SURF 
algorithm. Results of this matching scores obtained by the different sub images are fused and final decision is made. DR is 
detected by analyzing the retina score without segmenting the lesions. This implies that the proposed algorithm is very fast 
and can be used as screening test for retinal abnormalities detection 

Index Terms— Speeded-Up Robust Feature, Discrete Wavelet Transform, and Diabetic retinopathy.  

 

I. INTRODUCTION 
Retinal images have been widely used for diagnosing vascular 
and non-vascular pathology in medical society. Retinal images 
provide information on the changes in retinal vascular 
structure, which are common in diseases such as diabetes, 
occlusion, glaucoma, hypertension, cardiovascular disease and 
stroke. Early detection of Diabetic retinopathy at reduced cost 
is necessary to prevent blindness in future. Regular eye 
screening will prevent disease to progress through 
proliferative stage .The earlier stage of DR detection remains a 
large research gap.  A large number of eye camps are arranged 
for the people to examine their eyes using high resolution 
digital fundus. These camps require a huge number of experts 
to test whether the image is normal or abnormal. DR 
detection can be done by automated computer aided 
detection (CAD) of retinal images for initial screening testing 
by assisting experts to meet them for further diagnosis. 
Despite the difficulties encountered in designing these 
systems, different statistical methods and algorithms such as 
Local Binary Pattern (LBP), Principal Component Analysis 
(PCA), and Independent Component Analysis (ICA) have been 
developed for Diabetic Retinopathy detection. In Speed-Up 
Robust Feature (SURF) and Linear Discriminant Analysis (LDA) 
are used to improve the quality parameters and also 
optimizing the result. The global descriptions is determined by 
the low frequency, while the finer descriptions high frequency 

modules give to the finer information required for the 
identification procedure. 
This paper presents a Diabetic Retinopathy detection that 
involves dynamics of SURF algorithm which is a robust 
detector of local features in an image. The SURF algorithm is 
adopted for automatic detection and description of the key-
points in the subband images obtained after applying wavelet 
transforms such as DWT to capture the orientation 
information in the images. 
 Inclusion of wavelet transform is towards developing an 
orientation invariant method. The inclusion of wavelet 
transform is also aimed to achieve improvement over 
performance of conventional SURF algorithm. 
Concerning feature extraction, there are many papers in the 
field of visually salient regions and obtaining descriptors for 
such regions according to the tutorial introduction to salient 
point detectors. Since the first corner detectors, the Moravec 
corner detection algorithm, were developed in the late 
1970’s, dozens of interest point detectors have been 
proposed such as a Hessian detector, Harris detector, 
Hessian/Harris Laplacian/Affine detector based on affine 
normalization around Harris and Hessian points, MSER 
(Maximally Stable Extremal Regions) detector, (SIFT) Scale 
Invariant Feature Transform detector, and Speeded-Up 
Robust Features (SURF) detector. Here, we aim at detecting 
diabetic retinal image with the best accuracy. We assess SURF 
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features for classification of retinal image. The keypoints in 
different subband images are automatically detected by SURF 
algorithm after wavelet transformation of retinal images. 
  The rest of the paper is organized as follows; section 
2 describes materials, while section 3 explains the methods, 
section 4 shows the datasets, hardware and software, section 
5 shows experimental results and  Finally ,  section 6 includes 
the discussion and conclusion. 

 
II. MATERIALS 

 
A.SPEEDED-UP ROBUST FEATURES: Among different feature 
extraction algorithms which can identify objects in an image 
irrespective of wide change of scale, affine transformation 
and illumination from one image to another is the SURF 
algorithm. Its distinctive features which can be extracted 
from any image to perform effective and robust matching 
between images of different datasets. These features are 
invariant to image scale i.e. size and rotation and can be used 
for wide range of affine transformations. Feature vectors 
through SURF are formed by means of local patterns around 
keypoints which are detected using scaled up filter. Following 
are the major steps to determine the SURF feature vectors of 
a given image:  
1) Keypoint detector: At this step, SURF keypoints are 
detected using Hessian matrix approximation. The second 
order Gaussian derivatives for Hessian matrix are 
approximated using box filters. Keypoints are localized in 
scale and image space by applying non maximum suppression 
in a 3×3×3 neighborhood. 
 2) Key-point descriptor: This stage describes the keypoints. It 
fixes a reproducible dominant orientation based on 
information from a circular region around the interest point. 
Feature vector of 64 values is computed from the oriented 
square local image region around keypoint. SURF can be an 
efficient alternative for automatic selection of interest points 
across retinal image which can be used for extracting 
features. Fig. 1 shows examples of keypoints detected with 
SURFdescriptor.  

  
Fig 1. Strongest Interest points in a retinal image 

using SURF. 
B.WAVELET TRANSFORM: The Discrete Wavelet Transform 
(DWT), based on time-scale representation, provides efficient 
multi-resolution subband decomposition of signals. It has 
become a powerful tool for signal processing and finds 
numerous applications in various fields such as audio 
compression, pattern recognition, texture discrimination, 
computer graphics etc. Specifically the 2-D DWT and its 
counterpart 2- D Inverse DWT (IDWT) play an applications.  
The 2D Discrete Wavelet Transform (2D-DWT) of a signal is 
implemented by iterating the 2D analysis filter bank on the 

approximate subband images. Here, at each scale there are 
four subband images generated instead of one, namely; 
approximate (A), horizontal (H), vertical (V) and diagonal (D). 
Size of the subband images is one fourth of the size of the 
original image. Fig 2 shows architecture of 2D-DWT 
decomposition. 

 
 

Fig 2. 2D-DWT decomposition architecture 
 
 

  
(a) Approximate Subimage        (b) Horizontal Subimage   
 

 
(c)Vertical Subimage                 (b) Diagonal Subimage   

 
Fig3. 2D-DWT decomposition of an image. 

 
Each subband image provides different information about the 
image. Fig 3. 2D-DWT decomposition of an image. The 
approximation subband image is a coarse approximation of 
the image and removes all high frequency information. The 
horizontal subband image removes high frequency 
information along the rows and emphasizes high frequency 
information along the columns. So it results in an image with 
emphasized vertical edges. The vertical subband image 
emphasizes horizontal edges, while the diagonal subband 
image emphasizes diagonal edge. 
III.METHODS 
The proposed approach uses the transformation of retinal 
images using DWT. SURF is used to extract features from 
generated subband images. Fig. 4 describes block diagram of 
our proposed approach.  
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Fig 4. The block diagram of proposed approach for 
DWT- SURF 

The proposed approach can be outlined as following steps: 
 
Step 1: Get the retinal image. 
Step 2: Transform retinal image by using DWT. 
      • DWT creates 4 subband images. (1 scale, 4 angles)  
Step 3: Detect SURF keypoints from subband images.  
Step 4: Extract features from SURF keypoints.  
Step 5: Sum matching scores from the subband images. 
      Step 6: Make Decision based on highest summed scores. 
IV.DATASET,HARDWARE AND SOFTWARE 
The images were taken from DRIVE (Digital Retinal Image for 
Vessel Extraction) and STARE (Structured Analysis of Retinal 
Image) datasets.MATLAB 2015a software is used and 
operated in a normal CPU. Total of 40 images been taken for 
computing with diabetic and non-diabetic images. 
  
V.EXPERIMENTAL RESULTS 
 As the experimental images under study belongs to 
different datasets, they contain significance variation in size 
and resolution. So at the first step of pre-processing all images 
are resized to 512 x 512 resolution.  On the next step, the 
resized images are transformed by using Discrete Wavelet 
Transform. By using this the resized images are transformed in 
to four different subband images namely: Approximation 
subimage, Horizontal subimage, Vertical subimage and 
Diagonal subimage. The conventional SURF algorithm is used 
to extract all keypoint features of different subimages. Then 
corresponding keypoints are compared using KNN to get a 
score. After that summation of scores are stored. 
  Finally the decision will be made based on the 
highest score, which define, if a subject belongs to diabetic or 
not. 10-fold was used to test performance. The program ran 
10 times, each time with different randomly chosen images 
for each subject. The results recorded in following figures and 
tables are averaged results. 

                                           
           (a)  Input image                              (b) Gray Image 
 
The input images are resized to 512 x512 and also converted 
in to gray image for easy observation. 

                         
      (c)  Approximate subimage             (d) Horizontal subimage 

                
      (e) Vertical subimage                        (f) Diagonal subimage 
 
One scale Discrete Wavelet Transform been applied and 
transformed into different subimages. 
 

                    
 (g) SURF Approximate                    (h) SURF Horizontal 

                          
  
(i)  SURF Vertical                                 (j) SURF Diagonal 
 
SURF algorithm applied to extract the keypoint features 
 of  different subimages. 

TABLE I 
SURF Scores of different transformed subimages for both 
diabetic and non-diabetic images. 
 
No.of 
Subject
s 

CA 
 

CH 
 

CV  CD 

10 6 4 2 8 5 5 3 7 
15 7.6 7.3 3 12 5.3 9.6    5.3 9.6 
20 9.3 10 5.6 14 7.3 12 6.3 13 
25 21 9 13 16 19 10 21 9 
30 22 20 22 1.3 23 0.3 23 0.3 

Input Image 

CA CH
   

CV     CD 

SURF SURF SURF SURF 

SCORES 
 

SCORES 
 

SCORES 
 

SCORES 
 

SCORE FUSION 
 

DECISION 
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40 27 24 23 32 33 0.8 36 0.9 
  
 
From Table I describes the approximate subimage had only 
low score values for any image in gallery. So remaining 
subband images performed well. 

TABLE II 
Highest Score of final decision 

 
No.of.subjects Final Score 
10 8 
15 12 
20 14 
25 17 
30 23 
40 36 

 
From Table II shows the highest score of dataset based on  
the horizontal, vertical and diagonal subband images of DWT.  

 
VI. CONCLUSION 
In this paper Discrete Wavelet Transform based feature 
extraction was proposed with conventional SURF algorithm 
which is applied separately in each subband images of DWT, 
to improve the performance of detection Diabetic 
Retinopathy in fundus image. In future work, the proposed 
approach may be tested by fusing features of individual 
transformations and different scales. Also, SURF can be 
tested Gabor Wavelet Transform (GWT) subband images as 
well. 
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Abstract - Image super resolution techniques produce high resolution image from low resolution (LR) images.  Existing super 
resolution method has slow convergence and recovery of high frequency details are inaccurate. To overcome this issue image 
super resolution technique based on guided bilateral iterative back projection has been used to produce high resolution 
image with low noise, minimal blur and restores high frequency details. Guided bilateral(GB) filtering is used for edge 
preservation. The LR images undergo sharpness measure using gradient method. The denoising has been performed for the 
filtered LR images using non local means method. De-noised images have been interpolated using Cubic B spline 
interpolation. The interpolated image is processed using guided bilateral iterative back projection method to obtain high 
resolution (HR) images. The parameters PSNR and MSE of HR image are calculated for studying performance of proposed 
method.  

 
Index Terms – super resolution (SR), Cubic B spline, iterative back projection (IBP), non-local means. 

 

I. INTRODUCTION  
Recently, image enlargement or super resolution is often 
required for increasing display resolutions and is the 
fundamental technique of various image applications. The 
image enlargement methods are mainly divided into two 
categories, interpolation and super-resolution. The 
interpolation methods estimate values of sub pixels from 
values of low resolution (LR) pixels. However, they ignore to 
reconstruct missing high frequency components (HFCs) of 
high resolution (HR) images. On the other hand, the SR 
methods produce HR images via restoring their HFCs. Super 
resolution method produce high resolution images by 
combining many low resolution images. 
The super resolution is analysed from the maximum a 
posterior probability (MAP) estimator, maximum likelihood 
(ML) estimator, and the set theoretic approach using 
projection onto convex sets (POCS)[1].  But motion between 
images for SR has not been considered. Computation is more 
for reconstruction of images. SR using frequency domain and 
spatial domain was proposed in [2]. Spatial domain method is 
widely used than frequency domain method. 
The disadvantages of POCS are the non-uniqueness of 
solution, slow convergence and high computational cost[2]. 
An efficient circulate block pre- conditioners has been 
proposed in [3] for SR system matrix to accelerate conjugate 
gradient (CG) methods for Tikhonov regularized SR. For 
recovering High-quality video or still images from a lower 
quality video source using motion-compensated, transform-
domain SR procedure were followed[4]. A fast and robust SR 

algorithm uses  L1 norm, both for  regularization and data 
fusion[5]. Non local means denoising method proposed by A 
Buades [7] for denoising the LR images has been used in this 
paper. SR reconstruction algorithm for mobile devices has 
been proposed by Chung-Hua Chu [10]. This algorithm 
includes three stages: image fusion, blur estimation, and 
image regularization. The use of optic flow fields is not 
appropriate for mobile devices due to its slow execution 
time. Image SR method based on non-local means and self 
similarity was proposed[13] but it removes high frequency 
details. The existing super resolution method has slow 
convergence and recovery of high frequency details is 
inaccurate. In these methods noise is not removed. So, there 
is a need for more effective method to remove noise, fast 
convergence and recovery of high frequency details. This 
paper proposes image super resolution method based on 
improved iterative back projection using guided bilateral 
filter. 

II. IMAGE SUPER RESOLUTION: THE PROPOSED APPROACH 
The LR images undergo sharpness measure using gradient 
method. The denoising has been performed for the filtered 
LR images using non local means method to remove noise 
and preserving detail. De-noised images have been 
interpolated using Cubic B spline interpolation. Cubic B spline 
uses an interpolation kernel by convolving a unit-width box 
with itself four times to make the interpolation curve more 
smoothly and the image edge more perfect. The interpolated 
image is processed using guided bilateral iterative back 
projection method to obtain high resolution (HR) images. 
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A. Sharpness Measure 
The goal of this test is to measure the sharpness of all the 
input images and compute the mean. Images with sharpness 
values that fall below the mean are discarded as this will just 
degrade the overall result of the produced HR image. 
Sharpness is measured by using gradient method.  
 
Sharpness value=Σ (Gx and Gy)/total number of pixels in 
image. 
 

 
Figure. 1 block diagram for proposed image SR method 

 
B. Interpolation methods 
Interpolation methods are used to enhance an image. The 
interpolation methods used in this work are nearest 
neighbour, bi-cubic interpolation and cubic b spline. The 
numerical accuracy and computational cost of interpolation 
algorithms are directly tied to the interpolation kernel. As a 
result, interpolation kernels are the target of design and 
analysis. 
 
Nearest Neighbor interpolation 
 
 It is the most basic interpolation technique and requires 
less processing time among all the interpolation techniques. 
In this technique the interpolated pixel is replaced by the 
nearest pixel.  
The interpolation kernel for nearest neighbor interpolation is:  

U(x)=                                                               ( 1) 

Where x = distance between interpolated point and grid 

point. 

Bicubic interpolation 
          
  Bicubic interpolation takes a weighted average of the 16 
pixels to calculate its final interpolated value. These pixels are 
at various distances from the unknown pixel. Closer pixels are 
given a higher weighting in the calculation. 
 The interpolation kernel for bicubic interpolation is:                                                   

   U(x)       (2) 

Cubic B spline interpolation 
 

 Splines are piecewise polynomials with pieces that are 
smoothly connected together. The joining points of the 
polynomials are called knots. A B-spline of degree n is derived 
through n convolutions of the box filter, B0. The cubic B-
spline B3 is generated from convolving B0*B2. That is 
B3=B0*B0*B0*B0. The third degree B-spline B3 is smoother 
and preserve details of image. 

                       B0=                                     (3) 

The cubic B-spline interpolation kernel is defined as: 

H(x) =               (4) 

 

C.  Non local means denoising 

Non-local means is an algorithm used for denoising 
images.Non-local means filtering takes the mean of all pixels 
in the image, weighted by how similarity of these pixels to 
the target pixel. Suppose Ω is the area of an image, p and q 
are two points within the image. 
Then, the algorithm is given in equation as 3.4: 

                             (5)                                                                                                                                                                         

where u(p) is the filtered value of the image at point p, v(p) is 
the unfiltered value of the image at point p, f(p,q) is the 
weighting function, and the integral is evaluated over q € Ω. 
C(p) is a normalizing factor, given by: 

                                      (6) 

The purpose of the weighting function, f(p,q), is to determine 
how closely related the image at the point p is to the image at 
the point q. It can take many forms. 
The Gaussian weighting function sets up a normal distribution 
with a mean u=B(p) and a variable standard deviation:  

                                (7) 

 
Where h is the filtering parameter (i.e., standard deviation) 
and B(p) is the local mean value of the image point values 
surrounding p. 
 
D.  Guided bilateral filter 
 
Edge enhancement techniques are of 2 types: guided and 
bilateral filtering. Derived from a local linear model, the 
guided filter computes the filtering output by considering the 
content of a guidance image, which can be the input image 
itself or another different image. It transfer the structures of 
the guidance image to the filtering output. A bilateral filter is 
non-linear, edge-preserving and noise-reducing smoothing 
filter. The intensity value at each pixel in an image is replaced 
by a weighted average of intensity values from nearby pixels. 
This weight can be based on a Gaussian distribution. Crucially, 
the weights depend not only on Euclidean distance of pixels, 
but also on the radiometric differences. 
Bilateral filter have staircase effects. It is reduced by linear 
fitting by using guidance image. Guided bilateral filter has 
been obtained from bilateral filter by substituting original 
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image E with guidance image G in the expression. From the 
original image E, the result of the bilateral filter is the image F 
given by: 

                (8) 
 where  is photometric weight and  is spatial weight. 
Guided bilateral filter, whose output is the value F(x) 
achieved by replacing  with guided weight  .  

     (9) 
The Guided bilateral filter is very flexible due to its three 
weights. In practice, the spatial weight   has been set to 1 
when a good quality guide G is provided. Indeed, the guide 
weight   is usually more informative about the similarity 
between pixels than the spatial weight . 
 
E. Guided bilateral Iterative back projection super resolution 
 
 In IBP, the HR image is estimated by back projecting the 
difference i.e error between simulated LR images and the 
observed LR images. The process is repeated iteratively until 
the energy of the error is minimized, or until the maximum 
number of allowed iterations is reached. Guided bilateral 
filter is added after upsampling and estimated HR image. 
    Fig 2 shows the proposed IBP for super resolution. Iterative 
back projection is an efficient method that is repeated 
iteratively to minimize the energy of the error. In this  
method smoothness or any other additional constraint which 
represents a desired property of the solution can be 
incorporated. In IBP approach, process starts with the input 
LR image. Input LR image pixels are decimated for generating 
the initial HR image. The initial HR image is then degraded 
and down sampled to generate the observed LR image. The 
simulated LR image is subtracted from the observed LR 
image. The HR image is then estimated by back projecting the 
error (difference) between simulated LR image and the 
observed LR image. This process is repeated iteratively until 
the energy is minimized. This iterative process of SR does 
iterations for some predefined iterations. 
Mathematically the SR steps according to IBP are written as: 
       X (n+1) = X (n) +  + HPF(X (0))                           (10) 
where, X(n+1) is estimated HR image of n+1th iteration; X(n) 
is estimated HR image of nth iteration;  is error correction; 
HPF X(0) is the high frequency data of the image X(0) that is 
obtained from the interpolation of initial LR image. 
As a result, the updating procedure can be summarized as 
mathematical equation by following three steps iteratively:  
1) Compute the error from LR images as: 

=(Y-Y (n))     S                                                  (11) 
where,    S is up-sampling;   y is initial input LR image; y(n) is 
simulated LR image of    iteration;  error estimation. 
2) Estimation of the simulated LR image is given as: 
Y (n) =(X (n)*W)    S                                            (12) 
where,   S is down-sampling; Y (N) is simulated LR image of 

iteration; W is degradation function; X (n) is the 

estimated HR image of    iteration. 

3) Update the HR image by back-projecting the error , as 
given in equation 9. 

 
 
              Figure 2. Iterative back projection algorithm 
  III. RESULTS 
  
The simulation of SR is done using MATLAB 2013a for various 
images. In this work several LR images are considered as 
input as shown in fig 3. The sharpness values of the images 
have been calculated. After sharpness measure denoising has 
been performed. Denoised image is interpolated using Cubic 
B spline interpolation. The high resolution image is produced 
by guided bilateral iterative back projection method. The 
parameters PSNR, MSE and SSIM are calculated for LR 
images. Analysis had been performed for various images 
using IBP and guided bilateral IBP method. Table 1 shows the 
comparison of  PSNR for IBP and GBIBP for various images. 
From the table it is observed that GBIBP achieves better PSNR 
than IBP due to edge preservation capability of SR using 
guided bilateral filter. 
TABLE I. PSNR values calculated for IBP and GBIBP 
 

 

IBP Without 
using guided 

bilateral filter 

IBP Using guided 
bilateral filter 

Cave 62.8490 63.2910 

Baby girl 61.6373 61.8104 

Lake building 60.0790 60.2203 

Ice road 60.1599 60.3427 

San Francisco 60.5266 60.8156 

Tulips 60.9980 61.0467 

No.plate 62.0922 62.1733 
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                        (a)                                                      (b) 
  Figure  3: GBIBP simulation output a)SR image without using 
guided bilateral filter.(b)SR image using guided bilateral filter. 
 
 So guided bilateral filter gives a good impact to IBP to 
recovering high resolution image with preserves high 
frequency information.  Figure 3 shows the GBIBP simulation 
output for the sample image tulip. It is observed that the 
zoomed part of GBIBP gives better visual perception than IBP 
method. 
IV.CONCLUSION 
 In this paper, output is a high resolution image by 
performing non local means for LR images, Cubic B spline 
interpolation for denoised images and iteratively back 
projected for getting super resolved image. The proposed IBP 
with guided bilateral combination evaluation give significant 
improvement from original IBP techniques. High resolution 
output produced using guided bilateral IBP achieves good 
performance with sharper details by preserving edges and 
less artifacts. Super resolution using guided bilateral IBP is 
simulated using MATLAB 2013a. Proposed work increased 
PSNR value and reduced MSE for LR images considered. 
. 
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Abstract - Based on Recent studies in memory systems ,peripheral circuits especially word line drivers constitute a large 
portion of the cache leakage. In addition as technology migrate to smaller geometries, leakage contribution to total power 
consumption increases faster than dynamic power, promoting leakage as the largest power consumption factor. In the past 
few years, numerous strategies have arisen for decreasing the chip size in SRAM. However with technology scaling it is 
becoming very difficult to maintain the better results for power reduction. In comparison with standard memory cells, the 
peripheral circuit dissipates excessive power. Power dissipation has become an important consideration for designing 
buffer because these circuits are not only amplifies the signal but also drive the large capacitive loads with high driving 
speed. For many designs optimization power is important for extended battery life of portable systems. The main objective 
of this paper is to reduce the power dissipation by exploiting CMOS taper buffer topology consisting of inverter stages 
which act as a word line drivers in SRAM design. The power and delay efficient SRAM  has been designed using Cadence 
Virtuoso Analog design environment in 180nm technology. 

 
 

Index Terms – CMOS taper buffer, leakage power, sources of Power dissipation, SRAM design. 
        

 

I. INTRODUCTION  

CMOS TAPERED BUFFER DESIGN  
Low power has emerged as a principle theme in today’s 
world of VLSI industries. This section presents concept of 
CMOS taper buffer design. The tapered buffer design 
consists of a chain of inverter stages where width of each 
MOS transistor in a stage is increased by a constant factor 
(called tapering factor) than that of the transistors placed 
on the previous stage. The constant increase in width of 
transistors in each stage provides fixed ratio of output 
current drive to output capacitance and hence equal rise, 
fall, and delay times for each stage[4].   
Buffers are used to reduce the delays in driving high 
capacitive loads such as off-chip circuitry, clock drivers, bus 
drivers, etc. Lin and Linholm first introduced the CMOS 
tapered buffer in 1975 . The two important mathematical 
relations required to carry out the simulation and to 
calculate the results are technology dependent tapering 
factor and the number of buffer stages required. The 
technology dependent tapering factor (F) is given by 
F[ln(F)-1] = Cd  
The number of buffer stages (N) required are given by,  
N = ln(CL/CI) ln F  

Here, Cd is the drain capacitance of minimum size inverter, 
CL is the load capacitance, CI is the input capacitance. The 
buffer circuits are used in variety of digital applications. A 
very common usage  of these buffer is  in memory 
devices[7]. 

 
   Figure 1:N stage taper buffer 
Currently, CMOS VLSI is still advancing at a remarkable rate. 
A drawback of this trend lies in a continuing increase in 
leakage power dissipation. Recent results have shown that 
leakage in SRAM peripheral circuits such as word line 
drivers as well as input and output drivers are now the 
main sources of leakage. 
II. LEAKAGE POWER DISSIPATION 
Leakage power dissipation has become the dominant 
component of the total power dissipation in deep sub-micron 
technologies. A number of process and circuit techniques 
have been proposed to significantly reduce the leakage of the 
memory cell array in SRAMs. For instance, a word line driver 
drives its signal to a large number of memory cells. Given 
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such a high capacitive load a chain of inverter buffers of 
increasing size is used, typically with three to five levels. In 
brief two main reasons explain this difference in leakage[1]. 
1. Memory cells are designed with minimal sized transistor 
mainly for area considerations. Unlike memory cells, 
peripheral circuits use larger, faster and accordingly more 
leaky transistors in order to satisfy timing requirements. 
2.Memory cells use high threshold voltage transistors which 
have a significantly lower leakage reduction compared with 
typical threshold voltage transistors used in peripheral circuit 
III.POWER DISSIPATION 
This section explains about the Power dissipation and the 
sources of leakage currents. The basic power equation is 

P = I x VDD                                            (1) 

where I is the current flowing from VDD to ground. The power 
dissipation in a CMOS tapered buffer has got three main 
components. These components are dynamic power ,short-
circuit power , and leakage power . Short circuit power 
dissipation is assumed to be negligible in many designs, 
because NMOS and PMOS in the CMOS inverter remain ON 
for very short duration of time. It depends on the values of 
rise and fall time of applied signal thus we can control this 
power by controlling Vth and rise/fall time of input pulse. The 
total power dissipation is thus  

PTOTAL  = PSHORT CIRCUIT + PDYNAMIC    +P LEAKAGE          (2) 

PLEAKAGE = ILEAKAGE  x  VDD                          (3) 

P DYNAMIC = CL * VDD * f                                           (4)  

Where CL is capacitive load, VDD is VDC applied and f is the 
frequency of operation. The leakage power is the power 
which is dissipated by Buffer in OFF state and it is the function 
of sub threshold leakage current and VDD applied to the drain 
terminal of MOS. 

The main sources of leakage currents are : 

1.Reverse biased junction leakage current 

This occurs from source or drain to the substrate through 
reverse biased diodes when transistor is off. 

2.Gate direct tunneling leakage 

Reduction of gate oxide thickness results in an increase in the 
field across the oxide. This results in tunneling of electrons 
from substrate to gate and from gate to substrate through 
the gate oxide, resulting in gate oxide tunneling current. 

3.Sub threshold leakage 
The sub threshold leakage is a weak inversion conduction 
current that flows from source to the drain of the CMOS 
transistor when Vgs < Vth. It increases exponentially due to 
reduced threshold voltage, and is a main leakage component 
in high forward body bias . But if the value of Vth increases 
with RBB the sub threshold power gets reduced because it is 
the function of sub threshold leakage current in the idle state. 
Since reduction in Vth causes transistor sub threshold leakage 
current (Isub) to increase exponentially and furthermore, 
other components of leakage current, e.g., the gate leakage 
and reverse-biased junction Band To Band Tunneling (BTBT) 
become important as we scale fabrication technology to 45 
nm and downwards. RBB is a method which is employed in 

the proposed work to have variation in threshold voltage. If 
we adopt a strategy to adjust the transistors sizing using 
optimal values of primary factors such that its delay could be 
optimized then we can take the benefit of power 
minimization using reverse body biasing in Tapered buffers. 
IV.CIRCUIT TECHNIQUE FOR LEAKAGE REDUCTION 
  
 Multiple threshold Designs: Multiple-threshold CMOS 
technologies, which provide both high and low threshold 
transistors in a single chip, can be used to deal with the 
leakage problem. The high-threshold transistors can suppress 
the sub threshold leakage current, while the low-threshold 
transistors are used to achieve high performance. Multiple- 
threshold voltages can be achieved by the following methods. 
a) Multiple channel doping. b) Multiple oxide CMOS ,c) 
Multiple channel length d) Multiple body bias. The  
Proposed design is based on multiple body bias. 
 
V.PROPOSED BUFFER DESIGN 
The proposed four stage buffer chain shown in figure 2 is the 
solution to reduce the static power dissipation. The modified 
buffer is the combination of four stage tapered buffer with 
bypass circuitry and reverse body biasing technique. The 
reverse body bias (RBB) is the type of Fixed Body Biasing 
scheme which is used to decrease the leakage current by 
increasing the threshold voltage Vth of the circuit[5] . Thus 
one can reduce the value of Vth while keeping the VDD 
constant. The reverse body bias technique is helpful to reduce 
leakage current of the idle portions of the logic circuits. Body 
biasing of NMOS has been implemented by giving low voltage 
(VSUB=300mv) between body and the source terminals of Q1, 
Q2, Q3 and Q4 shown in figure 2. Body biasing can vary VTH of 
a MOS without varying the value of VDD . This improves the 
threshold voltage of the transistor, due to that leakage can be 
minimized. By using the reverse body biasing technique, the 
sub threshold leakage current can be reduced. This buffer will 
acts a word line driver in SRAM design. 
The bypass circuitry shown in figure 2 which dissipates lesser 
power  because where NMOS and PMOS is used as bypass 
and charging or discharges the output node in advance before 
input signal reached the output stage by stage. This reduces 
the power dissipation across load and propagation delay in a 
large manner because input signal need not to pass all the 
stages, it can easily bypassed directly to last stage. So 
switching of circuit becomes really fast that minimizes 
propagation delay[4]. 
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Figure 2:Proposed buffer design 

Although this pre-charge logic scheme introduces additional 
transistors in the circuit in the form of bypass NMOS and 
PMOS but still this is very power efficient and optimized delay 
approach. 
V.RESULTS AND ANALYSIS: 
To carry out the simulations Cadence tool is used. The buffer 
proposed in this paper was evaluated and shown in table 1. 
Computations have been made by doing calculations for 
parameters like number of buffer stages (N) and technology 
dependent tapering factor (F). Both the designs have been 
compared on the basis of power dissipation. The figure 3 
shows the schematic diagram of four stage conventional 
buffer which consists of four inverters.            

 
Figure 3:schematic of four stage conventional buffer 

         . 
  Figure 4:schematic of Proposed buffer 

 
 
 Figure 5:General block diagram of SRAM array 

 
Figure 6:schematic of Proposed SRAM design 
 
The proposed SRAM design consists of row decoder,word line 
drivers,SRAM cells. 

 
Figure 7:output waveform of proposed SRAM design 
The figure 7 shows the output waveform of proposed SRAM 
design 
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The figure 8 shows the delay waveform of proposed SRAM 
design 
 
TABLE I COMPARISON FOR POWER DISSIPATION  BETWEEN 
CONVENTIONAL SRAM DESIGN    AND  PROPOSED  SRAM 
DESIGN 

 

      
Chart 1:comparison of conventional SRAM and proposed 
SRAM 
The  chart 1 shows the comparison in terms of static  
Power, leakage power and delay between conventional 
And proposed SRAM design based on the values of TABLE I. 
 
VI. CONCLUSION AND FUTURE WORK 
 
In this paper, a circuit design is proposed and implemented to 
reduce leakage in SRAM memory peripheral circuits. The 
power reduction has been achieved by using bypass and 
reverse body biasing techniques. A leakage reduction of 
14.31% in implemented SRAM design is achieved as compare 
to conventional SRAM design. Hence the SRAM can be 

designed and simulated using Cadence Virtuoso environment. 
The proposed work not only improves the performance 
parameters of Tapered Buffer but also provides the optimal 
value of Vth for which Buffer dissipates least Average power.  
This work can be extended in future with the use of mixed 
body biasing (FBB and RBB) in processor designs and achieve 
decrease in the leakage powers in Low Power Mode and 
decrease in the critical path delays in Active Mode of 
Operations. These projects can be further extended by using 
various Nanometer technologies like 135nm, 90nm, 45nm 
which are more dominantly used compared to 180nm 
technology in recent times. 
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SRAM design 
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SRAM design 

697.99 98.69 10.38 
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Abstract—Individual people are utilizing numerous handheld electronic gadgets like cell phones, cameras to take images of 
our everyday life. These images should have been put away in an expansive database. On the off chance that user needs 
specific picture to be recover from the database implies it will be to find those pictures and to recover it. So a proficient 
strategy for taking care of this issue is Content Based Image Retrieval (CBIR) System. The fundamental issue in CBIR is 
semantic gap and in light of this client can't ready to get their pertinent picture. Because of this issue the performance of CBIR 
gets degraded. Inorder to enhance its performance the Relevance Feedback and Collaborative Image recovery strategy have 
been utilized. Relevance Feedback (RF) technique will reduce the semantic gap, just by asking relevance feedback about the 
image displayed to the user. In this article a relevant images have been recovered in light of Color and Texture by utilizing 
Global Color Histogram (GCH) and Local Binary Pattern (LBP) descriptor individually. To actualize Relevance criticism method, 
Supervised Learning has been utilized. Experiments are conducted in light of the proposed work and results are appeared. 

 
Index Terms— Content Based Image Retrieval, Semantic gap, Relevance Feedback, Collaborative Image Retrieval, Global Color 
Histogram, Local Binary Pattern.  

 
I. INTRODUCTION  
Data Retrieval (IR) is worried about speaking to, seeking, and 
controlling huge accumulations of electronic content and 
other human-dialect information. IR frameworks and 
administrations are across the board with a great many 
individuals relying upon their everyday life and encourages 
business, instruction and stimulation. Web indexes like 
Google, Bing, and others are the most prevalent and 
vigorously utilized IR administrations, giving access to forward 
specialized information. Individuals collaborate with this web 
crawler’s inorder to pick up the data and to refresh their 
insight. Client can post their question as content or a picture. 
In this way, two sorts of IR approaches have been utilized to 
recover the applicable data as indicated by the client question. 
The main sort is Content Based and Text Based Retrieval. Text-
Based Retrieval is focused on document Retrieval. Content-
Based Retrieval is focused on the visual features. 
Content Based Image Retrieval (CBIR) is a retrieval technique 
which is used to solve the image retrieval problems, like 
searching for digital images in large databases. Content-based 
image retrieval is opposed to traditional concept-based 
approaches. “Content-Based" means that the search process 
can be carried out by using the contents of the image rather 
than the metadata such as keywords, tags, or descriptions 

associated with the image. The term "content" refers to 
colors, shapes, textures, or some other information that can 
be derived from the image itself. Humans manually represent 
the images by entering keywords or metadata in a large 
database. So this can be a time consuming process and may 
not capture the keywords desired to describe the image. The 
main component of CBIR system is the image representation, 
feature extraction, and similarity computation. 
The main consequence faced in Content Based Image retrieval 
is the semantic gap problem. This problem can be settled 
down by using Relevance Feedback technique. This technique 
will get the feedback, which is relevant to the user. Based on 
this user feedback the most relevant images are displayed to 
the user as a result. Section 2 represents the proposed 
workflow of CBIR system. Section 3 addresses the Global Color 
Histogram and Local Binary Pattern descriptor for extracting 
the Color and Texture feature from the image. Section 4 
explains the Experiment conducted for the proposed work 
along with its result. 

II. FEATURE EXTRACTION AND RETRIEVAL OF IMAGE 
Features like color, texture and shape have been extracted by 
using descriptors and image has been retrieved by using the 
extracted features.  
A. COLOR FEATURE EXTRACTION 

252

http://seeepedia.org/
mailto:sathyasivajan@gmail.com
mailto:rathi@gct.ac.in
mailto:sathyasivajan@gmail.com
mailto:rathi@gct.ac.in


SEEE DIGIBOOK ON ENGINEERING & TECHNOLOGY, VOL. 01, MAY 2018 

 978-81-933187-0-6 © 2018 SEEEPEDIA.ORG 
Society for Engineering Education Enrichment 

 Color feature is one of the most widely used features in image 
retrieval process. The colors are defined on a selected color 
space model includes RGB, HSV, LAB etc. So these color 
features are extracted by using many descriptors like color 
histogram [1], color moments and autocolor correlogram. 
i. Global Color Histogram: 
               Color histogram is of two types they are local color 
histogram and global color histogram. Local and global color 
histogram describes the color information of different region 
in an image. Local color histogram provides different result 
when the given query image is rotated so global color 
histogram has been used in this work to extract the color 
feature and to retrieve the images. Global color histogram 
uses the HSV color space model because in RGB the color 
information cannot be separated from luminous whereas in 
HSV the information about the color can be separated. 
Algorithm for global color histogram is,  
• Quantize the color space(HSV) of an image into n 
colors 
• For each color create the bin 
• Count the number of pixels for each color and store 
that in a histogram’s bin 
• Then calculate the Euclidean distance between the 
histogram of query image to ith image in database 

 
ii. Steps to Retrieve the Images using Global Color 
Histogram (GCH): 
•  Mostly the images in database will be an RGB. So the first 
step is to convert the image from RGB to HSV color space 
model. 
• For each image in the dataset [2] compute the 3-D 
histogram of its HSV values 
• All computed 3-D HSV histogram are stored in .mat file 
• 3-D HSV histogram for the query image is calculated  
• The number of bins in each direction of HSV histogram is 
duplicated by means of interpolation 
• Set two predefined threshold values T1=0.010 and T2=0.8 
• For each image in the dataset load its histogram  
• For each 3-D bin, compute the distance (D) between 
histogram of the query image to all the database image 
• Keep only distance D2 for which, the respective histogram 
bins of the query image are larger than the predefined 
threshold value T1 
        D2 = histogram of query image > t1  
• The length of the distance D2 is L2 
• Find the distance D3 for which the distance D2 should be 
smaller than the predefined threshold value T2 
 
               D3 = D2 < T2 
• The length of the distance D3 is L3 
• Compute the similarity measure using   S(i) = L2 * 
average(D3) /(L3^2) 
• Sort the similarity value and retrieve the images in 
decreasing order  to the user as a result 
• User gets satisfied with the resultant image means they can 
terminate the process. If not, they need to give the relevant 
image from the set of image displayed them. 

• The system takes that relevant image and makes similarity 
measure. Then sort according to the value and displays the 
new set of resultant image to the user at next iteration. This 
process continues until user gets satisfied with the result 
 
B. TEXTURE FEATURE EXTRACTION: 
          Texture feature is another important type and useful 
visual information for image retrieval process. Texture 
feature is extracted and represented by using a descriptor 
called Local Binary Pattern (LBP), co- occurrence matrix and 
gabor filter. The proposed work uses the Local Binary Pattern 
Descriptor to extract the texture feature. 
i. Local Binary Pattern: 
           It is an efficient texture operator which labels the pixels 
of an image by means of thresholding the neighbourhood of 
each pixel and considers the result as a binary number. LBP is 
combined with the histogram for improving the detection 
performance. 
 
Steps to calculate Local Binary Pattern: 
• Divide the windows into cells(e.g. 16*16 pixels for each 
cell) 
• Consider the gray level value for the given pixel matrix of 
the image 
• For each pixel in a cell, compare the centre pixel gray level 
value to each of its eight neighbour pixels gray level value 
• If the centre pixels value is less than the neighbour's value 
means write “1”, otherwise write “0”, this gives an eight-digit 
binary number 
• The value of eight digit binary number gives the Local 
Binary Pattern value 
ii. Steps to retrieve the images using Local Binary Pattern 
Descriptor 
• Load the dataset and compute the Local binary pattern for 
all the images in the dataset and store that in a .mat file 
• Similarly calculate the Local Binary Pattern for the query 
image 
• Compare the LBP values of query image to all the LBP for 
dataset image which has been stored in a database using 
Euclidean distance 
• Sort the image based on distance value and retrieve the 
image in decreasing order to user as a result set 
• If user gets satisfied with the result set of image displayed 
to them they can terminate the process 
• If not, they need to give relevant image from the set of 
image displayed to them. The system takes this relevant and 
processes the LBP and again compute the distance value 
• Based on the value the images are sorted and new result 
set of image are displayed to the user at next iteration 
• This process continues until user gets satisfied 
 
 
C. SHAPE FEATURE EXTRACTION: 
     Shape feature is the most obvious requirement at the 
primitive level. The natural objects are primarily recognized 
by their shape. Shapes are of two types. They are local and 
global features. Aspect ratio, circularity and moment 
invariants are global features. Sets of consecutive boundary 
segments are local features. Shape features can be extracted 

253

http://seeepedia.org/


SEEE DIGIBOOK ON ENGINEERING & TECHNOLOGY, VOL. 01, MAY 2018 

 978-81-933187-0-6 © 2018 SEEEPEDIA.ORG 
Society for Engineering Education Enrichment 

using descriptor called Segment Salience (SS), Beam Angle 
Statistics (BAS), and Inner Distance Shape Context (IDSC). 
The proposed work uses the Inner Distance Shape Context to 
extract and represent the shape of an object or an image. 
i. Inner Distance Shape Context: 
          Inner distance [3] is used to define the length of the 
shortest path between landmark points within the shape. 
This descriptor is robust to articulation and capture structure. 
Texture information along with the shortest path can be used 
to improve the shape classification. 
Compute the shortest distances between two points in the 
object or an image. There may exist multiple shortest paths 
between two given points in the image. In most case the path 
will be unique, but in case of multiple paths, arbitrarily 
choose one. Shapes are defined by their boundaries, so 
boundaries are used to define the landmark points. A natural 
way to compute the inner distance is using shortest path 
algorithms. 
 
ii.   Steps to compute Inner Distance using Shortest Path 
Algorithm 
• The graph is build with the given sample points and 
each point is considered as a node in the graph. For each pair 
of sample points, the line segment connecting the point falls 
entirely within the object, an edge between the sample 
points are added to the graph with its weight equal to the 
Euclidean distance 
• Apply shortest path algorithm to the graph. Many 
standard algorithms [4] can be applied here. 
IV EXPERIMENTAL SETUP 
The conducted experiment is carried at evaluating the 
effectiveness of the proposed method along the iteration 
considering the relevance feedback. Experiments considered 
that maximum of 5 images to the user at each iteration. The 
presence of users is simulated, so each images belonging to 
the same class of the query image are considered as relevant. 
i. Image Retrieval Based on Color Feature 
    Global color histogram has been used to extract the color 
features from the images and is represented by using HSV 
color model. Experiments are conducted to retrieve the 
images based on color by using Soccer dataset [ ]. The soccer 
dataset contains 173 items. 
 
Step 1: 

 
 
 
 
 
 
 
 

Step 2: 
 

 
 
Step 3: 
 

  
 
Step 4: 

      
 

Step 5: 
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Step 6: 
  

 
 
ii. Image Retrieval based on Texture Feature: 
    Texture features are extracted and represented by using 
Local Binary Pattern descriptor. The dataset used for this 
experiment is Brodatz dataset containing 64 images. 
 
Step 1: 
 

 
 
Step 2: 
 

 
 
Step 3: 
 

 
 
iii. Shape Feature classification: 
      Shape features are extracted and represented by using 
Inner Distance Shape Context. The experiments are 
conducted by using MPEG-7 collection of images. This dataset 
contains 70 classes and each class contains 20 objects. The 
similarity measures are computed by using shortest path 
algorithm and the similarity value between all the images in 
the dataset has been calculated and is displayed as a result. 
The result shows the accuracy of 85% 

 
IV. CONCLUSION 
Content Based Image Retrieval is an efficient method for 
retrieving the relevant image from the dataset. The semantic 
gap is reduced by using Relevance Feedback technique and 
this allows user to interact well with the system. Thus the 
proposed work based on color, texture and shape has been 
tested experimentally by using many dataset and the results 
are obtained. These results are evaluated by using precision 
and recall rates. It is concluded that the image retrieved well 
for color based retrieval rather than any other feature. User 
gets satisfied both for color and texture based result. The 
result shows approximately 90% satisfaction of the user. The 
future work focuses on collaborative Image retrieval by using 
any machine learning technique to improve the result set of 
image which satisfies the user 
 
REFERENCES 
[1] Prof. C. S. Gode,  “Image Retrieval by Using Colour, 

Texture and Shape Features “, International Journal of  
Advanced Research in Electrical, Electronics and 
Instrumentation Engineering, Vol .3, Issue 4, April 2014. 

[2] JV de Weijer, C Schmid, in European Conference on 
Computer Vision(ECCV’2006), Lecture Notes in 
Computer Science. Coloring local feature extraction, vol. 
3952, (2006), pp. 334–348. doi:10.1007/11744047_26. 

[3] H Ling, DW Jacobs, Shape classification using the inner-
distance. IEEE Trans. Pattern Anal. Mach. Intell. 29(2), 
286–299 (2007). 

255

http://seeepedia.org/


SEEE DIGIBOOK ON ENGINEERING & TECHNOLOGY, VOL. 01, MAY 2018 

 978-81-933187-0-6 © 2018 SEEEPEDIA.ORG 
Society for Engineering Education Enrichment 

[4] T. H. Cormen, C. E. Leiserson, R. L. Rivest, and C. Stein. 
Introduction to Algorithms, MIT Press, 2nd edition, 2001. 

[5] Z-H Zhou, K-J Chen, H-B Dai, Enhancing relevance 
feedback in image retrieval using unlabeled data. ACM 
Trans. Inform. Syst. 24(2), 219–244 (2006). 

[6] Agalya, A., and B. Nagaraj. "SOFT COMPUTING BASED 
INDUSTRIAL PROCESS: A REVIEW." Pak. J. Biotechnol. Vol 
15.1 (2018): 247-249. 

[7] Arunkumar, R., and Nagaraj Balakrishnan. "MEDICAL 
IMAGE CLASSIFICATION FOR DISEASE DIAGNOSIS BY DBN 
METHODS." Pak. J. Biotechnol. Vol 15.1 (2018): 107-110. 

[8] Nagaraj Balakrishnan, Reshmi S., and R. Arunkumar. 
"SMART REAL TIME RESCUE SYSTEM FOR FISHERMEN." 
Pak. J. Biotechnol. Vol 15.1 (2018): 73-75. 

[9] Agalya, A., B. Nagaraj, and K. Rajasekaran. 
"CONCENTRATION CONTROL OF CONTINUOUS STIRRED 
TANK REACTOR USING PARTICLE SWARM OPTIMIZATION 
ALGORITHM." 

[10] Jeyakkannan, N., and B. Nagaraj. "Online Monitoring of 
Geological Methane Storage and Leakage Based on 
Wireless Sensor Networks." Asian Journal of Chemistry 
26 (2014). 

[11] T Deselaers, D Keysers, H Ney, Features for image 
retrieval: an experimental comparison. Inform. Retrieval. 
11(2), 77–107 (2008). 

[12] DCG Pedronette, RdS Torres, Image re-ranking and rank 
aggregation based on similarity of ranked lists. Pattern 
Recognit. 46(8), 2350–2360 (2013). 

[13]  XS Zhou, TS Huang, Relevance feedback in image 
retrieval: A comprehensive review. Multimedia Syst. 
8(6), 536–544 (2003). 

[14] JagadeeshPujari ,Pushpalatha and S.N Padmashree 
D.Desai Dept. of CSE. “ Content-Based Image Retrieval 
using Color and Shape Descriptors” (978-1-4244-8594-
9/10/$26.00c 2010 IEEE). 

[15]  Danial Carlos Guimaraes Pedronette, Rodrigo T.calumby 
and Recardo da S.Torres , “Semi-supervised learning 
algorithm for relevance feedback and collaborative 
image retrieval ” Pedronette et al.EURASIP journal on 
image and video processing(2015) 2015:27 springers . 

[16] C. Beecks, M. S. Uyasal, and T.Seidl, “A Comparative 
Study of Similarity Measures for Content-Based 
Multimedia Retrieval”, IEEE Trans., 2010. 

[17] MJ Swain, DH Ballard, “Color indexing”. Int. J. Comput. 
Vis. 7(1), 11–32 (1991). 

[18] T Ojala, M Pietikainen, Maenpaa, “ Multiresolution gray-
scale and rotation invariant texture classification with 
local binary patterns”. IEEE Trans.Pattern Anal. Mach. 
Intell. 24(7), 971–987 (2002). 

 
. 

256

http://seeepedia.org/


SEEE DIGIBOOK ON ENGINEERING & TECHNOLOGY, VOL. 01, MAY 2018  
ALTERNATE ENERGY TECHNOLOGIES 

 978-81-933187-0-6 © 2018 SEEEPEDIA.ORG 
Society for Engineering Education Enrichment 

 G. Thenmozhi, then21.gct@gmail.com; 
 S. Kumaresan, sukumaresan@gct.ac.in; 

 
 

             
 
 
 

A Survey Paper on Content 
based Medical Image 
Retrieval for Reducing 

Semantic Gap 
 

G. Thenmozhi , S. Kumaresan                                                           
Government College of Technology, 

Coimbatore, India. 
then21.gct@gmail.com, sukumaresan@gct.ac.in 

 
 

Abstract— Content-based image retrieval is a search technique for retrieving required images from the database which is 
similar to the query image. CBIR retrieving the images based on visual features like color, texture, and shape. In recent years, 
one important focus of medical informatics research has been reducing the semantic gap which is the difference between the 
human description of the image and the system description of the image. To reduce the semantic gap, CBIR uses machine 
learning algorithms for feature extraction and selection. This survey covers the approaches for feature extraction and 
selection, different distance measures for measuring the similarity of the images and the techniques for reducing the 
semantic gap. In addition to these, various data sets used in CBIR and the performance measures, are also addressed. 

Index Terms — Content-based image retrieval, Semantic gap, Feature extraction, precision and Recall. 

 

1. Introduction  

An image retrieval system is a computer framework for 
searching and retrieving images from a large database of 
digital images. In the medical field, the digital images grow 
daily by several thousand with some challenges for the 
storage, retrieval, and interpretation of these imaging data. In 
recent years, one major focus of medical informatics research 
has been the retrieval of stored imaging data from these large 
collections for use in clinical applications, education, and 
research. CBIR is used for such purpose. 

Content-based image retrieval (CBIR) is a search technique 
used for retrieving similar images which are relevant to the 
query image. It is also called as query by image content (QBIC) 
and content-based visual information retrieval (CBVIR). The 
term “content” might refer to colors, shapes, and textures. In 
recent years, one of the major problems in the medical field is 
the retrieval of images. CBIR is used for such purpose and it is 
also called as Content-based Medical image retrieval 
(CBMIR).One of the major problem in CBIR is a Semantic gap 
which is the difference between the human description of the 
image and system description of the image. Many models  

 

Combined with CBIR, but it misses the low ranked images 
which is also relevant image to the query image. To reduce the 
semantic gap, CBIR modal uses machine algorithms for feature 
extraction and selection. 

CBIR modal 

As shown in fig.1 the user gives input as an image to the 
retrieval system. Then the features of images are extracted for 
both the query image and the images in the database.  

 

The similarity measurement is applied to the retrieval system 
which computes the distance between the query image and 
the database images. The similarity measure value is ranked   
by descending order. The top rank value of the images only 
considered as similar to the query image. 

2. LOW IMAGE FEATURE EXTRACTION TECHNIQUES IN CBIR 

 Feature Extraction is the main task in CBIR to 
efficiently retrieve the similar images from the database. In 
CBIR, features are extracted using color, texture, and shapes. 
These features are called as low-level features. Machine 

Figure 1 CBIR Framework 
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learning algorithms are mostly used for extracting features of 
the images. 
2.1 Color features 

The color feature is one of the most widely used 
visual features in image classification. Images are mostly 
differentiated by using colors by human. It is similarly robust to 
background issues and not based on image size, orientation 
and scale changes. 

Color Moments The color distribution of the image is 
characterized by its moments. Color features are first, second 
and third central moment of each of the color channels. If the 
estimation of the ith color channel at the jth pixel is pij, 

First moment (mean):    
Second moment (Standard deviation):     

 

Third moment (skewness):  
Color Histogram is the most used technique to extract the 

color feature of an image. It represents the image from a 
different perspective. It defines the probability of intensities of 
the three color channels. There are two types of color 
histogram called global color histogram and local color 
histogram. 

Color Correlogram gives the information about how the 
colors pairs are changed with distance. It combines both color 
distributions of pixels and spatial correlation of pairs of colors. 

Color Co-occurrence Matrix (CCM) is a typical method used 
for capturing color variations in the image which gives the 
color feature. It is used to compute the probability of the 
occurrence of same pixel color between each pixel and its 
adjacent pixel. 

2.2 Texture features 
Grey Level Co-occurrence Matrix is Statistical approach to 

compute the relationship of pixels, also known as the gray-
level spatial dependence matrix. The extracted features from 
GLCM are Contrast, Entropy, Homogeneity, Correlation and 
Variance, Energy, Contrast etc,. 

Edge Detection Operators store the information about the 
edges of the object. The edges give the information about 
where items are and size, shape. It can be used as texture 
operator. 

Local Binary Pattern is an operator for texture description 
that based on the signs of differences between neighbor pixel 
and centre pixel. 

2.3 Shape features 
Shape is the main source of information which is used for 

object recognition. Efficient features must have the properties 
like identifiability, Translation, Rotation and scale variance, 
Reliability and noise resistance. The main problem to recognize 
shape that the setting location the object shows different 
shape from the different location, so it is measure problem to 

recognize the actual shape of the object. Some simple shape 
features are centre of gravity, eccentricity, Hole area ratio, 
Circularity ratio, Convexity, and Rectangularity. 

Binary image algorithm convert image into two color 
format( i.e.black and white), then trace the exterior boundary 
region of image and by applying shape factor shape of the 
image is recognized. Shape is calculated by shape factor, 
values of shape factor. 

                       
Horizontal and vertical segmentation: In an horizontal 

segmentation image is divided into horizontal segments and 
trace the coordinate points and determine the shape of object 
due to that sitting location problem of object cannot be 
occurred same as in an vertical segmentation image is divided 
into vertical segments and trace the coordinate axis points of 
the image according to the coordinate axis shape of the object 
accurately recognized. 

 
3. FEATURE SELECTION 

  Feature selection is the process of selecting a subset 
of extracted features. It is also called as variable selection or 
attributes selection. The accuracy of the results may depend 
on the feature selection. It selects the best subset of the 
features from the original extracted feature by removing 
irrelevant and redundant features. It reduces the 
dimensionality of the dataset and increases the retrieval 
results. To select and eliminate the appropriate feature by 
using two search algorithms called forward selection and 
backward eliminations. Search, evaluate and stop are the 
process used to do the feature selection. 
 Feature selection methods are classified into two 
algorithms called attribute evaluation and subset evaluation. 
In, First method features are ranked individually and afterward 
a weight is assigned to each feature as indicated by each 
feature‘s degree of relevance to the target feature. The second 
approach selects the best features and then rank the subsets 
of features based correlation between features. The feature 
selection techniques are broadly classified into three types: 
Filter methods, Wrapper methods, and embedded methods. 

3.1 Filter methods  
Ranking techniques are used as standard criteria in Filter 

method. A score is assigned to each variable which is 
computed using some ranking criterion. The variables are 
removed which having the score below the threshold value. 
Filter methods computationally less expensive, and avoid 
overfitting and yet these methods ignore the dependencies 
between features. The basic filter feature selection algorithms 
are 

• Chi-square test 
• Euclidean Distance 

• Correlation-based Feature Selection (CFS) 
• Information Gain 

The steps in filter method: 

 

3.2 Wrapper methods 
Wrapper techniques are better in characterizing the optimal 

features instead of relevant features. They do this by utilizing 
heuristics of the learning algorithm and the training set. 
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Backward elimination is utilized by the wrapper method to 
remove the insignificant features from the subset. The 
SVMRFE is one of the feature selection algorithms which use 
the Wrapper method. The Wrapper method needs some 
predefined learning algorithm for identifying the relevant 
feature. It has interaction with classification algorithm. Cross-
validation is used to avoid the overfitting of the feature. 
Though wrapper methods are computationally expensive and 
take more time compared to the filter method, they give more 
accurate results than filter model. In filter model, optimal 
features can be obtained rather than simply relevant features. 
Another advantage is it maintains dependencies between 
features and feature subsets. Some common examples of 
wrapper methods are forward feature selection, backward 
feature elimination, recursive feature elimination, etc. 

 

3.2 Embedded Methods 
It combines the qualities of filter and wrapper 

methods, so it is called as hybrid model. In embedded method, 
a feature selection method is incorporated into a learning 
algorithm and enhanced for it. Embedded methods 
reclassifying different subsets which are done in wrapper 
methods. It takes less computation time for classification. The 
KP-SVM is the case for embedded technique. 

 
 

4. SIMILARITY MEASURENENTS & PERFORMANCE MEASURES 
 

4.1 Similarity Measurements 
It is also one of the key issues in CBIR.It must be selected to 

decide how close a vector to another vector. Discovering good 
similarity measures between images based on some feature 
set is a challenging task. It is the process of calculating the 
similarity/difference between  qurey images and images which 
are present in the database. Similarity measurement possible 
done by using the distance equations for example Euclidean 
distance, City block metric, Minkowski distance, Mahalanobis 
distance and Quadratic Form distance. 

Euclidean distance 
 The similarity measure score is calculated by applying 
Euclidean distance between the query image and each image 
in the database. 

∑
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Where, q is the query image,  
ri is a reference image i from the reference database,  
fj I s the jth feature, and  
n is the dimensionality of the feature space. 

A smaller distance indicates a higher degree of similarity 
between the query image and image in the Database. 

Manhattan distance 
 Similarity also measured by using Manhattan 
distance, which is the distance between two points (such as 
query image and database image) measured along axes at 
right angles,  
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Correlation 
It is commonly used technique for calculating similarity 
between query and the database image. 
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4.2 Performance measures 
Efficiency and effectiveness are the parameters on which 

CBIR frameworks are assessed. Efficiency relates to the 
speed of recovery and effectiveness with the high relevancy 
of the recovery. Mostly used CBIR performance measures is 
precision and recall. Precision is defined as the ratio of 
relevant images retrieved to the total number of images 
present in database. Recall is defined as the ratio of the 
number of relevant images retrieved to the total number of 
relevant images in the database. 

 

 
 

              

               
 

5. LITERATURE REVIEW 
CBIR is a image retrieval technique which is combined 

with other machine learning algorithm to improve the retrieval 
result and also reduce the semantic gap of the images.This 
survey. Weidong Cai et al., proposed “Content-based retrieval 
of dynamic PET functional images”. This is a prototype design 
for content-based functional image retrieval database system 
of dynamic positron emission tomography. In this framework, 
four key components are used for retrieval of similar images 
based on the query image. The key components are functional 
image processing engine, database engine, dynamic image 
archival system, and graphical user interface.  In functional 
image processing engine, TTAC is an input for preprocessing. 
Image database engine is used for extracting features from 
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TTAC curve using Knowledge based cluster analysis method. 
Dynamic image archival system is used to compare the 
features of query and database images using Euclidian 
distance method. In this framework, conversion of PTAC to 
TTAC will take time but it can easily store larger amount of 
patient data. 

 Jennifer G. Dy et al., proposed “Unsupervised feature 
selection applied to Content-based retrieval of lung Images”. 
A “Customized Query” approach (CQA) is a new hierarchical 
approach to content-based image retrieval .It uses multiple 
feature sets and a two-step approach for retrieval.  

• The first level addresses similarity of the query image to 
each disease class.  

• The second level addresses similarity in terms of disease 
severity, stage, treatment, and structure as well as visual 
appearance. 

Machine learning algorithms like Sequential Forward Search 
and   Expectation maximization are used for Feature extraction 
and clustering. Euclidian distance is a similarity matching 
algorithm for retrieving similar images in the large database. 
Here, CQA’s retrieval accuracy depends only on the result of 
the Level 1 classifier. 

Mahmudur Rahman et al., proposed “A framework 
for medical image retrieval using machine learning and 
statistical similarity matching techniques with relevance 
feedback”. This framework consists of both supervised and 
unsupervised learning techniques for reducing the semantic 
gap and increasing the retrieval result. The principal 
component analysis is used for feature extraction. Support 
vector machine (SVM) and fuzzy c-mean (FCM) clustering 
algorithms are used for categorization and pre-filtering of 
images. The statistical distance measure is used as a similarity 
matching algorithm and it calculates the similarity between 
query and database images. RF technique is used for query 
shifting, parameter updating, and re-ranking simultaneously. 
For evaluating the accuracy of the retrieval result, the most 
used method called precision and recall is applied. The results 
indicate that SVM-based RF approach gives poor performance 
when the quantity of labeled feedback samples is small. 

Gwenole Quellec et al., proposed “Medical case retrieval 
from a committee of decision trees”. This framework allows 
retrieval of incomplete medical cases with semantic 
information. This method is applied on diabetic retinopathy 
follow-up (DRD) and mammography-screening (DDSM) 
datasets. Here, images are characterized in the form of digital 
content. C4.5 classification algorithm is used for producing 
decision trees. Wavelet coefficient distribution and Kullback–
Leibler divergence are used for finding signature of images and 
distance between the signatures. For clustering the signature, 
unsupervised learning algorithm-Fuzzy c-mean clustering is 
used. AdaBoost algorithm is used for adding weak classifiers to 
obtain better predictive accuracy. Precision is used to calculate 
the accuracy of retrieval result. Boosting does not lead to a 
significant increase of precision over the entire dataset. 

Sergio Francisco da Silva et al. proposed “Improving the 
ranking quality of medical image retrieval using a genetic 

feature selection method”. In this approach, a novel GA-based 
FS framework is used to improve efficiency in CBIR. In the 
training phase, image features are extracted by using machine 
learning technique. Extracted features are submitted to 
feature selection process using a correlation-based feature 
selection algorithm (CFS) to evaluate the feature subsets which 
are highly correlated with each other.In the test phase, 
features are extracted based on the solution produced by the 
feature selection process in the training phase. Then the 
similarity function calculates the matching between Query 
features and the image features in the training phase. Ranking 
evaluation function is applied to target images. Precision and 
Recall curve is built for evaluating the accuracy of retrieval  

 

result. Here, lack of textual information of patient data leads 
to time consuming. 

Yu cao et al., proposed “Medical image retrieval: A 
multimodal approach”. This model develops a new 
multimodal image retrieval based on statistical graphics model 
and deep learning.  

• To integrate the visual and textual information of 
medical images, probabilistic Latent Semantic Analysis 
method is used and it reduces the Semantic Gap.  
• Deep Boltzmann Machine method is used to learn a 

joint probability density model from the visual and 
textual information which solves the problem of 
missing modalities and noisy information.  

Finally, the similarity is calculated between a query image and 
database images using Baye’s theorem. Mean Average 
Precision is used for calculating the accuracy of the retrieval 
result. This approach is used only with small size data. 

B.Jyothi et al., proposed “An effective multiple visual 
features for content based medical image retrieval”. An 
integration of visual and textual feature gives good retrieval 
performance. In this system, noise is removed in the 
preprocessing step with the help of median filter for improving 
the quality of images. Then the texture and shape features are 
extracted by Gabor filter and chebichef Moments. These 
features are extracted from both query and database images. 
Euclidian distance is used to calculate the similarity between 
query and database images. To evaluate the retrieval system 
performance, Recall rate (RR) and mean average precision 
(MAP) is used. This system does not focus on multiple features 
of the image. 

 Ashnil Kumar et al., proposed “A Visual Analytics 
Approach using the Exploration of Multi-Dimensional Feature 
Spaces for Content-based Medical Image Retrieval”.  This 
system integrates VA into medical CBIR system, which is 
referred to as Visual Analytics for Medical Image Retrieval 
(VAMIR).The user gives the image as an input to the system. 
The features are extracted from images and it is given to the 
selection process.  Automatic Feature Selection uses the 
method called Pearson correlation coefficient. Domain 
knowledge and prior experience are used for a Manual 
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Selection process. After the feature selection, similarity 
between the query and database images is calculated. This 
system allows the user to add the features that can be 
considered as important. The user need not have the 
knowledge about retrieval algorithm. The similarity of images 
calculated using Euclidian distances method. This approach is 
more optimized for volumetric and multi-modality imaging. 
This system only applied to a single clinical group. 

B.Jyothi et al., proposed “Multidimensional feature space 
for an effective content based medical image retrieval”. This 
system is used to improve the effectiveness of the retrieval 
system. First, the boundary of the images is extracted by using 
intensity gradient vector image model and moment based 
features followed by texture features extracted using Gabor 
and Local Line Binary Pattern, shape feature using Hue 
moments. LBP is a popular method for texture analysis. Similar 
medical images have been retrieved by calculating the 
Euclidian distance between the query image feature vector 
and the corresponding feature of the database images. Recall 
Rate and Error Rate are used to calculate the performance of 
the retrieval system. 

B.Satish et al., proposed “Content Based Medical Image 
Retrieval using Relevance Feedback Bayesian Network”. This 
system consists of SIFT and mLBP for integrating the features. 
The Gaussian filter is used in the pre-processing step to 
remove noise from the medical images. After removing the 
noise, the texture features are extracted using Local Binary 
Pattern. SIFT descriptor is used to identify and classify images 
in the database. It also collects some information from the 
query image and use it to retrieve the images in the database. 

Euclidian distance is used to calculate the similarity 
measurement among query and database images. Bayesian 
Relevance Feedback Network technique is applied to the 
posterior probability for retrieving most similar images from 
the database. Precision and recall are performance measures 
for this image retrieval system. 

Jennifer G. Dy et al. proposed “Local Wavelet Pattern: A 
New Feature Descriptor for Image Retrieval in Medical CT 
Databases”. This framework uses Local Wavelet Pattern for 
medical image retrieval. First, extract the local neighbours for 
any pixel of the images. Local Wavelet Decomposition uses 
intensity values of neighbours to encode the relationship 
among the neighbour of the centre pixel. Centre Pixel 
Transformation is applied and constructs the Local Wavelet 
Pattern for each pixel in the images.After the construction of 
Local Wavelet Pattern, the feature vector is generated. 
Similarity measurement is to calculate the distance between 
the feature vectors of query image and database images. 
Average retrieval precision (ARP) and average retrieval rate 
(ARR) are used to compute the accuracy of the retrieval result. 
 
 

 

 

 

 

 

TABLE 1 COMPARISION OF EXISTING CBIR SYSTEM 

Title & 
Author Dataset used 

Feature Extraction  
& 

Similarity Matching 
Algorithm 

Machine 
Learning 

Techniques 
Advantages Disadvantages 

Content-based 
retrieval of 

dynamic PET 
functional images 

& 
Weidong Cai, 
(David) Dagan 

Feng, 

PET image dataset 

knowledge based 
cluster Analysis 

& 
Euclidean distance 

- 
It can easily store 
larger amount of 

patient data. 

Conversion of 
PTAC to TTAC will 

take time. 

Unsupervised 
feature selection 

applied to 
Content-based 

retrieval of lung 
Images 

& 
Jennifer G. Dy 

HRCT lung images 

Sequential Forward 
Search 

& 
Euclidean distance 

Expectation 
maximization 

algorithm 

CQA yields 73.18 
percent effective 

retrieval precision. 

CQA’s retrieval 
accuracy depends 
only on the result 

of the Level 1 
classifier. 

 

A framework for 
medical image ground-truth DB Principle component 

Analysis 
support vector 
machine (SVM) 

Statistical 
similarity 

SVM-based RF 
approach gives 
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retrieval using 
machine learning 

and statistical 
similarity 
matching 

techniques with 
relevance 
feedback 

& 
Mahmudur 

Rahman 

& 
statistical distance 

measures 

 
fuzzy c-mean 

(FCM) 
clustering 

measures 
performed far 

better than the 
traditional 

Euclidean distance 
measure. 

poor performance 
when the quantity 

of labeled 
feedback samples 

is small. 

Medical case 
retrieval from a 
committee of 
decision trees 

& 
Gwenole Quellec, 
Mathieu Lamard 

Diabetic 
Retinopathy 

follow-up dataset 
(DRD) 

& 
mammography 

-screening dataset 
(DDSM) 

- 

C4.5 Algorithm, 
 

Fuzzy c-mean 
clustering 

 
Adaboost 
Algorithm 

The proposed 
retrieval system is 

fast. 

Boosting does not 
lead to a 

significant 
increase of 

precision over the 
entire dataset. 

Improving the 
ranking quality of 

medical image 
retrieval using a 
genetic feature 

selection method 
& 

Sergio Francisco 
da Silva 

ROI-250image 
dataset 

 
Mammograms-

1080 image 
dataset 

 
Lung ROI-3258 
image dataset 

correlation-based 
feature selection 

algorithm 
 
 
 
 
 
 

Genetic 
Algorithms 

Reduces the 
number of 

features by using 
feature selection 

that leads to 
improve the 

retrieval result. 

Lack of textual 
information of the 

patient leads to 
time consuming 

 
 
 
 

medical image 
retrieval: a 
multimodal 

approach 
& 

yu cao, shawn 
steffey, jianbiao 

he 

ImageCLEF 2009 
 

ImageCLEF 2013 

decreasing order of 
the computed 

posterior probability 

PSLA model & 
Deep 

Boltzmann 
Machine 

Semantic features 
have potential to 

bridge the 
semantic gap. 

This approach 
only used with 

small size dataset. 

An effective 
multiple visual 

features for 
content based 
medical image 

retrieval 
& 

B.Jyothi, 
P.G.Krishna 

Mohan 

different datasets 

Gabor filter (textual 
feature) 

 
Chebichef 

Moments(Shape 
feature) 

& 
Euclidean Distance 

Median filter 

Combination of 
Texture and shape 

features  vector 
gives better 

quality 
performance as 
compared to a 
single feature. 

Does not focus on 
Multiple features 

of the image. 

A Visual Analytics 
Approach using 

the Exploration of 
Multi-

Dimensional 
Feature Spaces 

for Content-based 
Medical Image 

Retrieval 
& 

LIDC/IDRI 
PET-CT Lung 

Cancer Dataset 
 

Pearson correlation 
coefficient 

& 
Euclidean Distance 

- 

In VAMIR, users 
are able to 

discover images 
that may be 

missed or given 
low rankings by 

methods that use 
a ranked list. 

 

This system only 
applied for single 

clinical group. 
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Ashnil Kumar, 
Member of IEEE 

Multidimensional 
feature space for 

an effective 
content based 
medical image 

retrieval 
& 

B.Jyothi 
Y.MadhaveeLatha 

CT and MRI image 
dataset 

Intensity gradient 
vector 

Gabor and Local Line 
Binary Pattern 

(Texture features) 
 

Hue moments 
(shape features) 

& 
 

Euclidean Distance 

- 
The accuracy of 

the retrieval result 
is high. 

User feedback is 
not included for 
the computation 

of relevancy. 

Content Based 
Medical Image 
Retrieval using 

Relevance 
Feedback 

Bayesian Network 
& 

B. Satish 
Supreethi K P 

CT, MRI, X-ray 
image dataset 

Local Binary Pattern 
(Texture features) 

 
SIFT descriptor 

 

Bag-of-Features 
& 

Bayesian 
Relevance 
Feedback 
Network 

Feedback process 
in Bayesian 

network helps to 
improve accuracy. 

It gives better 
performance only 
when the object 
from the same 

database. 

Local Wavelet 
Pattern: A New 

Feature 
Descriptor for 

Image Retrieval in 
Medical CT 
Databases 

& 
Jennifer G. Dy 

TCIA-CT , 
EXACT09-CT, and 
NEMA-CT images 

Local Wavelet 
Pattern 

 

 
- 

Time complexity 
of the proposed 

feature descriptor 
is also less. 

Performance of 
the LWP 

descriptor 
depends on the 

radius of the local 
neighborhood. 

 
6. Conclusion and Future Work: 
This paper provides a comprehensive survey of recent work 
towards narrowing down the ‘semantic gap’ which is human 
description of the image and system description of the 
image.it also  provides a detail survey of various techniques 
used for feature extraction, similarity measures, semantic gap 
reduction and performance measures of the query image and 
the image in the database. These existing algorithms do not 
provide intuitive explanations as to why the retrieved images 
were considered similar to the query, hence it is difficult for 
users to verify if relevant images, with a small subset of outlier 
features, were missed. 

In future introduce a Visual Analytics Approach for 
Medical Image Retrieval (VAMIR) as a new CBIR framework. 
VAMIR’s novel approach to visual exploration facilitated 
interactive human exploration of the retrieved results derived 
from an automated image similarity matching. The capabilities 
of VAMIR allow users who may not be experts in retrieval 
algorithms to explore the feature space with assistance from 
the retrieval process to discover the images that they consider 
similar, thereby reducing the semantic gap. 
7. REFERENCES 

[1]. Weidong Cai, (David) Dagan Feng, Senior Member , 
“Content-based retrieval of dynamic PET functional 

images .”in  IEEE TRANSACTIONS on information 
technology , vol. 4, no. 2, June 2000. 

[2]. J. G. Dy, C. E. Brodley, A. Kak, L. S. Broderick, and A. M. 
Aisen, 

[3]. “Unsupervised feature selection applied to content-
based retrieval of lung images,” IEEE T Pattern Anal, vol. 
25, no. 3, pp. 373 – 378, 

[4]. 2003. 
[5]. M. M. Rahman, P. Bhattacharya, and B. C. Desai, “A 

framework for medical image retrieval using machine 
learning and statistical similarity matching techniques 
with relevance feedback,” IEEE T Inf Technol B, vol. 11, 
no. 1, pp. 58–69, 2007. 

[6]. G. Quellec, M. Lamard, L. Bekri, G. Cazuguel, C. Roux, and 
B. Cochener, “Medical case retrieval from a committee 
of decision trees,” IEEE T Inf Technol B, vol. 14, no. 5, pp. 
1227–1235, 2010. 

[7]. S. F. da Silva, M. X. Ribeiro, J. d. E. S. Batista Neto, C. 
Traina-Jr, 

[8]. and A. J. M. Traina, “Improving the ranking quality of 
medical image 

[9]. retrieval using a genetic feature selection method,” Decis 
Support Syst, vol. 51, no. 4, pp. 810–820, 2011. 

[10]. Yu Cao1, Shawn Steffey1, Jianbiao He2, Degui Xiao3, Cui 
Tao4, Ping Chen5 and Henning Muller6 ,“Medical Image 

263

http://seeepedia.org/


SEEE DIGIBOOK ON ENGINEERING & TECHNOLOGY, VOL. 01, MAY 2018 

 978-81-933187-0-6 © 2018 SEEEPEDIA.ORG 
Society for Engineering Education Enrichment 

 

Retrieval: A Multimodal Approach,” pp. 125-136, April 
07, 2015.  

[11]. B.Jyothi, Y.MadhaveeLathaP.G.Krishna,“An Effective 
Multiple Visual Features for Content Based Medical 
Image Retrieval ,” IEEE Conference,, pp. 1227–1235, 
2015. 

[12]. Vidhya, S., and B. Nagaraj. "Fuzzy based PI Controller for 
Basis Weight Process in Paper Industry." Fuzzy Systems 
4.7 (2012): 268-272. 

[13]. Nagaraj, B., and P. Vijayakumar. "CONTROLLER TUNING 
FOR INDUSTRIAL PROCESS-A SOFT COMPUTING 
APPROACH." Int. J. Advance. Soft Comput. Appl 4.2 
(2012). 

[14]. Nagaraj, B., and P. Vijayakumar. "Bio Inspired Algorithm 
for PID Controller Tuning and Application to the Pulp and 
Paper Industry." Sensors & Transducers 145.10 (2012): 
149. 

[15]. Agalya, A., and B. Nagaraj. "SOFT COMPUTING BASED 
INDUSTRIAL PROCESS: A REVIEW." Pak. J. Biotechnol. Vol 
15.1 (2018): 247-249. 

[16]. Ashnil Kumar, Member, IEEE, Falk Nette, Karsten Klein, 
Michael Fulham “A Visual Analytics Approach using the 
Exploration of Multi-Dimensional Feature Spaces for 
Content-based Medical Image Retrieval,” IEEE Journal of 
Biomedical and Health Informatics, vol. 8, no. 6, pp. 
2168-2194, 2015. 

[17]. Jyothi, B., Y. MadhaveeLatha, and PG Krishna Mohan. 
"Multidimensional feature space for an effective content 
based medical image retrieval." Advance Computing 
Conference (IACC), 2015 IEEE International. IEEE, 2015. 

[18]. Satish, B., and K. P. Supreethi. "Content based medical 
image retrieval using relevance feedback Bayesian 
network." Electrical, Electronics, Communication, 
Computer, and Optimization Techniques (ICEECCOT), 
2017 International Conference on. IEEE, 2017. 

[19]. Dubey, Shiv Ram, Satish Kumar Singh, and Rajat Kumar 
Singh. "Local wavelet pattern: A new feature descriptor 
for image retrieval in medical CT databases." IEEE 
Transactions on Image Processing 24.12 (2015): 5892-
5903. 

[20]. C.-R. Shyu, C. E. Brodley, A. C. Kak, A. Kosaka, A. M. 
Aisen, and L. S. Broderick, “ASSERT: A physician-in-the-
loop content-based retrieval system for HRCT image 
databases,” Comput Vis Image Und, vol. 75, no. 1-2, pp. 
111–132, 1999. 

[21]. W. Jiang, G. Er, Q. Dai, and J. Gu, “Similarity-based online 
feature selection in content-based image retrieval,” IEEE 
T Image Process, vol. 15, no. 3, pp. 702–712, 2006. 

[22]. M. S. Lew, N. Sebe, C. Djeraba, and R. Jain, “Content-
based multimedia information retrieval: State of the art 
and challenges,” ACM Transactions on Multimedia 
Computing, Communications, and Applications, vol. 2, 
no. 1, pp. 1–19, 2006. 

[23]. T. Deserno, M. Guld, B. Plodowski, K. Spitzer, B. Wein, H. 
Schubert, H. Ney, and T. Seidl, “Extended query 
refinement for medical image retrieval,” J Digit Imaging, 
vol. 21, no. 3, pp. 280–289, 2008. 

[24]. X. Xu, D.-J. Lee, S. Antani, and L. Long, “A spine x-ray 
image retrieval system using partial shape matching,” 
IEEE T Inf Technol B, vol. 12, no. 1, pp. 100 –108, . 2008. 

[25]. L. R. Long, S. Antani, T. M. Deserno, and G. R. Thoma, 
“Content-based image retrieval in medicine: 
Retrospective assessment, state of the art, and future 
directions.” International journal of healthcare 
information systems and informatics, vol. 4, no. 1, pp. 1–
16, 2009. 

[26]. Y. Gao, C. Yang, Y. Shen, and J. Fan, “Incorporate visual 
analytics to design a human-centered computing 
framework for personalized classifier training and image 
retrieval.” in Advances in Information and Intelligent 
Systems, ser. Studies in Computational Intelligence. 
Springer, 2009, vol. 251, pp. 165–187. 

264

http://seeepedia.org/


SEEE DIGIBOOK ON ENGINEERING & TECHNOLOGY, VOL. 01, MAY 2018  
ALTERNATE ENERGY TECHNOLOGIES 

 978-81-933187-0-6 © 2018 SEEEPEDIA.ORG 
Society for Engineering Education Enrichment 

R.Jayarani, autjayarani@gmail.com; 
R.Kanmani, kanmaniram1@gmail.com;              
N.Kiruthika, keerthi5797@gmail.com; 
 

 
 
   
   
 
 

 
 
 

 
Control of Mobile Two-

Wheeled Inverted Pendulum 
using Interval Type-2 Fuzzy 

Logic 
 
 

 
R.Jayarani, R.Kanmani, M.Kiruthika 

University College of Engineering BIT Campus, Tiruchirappalli, India 
autjayarani@gmail.com, kanmaniram1@gmail.com, keerthi5797@gmail.com 

 
Abstract-This paper lays emphasis on the importance of integrated interval type-2 fuzzy logic approach that simultaneously 
models and controls an under actuated mobile two-wheeled inverted pendulum (MTWIP). In mobile two wheeled inverted 
pendulum, the modelling uncertainties and external disturbances are the major problems, which disturbs the main objective 
of obtaining the desired position and direction along with balancing the mobile two-wheeled inverted pendulum. This issue 
can be controlled by an integrated interval type-2 fuzzy logic approach. This approach is used to achieve the expected 
balanced condition using Mamdani fuzzy model.The outcome of the interval type-2 fuzzy logic system outperform the type-1 
fuzzy logic system in real world experiments. This system models have been simulated by MATLAB software.  
Index Terms— Interval Type-2 Fuzzy Logic Controller(IT-2 FLC), Mobile two wheeled inverted pendulum(MTWIP), State space 
modeling.  

 
I. INTRODUCTION  
The Inverted pendulum has widely established itself in 
technical literature as a platform for demonstration of various 
control theories and practices. A relatively recent branch of 
the conventional invert pendulum is Mobile Wheeled Inverted 
Pendulum (MWIP) also it has been widely utilized as a model 
of control education since it is a single-input multiple-output 
(SIMO) system and has a nonlinear characteristic. Many 
autonomous robots and intelligent vehicles have been 
implemented based on MTWIP model in traffic and 
environmental protection problem in recent years. Many 
researchers have studied the modeling and control method for 
MTWIP analyzed the dynamics of a MTWIP and designed its 
velocity and position controller using partial feedback 
linearization concept. The dynamic model of an Under 
Actuated MTWIP-based narrow vehicle (called UWCar) and 
then designed two terminal sliding mode controllers to control 
its velocity and breaking. 
Since it is difficult to find accurate dynamics of the system and 
accordingly design a model-bases controller to control it, many 
researchers have paid attention to intelligent control 
techniques for under actuated systems. Many intelligent 
techniques have been applied to MTWIP or the other under 
actuated systems by combining with conventional control 
method as an auxiliary or fundamental controller to help main 
controllers and to directly control the system to improve the 
robustness against disturbance. The design and 
implementation of a MTWIP system with a fuzzy control is the 
scheme and the system-on-a programmable-chip (SoPC) 
technology. In this paper, based on the Mamdani fuzzy model 

of the MWIP, a balancing controller is a structure of a parallel 
distributed compensator solved. Based on the motion 
characteristic of the MTWIP, the position controller and yaw 
steering controller are designed with Mamdani architecture if-
then rules. The experimental study of fuzzy logic application is 
to control a two-wheeled mobile robot (TWMR) system.  
With the appearance of type-2 fuzzy logic system (T2FLS) 
which has strong robustness in recent years. There are many 
attempts to reduce its heavy computation and to apply it for 
control system. The type-2 fuzzy set (T2FS) is an expansion of 
type-1 fuzzy set (T1FS). The T2FLC possesses the better control 
performance than the type-1 fuzzy logic control (T1FLC), but 
the burden of heavy computation obviously blocks the 
utilization of type-2 fuzzy logic system (T2FLC) in the practical 
application. Hence several type-reduce algorithms for T2FS 
have been instituted and interval type-2 fuzzy logic system 
(IT2FLS) has been widely used to control the system.  
       However, most existing FLSs for mobile inverted 
pendulums only considered balance control. Other important 
considerations, including position control and direction control 
have not been paid enough attention. Furthermore, to our 
best knowledge, IT2 FLSs have not been applied to the 
position and direction control of MTWIPs. This problem is 
investigated in this paper. Our main contributions are: 

• We propose the first integrated IT2 FLS 
approach that models the uncertain dynamics of an 
MTWIP and controls its balance, position and 
direction simultaneously. 
• We introduce a state space based approach 
to guarantee the stability of the balance controller. 
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2.  MOBILE TWO WHEELED INVERTED PENDULUM 
 
The two-wheeled inverted pendulum is an unstable system. 
Unlike conventional inverted pendulum, it is more difficult to 
balance the pendulum on two wheels. In order to get it 
balanced, we must understand the wheel dynamics and the 
dynamics of the pendulum body.  

                     
Figure 2.1 Diagram of MTWIP 
 
The MTWIP system is illustrated in Figure 2.1, where r is 
radius of the wheel, and ψl and ψr are the rotation angles of 
the left and right wheels, respectively. 2b is the distance 
between the two wheels.  L is the distance between the 
wheel axle and the center of the gravity of the inverted 
pendulum. α is the yaw angle of the MTWIP, and θ is the 
inclination angle of the inverted pendulum. 
 
 The free body diagram of the right wheel is illustrated in 
Figure 2.2. The free body diagram of the left wheel will be 
similar to right wheel. Force on wheel in horizontal direction   
 
              

 
Figure 2.2 Free body diagram of right wheel. 
 
Where Mp is the mass of the pendulum, TR, TL is applied 
torque on the right and left wheels, HfR is the friction force 
between wheel and ground. HR is the horizontal reaction 
force and θ is the inclination angle of the inverted pendulum. 
 
2.1 Linear Model of the DC Motor 
 
According to Kirchhoff’s law, the sum of voltages in the circuit 
must be zero. Hence the voltages present in the circuit are 
due to resistance of coil, inductance of coil and back EMF. 
 

                       
 

                            (1) 

  

VA is Applied Voltage, L is Inductance of motor coil, and R is 
Resistance of motor coil. Newton’s law of motion states that 
the sum of all toques produces on the shaft is linearly related 
to the acceleration of the shaft by the inertial load of 
armature IR. Hence the statement can be written as,  
 

                     (2) 

 
 is Motor Torque,  is Applied Torque and  is rotor 

inertia or Wheel inertia .The force (FY) on the wheel in the 
horizontal direction can be given as:-  
                               

   (3)
 

                                (4)         
 
                     

   (5)
 

Fy is the force on wheel in horizontal direction Mw is mass of 
wheel Y is linear displacement in horizontal direction. HfR is 
friction force between the wheel and ground, HR horizontal 
reaction force. Mo is Total moment of force on wheel. Iw is 
Moment of inertia of wheel Θw is Angular displacement of 
wheel 

          (6) 
Equation (6) is the first equation of motion of the system. 

          (7) 
Equation (7) is substituted into (4) to get the equation for the 
left and right wheels, 
For the left wheel,  

       (8)

                              

For the Right wheel,  

 

(9)

 
Because the linear motion is acting on the center of the 
wheel, the angular rotation can be transformed into linear 
motion by simple transformation   
                                          (10)   
  

                                         
For the left wheel,  

         (11) 

For the Right wheel,

 

         (12) 
Adding equation (11) and (12) together yields,  
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(13) 
 
 
3. STATE SPACE MODEL OF MTWIP 
 
Consider the figure 2.1, which is representing the free body 
diagrams of the IB. Applying the Newton’s second law of 
motion in the Y direction yield 

                    (14)
 

 
Fy is Sum of forces in the horizontal direction Mp is Mass of 
structure and payload Sum of forces in the horizontal 
direction will be:  
∑FY = Horizontal reactive forces + force producing linear 
acceleration   

  (15) 

 
 is Tilt angle of pendulum, L is Length of frame  HR,HL is 

Horizontal reaction forces between the IB and wheel axle. 
Considering the sum of the applied forces in a direction 
perpendicular to the rod gives,  
∑F↑ = Horizontal reaction forces + vertical reaction forces + 
force due to linear acceleration  
            
                                                                                             (16) 
G is Gravitational force PR, PL is Vertical reaction forces 
between the IB and wheel axle. 
The non-linear equations of motion of the system,  

 
                                            
                                                         (17) 

        (18) 
The above two equations (29) and (30) can be linearized by 
assuming θ =π+ , where represents a small angle from the 
vertical upward direction. Since, we do not want the 
pendulum to get tilted at angle greater than 15 degrees.  

        
 

    

The linearized equation of motion is,  

 

           

 
                                                                                                (19) 
In order to get the state space representation of the system, 

 
                                                                                              (20) 

 
                                                                                                (21) 
By substituting equation (20) into equation (19), substituting 
equation (21) into equation (19) and after a series of algebraic 
manipulation the state space equation for the system is 
obtained. 

 
Where  

  
In the model above, it is assumed that the wheels of the 
vehicle will always stay in contact with the ground and that 
there is no slip at the wheels. The cornering forces are also 
considered as negligible. 
Position and Direction Control 
So far we have introduced the balance controller. Next we 
will propose two IT2 Mamdani FLSs for the position and 
direction control of the MTWIP. Intuitively, when the inverted 
pendulum leans forward (θ >0), the MTWIP should also move 
forward to balance it, and vice versa. So, the position control 
can be achieved by giving a certain inclination angle to the 
inverted pendulum. Position Control Rule i: If pe is ˜ AD and ˙ 
θ is ˜B ˙, Then θoff is ˜ CD Where pe is the error of the 
position, and θ˙ is the change rate of the inclination angle. 
Note that the output of the position controller is θoff instead 
of a direct control signal. θoff is then fed into the balance 
controller. If θoff is not zero, then the balance controller 
thinks the MTWIP is out of balance, so it drives the MTWIP 
forward or backward to balance it, but in fact achieves our 
desired position control. Similarly, the direction controller 
employs the following IT2 Mamdani If-Then rules: 
 
 
 
 
 
 
 
 
TABLE I .Variables and values of corresponding uncertainties 
for MTWIP 
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The position controller employs IT2 Mamdani if-then rules 
In the following form: 
 

 

Fig.3. IT2 membership functions of the antecedents and 
consequent in the position and direction controllers 
 
TABLE II 
Fuzzy rules for Position Control 
 

 
 

 
 

 
NB 

 
NM 

 
NS 

 
ZO 

 
PS 

 
PM 

 
PB 

NB PB PB PB PB PM PS ZO 
NM  PB PB PB PM PS ZO NS 
NS PB PB PM PS ZO NS NM 
ZO PB PM PS ZO NS NM NB 
PS PM PS ZO NS NM NB NB 
PM PS ZO NS NM NB NB NB 
PB ZO NS NM NB NB NB NB 

  
Direction Control Rule i: If αe is ˜ A_ and ˙ αe| is ˜B, 
                                        Then u_ is ˜ C_ 
Where αe is the error of the direction, and α'e is its rate of 
change. The ranges of the above variables are given in Table 
1.The domain of each antecedent and consequent is 
partitioned into seven overlapping triangular IT2 FSs (NB, NM, 
NS, ZO, PS, PM, and PB) as shown in Figure 3. The rule base 
for position control is shown in table II and the rule base for 
direction control is shown in table III. There are seven fuzzy 
membership functions that correspond to zero (Z), positive 

small (PS), positive medium (PM) and positive big (PB) values 
of rotation error. Same linguistic variables are used for gauss 
and triangular type membership functions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TABLE III 
Fuzzy rules for Direction Control 
 
If angle error is NB and variation of angle error is NB then 
control action is PB. The IT-2FL controller’s membership 
functions are flexible link carrying pendulum system. There 
are seven fuzzy membership functions that correspond to 
zero (ZO), negative small (NS), negative medium (NM), 
negative big (NB) values of rotation error. Same linguistic 
variables are used for gauss and triangular type membership 
functions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig.4 Overall Simulink model of the MTWIP 
 
4. RESULT AND DISCUSSION 
The servo and regulatory responses are shown in the fig.5 & 
Fig.6. Here the disturbance rejection capability of the 
proposed controller for MTWIP has been demonstrated by 
simulation studies. This is used to achieve the expected 
balanced condition using Mamdani fuzzy model. 

PARAMETERS VALUE 
Mp(kg) 1.13 
Iw(kg*m^2) 0.000039 
Ip(kg m^2) 0.0041 
l(m) 0.07 
G (m/s^2) 9.81 
r(m) 0.051 
Mw (kg) 0.03 
Km  (Nm/A) 0.0235 
Ke (Vs/rad) 0.006087 

R(ohm) 3 

 
 
 

 

 
  
NB 

 
 
NM 

 
   
NS 

 
  ZO 

 
   
PS 

 
  
PM 

 
   
PB 

NB PB PB PB PB PM PS ZO 
NM  PB PB PB PM PS ZO NS 
NS PB PB PM PS ZO NS NM 
ZO PB PM PS ZO NS NM NB 
PS PM PS ZO NS NM NB NB 
PM PS ZO NS NM NB NB NB 
PB ZO NS NM NB NB NB NB 
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 In the previous section we have seen that the IT2 FLS is more 
robust than the T1 FLS through real-world experiments. This 
conclusion is consistent but why IT2 FLSs are more robust? 
The reason has been initially investigated from the reference 
papers we summarize their results here for the completeness 
of this paper. 
 
A. Robustness of the IT2 FLS 
Several researchers have shown that an IT2 FLS can give a 
smoother control surface than its T1 counterpart, especially 
in the region around the steady state [for a proportional-
integral (PI) controller, this means that both the error and the 
change of error approach 0]. As a result, small disturbances 
around the steady state will not result in significant control 
signal changes and thus minimize the amount of oscillations. 
Wu and Tan made use of this property to design simplified IT2 
FLSs, where IT2 FSs are only used for the region around 0 in 
each input domain and T1 FSs are used in other regions. This 
simplified IT2 FLS preserves the robustness of traditional IT2 
FLSs, with significantly reduced computational cost. 
 

 
 
Fig.5 Servo response of MTWIP with IT-2 FLC (Alpha, Angle 
and Distance) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6 Servo and regulatory response of MTWIP with IT-2 FLC 
(Alpha, Angle and Distance) 
 
And mathematically showed that when the baseline T1 FLS 
implements a linear PI controller and the IT2 FSs of the IT2 
FLS are obtained from symmetrical perturbations of the T1 
FLSs, the resulting IT2 FLS implements a variable gain PI 

controller around the steady state. These gains are smaller 
than the original PI gains of the baseline T1 FLS, especially 
around the steady-state. As a result, the IT2 FLS has a 
smoother control surface around the steady state. 
      The PI gains of the IT2 FLS also change with the 
inputs, which cannot be achieved by the baseline T1 FLS. 
However, all above analyses focused on IT2 FLSs using the 
Karnik-Mendel type-reducer.  
The robustness of IT2 FLSs using the Begian-Melek-Mendel 
type-reducer has been studied. It concluded that both T1 and 
IT2 FLSs can be designed to achieve robust behavior in various 
applications. However, IT2 FLSs have a more flexible structure 
and exhibited relatively small approximation errors in several 
examples. In this paper we coupled several IT2 FLSs together, 
which makes a comprehensive robustness analysis more 
challenging. Nevertheless, this will be one of our future 
research directions. 
 
B. Stability of the IT2 FLS 
 
To facilitate the stability analysis of IT2 FLSs, proposed a 
Mamdani inference mechanism which is formulated in closed 
form and hence does not require the iterative Karnik-Mendel 
algorithms. By using their inference mechanism, state space 
stability conditions for IT2 Mamdani FLSs has been derived 
and transformed into the standard formats that can be easily 
solved using software tools such as the MATLAB state space 
toolbox.  
In this paper, we proved the stability of IT2 Mamdani FLSs in a 
different way. By using the Mamdani method, the defuzzified 
output of the IT2 FLS can be described, which the same 
structure as the T1 FLS has studied in. Therefore, the related 
stability conditions of T1 FLS can be easily applied in our IT2 
FLS case. 
 
6. CONCLUSION 
       
We have presented the interval type-2 FLSs, including an 
efficient and simplified method to compute their input and 
antecedent operations. We have also provided a method for 
tuning the parameters of an interval type-2 FLS. Our 
simulation results show that an interval type-2 FLS 
outperforms a type-1 FLS in predicting a disordered time-
series whose measurements were corrupted by non-
stationary noise. The integrated IT2 FLS which models and 
controls an MTWIP is proposed and its effectiveness is 
verified through simulation result and may be through real-
world experiments in future. Our results show that the 
designed IT2 FLS is better able to cope with the modeling 
uncertainties than its T1 counterpart and performed better 
on the actual system. 
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Abstract— Air Pollution is one of the major risk factors in India, The exhaust emission of motor vehicles are majorly CO 
,PM,HC, NOx, These pollutant introduced various health effects like asthma, heart disease, lung diseases. The increase in the 
number of vehicles leads to heavy road traffic leading the way to high emission rate.  Existing approach of measuring vehicle 
emission is a tedious process because it involved with various expensive instruments or simulation model. Since it is not 
efficient way to measure vehicle emission in real time, automation system for air quality monitoring in traffic area was 
developed. National Ambient Air Quality Standard (NAAQS) was studied to compare the pollutant level to select the 
threshold value. In proposed IOT-based approach, sensor array will be used to measure the CO, PM concentration level at 
traffic area, and the environmental variable like temperature and Humidity also included the data will be compared with 
threshold value based on Air Quality Index (AQI). The location can be stamped using GPS. The pollution status on different 
route will be displayed on Google Map. The data will be send to server sing GSM network. 
  
 Index Terms—Vehicle emission, sensor array, IOT, GPS, Google Map, GSM, , Air Quality Index, NAAQS. 

 
I. INTRODUCTION 
Air Pollution is one of the major problems in India. Nearly 1.2 
million people dies every year due to air pollution in India. 
Nearly 75% of people in India exposed to air pollution every 
day. Air Quality has been monitored by Nation Ambient 
Monitoring Programme, under which several agent are 
working on including state and central government. The air 
quality monitoring station was located in particular location 
and sample of the air was collected from different zone like 
industrial, traffic, and residential area. The pollutant vale was 
measured from the sample [6]. This approach include with 
various expensive instruments. Some existing approaches 
that used to measure the air quality in traffic areas are the 
vehicular emission was measured with mathematical 
approach using formula, the emission factors can vary based 
on speed, distance, fuel type of the vehicle. The other 
approach was international vehicle emission IVE model to 
estimate the emission level. This model highly used to 
estimate the emission in India because of its features that 
support different driving modes, Meteorological variables, 
fuel type [5]. Another modelling approach that  simulated the 
traffic model using VISSIM and emission model using 
VERSIT+[9].The next expensive model that uses athelometer 
for Black carbon, CO analyzer for CO, these instruments are 
highly expensive[2].Mathematical approach also used, the 
emission factor was calculated based on different parameter 
like speed, fuel type, distance[1]. These approaches are not 
suitable for the real time monitoring, hence Internet of things 

approach was selected to monitor the environment and 
update the user to aware of pollution level in their route and 
act accordingly. In real time few sensor based approaches 
also used. The Mobile-DAQ unit gathers air pollutants levels 
(CO, NO2, and SO2), and packs them in a frame with the GPS 
physical location, time, and date. The frame is subsequently 
uploaded to the GPRS-Modem and transmitted to the 
Pollution-Server via the public mobile network. Air-Pollution-
Index: Function to convert the raw pollutant level received 
from each Mobile-DAQ to pollution standards called air 
quality index (AQI) using the formula the pollution standard is 
defined according the air quality standards of a particular 
region [10]. The sensor Node has been deployed on the top 
of the vehicle  in their experiment they have used Metal 
oxide Semiconductor(MOS) sensor to measure 
CO,NO2,Ozone and Electrochemical sensor for CO . The 
Electrochemical senor have more linearity response than 
MOS, but Electrochemical sensor are expensive than MOS [8. 
To reduce the emission rate from the vehicle government of 
India Adapted EURO standard which describe the limited 
range of pollutant that can emit from different types of 
vehicle. The pollution level of the vehicle increases day by day 
due to old vehicle usage, fuel type of the vehicle, growth of 
vehicle and infrastructure of the environment leads to 
congestion which leads to increase the growth of pollution. 
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II. SYSTEM ARCHITECTURE 
The sensor node used to detect the pollution level in the 
environment. The node has Carbon monoxide, Dust, 
Temperature and Humidity gas sensor. There are five types of 
gas sensor available they are electrochemical, infrared, 
semiconductor, catalytic bead and photo ionization. 
PIC16F877A Microcontroller, GSM module, Battery power 
were used for single node.  Node sends information to the 
server, after the data processing, the information will be 
mapped into the map. 

 
 
FIGURE 1. Single Node Architecture 

A. MQ-7 –CO sensor: 
MQ-7 sensor has 6 pins. 4 pin used for heating circuit and 
other 2 pin used for fetching data. It has two circuit Heater 
circuit and output circuit. Heater circuit works on cycle of 
high and low temperature. It detects CO at low temperature 
and cleans other gasses absorb at high temperature, the 
sensors conductivity is higher when the concentration of gas 
rising. The Output of the sensor is a analog signal. 

B. DHT11 sensor 
It is a temperature and humidity sensor calibrated with digital 
signal output. The humidity measured through resistive type 
humidity measurement component and temperature 
measure through negative temperature coefficient (NTC) 
temperature measurement component. It has fast response, 
high reliability, and long term stability. 
 

C. PM-SHARP-GP2Y1010 
This sensor was used to measure the PM(dust) level in the 
environment, it has light emitting diode and photo detector , 
when the dust accumulate at the detection area , the light 
emitting diode emits a side the reflection of the light was 
captured by photo diode. The output was generated as pulse 
width modulation i.e. analog output. 

D. Micro controller: 
4O Pin Pic16F877A was used. It operates on 20MHZ 
frequency, It has 8 analog input channel. It has 8 10-bit ADC 
channel. It has Data Memory Up to 368 Bytes, EEPROM up to 
256 Bytes, It supports serial communication 

E. GPRS SIM800 
It supports Quad-Band 850/900/1800/1900 MHz.It can be 
Control via AT commands .The Downlink speed of this module 
was 85.6 kbps. The software features supported by the 
module was 0710 MUX protocol, Embedded TCP/UDP 
protocol, FTP/HTTP 
 
In this architecture the senor array collects data from the 
environment and send that information to the 
microcontroller, the controller send data to cloud server 

through wireless communication and the data has been 
mapped onto the corresponding location on the map. The 
Location was marked as safe or not safe based on AQI Value 
based on the information user can change their Route.  . 

 
FIGURE 2. Reference architecture. 

. 
III. EXPERIMENT AND RESULT: 

Initially 3 identical node was created and tested in a real time 
environment the value for 3 node sensors was compared with 
each other. The coverage range of sensor was observed.  The 
collected information was send to the cloud server. The Air 
quality index value was compared with the collected value 
from the sensor. The pollution level of each node was 
compared with the standard threshold value and color code 
was given to the location based on AQI value and that value 
was mapped on to the location. The final location output was 
displayed on the Google Map. The AQI value calculated based 
on system of air quality and weather forecasting and 
research. The formula used to standardize the value given as 
    
AIR QUALITY INDEX     =           POLLUTION LEVEL    *100 
                                                 POLLUTION STANDARD  
 

 
 
Using this approach, the air pollution can be monitored in 
traffic area and pollution level status of that route is updated 
in real time on map. Hence user can avoid that route or take 
an alternative route to reach their destination safer. Since 
vehicles are spread across different route, there might be 
significant reduction in pollution level. 
IV. CONCLUSION. 

Using this approach we can able to monitor the route and its 
pollution status according to that users can select their route. 
In some cases  even the pollution are high , number of vehicle 
in that route may be less, because old or heavy vehicles in 
that route leads to high emission. This system will be helpful 
for the government to monitor the air pollution in the traffic 
area, and intimate the pollution status of that route to the 
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user in real time, using this approach government can provide 
better environment to the people, however this approach 
have some limitation, the nodes are need to be deployed 
large number, energy efficiency of the node also need to be 
considered, it can be improved by using solar energy. The 
natural parameters like wind, Humidity can affect the 
accuracy of the sensor. In such a case for real time approach 
it is suitable to use electrochemical sensor since it has high 
accuracy. 
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Abstract— Recommender system suggests products to users based on the preference of similar users. It is used in e-
commerce system and helps to match users with items. If any active user searches an item, the system recommends products 
based on the items searched by other users who have similar interest, hence it avoids information overloading problem. Over 
the past few years, recommender system suffers from scalability and sparsity issues. Different traditional methods had been 
employed but it does not solve such issues effectively. This paper addresses these issues by using K-Means clustering 
algorithms. Different centroid selection algorithms had been studied to determine the performance of K-means algorithm. 
The proposed algorithm uses model based collaborative filtering with offline clustering method. This makes searching easier 
and reduces the latency of search. Hence, the drawbacks of memory based collaborative filtering of recommender systems 
had been overcomed. In this paper, the implementation of model based collaborative filtering uses various types of K-Means 
or Clustering algorithms.  

Index Terms— Data Mining, Clustering, Content-Based Filtering, Collaborative-Based Filtering, Recommender System, Memory-
Based Recommender System, Model-Based Recommender System. 

 

I. INTRODUCTION  

A. DATA MINING 

  Data mining also known as knowledge discovery in the 
database has been recognized as a new area for database. It is 
the process of analyzing data from   different perspectives and 
summarizing it into useful information - information that can 
be used to increase revenue, cuts costs, or both. Data mining 
software is one of a number of analytical tools for analyzing    
data.  Analyze the data from many alternative        dimensions 
to allow users, categorize it, and summarize the relationships 
known. Technically, data     mining is the process of finding 
correlations or      patterns among dozens of fields in large 
relational   databases. 

 

B. CLUSTERING 

 Clustering is a process of partitioning or divided a set of 
data into a set of meaningful classes or sub-classes. It is called 
as clusters. It helps users understand the grouping or structure 
in a data set. It can be used a stand-alone tool to get data 
distribution or preprocessing steps involve for other 
algorithms. Cluster models are a lot of clustering methods can 
be applied to a dataset in order to partitioning the data or 
information. Algorithm will always depends on the 
characteristics of the data set. 

 
Type of clustering 
1. Centroid-Based Clustering 
2. Distributed-Based Clustering 
3. Connectivity-Based Clustering 
4. Density-Based Clustering 
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C. RECOMMENDER SYSTEM 

A  RECOMMENDER  SYSTEM  IS  A  SYSTEM  PERFORMING    
INFORMATION  FILTERING TO  BRING   INFORMATION   ITEMS  SUCH  AS  
MOVIES,  MUSIC,  NEWS,  IMAGES, WEB PAGES,  TOOLS TO USER [2].  IF 
A FRESH USER WANTS TO SEARCH SOME ITEMS WITHOUT ANY 
KNOWLEDGE, THEN IT WILL CONSUME MUCH TIME.  SO WE WILL MOVE 
ON TO THE RECOMMENDER SYSTEMS. THE NEED FOR 
RECOMMENDATIONS FROM TRUSTED SOURCES IS TRIGGERED WHEN IT IS 
NOT POSSIBLE TO MAKE CHOICES WITH INSUFFICIENT PERSONAL 
EXPERIENCE OF A PARTICULAR[1][2]. 

RECOMMENDER SYSTEM TYPES 
There are two types of Recommender systems, 
     1.  Content Based Filtering Recommender System 
     2.  Collaborative Based Filtering Recommender System 

1. CONTENT BASED FILTERING RECOMMENDER SYSTEM 

 Content-based filtering approach uses textual       
(content) features of items in order to make                  
recommendations. These approaches train machine learning 
classifiers over user’s and item’s profiles. The content based 
approach consists in analyzing the content of the items being 
recommended. Compute similarity between items or users. 
Query items that are similar to a given item .Match item’s 
content and user’s profile.   Fairly easy for text. Difficult for 
music and video, except for digital signals. A lot of noise, e.g. 
Misplaced tags, attacks, etc.., it is a time consuming 
process.[1][2] 

 
 
2. COLLABORATIVE BASED FILTERING RECOMMENDER SYSTEM 
Collaborative  filtering  is  mainly  used  for  trying  to  

predict  the opinion the  user will  have  on  the  different  
items  and  be  able  to recommend  the Best items  to  the  
each  user  based  on  the  user’s previous  likings  and the  
opinion of the other likeminded users[1]. In the cooperative 
filtering, the similarities between completely different things 
within the dataset square measure calculated by exploitation 
one among variety of similarity measures, and so these 

similarity values square measure accustomed predict ratings 
for user-item pairs not gift within the dataset.[1][2][3] The 
similarity values between things square measure measured by 
observant all the users who have rated each the things. 

 

TYPES OF COLLABORATIVE FILTERING 

          There are two types of Collaborative Filtering    
Recommender Systems. 

 
 1. Model-Based Collaborative Filtering   
 2. Memory-Based Collaborative Filtering 

1.  MODEL-BASED COLLABORATIVE FILTERING 

      Model-based approaches initially train a model based 
on training data and then makes a prediction for real data.  
Usually, these models are based on clustering or classification 
techniques and are used to find a pattern from the training 
set.  Input the user database to estimate or learn a model of 
user ratings, then run new data through the model to get a 
predicted output. First, develop a model for user ratings. 
Computing the expected value of a user prediction, given 
his/her ratings on the other items. Static structure.  In 
dynamic domains, the model could soon become inaccurate. 

2. MEMORY-BASED COLLABORATIVE FILTERING 

       Memory-based approaches make predictions by  
taking into account the active user’s rating data.  All the 
ratings provided by the users are kept in memory and used for 
predictions[2]. To compute the similarity between items/users 
all the previously rated items are considered. Input the user 
database to estimate or learn a model of user ratings, then 
run new data through the model to get a predicted output.  
First, develop a model for user ratings. Computing the 
expected value of a user prediction, given his/ her ratings on 
the other items.   Static structure. In dynamic domains, the 
model could soon become inaccurate.   

II. PROBLEM STATEMENT 

2.1. EXISTING APPROACH 

     The existing approach of selecting centroid in K means 
Algorithm has limitations like Euclidean distance measures can 
unequally weight underlying factors. Randomly choosing of 
the cluster centre cannot lead us to the fruitful result. 
Applicable only when mean is defined i.e. fails for categorical 
data.  Unable to handle noisy data and outlier’s. Algorithm 
fails for non-linear data set. 
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2.2. PROBLEM STATEMENT 

     In the types recommender systems, we use 
collaborative filtering, not the content based filtering because  
the content based filtering approach uses textual (content) 
features of items in order to make recommendations. But the 
collaborative filtering approach is considered to be the most 
popular approach for recommendation systems. The 
collaborative filtering takes into the account the interest of 
similar users, under the assumptions that the active users will 
be interested in items that users similar to them have rated 
highly. The major problems in K-Means clustering algorithms 
are Accuracy, Scalability cluster quality coverage, Robustness 
to sparsity, Cold start problem. Collaborative Filtering -based 
recommender systems are unable to provide reliable 
recommendations for such items or sometimes simply ignore 
them. This problem is known as long tail problem and most of 
the items in recommender systems fall in this category. As 
these item cannot be left overlooked and there is a need to 
develop some algorithm that can filter and provide accurately 
recommendations from the items that exist in long tail 
category. In Collaborative Filtering approach it is tough to get 
ratings for new item from significant number of users. This is 
called new item cold-start problem. Conventional K-Means 
algorithms choose initial centroids randomly. Hence, they can 
converge to local optima resulting in poor quality clusters.  We 
want a recommendation algorithm to be accurate than the 
conventional K-Means based CF algorithms. The coverage of a 
recommendation algorithm should be maximum. A 
recommendation algorithm should scale gracefully with the 
increase in data and also have good clustering capacity. 

 

III. LITERATURE SURVEY 

 
4.1 NOVEL CENTROID SELECTION APPROACHES FOR K-MEANS 
CLUSTERING BASED RECOMMENDER SYSTEMS, SOBIA ZAHRA , 
MUSTANSAR ALI GHAZANFAR , ASRA KHALID , MUHAMMAD AWAIS 
AZAM , USMAN NAEEM , ADAM PRUGEL BENNET . [1] 

K-Means clustering-based recommendation algorithm, 
which addresses the scalability issues associated with 
traditional recommender systems. The issue with traditional 
K-Means clustering algorithms is that they choose the initial 
centroid randomly, which leads to inaccurate 
recommendations and increased cost  for offline training of 
clusters. The proposed centroid selection method has the 
ability to exploit underlying data correlation structures, which 
has been proven to exhibit superior accuracy and 
performance in comparison to the traditional centroid 
selection strategies, which choose centroids randomly. 
Centroid selection in k- means based recommender systems 
can improve performance as well as being cost saving.  

Recommendations can be presented to an active user in 
two different ways 

    1.  Predicting ratings of item that the user has not    
seen. 

    2.  Construct a list of  items ordered by the users 
preferences, which is known as top-N recommendations. 

Centroid selection approaches in k-means clustering for 
improving the recommendation process for recommender 

systems. We have applied these selection approaches along 
with traditional K-Means for comparing their performance. 
4.2 RECOMMENDER SYSTEM FOR PREDICTING STUDENT PERFORMANCE, 
NGUYEN THAI-NGHE, LUCAS DRUMOND, ARTUS KROHN-GRIMBERGHE, 
LARS SCHMIDT-THIEME. [2] 

In this paper, we use Recommender System for e-
learning system. It’s recommending resources to the learners. 
(Resource->books, papers, etc., and Learner -> users or 
students). Recommender systems focus on reducing the 
information overload and act as information filters. Used for 
collaborative filtering and matrix factorization. In this methods 
have “new-items” problem. So, we have to use for traditional 
regression methods (logistic regression or linear regression) to 
overcome this problem for “New-items” Problem. The aim of 
recommender system is making vast catalogs of  products 
consumable by learning user preferences and applying them 
to items formerly unknown to the user, thus being able to 
recommend what has a high  likelihood of being interesting to 
the target user. The two most common tasks in recommender 
systems are Top-N item recommendation where the 
recommender suggests a ranked list of (at most) N items i ∈ I 
to a user u ∈ U and rating prediction where the aim is 
predicting the preference score (rating) r ∈ R for a given user-
item combination. For item recommendation the training data 
is currently usually unary information on items being viewed, 
clicked, purchased etc.  by the respective users. Rating 
prediction mainly uses rating information itself as training 
data. In the early days of recommender systems, content was 
deemed very valuable training data and research data sets 
contained lots of attribute information for algorithm training. 
But since the late nineties the so called collaborative filtering 
approach prevails. Collaborative filtering is based on the 
assumption that similar users like similar things and, being 
content-agnostic, focuses only on the past ratings assigned. 
Making  use of matrix factorization which is known to be one 
of the most successful methods for rating prediction, 
outperforming other state-of-the-art methods. 
4.3 PERFORMANCE IMPROVEMENT OF A MOVIE RECOMMENDER 
SYSTEM BASED ON PERSONAL PROPENSITY AND SECURE 
COLLABORATIVE FILTERING, WOON-HAE JEONG, SE-JUN KIM, DOO-SOON 
PARK AND JIN KWAK, [3] 

In this paper, We use collaborative filtering system. 
The collaborative filtering system is performance 
improvement of a movie recommender system based on 
personal propensity and secure collaborative filtering. The 
collaborative filtering system have sparsity, scalability, and 
transparency, as well as security issues in the collection of the 
information that becomes the basis for preparation of the 
profiles. We have to used for Personal Propensity with logistic 
regression. So, that model can be avoided for the scalability 
and sparsity problem or issues. 
4.4 MULTICRITERIA BASED RESTAURANT RECOMMENDER SYSTEM, 
GEDIMINAS ADOMAVICIUS, YOUNGOK KWON, [4] 
 In the application of restaurant recommender 
system, recommender system recommend the restaurants 
based on the user preferences like cost, service, distance, 
quality etc., It recommends restaurants based on previous 
ratings and similarities of previous users preference and 
current users preference. The problem was multicriteria 
rating. In our approach we consider all criteria not a single 
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one. The proposed approaches are Similarity based approach 
and Aggregation function based approach. These approaches 
improves recommendation accuracy. 
4.5  A NOVEL COLLABORATIVE FILTERING RECOMMENDATION SYSTEM 
ALGORITHM, QI WANG, WEI CAO AND YUN LIU, [5] 
 In this paper, Collaborative filtering approaches is 
used. It computes the similarity of items or users according to 
a user-items rating matrix. It constructs the sparse rating 
matrix. This algorithm has data sparsity problem. The 
proposed  improves clustering based collaborative filtering 
algorithm for dealing  with data sparsity. (Using for the 
algorithm K-Means). This algorithm improved better accuracy. 
4.6 ITEM-BASED COLLABORATIVE FILTERING    RECOMMENDATION 
ALGORITHMS, BADRUL SARWAR, GEORGE KARYPIS, JOSEPH KONSTAN, 
AND JOHN RIEDL, [6] 
Recommender systems apply knowledge discovery techniques 
to the problem of making personalized recommendations for 
information, products or services during a live interaction. 
These systems, especially the k-nearest neighbor collaborative 
filltering based ones, are achieving widespread success on the 
Web.  The tremendous growth in the amount of available 
information and the number of visitors to Web sites in recent 
years poses some key challenges for recommender systems. 
These are producing high quality recommendations, 
performing many recommendations per second for millions of 
users and items and achieving high coverage in the face of 
data sparsity. In traditional collaborative clustering systems 
the amount of work increases with the number of participants 
in the system. New recommender system technologies are 
needed that can quickly produce high quality 
recommendations, even for very large-scale problems. To 
address these issues we have explored item-based 
collaborative clustering techniques. Item-based techniques 
analyze the user-item matrix to identify relationships between 
different items, and then use these relationships to indirectly 
compute recommendations for users. 
4.7  THE COLLABORATIVE FILTERING RECOMMENDATION BASED ON SOM 
CLUSTER-INDEXING CBR, TAE HYUP ROHA, KYONG JOO OHB, INGOO 
HANA, [7] 

In this paper, We use Collaborative filtering 
recommender system. The main concerns of this algorithm 
are Prediction accuracy and Speed of response time. To 
identified the problems are Data Sparsity Problem and  
Scalability Problem. To overcome the above problems using 
the model for Collaborative filtering recommendation model. 
Our approaches for three step processes. They are, 

 1. Profiling -> The process of examining the data 
available in an existing data source, and collecting statistics 
and information about that data. 

 2. Inferring  
 3. Predicting  
This models are combines a collaborative filtering 

algorithm with two Machine learning processes are SOM( Self-
Organizing Map) and  CBR( Case Based Reasoning ). The 
collaborative filtering algorithm and SOM then CBR, by 
changing an unsupervised learning clustering problem into a 
supervised learning user preference learning problem. In this 
paper, we propose a Structure Conduct Performance SCP 
model which applies two combing machine learning 

techniques, SOM and CBR. It is an new approaches in the 
Collaborative filtering recommendation field. 
4.8   PROBABILISTIC MEMORY-BASED COLLABORATIVE FILTERING, KAI 
YU, ANTON SCHWAIGHOFER, VOLKER TRESP, XIAOWEI XU, AND HANS-
PETER KRIEGEL, [8] 

In this paper, we use Probabilistic Memory-Based 
Collaborative Filtering and Probabilistic Active learning 
method in Recommender Systems. The existing method for 
Traditional Memory-Based Collaborative Filtering. This model 
has a problem for “New User Problem”. We use the model for 
Probabilistic Active Learning to overcome “New User 
Problem”. Another one method for Probabilistic Memory-
Based Collaborative Filtering (PMCF). This model is used to 
improve accurate and efficient prediction of user preference. 
4.9 SCALABLE COLLABORATIVE FILTERING USING CLUSTER-BASED 
SMOOTHING, GUI-RONG XUE, CHENXI LIN, QIANG YANG, WENSI XI, 
HUA-JUN ZENG, YONG YU, ZHENG CHEN, [9] 

In this paper, we use the model, memory based for 
collaborative filtering system. To identify the similarity 
between two users and comparing their ratings on a set of 
items. In this model have been two kinds of problems are 
Sparsity problem and Scalability problem. Model-based 
collaborative filtering can be used.  In this model can be 
avoided for this problem. But these models tends to limit the 
range of users. But, In this paper, Introduce two kinds of 
approaches, they are 

1.  Smoothing-based  
To solve the missing-value problems.    And    

to improve   the accuracy then, solve the scalability 
problem. (It is used to remove noise from a dataset). 

2. Neighborhood   

These two kinds of approaches to improve the accuracy and to 
increase the efficiency. And another new approaches for 
state-of-the-art collaborative filtering algorithms. 
4.10  COLLABORATIVE FILTERING USING ORTHOGONAL NONNEGATIVE 
MATRIX TRI-FACTORIZATION, GANG CHEN, FEI WANG, CHANGSHUI 
ZHANG, [10] 
 In this paper, we use the model for collaborative 
filtering. The aim of this model to predicting a test user’s 
ratings for new items by integrating other like-minded user’s 
rating information. The traditional collaborative filtering can 
be divided into two model such as, 

   1. Memory Based -> In this model have two 
problems are Sparsity and Scalability  
  2. Model Based -> Too much of cost to establishing a 
model. 

To overcome this problem using for Novel based collaborating 
filtering by applying ONMFT. (Orthogonal Nonnegative Matrix 
Tri-factorization). To avoid the sparsity problem using matrix 
factorization. To solve the scalability problem using clustering– 
User-item matrix. In this algorithms to solve sparsity and 
scalability problem and to achieves well performance in that 
particular time. We propose system for Hybrid collaborative 
filtering recommender system. 
4.11 COMBINING CONTENT-BASED AND COLLABORATIVE 
RECOMMENDATIONS A HYBRID APPROACH BASED ON BAYESIAN 
NETWORKS, LUIS M. DE CAMPOS, JUAN M. FERNÁNDEZ-LUNA, JUAN F. 
HUETE, MIGUEL A. RUEDA-MORALES, [11]   
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This paper use for a Hybrid approach based on 
Bayesian networks. Hybrid recommender system is nothing 
but the combination of content based recommender system 
and collaborative based recommender system. 

The problems are classified into two in memory 
based Sparsity and Scalability in memory based collaborative 
filtering. This problem is too much of cost to establish the 
model based collaborative filtering approach. These 
approaches have above mention problems. This problem can 
be avoided, by using the technique for hybrid recommender 
system to improve quality of our recommender system. 
Hybrid recommender technique avoids the cold start problem 
by using boosting algorithms. In this paper, we use the model 
for probabilistic model. We have proposed a hybrid 
recommender model based on Bayesian networks model. 
4.12 A COLLABORATIVE FILTERING RECOMMENDATION BASED ON USER 
PROFILE AND USER BEHAVIOR IN ONLINE SOCIAL NETWORKS, LU YANG, 
ANILKUMAR KOTHALIL GOPALAKRISHNAN, [12] 

Aim of this paper, the similarity among users and 
items in a social network. It is based on algorithms for CF 
(Collaborative filtering algorithm) and SimRank algorithm 
(Similarity Based on  Random Walk).  The Collaborative 
filtering algorithm used to predict the relationship between 
user rating on items and users profile. The SimRank algorithm 
used to calculates the smilarity among users and finding the 
nearest neighbors for each user in the social network. In this 
paper focus on the social recommendation problem. These 
two algorithms to improve the prediction accuracy of 
recommender system. 
4.13 HYBRID USER-ITEM BASED COLLABORATIVE FILTERING, NITIN 
PRADEEP KUMAR, ZHENZHEN FAN, [13] 

In this paper, we use a Hybrid user-item based CF. 
The traditional collaborative filtering recommender system is 
used in recommendation system. These algorithms face two 
major issues data sparsity, scalability problem. To overcome 
the these problems by using techniques for CBR and SOM 
based on hybrid user-item collaborative filtering. 

 1. CBR-> Case Based Reasoning It’s combined with 
average filling is used to      solve the sparsity   issues. 

2. SOM -> Self-Organizing Map It’s optimized with GA 
(Genetic Algorithm) is used to solve the scalability problem for 
item based collaborative filtering. We propose a hybrid user-
item based CF to achieve a more personalized product 
recommendation for a user. 

K-MEANS CLUSTERING ALGORITHM 

1. Define desired numbers of clusters, k. 
2. Choose the k users uniformly at random from U, as 
     initial     starting points. 
3. Assign each user to the cluster with nearest centroid. 
4. Calculate mean of all clusters and update centroid value 
    to the mean value of that cluster. 
5. Repeat step 3 and 4, till no user changes its cluster 
    membership or any other convergence criteria is met. 
6. return {c1; c2; . . . ; c}. k centroids . 
 

The main design objectives include scalability, 
sparsity, accuracy and quality of Cluster 

IV.  PROPOSED METHODOLOGY 

             FLOW DIAGRAM 

 
K-MEANS CLUSTERING 
 
. 
 

 DATA PREPROCESSING 
 Data preparation is the process of collecting, cleaning 

and consolidating data into one file or data table.But the 
collected data can’t be used directly for performing analysis 
process. To solve this problem data preparation is done. Two 
types of techniques are listed below. They are, 

   1. Data Preprocessing 
   2. Data Wrangling 

 CLUSTERING ANALYSIS 

Clustering is a process of partitioning or divided a set of 
data into a set of meaningful classes or sub-classes. It is called 
as clusters. It helps users understand the grouping or structure 
in a data set. It can be used a stand-alone tool to get data 
distribution or preprocessing steps involve for other 
algorithms. Cluster models are a lot of clustering methods can 
be applied to a dataset in order to partitioning the data or 
information. Algorithm will always depends on the 
characteristics of the data set. 

 
 USER AND ITEM-BASED FILTERING 
 User and Item Based Collaborative Filtering 
recommends items on the basis of the similarity matrix. This 
algorithm is efficient and scalable. In this project we will use 
the demo MovieLens dataset. Identify which items are similar 
in terms of having been purchased by the same 
people Recommend to a new user the items that are similar to 
its purchases 

 K-MEANS CLUSTERING 

 K-Means is a clustering approach that belogs to the 
class of unsupervised statistical learning methods. K-Means is 
very popular in a variety of domains. One of the first steps in 
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building a K-Means clustering work is to define the number of 
clusters to work with. Subsequently, the algorithm assigns 
each individual data point to one of the clusters in a random 
fashion. The underlying idea of the algorithm is that a good 
cluster is the one which contains the smallest possible within-
cluster variation of all observations in relation to each other. 
The most common way to define this variation is using 
the squared Euclidean distance. 

 
V. EXPERIMENT RESULT 

 In this experiments, our datasets collected from Films,     
Recommendation sites, these are generally used for the 
recommender systems. The datasets are large datasets and 
frequently use for the recommendation algorithms, its 
measure the scalability of an our algorithm. In this paper we 
use for MovieLens (Latest-Small, 1M). 

 MovieLens Latest Small Ratings (MLSR) 
 MovieLens 1M Ratings (ML1M) 

     
MovieLens Latest Small Raings (MLSR) 
 The MovieLens Latest Small Ratings dataset has 

100,000 ratings and 1,300 tag applications applied to 9,000 
movies by 700 users.  

MovieLens 1M Ratings (ML1M) 
 The MovieLens 1M Ratings dataset has 1 Million 

Ratings  from 6000 users on 4000 Movies.  
 
DATA PREPROCESSING 
 

 
 
USER AND ITEM BASED SIMILARITY 
 

 

 

NORMALIZED DATA 
 

 
 
EVALUATION RESULT 
 

 
 
CLUSTER QUALITY 
 

 
K-MEANS RESULT WITH 3 CLUSTERS 
 

 
K-MEANS RESULT WITH 5 CLUSTERS 
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K-MEANS RESULT WITH 7 CLUSTERS 
 

 
 
K-MEANS RESULT WITH 9 CLUSTERS 
 

 

VI. CONCLUSION AND FUTURE WORK 

In this project various issues of recommender systems such as 
scalability and sparsity have been addressed by using different 
K-Means clustering algorithms. Scalability issues are addressed 
with traditional system and sparsity issues are addressed with 
collaborative filtering method using non-negative factorization 
algorithm. The performance analysis has been done using 

centroid selection algorithms. Hence the performance has 
been increased using based on the analysis of different K-
Means algorithms and the model based filtering approach 
which has offline clustering methods has been used. Thus the 
latency of search is reduced, which makes search easier for 
the users.  
 The future enhancement of this project is to reduce 
scalability and sparsity problems more efficiently using various 
types of K-Means algorithms. After, complete the above 
module then focus on the Hybrid based on Recommender 
Systems. 
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Abstract— Content Based Image Retrieval (CBIR) is an image retrieval system which uses to retrieve similar images based on 
visual contents that are present in the images. The visual contents of the image can be known by extracting the features that 
are presented in the images. Low level features like color, texture and shape features can be extracted from the images and 
there are various methods available to extract these features. In this paper, the CBIR system is designed by integrating the 
color and texture features. 
  Index Terms— Content Based Image Retrieval, Color Features, Texture Features, Feature Extraction, Color Histogram. 

 

I. INTRODUCTION 
In today’s world, the data are created, shared, stored and 
managed in internet. Most of the data are in image and video 
format. The retrieval of data have two difficulties, they are 
retrieval of similar data and retrieving images in limited time. 
Here we consider image retrieval process in order to retrieve 
images from large collection of image stored in the database. 
 
Since 1992, this area had wide development. The traditional 
methods to find similar image are captioning, using keywords 
and providing description of images. The main problem here is 
to locate the desired image in large collection of database. 
While considering CBIR, we use visual contents like color, 
shape and texture features of image to retrieve the similar 
images from the database. These features can be extracted 
using several methods and descriptors. Retrieval of image is 
based on the features which are automatically extracted from 
image themselves. The survey had been made on the methods 
that are available to extract the color and texture features. 
 

II. BASIC CBIR SYSTEM 
 Content Based Image Retrieval framework retrieves the 
picture from large database by looking the features of the 
images like low level features and high level features. The 
most widely recognized low level features are Color, Texture 
and Shape. Typical CBIR framework enables client or user to 
present the query picture, and then the CBIR system will 
extract feature vectors for query picture and for collection of 
pictures in the database. By using similarity measurement 
techniques the extracted feature vectors are matched. At that 
point where the system finds the highest similarity values it 
will provide the results. The results present the thumbnails of 
these pictures on the screen. 

 
 

Fig1. Architecture of Basic CBIR System 
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A. Color Feature 
Color is the most basic quality of visual content. Images are 
examined based on the colors they contain. It is one of the 
most widely used techniques because it can be completed 
without regard to image size or orientation. Color feature can 
be obtained or calculated by quantizing the color spaces, RGB 
values, HSV values and computing distance measures based 
on color similarity, which is achieved by computing a color 
histogram for each image that identifies the proportion of 
pixels within an image holding specific values. There are 
various descriptors like Dominant Color Descriptor (DCD), 
Scalable Color Descriptor (SCD), Color Structure Descriptor 
(CSD), Color Layout Descriptor (CLD) are used to extract color 
features. And also there are several methods like Color 
Moments, Color Histogram, Color Correlogram and Auto Color 
Correlogram used to extract color features. 

B. Texture Feature 
Texture is an important quality in order to describe an image. 
The texture descriptors will characterize the image textures or 
regions. They observe the region homogeneity and the 
histograms of the region borders. These features can look for 
patterns and spatial locations present in the image and they 
are quiet difficult to represent. But it can be represented by 
obtained relative pixel brightness, contrast and directionality 
etc, Some other methods to classify image texture includes co-
occurrence matrix, law texture energy, wavelet transform and 
other transforms. The region homogeneity and the histograms 
of the region borders can be obtained. The set of descriptors 
namely Homogeneous Texture Descriptor (HTD), Texture 
Browsing Descriptor (TBD), Edge Histogram Descriptor (EHD) 
can be used. 

C. Shape Feature 
Shape feature describes the region of image not exactly the 
shape of the image. It can be obtained by segmentation and 
edge detection of an image. Two main types of shape features 
are commonly used global features such as aspect ratio, 
circularity and moment invariants. Shape filters are used for 
extracting the shape features. Shape descriptors can also be 
used but it should be invariant to scaling, translation and 
rotation of images. Some shape descriptors includes Moment 
Variants functions and Fourier Transform functions. 

III. METHODS USED IN EXISTING CBIR SYSTEMS 
Content Based Image Retrieval System proposed by Chun, 
Young Deok et.al. [1] is based on the combination of multi 
resolution color and texture features. Here, the color features 
are extracted by using autocorrelogram and texture feature 
are extracted by using Block Difference of Inverse Probabilities 
(BDIP) and Block Variation of Local Correlation Coefficients 
(BVLC). Color autocorrelogram describes the probability of 
finding pixels of identical color at a distance from given pixel. 
This is extracted using HSV rather than RGB, because HSV 
provides better correspondence of similar colors. BDIP 
effectively extracts the edges and valleys in the image where it 
expresses the maximum intensity variation in a block. BVLC 
measures the texture smoothness level according to four 
orientations of a block. The query feature vector is created for 
both color and texture features. Then the similarity is 
obtained between query and target feature vector. According 

to similarity ranks, it finally retrieves the given number of 
target images from the image database. 
 
In [2] the CBIR system is designed by Yue, Jun et.al., by using 
multi resolution color and texture features. Here, the color 
feature is based on color histogram and texture feature is 
based on co-occurrence matrixes which are extracted to form 
feature vector and then the weights are constructed for these 
feature vectors. Color feature neglects the spatial locations 
and it is difficult to segment. Some of the color feature 
extraction methods include Global Color Histogram and Block 
Color Histogram. In Global Color Histogram, HSV color space is 
used and the feature value is calculated. It is invariant to 
rotation and translation of images. In Block Color Histogram, 
images are separated in n x n blocks. For each block, we 
calculate color quantization and its weight coefficients are 
distributed. Texture features are extracted by converting 
images from RGB to grey scale images, feature values are 
calculated for grey scale images and internal normalization 
process is performed and then by using appropriate similarity 
measure texture feature comparison is done. 
 
The CBIR system proposed by Wang et.al., [3] is based on 
combining color, texture and shape feature information. For 
extracting color features RGB color space is divided into 8 
coarse partitions. Then quantized color is selected by centroid 
of each partition just by calculating average value of color 
distribution for each partition center and then they calculate 
the mutual distance and merge similar color bins to obtain 
dominant color. For texture feature extraction steerable filters 
are used, and the steerable filter decomposition for the given 
image has been performed. Then the energy distribution of 
filtered image is obtained.  Additionally mean and standard 
deviation are also calculated. Here, for extracting the shape 
feature pseudo-zernike moments are used. It is not scale or 
translation invariant and it is obtained by normalizing the 
image. Finally similarity for each feature has calculated. 
 
In [4] Singha et.al., had proposed CBIR system based on 
combination of color histogram and fast wavelet 
transformation. Totally three methods are used here. First 
method is retrieving images using color histogram. Here, RGB 
image is converted to HSV color space. Color quantization is 
carried out using color Histogram. Then the normalized 
histogram is found. Second method is wavelet based Color 
Histogram, where the image is decomposed using HAAR 
wavelet transform which produce approximate, vertical, 
horizontal and diagonal coefficients. They retrieve images 
based on combinations of these coefficients. Third method is 
Lifting wavelet based color histogram, lifting scheme used in 
HAAR wavelet transform. Decompose images using lifting 
scheme in first level wavelet transform to obtain the 
mentioned coefficients. Assigning weight to approximate and 
horizontal coefficients and convert it into HSV plane. Then 
normalized Histogram is calculated. Finally, the similarity 
matrix is calculated for each method to retrieve the images. 
 
In [5] Yildizer, E et.al., had proposed effective CBIR just by 
integrating wavelets with clustering and indexing. Here, they 
use clustering algorithm K-means and a database indexing 
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structure B+ tree to retrieve relevant images. Three steps have 
been discussed in [5] they are feature extraction, model 
construction and query phase for image retrieval. The first 
step in feature extraction is to pre-process the image by 
resizing and transforming it into RGB values. Then, apply 
wavelet transformation to divide the images into high and low 
frequency bands. Model construction is used to find a model 
that reduces the search space without losing relevant images. 
K – means clustering is most effective method for reducing the 
search space. Integration of K –means with B+ tree is used to 
neglect the outliers. 
 
The CBIR system created by Anil Balaji Gonde et.al., [6] 
describes that the features can be collected by combining the 
Modification of Curvelet Transform (MCT) with vocabulary 
tree. Some of the components of MCT like Gabor transform, 
Ridgelet transform , energy histogram , and vocabulary tree 
have been discussed in [6]. Ridgelet transform represents the 
image with edges and curvilinear structure. This transform 
provides good result for straight line. The handling of large 
descriptor vectors can be solved by vocabulary tree. MCT gives 
better detailed sub band images and improves the result. 
 
Talib, Ahmed et.al., [7] proposed a new semantic color 
features are extracted from Dominant Color (DC) and is used 
for image retrieval process. Here, weighted Dominant Color 
Descriptor (DCD) is used to retrieve the dominant color from 
the image. The weight of the dominant color is computed 
based on the location of the image.  Weighted dominant color 
is also called border weight because the weight of DC is equal 
to the frequency of it on the border. The color with high 
frequency at the image border will have high weight and the 
remaining will be assigned with low values. DCD ill improve 
the background effects. Salient Object Detection is effective 
for single object images. 
 
In [8], Shiv Ram Dubey et.al, describes the encoding of color 
and texture features of image from local neighborhood of 
each pixel. The local neighborhood contains more texture and 
shape information and plays an important role in human 
visual system. Color features are extracted by converting RGB 
color space into a single channel. Texture feature is encoded 
with structuring patterns generated from structured elements. 
Rotation and scale invariant hybrid image descriptor is 
constructed by fusing the color and texture feature. Color 
image have been analysed by using the Color Difference 

Histogram (CHD). CHD is used to represent the image using 
color difference of two pixels for each color and edge 
orientation of an image. The RSHD descriptor can be used in 
those problems, where image description is needed. By using 
this descriptor the similar images for the query image have 
been retrieved. The result is evaluated by using precision and 
recall measure. 
 
Shiv Ram Dubey et.al, [9] proposed the Local neighborhood-
based robust color occurrence descriptor (LCOD) and it is used 
to encode the color information present in the image. Color 
information is processed by reducing the number of colors 
into less number of shades. The reduced color shade 
information of the local neighborhood is used to compute the 
descriptor. LCOD is constructed by generating a local color 
occurrence binary pattern for each pixel in the image. The 
binary patterns of each pixel in the image are aggregated to 
find the single pattern. LCOD is more robust towards scale and 
rotation. LCOD is not better for the planner image because the 
quantization step will fail to produce the image with more 
information. 
 
Rashno, A et.al, [10] describes the most similar images are 
retrieved in CBIR by selecting the most relevant features 
among the complete feature set created by Ant Colony 
Optimization (ACO)  based on feature selection. The nodes in 
ACO represent the feature and edges represent the selection 
of next feature. The main objective of ACO is to find a path 
with minimum cost in the graph. Generate a new set of ant 
population and assign a random feature to each ant and mark 
the feature as visited. Then, select the feature with highest 
probability from unvisited nodes and mark that feature as 
visited. Ant colony optimization is used to reduce the 
irrelevant and redundant features but ACO is more time 
consuming process. 
 
 
 
 
 
 
 
 
 
 
 

Table 1: Benefits and Limitations of Existing Methods 
 

S.NO. TITLE OF THE PAPER BENEFITS LIMITATIONS 
1 ‘Content-Based Image Retrieval 

Using Multiresolution 
Color and Texture Features’ 
Young Deok Chun, Nam Chul 
Kim, Ick Hoon Jang, 

1) Extract and 
Retrieves images with 
any resolution  

1) Performance degraded for the 
multiresolution database 

2 ‘Content-based image retrieval 
using color and texture fused 
features’ Yue, Jun, Zhenbo Li, Lu 
Liu, and Zetian Fu 

1) Color Histogram is 
used to describe the 
distribution of color 
from an image 
 

1)     Color histogram does not describe the 
local distribution of image in the color space 
and spatial position of each color. 
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2)    Global Color 
Histogram (GCH) are 
effectively useful for 
calculation and 
matching of image 
similarity 

2) GCH calculates only the frequency of  
color not the spatial distribution  

3 ‘An effective image retrieval 
scheme using color, texture and 
shape features’ 
Xiang-Yang Wang , Yong-Jian Yu 
, Hong-Ying Yang  

1) Dominant Color 
Descriptor (DCD)  will 
represent the greater 
part of color with 
smaller color distance 

1)  DCD will cause incorrect ranks for 
images with similar color distribution  

4 ‘Content-based image retrieval 
using the combination of the 
fast wavelet transformation 
and the colour histogram’ 
Singha, M., Hemachandran, K. 
and Paul, A. 

1) Lifting scheme  
reduces the processing 
time to retrieve image 

 
2) Wavelets are 
robust to colour 
intensity and can 
capture both texture 
and shape feature 

1) Increasing the number of sub areas by 
CH leads to increase in the use of memory 
and computational time  

5 ‘Integrating wavelets with 
clustering and indexing for 
effective content-based image 
retrieval’ Yildizer E., Balci A. M., 
Jarada T. N., & Alhajj R 

1) Indexing schema 
of B+ tree enables us to 
reduce the total cost 
 
2) B+ tree also 
reduces the total cost 
of the query phase 

1) Image segmentation has not done for 
better clustering of images 

 

6 ‘Modified curvelet transform 
with vocabulary tree for 
content based image retrieval’, 
Anil Balaji Gonde, R.P. 
Maheshwari and R. 
Balasubramanian 

1) MCT gives better 
detailed sub-band 
images than curvelet 
transform and thus 
improves the results 

1)  Ridgelet transform gives good result for 
straight lines but the images mostly 
contained curved edges rather than straight 
lines 

7 ‘A weighted dominant color 
descriptor for content-based 
image retrieval’ Talib, Ahmed, 
Massudi Mahmuddin, Husniza 
Husni, and Loay E.George 
 

1) Dominant color 
descriptor that can be 
used for effective 
object-based image 
retrieval and improve 
the background effects 

1) Weight Detection is effective for single 
object only and is difficult to work with 
complicated background  

 

8 ‘Rotation and scale invariant 
hybrid image descriptor and 
Retrieval’ Shiv Ram Dubey , 
Satish Kumar Singh, Rajat 
Kumar Singh 

1) Rotation and Scale 
invariant hybrid image 
Descriptor (RSHD) is 
more robust towards 
rotation and scaling 

1) RSHD is 100% slower than Structure 
Element Histogram (SEH) 

9 ‘Local neighbourhood-based 
robust colour 
occurrence descriptor for 
colour image 
retrieval’ Shiv Ram Dubey, 
Satish Kumar Singh, Rajat 
Kumar Singh   

1) LCOD descriptor 
are more robust 
towards geometric and 
photometric 
transformation and the 
time complexity of this 
descriptor is O(n) 

1) LCOD descriptor is not well suited for 
planar image because quantization step will 
fail to provide images with more information 

10 ‘An efficient content-based 
image retrieval with ant colony 
optimization feature selection 
schema based on wavelet and 
color features’ Rashno A., Sadri 
S., and Sadeghian Nejad H 

1)  All irrelevant and 
redundant features are 
dropped by ant colony 
optimization 

1) ACO feature selection is a time-
consuming task  
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IV. FEATURE EXTRACTION 
Here, the CBIR System is designed by extracting the both color 
and texture features.  

A) COLOR FEATURE: 
The color feature vector is extracted from calculating color 
moments, color auto-correlogram and dominant color.  
The Color moments measures the color distribution in an 
image, it is mainly used for color indexing and it is scaling and 
rotation invariant and it can be calculated for any color 
models. 
The first two color moments are calculated here, first color 
moment is calculated as average color in the image 
 
 

 
Second color moment is obtained by taking square root of 
variance of color distribution 
 
 
 
 
Where, N – No of Pixels 
                   Is value of j-th pixel in image at i-th color channel 
            Ei – Mean value or first color moment for i-th color 
channel in image 
 
The Dominant Color Descriptor is compact color descriptor, It 
stores the dominant colors and their percentages and Main 
reason for using DCD, it captures the spatial color distribution 
information. 
An autocorrelogram captures spatial correlation between 
identical colors only 
 
 
 
It gives the probability that a pixel at distance d away from 
each other 

B) TEXTURE FEATURE: 
Wavelet Feature is widely used for noise removal, image 
compression, image reconstruction and image retrieval, 
Wavelet features computed from discrete wavelet coefficients 
are assigned weights to increase effectiveness in CBIR. Here 
the low and medium frequencies usually match image 
content. Fast Discrete Curvelet Transform via Wrapping 
returns a table of curvelet coefficients indexed by a scale 
parameters, an orientation, and a spatial location. The FDCT-
Warp coefficients can be modified in order to enhancement 
contrast in an image. Results show that the proposed 
technique gave very good results in comparison to the 
histogram equalization and wavelet transform based contrast 
enhancement method. 

V. SIMILARITY MEASURES 

A) EUCLIDEAN DISTANCE: 
It measures the distance between two vectors of images by 
calculating the square root of the sum of the squared absolute 
differences. 

 
 
 
Where, A and B are pixels in the image. 
 

B) MANHATTAN DISTANCE: 
  This distance metric is computed by the sum of absolute 
differences between two feature vectors of images 
 
 
 
Where, x & y are the points. 

VI. EXPERIMENTS 
The experiments have conducted to retrieve similar images by 
using two different approaches. Here, firstly the above listed 
similarity metrics is used to compare and retrieve result 
images. Secondly a machine learning approach namely 
Support Vector Machine (SVM) is used to compare and 
retrieve result images. Here using SVM produces more 
accurate results than using the similarity measures. 
 
Results using Similarity Metrics 

 
 
Results using SVM Classifier 

 
 

VII. CONCLUSION 
Content Based Image Retrieval System is an efficient method 
for retrieving the relevant image from the dataset. Thus the 
proposed work based on color, texture feature has been 
tested experimentally by using many dataset and the results 
are obtained. These results are evaluated by using precision 
and recall rates. It is concluded that the image retrieved well 
by integrating color and texture features. The result is 
obtained by using similarity metrics and SVM classifier 
approach. The result obtained from SVM classifier shows 
approximately 90% and above precision rates. 
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