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PATENT FILED 

 No. of Patent Filed  : 09 

 No. of Patent Published : 05 
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No 
Title 

Applic

ation 

ID 

Status Details Contribution 

1. 

Development of 

Test RIG for 

Automated 

Driving Test 

Track and Issuing 

License using 

LABVIEW 

201741

030618 
Published 

The innovation is to monitor, 

analyze, record and report the 

driving skills of a person when 

applying for driving license test. 

This method is completely 

automated there is no need for 

manual introversion. 

Patent Drafting and 

Claim Written. The 

Hardware Model was 

developed and 

implemented to Indian 

Army (Bangalore) 

2. 
Panel for Smart 

Direct Online 

Starter 

297130 
Waiting  

The invention relate to a design 

for smart DOL starter with user 

friendly data display 

Patent Drafting and 

Claim  Written 

3. Antibiotic Herbal 

Toothpick 
297131 

Waiting 

The invention relate to a design 

for Herbal Antibiotic Toothpick 

for Tooth Infection 

Patent Drafting and 

Claim  Written 

4. Kitchen Waste 

Disposal Unit 
297133 

Waiting 

The invention relate to a design 

for kitchen waste disposal unit to 

convert kitchen waste into manure 

Patent Drafting and 

Claim  Written 

5. 

Method and 

system for 

automatically 

muting 

headphones when 

unused 

311573 Waiting 

The invention relate to a electrical 

circuit and small mechanical 

arrangement for automatic muting 

our headphones while removing 

from our ears. 

Patent Drafting and 

Claim  Written 

6. 

Development of 

AC Controller 

Smart watch for 

ICU Patients 

201841

041074 
Published 

The innovation is to control the 

Temperature of ICU Room based 

on the Patient health condition. 

Successful surgery depends on 

optimizing working conditions for 

medical professionals and patients 

Patent Drafting and 

Claim Written. The 

Simulation model was 

completed. 

7. 
Development of 

Portable and 

Inbuilt system for 

201841

041073 
Published 

The innovation is to control the 

brightness level of television by 

standard 2D cameras or simple 

Patent Drafting and 

Claim Written. The 

Simulation model was 



 

 

Brightness 

control in 

Televisions 

PIR sensors for avoiding 

children’s sitting near the 

Television to watch. This method 

is completely automated there is 

no need for manual introversion 

completed. 

8. 

Development of 

portable semi-

automatic 

coconut flesh 

scraper 

201941

000936 
Published 

The innovation is to grate and 

expel the coconut substance from 

the inside of a coconut shell and 

has a rotatable shaft & moving 

blade arrangement for coconut. 

This method is semi automated 

with no need for manual 

intervention. 

Patent Drafting and 

Claim Written. The 

Simulation model was 

completed. 

9. 

IOT based solar 

powered Self 

lawn bot for grass 

cutting system 

201941

000937 
Published 

The present invention relates to 

lawn bots and lawn bot moving 

accessories. More particularly, the 

present invention relates to an 

automated solar powered lawn 

cutting and vacuum system 

having an automated lawn bot and 

a mower home base enclosure in 

which the lawnmower is kept 

when not in use for re-charging of 

the mower and in which grass 

clippings are removed from the 

mover. 

Patent Drafting and 

Claim Written. The 

Simulation model was 

completed. 
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S.No Name of the 
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Status Contact Person Contribution 

1. 

Delving 

Research and 

Development 

Smart Meter Completed Dr.Chithra 

Simulation model and 

proof of concept was 

completed. Got 

Proposal from 

Government Agency 

2. Qubetronics Super capacitor Ongoing Mr.T.Karthik Simulation model work 



 

 

based 

Rechargeable LED 

is going on. 

3. MM Kitchens 
Electronic soft 

Lighter 
Completed Mr.L.Mahendren 

Product was developed 

and product under 

testing 

4. MM Kitchens 
Hot water Level 

indicator 
Completed Mr.L.Mahendren 

Product was developed 

and product under 

testing 

5. Bindhu Pumps 

IoT based Pump 

Test Rig for 

Industry 

Ongoing Mr.Nadarajan 

Simulation work and 

proof of concept 

developed. PCB design 

process under progress 

6. 
Karthikeya 

Enterprises 

Ethernet based 

Home appliances 

control 

Completed Mr.Thilak 

Product was developed 

and submitted to 

industry 

7. 
Karthikeya 

Enterprises 

Ethernet based 

Home appliances 

control 

Completed Mr.Thilak 

Product was developed 

and submitted to 

industry 

8. 
Karthikeya 

Enterprises 

WiFi ESP8266 

based Home 

appliances control 

Completed Mr.Thilak 

Product was developed 

and submitted to 

industry 

9. 
Karthikeya 

Enterprises 

Smart Home 

control using 

Hybrid technology 

Completed Mr.Thilak 

Product was developed 

and submitted to 

industry 

10. 

Kondaas 

Power 

Solutions 

IoT based data 

monitoring system 

from remote 

inverters 

Ongoing Mr.Sam 

Site visit under 

progress 

PRODUCT DEVELOPMENT 

Industrial: 

 IoT based Pump Test Rig for Industry 

 Automatic Retrofit model for commercial water heater 

 Retrofit GSM kit for Star-delta Starter 

 Automatic Vehicle Service Remainder for service company 

 Distribution Transformer Data Monitoring 



 

 

Commercial: 

 Automated Lighter for gas operated shawarma making machine 

 Automated Water Heater for Food dispenser Table 

 Automatic Plastic storage with rewards dispenser 

 Hybrid Algorithm for Smart Home Automation 

 Ethernet based Home Automation 

 WiFi ESP8266 based Home Automation 

 Astrological Timer for Street Lights 

 Finger print based Vehicle Ignition system  

 Automatic DC Motor Load Test Kit 

TECHNOLOGIES KNOWN 

 IoT 

(By using Arduino, Texas Instruments, Node MCU) 

 PCB Designing 

(Proteus, Dip trace (EAGLE, KiCad EDA, Altium Designer (Basic Level))) 

 Automation in Agriculture 

(By using Microcontroller) 

 Arduino IDE 

 Texas Energia 

 Microcontroller 

 KEIL 

 Proteus 

(Simulation and PCB Layout) 

 MATLAB 

 E-TAP 

PUBLICATION DETAILS 

 International Conference paper Presented  : 10  

 International Journal Paper Published  : 18 

 Scopus and Annexure 1 Paper Published  : 08 
 

OTHERS 

 Patent Drafting for design and Product 

 Trademark 

 Hardware Servicing and Mobile phone, Laptop Servicing 
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Abstract: The keeping and recording of a class 

attendance log manually is not very efficient for end 

semester examination hall tickets generation due to 

maintaining minimum attendance percentage for each 

subjects. Since offering proxies for absentees or 

skipping class has become amusing and a fantasy 

among students of the current age. Manually recording 

attendance in logbooks becomes challenging and 

vulnerable to manipulation. Therefore, the purpose of 

this project is to present the automatic attendance 

system. This system recognizes each student's face to 

automatically identify them in the classroom and record 

their attendance and also record wherever roaming 

inside the campus. By photographing students' faces in 

real time, this system was created. The reference faces 

in the dataset are compared to the detected faces, 

marking the attendees' attendance. At the end of the 

semester all the student’s attendances are calculated 

automatically and give notification to students, parents 

and class advisors for the status of attendance 

percentage. Based on the detailed results, hall tickets 

are automatically generate in the college exam cell. The 

final project is completed and reports were generated. 

Keywords: face Recognition system, Raspberry pi, IoT 

and camera 

 

I.INTRODUCTION 

The individual subject handling faculty 

members calls out each student's name personally to 

record attendance in the traditional approach, which 

typically entails pupils sitting in a classroom [1]. In  

most cases, pen and paper are used to indicate 

attendance [2]. The extensive attendance records that 

were kept are then used as references in the future. 

The manual attendance system has many 

disadvantages, like the upkeep of a massive database 

of records is laborious [3]. The number of records 

keeps growing as and when the class strength does. It 

becomes even more challenging to maintain it  

continually over time. It takes a lot of time [4].  

Every time, the responsible instructor must interrupt 

his or her class to record attendance, taking away 

from instructional time [5]. It is not impenetrable. 

Due to the different student misconducts, a subject 

handling faculties could forget to note a student's 

attendance or might even have a tendency to mark a 

person's absence incorrectly [6]. It wastes resources 

since there is a lot of paperwork involved. Large 

records require a lot of maintenance. There the risk of 

the records being misplaced, stolen, or damaged [7]. 

Therefore, the main goal of the proposed 

method is to use humans face recognition to 

automatically record attendance with time stamped 

gio location. Mainly  all the class rooms are 

surveillance by high definit ion CCTV camera with 

centralized network connectivity may  be LAN or 

WiFi technology. And also that kind of CCTVs are 

fixed in main areas of campus like, Cafeteria, Lawn, 

Food court, parking area, etc. 

 

II.PROPOS ED SYSTEM 
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Awareness about the education system is 

improving day by day and also the selecting good 

institution from the parent’s side is based on the 

quality of education and transparency of flow. The 

figure 1 shows the graphs about student’s strength at 

a particular institution in each academic years. The 

number of students strength will make the manual 

system more complicate and also made the process in 

very tedious [8].  

 
 

Figure 1: Students Admission Growth 

The proposed attendance tracking system 

consists of the following block diagram with modern 

technology. 

 
 

Figure 2: Proposed System Block Diagram 

 

The figure 2 explains the process block 

diagram of the system. Each and every unit contains 

the High defin ition CCTV camera with Raspberry pi 

device connected Internet via Wi-Fi or Ethernet. 

Units are placed based on the requirements and need 

by the institution. Each units data’s  are stored in IoT 

cloud for further p rocessing, at the final stage all the 

data’s  are may be stored in private server or local 

server. From the local server, each and individual 

students data’s are stored and unwanted data’s are 

deleted based on big data analytics. At the end of the 

semester all the student’s hall tickets are generated 

based on the individual institution criteria. 

 

 

Figure 3: Process flow 

 

As illustrated in Figure 3, the proposed 

method entails four key steps: a) Image Capture, b) 

Camera Interfacing process, c) Face Detection, and d) 

Face Recognition. For recognition tasks, system can 

used a variety of machine learn ing approaches, such 

as decision trees, random forests, K-Nearest 

Neighbours (KNN), and Convolutional Neural 

Networks (CNN). For Image Capture process obtain 

an image during this stage. The first process in the 

flow method is image restoration from the source 

camera, which is often a hardware source because 

processing is not an option.  

Images are continuously read from our 

preprocessed input by our CCTV. The next Camera 

Interfacing process, Image acquisition is done using a 

Hikvision DS-2CD2T85FW D-15/18 Internet protocol 

(IP) camera. It has an 8-MP camera and records 

video at 15 frames / second in a 1248 x 720 

resolution. The faces of individuals it will recognise 

are included in the face database. Each photo in the 

data is labeled since facial recognition uses 

categorization techniques. Each person's facial image 

has a different label that is specific to them. 90 

people are represented by more than 41,320 photos. 

As a result, these classes' (people's) labels range from 

1 to 90. It implies that each label has several photos.  

 Preprocessing the image after acquisition 

makes it  ready for handling later. The two main  

preprocessing procedures are grey scale conversion 

and edge detection methods. After receiv ing the 

image from the camera, the following step is to use 

the Viola-Jones algorithm to separate the face from 

no face reg ions in order to identify  faces in the 

photos. The face region is then removed and used for 

additional processing. 

 

III.SYSTEM DESCRIPTION 

The terms used to describe resolution in  

CCTV applications are shown in the table below. 

"Megapixel"  refers to any resolution with more than 

one million pixels. The labels are approximate in the 

case of megapixel cameras. The 2 megapixel camera, 
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for instance, really records 1,920,000 p ixels per 

frame. 3,145,728 pixels are recorded by a 3 

megapixel camera in each frame. 

 

Figure 4: Flow chart diagram of the proposed 

System 

The Figure 4  illustrates the flow chart of the 

proposed system, at first CCTV will capture the 

images, after the capturing images the system will 

identify weather image has human or any other 

animals, the human face image enhances after the 

perfect captures, face detection process will help the 

system to convert readable format fo r the system. The 

entire captured readable format will compare with the 

face identification. The face image compares with 

local server database and produces the result. If any 

unknown person detects the system, it  will warn  the 

system to security office. 

 

 

 

Figure 5: CCTV Resolutions 

These phrases can be used to specify the size 

of a p icture that has been taken at the camera and has 

since been communicated over the wire, shown on a 

full screen, or stored on a hard drive. Usercan find 

that megapixel counts differ slightly from those 

stated above when comparing megapixel camera 

characteristics. This is so that users can distinguish 

between cameras that specify the 'effective' pixels 

and those that specify the full number of pixels the all 

sensor was able to record. So me of the total pixels are 

used to store technical in formation rather than adding 

to the image's "effective" features. 

 

Table 1: Comparison of Different Resolutions  of 

CCTVs 

 

 

From the table number 1, the camera selection for 

image processing can done.  
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Figure 6: Network (IP) Cameras 

Figure 6 illustrates the camera fo r using, 

DS-2CD2T85FWD-15/18, Up to 8 MPhighest 

resolution, Digital noise reduce, Max. Resolutionis  

3840 × 2160. 

All the students images are p reloaded in  

server, if the institution has 10000 students’ means, 

all the students images are loaded in server database 

mapping with Students unique register number along 

with bio data. 

 
 

Figure 7. Uploading Students data in to server 

database 

The figure 7 exp lains the students details uploading 

in to server database along with students name and 

register number. 

 

 
 

Figure 8. Uploading Students data in to server 

database 

The figure 8 expresses the time stamp 

generation while detect the corresponding students 

face. if any anonyms face identified in CCTV camera 

results to popup notification to college security head 

regarding new face detected in camera number with 

gio tagged detail along with time stamps. 

 
 

Figure 9. Hour Based Attendance Report (Time 

Stamp)-Report 

The figure 9 shows that the report of hour based 

attendance report with image sensed time stamp, in  

this hardware testing 10students details were taken. 

The yellow color shaded data’s are warning time 

delay, if more than 3 warning leads to make absent of 

the particular student. Red color indicates that 

particular student is not detected in camera. 

 

 

Figure 10. Student Based Attendance Report 

(Time Stamp)-Report 

The Figure 10 indicates that the Student 

based attendance report for individual student, in this 

report user can view the day wise attendance report 

with exact time stamping. Yellow co lor marked as 

absent of particular day. Based on the report 
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management can make a proof for any attendance 

shortage of corresponding student. 

 

 

Figure 11. Subject Based Attendance Report 

Figure 11 shows that the report of individual 

subject based attendance report of the particu lar 

student, and also it gives the final suggestions to the 

exam cell. if the attendance percentage is between 65 

to 75, student can submit  the original medical 

discharge summary to the college in order to meet 

required attendance percentage, below the 65 percent 

attendance leads to decline the exam attempt of 

particular subject. In this report also exp lains the total 

hours attended with respect to total hours class taken. 

 

 

Figure 12. Student Track Sheet 

The Figure 12 shows that the student track 

history on particular day with Gio location based 

system stamped with Time. In this report 

management can track the student on particular day 

with particu lar p laces; this report will help the 

management if any malpractices or complaints 

registered on particular student. This report will 

generate based on the theme customer need. 

V.CONCLUSION 

 From the above mentioned system will help  

the institution to make process easier and also reduce 

the burden to subject handling faculty members, not 

only the above mentioned advantages and also save 

paper to initiate green environment to society. The 

reports from the system will help to the examination 

center to take decision in good manner. The parents 

also can know and track their children for correct 

way of teaching. Even though it feel to the students 

looking over headache during college days, it help 

the students for unwanted punishment from college 

and faculties. All the data’s are stored in co llege local 

server and also dilatable whenever needs with head 

of the institution’s permission. This system suits for 

all kind of educational fields includes big industries 

also. 
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Abstract: In this paper grid connected Solar/Wind/Diesel generator powered Electric Vehicle 
(EV) charging station with Vehicle to Grid (V2G) is designed. Solar/Wind/Diesel generator pow-
ered charging station consists of a Photovoltaic array and Wind Energy system, three 
unidirectional converters, Maximum Power Point Tracker(MPPT), Raspberry Pi controller, 20 
Bidirectional DC/DC converter associated with 20 Electric Vehicle charging station. Three phase 
bidirectional DC/AC (Direct Current/Alternating Current) converter is connected to the grid. The 
main contribution of this work is to design EV charging station, in addition to charging priority set 
with respect to State of Charge (SOC) level of EV’s battery. If the availability of Solar/Wind 
power is sufficient to charge the connected EV’s, then they are charged with Solar/Wind. If the 
demand is increased, power is extracted from the Diesel at peak load time and from the grid at 
base load time. Once the vehicle is plugged in charging station the customer can either buy or sell 
the power. If buy option is opted for, the priority of charging EVs battery is set in the ascending 
order of the battery’s SOC level. As a result, Energy Management is effectively done and every 
customer can be satisfied. If sell option is opted for, the power is extracted from the vehicles to the 
grid, based on customers willingness of selling power. All control functions are done by Rasp-
berry Pi controller. The whole process is monitored and controlled by using Internet of Things 
(IoT). Simulation is done through the MATLAB /SIMULINK and thus the results give good per-
formance of the proposed method. 

Keywords: Charging station, charging priority, electric vehicle (EV), internet of things (IoT), raspberry Pi controller,  
solar/wind/diesel generator, vehicle to grid (V2G). 

1. INTRODUCTION 

Nowadays, Electric Vehicles (EVs) have increased re-
charged enthusiasm for worldwide research and industrial 
outlook. The major factor drawing in the advancement of 
EVs is its contamination and outflow free transportation, 
which is an extraordinarily required worldwide need for sup-
portable future [1]. As indicated [2], the number of EVs in 
the United States in 2020, 2030, and 2050 will reach 35%, 
51%, and 62%, respectively. International Energy Agency 
(IEA) has anticipated that the offers of passenger light –
duty/plug-in hybrid EV will increase from 2020 on and 
might achieve more than 100 million of EV/ plug-in hybrid 
EV sold every year worldwide by 2050 (Fig. 1) [3]. Consid-
ering the developing number of these vehicles, it appears 
important to build up an appropriate charging station to give  

*Address correspondence to this author at the Department of EEE, 
Divyapriya S, Karpagam Academy of Higher Education, Coimbatore, India; 
Tel: 9788140507; E-mail: divyapriyaeee@gmail.com 

their required electrical demand request. Majority of the ex-
isting work deals with EV charging to accept that the charg-
ing happens at home. Nonetheless, given that vehicles utiliz-
ing inner ignition motors are refueled at gas stations, EVs 
can also be charged at Electric Vehicle Charging Stations 
(EVCSs) [4]. High electric energy demand of EVs from one 
perspective and their expanding number then again will force 
a critical load on the grid. The expansion in the infiltration of 
Renewable Energy Sources (RES) into the electric power 
framework is very engaging. Most of the studies explained 
that Wind energy conversion system (WECS) and PV solar 
system into the electric power network have developed [5]. 
Most of the literature uses solar energy solely or combined 
with other energy sources of charging station designed. The 
generator set(standby Diesel Generator(DG)) demand will 
continue to increase as industries such as oil and gas, elec-
tronics, semiconductors, textiles, food processing units, 
automotive, shopping malls, and data centers turn to diesel 
generators to deal with unexpected power outages. Due to 
seasonal variation, availability of Solar/wind power is not 
constant all the time. Hence, EVs are not charged from so-

2212-389X/18 $58.00+.00 ©2018 Bentham Science Publishers
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lar/Wind continuously. As a result, additional Energy 
sources need to be added for satisfying the demand of con-
nected EVs. So in this proposed system, Diesel Generator 
added with Solar/Wind powered charging station is absent in 
the literature.  

DG is regarded as backup energy [6], which is used when 
needed, while as one of the main power sources [7, 8], the 
DGs are operated in continuous-running mode to participate 
in maintaining the power balance of the whole system. The 
authors [9] proposed a Plug-in Hybrid Electric Vehicle 
(PHEV) solar carport charging station concept featuring a 
multi-port power electronic interface connecting photovol-
taic modules, PHEVs, and the power grid. A solar carport 
with direct DC/DC interface to increase the overall effi-
ciency was also proposed [10]. EVs are connected to the grid 
by bidirectional converters, based on the demand of the grid 
charging and discharging of EVs takes place. This concept is 
known as V2G (vehicle to grid) and, for the first time, it was 
used [11]. A novel grid-connected solar powered electric 
vehicle (EV) charging station with vehicle-to grid (V2G) 
technology has also been designed and constructed [12]. 
Novel grid-connected wind powered Electric Vehicle (EV) 
charging station with vehicle-to grid (V2G) technology has 
been designed and constructed [13]. In this system, for satis-
fying Grid and EVs demand, V2G technology is added to 
Solar/Wind/Diesel generator powered charging station. The 
maximum power is extracted from Wind / Solar by using 
MPPT Controller. In the literature, the MPPT has been ob-
served to be done by different algorithms. Hybrid prediction-
P&O method combines the direct-prediction and P&O tech-
niques to find the MPPT [14]. Modified Perturb and Observe 
MPPT Algorithm is used to track maximum power from PV 
[15]. Furthermore, a genetic algorithm is used to get maxi-
mum power from wind turbine [16].  

In the proposed charging station, all the 20 EVs have the 
capacity of V2G association that implies that every EV can 
be charged as well as likewise it might be even released to 
help the grid to give enough electric energy for consumers 
when load demand peaks in the grid. Based on the availabil-
ity of Solar/Wind/Diesel power the connected EV’s are 
charged. Once the EV is plugged in charging station, the 
customer can select either buy or sell the power option. If 
buy option is selected, the priority of charging EVs battery is 
set in the ascending order of the battery’s SOC level. For 
example, least SOC value of EV is charged first then other 
EV’s battery. If the customer is willing to sell, the vehicle to 
grid technology is adopted up to 80% of SOC. Hence, energy 
management is effectively done and every selling customer 
is benefited. All control functions are done by Raspberry Pi 
controller. The data is stored in the cloud. The whole process 
is monitored and controlled by using the Internet of Things 
(IoT). The rest of the paper is organized as follows: The sec-
ond section described about the proposed system. Electric 
Vehicle Charging Scenarios are discussed in the third sec-
tion. In the fourth section, simulations are carried out and the 
results are analysed. Finally, Conclusion and Future work are 
described. 

2. PROPOSED SYSTEM 

The proposed system consists of Photovoltaic (PV) sys-
tem, Wind Energy system and Diesel Generator. Wind is 

connected to the DC bus through AC-DC converter. MPPT 
controller is used to track maximum power from the Wind. 
Wind MPPT is done by using Genetic Algorithm [16]. PV 
system is connected to DC bus through DC-DC converter. In 
the PV system, MPPT is done by modified P&O algorithm 
[15]. Diesel Generator is also connected to DC bus through 
AC-DC converter shown in Fig. (2). 

2.1. Control Function 

The control functions are done by using Raspberry pi 
controller. The block diagram is shown in Fig. (3). 

Fig. (3). Proposed control functions using raspberry pi with IoT.

Fig. (1). Proposed solar/wind/diesel powered charging station. 

Fig. (2). Proposed solar/wind/diesel powered charging station.
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Fig. (3) shows the concept of control function. The volt-
age and current value of Wind, Solar, EVs and Grid are 
measured by the use of voltage and current sensor. The volt-
age and current values are converted to the power value. All 
EVs battery voltage is given to the controller. The SELL 
option and BUY option are taken from customer by using 
touch LED display. All the data are stored in the cloud. All 
communications are done by IoT technology.  

Fig. (4). Flow chart of the control function.

Fig. (4) shows the power from various sources to satisfy-
ing EVs demand. 

Fig. (5). Flow chart of EVs charging and discharging condition.

Fig. (5) shows the EVs charging and Discharging Condi-
tion. Based on the customer choice (BUY or SELL), the 
corresponding EVs can import or export the power. 

2.2. Solar System 

The solar system consists of Photovoltaic Array and uni-
directional DC-DC converter. The output voltage and output 

current of PV system are sensed by MPPT controller. MPPT 
is done by Modified P&O algorithm to get maximum power 
[17]. MPPT flowchart is shown in Fig. (6). 

Fig. (6). MPPT for solar power conversion. 

In this system, the output power of PV is 150KW. 

PPV= VPV * IPV                     ------------------- (1)

Where 

PPV= Output power from PV array. 

VPV=Output Voltage of PV array. 

IPV=Output Current of PV array. 

2.3. Wind System 

Wind system consists of Permanent Magnet synchronous 
generator with turbine model and unidirectional AC-DC 
converter connected to DC bus. Maximum power is ex-
tracted from wind by MPPT which is done by Genetic Algo-
rithm. MPPT flow chart is shown in Fig. (7). 

Fig. (7). MPPT for wind energy system.

In this system, the power output from wind is 350 KW.
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2.4. Diesel Generator 

The main parts of diesel generator are: internal combus-
tion engine, electric synchronous generator, mechanical cou-
pling, automatic voltage regulation system, speed regulator, 
battery and a small motor for dragging the rotor to rated 
speed in the start-up phase, automatic fuel injection and igni-
tion system, fuel tank and command panel [18]. The speed of 
the engine is constant because of its speed regulator system, 
which ensures 50 Hz frequency of the AC voltage. The root 
mean square value of AC voltage is 230 V and rated power 
is 5.2 kW. Diesel Generator is connected to DC bus through 
AC-DC converter. The capacity of the proposed diesel gen-
erator is 375KVA.

2.5. Bidirectional EV Charger and Grid 

In this system, maximum 20 EVs can be charged. These 
20 EVs are connected to common DC bus through Bidirec-
tional DC-DC converter. It consists of one Full Bridge Cir-
cuit and Voltage doubler circuit connected through two iden-
tical High-frequency transformers [19, 20]. This circuit is 
used to transfer power in both directions. 

The Grid is connected to common DC bus through Bidi-
rectional AC-DC converter. Excess power from Solar/Wind 
is transferred to the grid through this converter and also EVs 
can able to send power to the Grid [21, 22]. 

3. ELECTRIC VEHICLE CHARGING SCENARIOS 

There are three charging scenarios discussed in this  
section: 

The total power in the charging station is: 

 PTOTAL(t)=PPV(t)+PWIND(t)+PDIESEL(t)+PGRID(t)+
1

( )
n

SELL
i

i
P t

=

� --(2)  

Where 

PTOTAL(t)=Total power in the charging station at time period 
t.
PPV(t)=Available solar power at time period t. 
PWIND(t)= Available wind power at time period t. 
PGRID(t)= Available Grid power at time period t. 

1

( )
n

SELL
i

i
P t

=

� =Sum of selling electrical power from EVs at 

time period t, i=1,2,…n 
n= Number of EVs in charging station. 

3.1. Scenario 1 

It is assumed that the four EVs are connected to the 
electric charger and also selected as BUY option. In this 
situation, the controller senses the individual SOC level of 
each vehicle and makes priority order. After that, the Wind/ 
Solar power is checked and the sum of individual EVs power 
is equated. 

PPV(t)+PWIND(t)=PRES(t)                      -----(3) 

Equation (3) is called as Renewable power. It is derived 
from Solar and Wind. 

PRES(t)+
1

( )
n

BUY
i

i
P t

=

�  = 0                                  -----(4) 

Equation (4) denoted the sum of Renewable Power is 
sufficient to charge the EVS. 

( )

1

( ) ( ) ( )
n

RES BUY GRID E
i

i
P t P t P t

=

� =�                   -----(5) 

The Surplus Power Exported into the Grid is expressed in 
Equation (5), 

Where 

PRES(t)=Total power from Renewable Energy. 

1

( )
n

BUY
i

i
P t

=

� = Sum of buying electrical power from  

                   EVs at time period t, i=1,2,…n  

If this condition is satisfied, the EVs battery starts to 
charge. If any excess power is available in Renewable Power 
Sources, the power will transfer to Grid via Bi-directional 
AC-DC converter [23, 24].  

3.2. Scenario 2 

If any additional vehicle is connected to the charger and 
selected as SELL option, the controller checks the available 
SOC level of connected EVs battery. In this condition, DC-
DC bidirectional converter is import power from the vehicle 
to the DC bus. The SOC level is limited to 80%. If they 
reach 80% , EVs stop the process of export. 

1 1

( ) ( ) 0
n n

BUY SELL
i i

i i
P t P t

= =

+ =� �       ----------------(6)  

In equation (6), sum of the buying power from EVs and 
sum of the selling power is the same. Hence, EVs can charge 
from the sum of selling power from EVs. And also PRES(t) 
power is exported into the grid. 

1 1

( ) ( )
n n

BUY SELL
i i

i i
P t P t

= =

>� �                    ------------------(7) 

In equation (7), if the sum of the buying power from EVs 
higher than the sum of selling power, the remaining power is 
drawn from Renewable Energy source. 

1 1

( ) ( ) ( )
n n

BUY SELL RES
i i

i i
P t P t P t

= =

= +� �    ---------------(8) 

In equation (8), addition of Exporting power from EV 
and Renewable power is sufficient to charge all connected 
EVs.  

1 1

( ) ( ) ( )
n n

BUY SELL RES
i i

i i
P t P t P t

= =

< +� �           ----(9) 
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( )

1 1

( ) ( ) ( ) ( )
n n

SELL RES BUY GRID E
i i

i i
P t P t P t P t

= =

+ � =� � -(10)

In equation (9) and (10), the charging of EVs are mini-
mum. Hence, remaining or surplus power is exported into 
the grid. 

3.3. Scenario 3 

If Solar and Wind power is not sufficient to support the 
EVs, the controller checks the power from EVs and also 
checks peak load time or base load time. In the base load 
period, the grid support has the remaining power. Otherwise, 
Diesel Generator supports the power. 

1 1

( ) ( ) ( )
n n

BUY SELL RES
i i

i i
P t P t P t

= =

> +� �           --------(11) 

In equation (11), the sum of buying power is greater than 
available Renewable Power and selling power from EVs. 
Now, the controller checks the base load or peak load power. 

1 1

( ) ( ) ( ) ( )
n n

BUY SELL RES DIESEL
i i

i i
P t P t P t P t

= =

= + +� � --(12)

In equation (12), at peak load time, the controller gets 
sufficient power from Diesel generator to maintain grid sta-
bility. 

1 1

( ) ( ) ( ) ( )
n n

BUY SELL RES GRID
i i

i i
P t P t P t P t

= =

= + +� � -----(13)

In equation (13), at base load time, the controller gets 
sufficient power from Grid to reduce running cost. 

4. SOFTWARE IMPLEMENTATION 

The software is developed by the use of Raspberry pi 
controller. The customer can connect their vehicle to the 
charging point via the charger and also need to enter the  
vehicle number and select BUY or SELL option as shown in 
Fig. (8). 

Fig. (8). Login page.

Then all the data are related to particular EVs obtained 
from the cloud. All the data are monitored and recorded to 
the server. 

After disconnecting the cable from the charger, the con-
troller calculates the cost based on EVs BUY and SELL 
power. 

Customer data and system specification is shown in Fig. 
(9). 

Fig. (9). User data and system specification. 

Based on customer option (BUY or SELL) cost is calcu-
lated. It is shown in Fig. (10). 

Fig. (10). Cost calculation.

4.1. Simulation Model 

The simulation of the proposed system is shown in this 
section.  

Fig. (11). PV with MPPT simulation.

Simulation model of PV system is shown in Fig. (11). 
Here, MPPT technology is implemented and also the rating 
of 150KW PV model is simulated. Modified P&O algorithm 
based MPPT is implemented.  

Fig. (12). Wind turbine model.
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The wind turbine model is shown in Fig. (12). 

 

Fig. (13). Diesel generator model. 

The diesel generator consists model is shown in Fig. (13). 

It of Permanent Magnet Synchronous Generator (PMSG) 

and Turbine model. PMSG is connected to DC bus through 

AC-DC converter. The capacity of Diesel generator is 370 

KVA. 

In Fig. (14), the bridge circuit and voltage doubler circuit 

are coupled with the help of high-frequency transformer. The 

bus DC voltage is stepped down to corresponding Battery 

voltage with respect to EV battery model and it also acts as a 

boost converter with Export Power from EVs to Grid. 

The DC bus voltage is 500V and the voltage is converted 

to EVs battery voltage as 230 V DC by the use of DC-DC 

converter and charger circuit as shown in Fig. (15). 

Fig. (16) shows that five EVs are connected to the charg-

ing port. Four EVs are selected as BUY option and the fifth 
EV is selected as SELL option. SOC level of vehicle 1 is 
50%, vehicle 2 is 60%, vehicle 3 is 40%, vehicle 4 is 10%, 
and vehicle 5 is 100%. Now, the controller reads all the data 

and sets priority to each EV based on SOC. The final priority 
order is Vehicle 4,3,1,2. In Fig. (16), E V1, EV 2, EV 3 and 
EV 4 reach their SOC of 80% at 6 sec, 5 sec, 7 sec and 8 sec 
respectively. At the time of 8 sec, all vehicles reached 80 % 

of SOC. Now, Vehicle 1 again starts to charge. From the 
time period of 2 sec to 4 sec, the wind and solar power is 
high, hence that time the discharging vehicle is stopped to 
selling power. 

 

Fig. (17). Power output of sources and EVs. 

Fig. (17) shows the power output of various sources at 

various instants. The first graph shows the power output of 

Wind Energy; the second graph shows the power output rat-

 
Fig. (14). Bi-directional DC-DC converter. 

 

Fig. (15). Bus voltage to EV charging voltage. 

 

Fig. (16). Charging and discharging of EVs based on SOC. 
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ing of the PV system; the third one is the sum of EVs con-
nected to the bus via DC-DC bidirectional charger at various 
instants. The last one shows the power delivered from the 
Diesel Generator. In this graph, at time period 0 to 1sec, the 
Wind Energy increased slowly and the PV power decreased 
from 150KW. At the time period 5 sec, the Wind Energy 
output became zero due to low wind. At that time PV, output 
power is also very minimum but EVs Load is maximum. 
Then the controllers check either base load time or peak load 
time. Now the load is as base load, so up to 6 second, the 
Grid supports EVs load. From 6 sec onwards, the time is 

changed to peak load time, so in order to maintain our Grid 
stability, the Diesel Generator is supported. The overall sys-
tem specification are tabulated in Table 1.

The prototype model of EV charging station is shown in 
Fig. (18). In this, four 6V battery is connected in series in 
order to achieve 24V. 12V, 100W PV panel is used to supply 
PV Power. 12V PMDC is used. It acts as a diesel generator 
at the rpm of 3000 with prime mover. Also, 230V, 50Hz, 
12V Vertical Wind Turbine is used to supply wind power. 
230V AC supply acts as a Grid. Three relays are used to 

Table 1. Specifications of electric vehicle. 

Electric Vehicle Specification 

Plug-in charging 230V 12h 

Quick charging 50 kW (30min 80%) 

Power 80 kW 

Average energy consumption 15 kWh/100km 

Battery capacity 24 kW/h 

PV System 

Model Number SFS-PR-01 

Output Voltage 220 V 

Capacity 150 KW 

Ambient temperature considered 20°C to 50°C 

Humidity 95 % Non-condensing 

Wind Energy Conversion System 

Rated power 350.0 kW 

Cut-in wind speed 3.5 m/s 

Rated wind speed 14.0 m/s 

Cut-out wind speed 25.0 m/s 

Survival wind speed 67.0 m/s 

Diameter 33.4 m 

Swept area 876.1 m�

Number of blades 3 

Rotor speed, max 32.0 U/min 

Diesel Generator 

ENGINE MAKE CUMMINS 

Model QSL9-G5 

Engine Speed in RPM 1800 

Power Output 375 KVA 

Compression Ratio 16.8:1 

Governor Electronic 
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switchover energy sources for battery charging and discharg-
ing.  

The overall simulation of the proposed work is shown 
Fig. (19). 

CONCLUSION 

In this paper, grid-connected solar, wind and diesel-
powered EV charging station with V2G technology was de-
signed. Solar, wind and diesel generator produces power to 
charge EVs. Charging of EVs is done by setting priority with 
respect to SOC level of EVs battery. Due to this, all custom-
ers are satisfied with their charging and Energy Management 
is effectively done. The whole control process is done by 
Raspberry pi controller, thereby accomplishing the prototype 
model. 

FUTURE SCOPE 

In Future work, Time based tariff may be added to im-
prove customer benefit. 
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Abstract- The growing worldwide mindfulness for a eco-friendly 
environment include with cost effective and greater accessibility 
of small scale generating units such as wind and PV which 
hoisted the interest in distributed generation. The promising 
emerging future transportation technology is Plug-in Electric 
Vehicle (PEV). But the issue coupled with the implementation of 
PEV is the utilities should upgrade the distribution system to 
meet the demand of this extra load.  Thus the integration of 
microgrid and PEV with distribution system reduces the stress 
on distribution transformer to meet the demand of the extra load. 
In this work, the PEV charging station with small scale wind 
energy system as a primary source to this smart charging station. 
The control strategy proposed is the coordinate control based on 
DC link voltage to encourage the operation of PEV charging 
station in both standalone and grid connected mode. There is a 
drawback when using Doubly Fed Induction Generator (DFIG) 
based wind turbine is Low Voltage Ride Through (LVRT). In 
order to overcome from this issue the charged PEVs in the smart 
charging station is used to improve the LVRT capability. 
 
Keywords: Plug-in Electric Vehicle, Doubly Fed Induction 
Generator, Low Voltage Ride Through Capability, Uninterrupted 
Power Supply, Wind Energy System.  

I. INTRODUCTION 

 Already the Plug-in Electric Vehicles (PEVs) entered into 
the automotive market and it becoming a part of electrical 
power system. In entrance of PEVs in market makes the 
genuine impact in the life span of distribution transformer. In 
order to reduce the load on distribution transformer there is a 
need of smart charging station with renewable energy sources 
[1]. Charging station of PEVs which is supplied by small scale 
wind energy system is reasonable option because of the 
following reasons: 
• Immense advancement in the innovation of power 
converter technology for small scale wind energy system. 
• Excess electricity productivity of the system from slow 
winds which are frequent. 
 A review  of literature proposes that the number of thinks 
researched large scale, long term impact on PEVs and ability 
of electric grids to integrate the wind system on PEV.The  
effect of  PEV with wind energy into US electricity is 
described in [4]. The amount of wind capacity is increased by 

the adoption of PEVs in the regional and national power 
system as described in [5]. Economics of wind energy system 
can be increased by absorbing excess wind production. The 
PEV can absorb that wind production. The unstable conduct of 
wind power, demand response algorithm by using PEVs is 
proposed in [6]. PEVs cause large voltage variation of the 
system more than recommended limit [7]. The surplus energy 
from the smart charging station which mitigates the voltage 
dip. On the whole, the investigation on PVEs can increase the 
wind system installation capacity in regional and national 
power system. This paper proposed a smart charging station of 
PEV with small scale wind energy system which can be 
installed as distributed generation in workplace environment 
like commercial places, universities, industries. The proposed 
system is shown in figure 1. In this proposed system, the PEVs 
are charged using DC power which are converted from AC 
power from wind energy system using efficient power 
conversion stages. 
 DC Bus signalling (DBS) concept has been executed in 
many researches for proper power management in DC system 
[8-12]. In spite of fact [9] and [11] have done broad work on 
controlling a grid connected DC microgrid using DC bus 
signalling the variation in sun’s isolation is not considered. 
This paper stretches at on the comparative idea proposed by 
the authors but moved forward to re-enhancement results and 
control system depiction. 
 

II.  PROPOSED SYSTEM 
The proposed PEV charging station is shown in figure 1. The 
system comprises small scale wind energy system as a source, 
PEVs as load, Energy storage Unit (ESU) and the controlling 
unit. The switch is connected with DC link through an AC/DC 
diode rectifier and DC/DC boost converter. The process of 
Maximum Power Point Tracking (MPPT) is performed by 
DC/DC boost converter which facilitates the wind turbine to 
operate in maximum power point. The energy storage unit 
(ESU) is connected with DC bus through bi-directional 
DC/DC buck-boost converter. The PEVs supported to charge 
by ESU when there is no power from wind turbine and 
distribution system. In peak off hours or the excess power in 
the wind turbine the ESU has been charged. Charging of 
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PEVS are controlled by the DC/DC buck converter. Via the 
bi-directional grid tied converter the charging station is 
connected with the distribution network.  

 
The control strategy of the proposed smart charging station is 
shown in figure 1. It is based on the requirement of charger for 
a PEV. The rating of the components of charging station like 
power converters, wind turbine is increased by charging 
multiple PEVs. In each charging point there is a necessary of 
separate buck converter. This charging station can be installed 
at shopping malls, universities, freeways, etc. and so on the 
PEVs enter and take off the parking area at various time 
interval. Hence PEVs makes different demands in different 
time periods. Under this condition, because of variation in 
wind speed and demand of PEVs the fluctuation occurs in DC 
link voltage. Based on this DC link voltage the control unit in 
the proposed system monitors the power flow between the 
PEVs and wind energy system. As in figure 1, the seven inputs 
decides the operation of the control system which produces the 
switching signals to control the various converter and the 
direction of power flow in the system. Magnitude of the DC 
link voltage is denoted as VDC. With this various modes of 
operation can be determined. The measure of State-of-
Charging (SOC) is determined by the battery voltage of PEVs 
which is denoted as VB. Voltage across energy storage unit 
(ESU) is denoted as VESU, the gird RMS voltage is Vgrid, The 
current from the distribution transformer id IDDT, the current 
from the DC/AC converter is Ibk and the current from the grid 
or to the grid is denoted by IGRID. 

III. CONTROL STRATEGY AND MODES OF 
OPERATION 

The fast and dependable scheme for acknowledging the 
operation status of the system is necessary for wind powered 
charging station.From the use of communication system, DC 
link voltage indicates the operating status of the proposed 
Wind Powered Charging Station (WPCS) perfectly. In a grid 
connected WPCS as shown in figure 1. DC capacitor power 
can be expressed as, 

PC=PDC-PAC 

Where, 

PDC- Total power on DC side of DC bus 

PAC- Total power on AC side of DC bus 

 The various transients generated by the wind energy source 
and PEV load there is a increase/decrease in the amplitude of 
voltage because of the wind powers charging station consists 
of wind turbine as a source and PEVs as load. With the 
principle of power balance the DC voltage dynamics can be 
expressed as, ݀݀ݐ (12 ܥ ܸଶ ) = 	 ܲ − ܲ  

Therefore, 

ܥ ܸ ݐ݀ݒ݀ = ௐ்ܲ + ாܲௌ + ܲா − ܲீ ௗ 

Where, 

PWT - Power from the wind turbine 

PESU - Power absorbed or delivered by ESU 

PPEV – Power demand of PEV 

Pgrid – Grid side power 

From the above equation the change in wind power or PEV 
power results the variation in DC link voltage. The different 
operating modes can be found from the variation in DC link 
voltage. The switching between different modes of operation 
is determined by the variation in voltage level at DC link. 

 The variation in DC link voltage is shown in figure 2 and it 
also shows the wind power for various speeds of wind. Based 
on the cut-in and cut-out values of wind speed the reference 
voltage of DC voltage has been chosen. The voltage difference 
between the neighbouring thresholds should be selected to 
avoid malfunction during switching because of small variation 
and to avoid noticeable voltage variation of PEV because of 
too big difference. The DC link voltage VDC is chosen as 
400V and the DC link reference voltage levels are set as VS-

1=360V and VS-2=440V. 

A. Operating modes of system 

 To ensure the reliable and secure operation of the smart 
charging station and for the satisfactory operation of wind 
powered charging station in various wind generation, load and 
grid connected conditions there is a need of considering 
different operating modes. 

This modes of operation of the system are categorized into 
three modes such as 

Mode 1: WPCS with grid connection 

Mode 2: inversion operation 

Mode 3: Rectification operation  

 The variables used to describe the various modes of 
operations are VDC-link, VDC, VS-1, VS-2, IDDT, IDDT-max. 
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VDC-link – Detected DC link voltage 

VDC – Nominal voltage of DC link 

VS-1, VS-2 – Reference voltage levels of DC link 

IDDT – Load demand on distribution transformer 

IDDT-max – Peak load condition of distribution transformer 

The charging of PEV and ESU ought to be ended once the 
battery voltage reaches the threshold level. 

IV.SIMULATION RESULTS 

 

 

Figure 3 Simulation model of DFIG 

Figure 3 shows  that the phasor model of DFIG. In 

this simulation system we are using 630 KVA, 

33KW DFIG system with 0.69/33KW transformer 

for coupling process. The pi model was indicating 

the transmission line. In order to improve power 

factor we are using 170 Kvar capacitor bank. 

 

Figure 4 Simulation model of PV 

Figure 4 shows that the MATLAB simulation 

model of PV system.In this model based on 

irradiance level the solar output will change.  

 

Figure 5 Simulation model of MPPT for PV 

Based on the irradiance level the solar panel deliver 
discrete output voltage, so we need to make 
constant voltage by using MPPT technology with 
DC-DC boost converter. In this converter we are 
feeding reference voltage what we need. 

 

Figure 6 Simulation model of  controller circuit 

The figure 6 shows control circuit for DVR module, it 
will generate Discrete pulse with modulation to IGBT 
switches. The PWM generation done by PLL circuit. 

 

 Figure 7 
Simulation model of  Plug in Electric Vehicle Battery 
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The Figure 7 shows that modelling of Plug in Electric 
vehicle battery with charge and discharge controller. 
Controller circuit will operate two modes, one is step 

down function and other one is step up function. Battery 
manager circuit will operate based on battery SOC. 

Figure 8 Simulation model of  overall proposed system 

Figure 8 shows overall proposed work by MATLAB 
simulink model. 

 

Figure 9 Battery charging output 

Figure 9 shows the SOC level and voltage profile of 
battery during charging condition. The SOC level can’t 
be measure directly, so based on the voltage level of the 
battery we can calculate. The maximum SOC level is 
100 percent. 

 

 

Figure 10 Battery charging output 

Figure 10 shows the graph of SOC and voltage. During 
discharge condition the SOC will reduce from 100 
percent. 

Figure 11 Output power of PV 

Figure 11 shows the power value of PV module.  

 

Figure 12 DC link voltage and Neutral current 
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Figure 12 shows that the DC link voltage and neutral 
current flow 

 

Figure 13 without DVR and PEV 

Figure 13 shows the functions of proposed system 
without controller and zero percent SOC. We are 
manually creating different kind of faults with different 
time interval. At the time period 0.1 second to 0.2 
second three phase fault was created with 10 percentage. 
Likewise 0.25 second to 0.3 second the fault was very 
high.  

 

Figure 13 with DVR and PEV 

Figure 13 shows that LVRT capability of wind turbine 
power. The proposed system will support the remaining 
voltage level. Based on the severity of the fault our plug 
in vehicle source will support. 

RESULT 

In this system consist 35 KW of PV panel, 250 KW of 
DFIG, 25 KW of plug in electric vehicle charger. Solar 
system was exclusively for vehicle charging. The DFIG 
system was directly connected to grid. In this system 
have DVR. The DVR system is used to inject voltage to 
grid connected system DFIG. If any fault occur in grid 

means the voltage profile will get reduce so the DFIG 
system try to disconnect from grid. Our DVR system 
will inject the fault current, the battery of plug in 
electrical vehicle will support the voltage to DVR.  
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ABSTRACT 

Currently more attention is turned on Electric Vehicles (EVs) because of their low energy 

dependence, low emission and high fuel economy.  In the near future, there is a need for more 

Electric Vehicle charging station. It will increase the demand of electrical energy. To power 

the charging station in future, the small-scale and renewable energy sources are needed. This 

paper proposes the design of Plug-in Electric Vehicles(PEVs) charging station with Super 

capacitor and different renewable energy sources like wind, PV and Fuel cell. These energy 

sources are controlled according to the demand of the charging station with embedded 

controller. In this controller the energy management is also obtained.  This proposed system 

has simulated in MATLAB/SIMULINK environment. 

Key Words:  Charging station, Embedded control, Electric Vehicles, Renewable Energy 

Sources 

 

INTRODUCTION 

In current scenario, the concerns about high fuel consumption, air pollution and energy 

security are continue to motivate us to search alternative solution for the transportation. The 

solution is found that the implementation and mass production of  Fuel Cell Electric 

Vehicles(FCEVs) are difficult because of high cost and other inherent problems. Internal 

combustion engine with hybrid source vehicles can provide partial answer for these 

problems. The Plug-in Electric vehicles (PEVs) which are powered by external energy source 

[1,2]. Comparing PEVs with Internal Combustion (IC) engine driven vehicles, the PEVs 

produce zero emission, possess high energy efficiency, low noise level and clean energies can 

be used as source to charge the batteries of PEVs. With these advantages PEVs are emerging 

as a solution to pollution caused by conventional transportation. However, large adoption of 

PEVs consume high power from the grid to charge large number of PEVs. It will strain the 

overall existing power system beyond its capacity [3,4]. The different manufacturers of 
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electric vehicle is shown in table1. The battery model of Plug-In electric vehicle is shown in 

figure.1. 

 

Figure.1 PEV battery model 

Table 1. Eclectic vehicle make, model year 

S.No. Make and model year Battery capacity (kWh) 

1 2014 Chevrolet Volt 16.5 

2 2014 Cadillac ELR 16.5 

3 2014 Porsche Panamera S E 9.4 

4 2014 Ford C-Max Energi 7.6 

5 2014 Ford Fusion Energi 7.6 

6 2014 BMW i8 7.1 

7 2014 Honda Accord Plug-In 6.7 

8 2013 Toyata Prius Plug-In 4.4 

9 2013 Tesla Model S 85 

10 2013 Tesla Model S 60 

11 2013 Toyota RAV 4 EV 41.8 

12 2013 Wheego LiFe 30 

13 2014  Mercedes-Benz B 28 

14 2014 Volkswagen e-Golf 24.2 
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15 2014 Nissan Leaf 24 

16 2013 Ford Focus Electric 23 

17 2014 BMW i3 22 

18 2014 Chevrolet Spark EV 21 

19 2013 Honda Fit-EV 20 

20 2013 Smart for Tow Electric Drive 17.6 

21 Mitsubishi iMiEV 16 

22 Scion iQ EV 12 

 

 The battery capacity of different makes is shown in figure.2 as a graph.  

 

Figure.2 Capacity of Battery 

In future, providing charging station with uninterruptable supply is an important problem 

with current grid system. The renewable energy based Distributed Generation (DG) is the 

solution to provide power to charging station without disturbing the existing grid system 

which is proposed in this paper. The Distributed Generation (DG) will postponed the 

transmission investment, decreases the greenhouse gas emission, reduces the primary energy 
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consumption, reduces the global warming and also reduces the energy losses due to long 

distance transmission and distribution. 

Different energy sources such as wind, PV, Fuel cell (FC) with these Supercapacitor (SC) are 

used as the sources of Distributed Generation (DG) to power the charging station. These 

different energies are also pollution free energies, reduces the global warming and there is no 

emission of greenhouse gases.  

These energies should be used efficiently without wasting it. For that the implementation of 

energy management technique is more sufficient to manage different energy sources 

according to the demand of charging station. For this purpose, the embedded control is 

implemented in proposed system which sense the nature of the charging station and power of 

the station from different sources according to the demand. Each source is scheduled 

according to the demand of the charging station. The model of the proposed system is 

simulated and tested in the MATLAB/ Simulink software. 

PEV CHARGING STATION 

The proposed PEV charging station consists of different energy sources such as wind, PV, 

fuel cell and super capacitor which are used as Distributed Generation (DG) to power the 

charging station.  

Wind energy is a renewable source which is available at free of cost. So, no matter how much 

it is used today. It will be same in future also. It is a source of non-polluting, clean which will 

produce electricity. It will not emit any air pollutants and greenhouse gases. It is a second 

fastest growing energy in the world and used since 2000BC.  

Solar energy is the readily available source of renewable energy. Like wind energy it is also 

free and non-polluting energy. It is one of the sources of clean energy. In PV system, the 

solar radiation gets converted into DC electricity. It can be stored in battery. The radiation is 

depending on the location, time of day, weather condition and time of year.  

Fuel cell which combines hydrogen and oxygen to produce electricity. It is compared to 

battery. Both converts the chemical energy into electrical energy. It will produce electrical 

energy as long as the fuel is supplied. The charge of this cell will not get down.  

Super capacitor is also known as ultra-capacitor, electrical double layer capacitor, super 

condensers, electro chemical double layer capacitors and pseudocapasitors. It does not have 
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dielectric. Instead of that it has plates which are filled with two layers of identical substance 

to allow the separation of charges. The common values of super capacitors are 0.22F, 0.47F, 

1F and 400F and the rated voltage is between 2.3V to 11V, the most common rated voltage is 

5.5V.  

The switches are used along with every sources and loads to control the charging and power 

supply to the charging station. There are four different sources; five loads i.e. PEVs and 

eleven switches in the system. These are all connected in common DC bus which is rated 

with 240V DC. The 240V charger is shown in figure.3. This overall system block diagram is 

shown in figure.4. 

 

Figure.3 240V charger 

The controller used to control the proposed system is embedded controller. The input data to 

the controller is SOC level of each PEVs and the power demand of charging station and these 

are compared with reference values, then the switches in the system are opened or closed 

according to the control signal from controller. This controlling process are written as coding 

in embedded controller in C language and the coding is executed to control the switches 

according to the requirements. 

The output of all sources used in the system is DC except the output of wind source as shown 

in figure.5. To convert the AC output of wind into DC the controlled rectifier is used. 

Six number of phase controlled thyristors are employed in controlled rectifier circuit. In 

positive half cycle of the input supply three thyristors are forward biased and turned on by 

triggering gate pulses at gate leads of thyristors. In negative half cycle of the supply 

remaining three will turned on by giving triggering gate pulse. With this controlled rectifier, 

the output of wind is shown in figure.6. 
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Figure.4 Proposed PEV charging station 

 

Figure.5 Output voltage of wind energy system 

 

Figure.6 Rectified output of wind energy system 

PV is also used to charge the supercapacitor and electrolyser to separate oxygen and 

hydrogen from the water which is given to the electrolytes of the fuel cell to generate the 

electrical energy as shown in figure.7. 

 

Figure.7 Output voltage of fuel cell 
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The output of PV is shown in figure.8 which is bucked to charge supercapacitor by using 

buck converter. It is a simple DC-DC converter as shown in figure.9 which works under the 

principle of storing energy in inductor.  

 

Figure.8 Output voltage of PV 

It produces output voltage less than input voltage. The switching element used in buck 

converter is power MOSFET. This converter circuit will operate in two different states. One 

state is when the switch is closed i.e. MOSFET on state. In this state, the in-rush current 

creates potential across the inductor which opposes the main supply, it reduces the output 

voltage. The energy is stored in both inductor and capacitor and there is no current flow 

through the diode. Another state is switch opened state. In this state, the current to the 

inductor is interrupted and diode starts to conduct which gives the return path to the inductor 

current. This rapid change in current reverse the voltage drops across the inductor and it 

becomes the primary output source of this state. The output of the super capacitor is shown 

on figure.10.  

 

Figure.9 Operating states of buck converter 
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Figure.10 Output voltage of supercapacitor 

ENERGY MANAGEMENT 

Energy management is planning and operation of energy production and energy consumption. 

The objectives of energy managements are resource conservation, cost saving, climate 

protection with the permanent access to the users when they needed. According to the VDI-

Guideline, the definition for energy management is that the energy management is the 

proactive, organized and systematic coordination of procurement, conversion, distribution 

and use of energy to meet the requirements, taking into account environment and economic 

objectives [5].  

In this proposed system, each source is rated with 240V DC because the DC bus voltage is 

240V which required to charge the batteries of PEVs and each source is rated with different 

power ratings as tabulated in table 2. 

The power rating of PEV batteries will vary depends on different manufacturers from 17kW 

to 70kW. In test system consider average power rating as 25kW. the specification of each 

load is tabulated in table 3. 

Table 2. Source specification 

S.No. Source Specification 

1 Wind 240V DC, 200kW 

2 PV 240V, 100kW 

3 Fuel cell 240V, 50kW 

4 Supercapacitor 240V, 50kw 
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Table 3. Load specification 

S.No. Load Specification 

1 PEV1 

Charging voltage = 240V 

Power = 50kW = 2 PEVs 

SOC = 98% 

2 PEV2 

Charging voltage = 240V 

Power = 50kW= 2 PEVs 

SOC = 98% 

3 PEV3 

Charging voltage = 240V 

Power = 100kW= 4 PEVs 

SOC = 98% 

4 PEV4 

Charging voltage = 240V 

Power = 100kW= 4 PEVs 

SOC = 98% 

5 PEV5 

Charging voltage = 240V 

Power = 100kW= 4 PEVs 

SOC = 98% 

 With this different source and loads the overall simulation is shown in figure.11. 

The wind energy will supply the charging station when the demand is high otherwise it will 

supply to the AC loads which are near by the station. 
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Figure.11 Overall simulation diagram 

 Consider all the PEVs are in the SOC level of 98% and plug-in with the charging 

station at different instants and it rises to 99%. The PEV1 is connected for charging at 0.1sec, 

the demand of this PEV is 50kW. Supply to this demand supercapacitor is added to the 

system by switching on the switch S5 i.e. switch S5 is closed. At the instant 0.3sec the second 

PEV i.e. PEV2 is connected, now the demand increases to 100kW. Let the switch S4 is 

closed to add the fuel cell with the system. The PEV3 is connected to the system at 0.5sec. 

Now the demand increases to 200kW. To meet this demand PV is added by switching on 

(switch closed) the switch S3. At the instant 0.8sec the remaining 2 PEVs i.e. PEV4 and 

PEV5 are connected to the system which increases the demand to 400kW. The demand is 

high so the wind energy is added by opening the switch S1 to stop supplying to AC load and 

switch S2 is closed. Rise in SOC level of each PEV is shown in figure.12. 

e  

Figure.12 SOC level of each PEV 
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 When the SOC level of each PEV is reaches 99%, they will be disconnected from 

charging by opening the corresponding switches and the SOC is maintained at 99%. The 

SOC of all the PEVs are shown in figure The PEV1 is disconnected by opening the switch S6 

at the instant 1.1sec, it reduces the demand to 350kW. So, the supercapcitor is disconnected 

from the system by opening the switch S5. At the instant 1.3sec the PEV2 is disconnected 

and reduces the demand to 300kW, so the fuel cell is disconnected. PEV3 is disconnected 

from the system at 1.5sec by opening the switch S8. It reduces the demand of charging station 

to 200kW. To meet this demand wind is disconnected by opening the switch S2 and the 

remaining sources are added to the system. When all the PEVs are charged then the sources 

are act as standalone sources. This operation is tabulated in table 4 and the justification for 

the proposed system i.e. the achievement of energy management is given by the figure.13. 

Then the efficiency of the charging station is depending on the efficiency of each sources. In 

current, the efficiency of wind energy source is 40-50 percent that is it converts 40-50 percent 

of wind into electrical energy. The PV has the efficiency of 40-60 percent when concentrated 

panels are used. The fuel cell has 50-80 percent efficiency and the supercapacitor is 97% 

efficient. Thus, in average the proposed charging station has the efficiency of 75 percent. The 

technological growth in non-conventional energy sources will increase the efficiency of the 

system. 

 

Figure.13 Total power consumption of the system 

 The individual contribution of each source to meet the demand of charging station 

is shown in figure.14 which shows the contribution of source with increasing and decreasing 

the demand. 
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(b) 

 

(c) 

 

(d) 

Figure.14 Individual contribution of each source: (a)Supercapacitor (b)Fuel cell (c)PV (d)Wind 

Table 4. Operation of the system 

Time period (s) Load Demand 

(kW) 

Source 

0.1 – 0.3  PEV1  50  SC 
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0.3 -0.5  PEV1, PEV2  100  SC, FC 

0.5 -0.8  PEV1 to PEV3  200  SC, FC, PV 

0.8 – 1.1  PEV1 to PEV5  400  SC, FC, 

PV, W 

1.1 – 1.3  PEV2 to PEV5  350  FC, PV, W 

1.3 - 1.5  PEV3 to PEV5  300  PV, W 

1.5 – 1.8  PEV4, PEV5  200  SC, FC, PV 

 

CONCLUSION 

 From the simulations and results, it can be concluded that the renewable energies 

and Super capacitor can be used as sources of Distributed Generation (DG).With this 

Distributed Generation unit the PEVs can be charged in future. Power to the charging station 

and charging of each PEVs can be controlled with embedded controller. Thus the energy 

management is obtained with this controlling process along with the charging station to 

PEVs.  
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Abstract- Electric vehicles (EVs) pull in around the globe 
because it has a benefit of energy saving and environmental 
protection. High Penetration of Electric Vehicles in the world 
makes an additional demand on the power system at peak 
time. To overcome this problem, Smart Charging Station is 
designed for residential. At peak time the power required to 
charge Electric Vehicles is effectively handled by Grid 
connected PV generation and also Electric Vehicles acted as 
an Uninterrupted Power Supply (UPS) based on Time of Use 
(TOU) Tariff. All control functions are done by the Raspberry 
Pi controller. The whole process monitored and controlled by 
using Internet of Things (IoT).The proposed control system 
and their control functions are done in MATLAB/SIMULINK. 
Keywords: EVs, Grid connected PV, Smart Charging Station, 
Raspberry Pi, Internet of Things (IoT), Time of Use (ToU) 
Tariff. 

I. INTRODUCTION 

Electric vehicle (EV) pulls in worldwide consideration of late 
and is anticipated that would get more noteworthy selection of 
transportation division into most nations because of its 
significant leverage of zero tailpipe emanations. EV was first 
presented in the nineteenth century yet soon supplanted by 
inner burning motor vehicles. The reasons were the 
development of suppressor and electric starter, which 
diminished the commotion of internal combustion engine 
vehicles and evacuated the need of hand wrenches to begin the 
internal combustion engine vehicles [1].The increased number 
of EVs could overload the existing power system especially at 
the distribution system which can cause voltage problems and 
frequency problems. Considering the increasing number of 
EVs, it appears important to build up an appropriate charging 
station to give their required electrical demand request.  One 
solution is to charge EVs at home for Renewable Energy 
Sources (RES).Among all available sources PV system is the 
best solution. According to the report provided by the National 
Household Travel Survey (NHTS), vehicles are parked 5 
hours of a day at a work place[2]. Electric vehicle charging 
with residential provides overloading of distribution 

transformer. As the upgrading of transformer is difficult one. 
Several literature to show the impact of EVs charging on the 
distribution transformer [3], [4].Hence to build an electric 
vehicle charging station at residential is to be effective. So 
some researchers motivate that, charging of EVs at night time. 
Night charging challenge is the use of the TOU (time-of use) 
pricing. Several papers presented residential distribution 
network.[5],[6].The charging station was fully automated by 
IoT technology [9],[10],[11]. 
 

II.NOVEL PLUG IN CHARGER DESIGN 

The novel plug in residential charger contains solar power 
residential, bi directional vehicle charger and IoT technology, 
the solar power generation is directly connected to the grid 
with Smart meter. The Charging station, smart meter, and grid 
powered by IoT with the help of Rasberrypi-3. The solar 
power generation implemented by MPPT technology.  

 

                 Figure 2.proposed block diagram 

Case I: During day time solar power is more sufficient to 
charge the electric vehicle and residential load is supplied by 
Grid power supply. During this condition the smart will 
calculate the importing power value. 

Case II: Now we are consider the vehicle was fully charged 
now the solar power was supplied to Grid. During this 
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condition the smart meter will calculate the exporting power 
readings. 

Case III: During the peak Load time The Battery of Vehicle is 
exporting power to Grid. Now our Vehicle will earn money 
for exporting power. 

Case IV: During Grid Failure and Solar power failure our Plug 
in Electric Vehicle battery will act as a Uninterrupted Power 
supply. 

All the above data will be stored in Cloud in using IoT 
technology. Time of use pricing is included in the proposed 
system. Smart meter is used to track the electricity use by the 
hour 

 

                 Figure 3.Flow chart 

Figure 3 shows the flow chart for proposed work. Figure 4 
shows the different modes of operation of our proposed work. 
To control of overall system the controller called Raspberry Pi 
is used. The Raspberry Pi is a progression of little single-board 
computers created in the United Kingdom by the Raspberry Pi 
Foundation to advance the educating of fundamental software 
engineering in schools and in developing nations. The first 
model ended up noticeably significantly more prominent than 
expected, offering outside of its objective market for 
utilizations, for example, apply autonomy. Peripherals 
(counting keyboards, mice and cases) are excluded with the 
Raspberry Pi. A few frill however have been incorporated into 
a few official and informal packs. To monitor and share the 
information about the status of charging station the technology 
called Internet of Things (IoT) is used in proposed system. 
The controller work under the condition of time based tariff is 
is also called Time-of-use Pricing (TOU).  

 

 

Figure 4. Power flow diagram of proposed system for each 
mode  

II. RASPBERRY PI CONTROLLER AND IOT 

 Most photovoltaic systems contain parts, for example, 
the sun powered modules (panels) to give the electrical power, 
a battery charger for changing over the board yield to the 
battery voltage, a battery pack to store energy amid the day 
and give it amid the evening time, an inverter to change the 
battery voltage to the best possible line voltage for operating 
home apparatuses and a line source selector to switch between 
the sunlight based and grid power.  
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 At the point when the sun is sparkling amid the daytime, 
the sun powered photovoltaic cells change over the daylight 
falling on them into electricity. In spite of the fact that the 
productivity of the change might be just around 17%, sunlight 
based power can without much of a stretch achieve 1KW/m2 
and reasonable panels can deliver 5000 Watts in these 
conditions.  
 Sun powered panels ordinarily create a high voltage, 
120V DC being a typical figure. The battery charger needs to 
change over this to coordinate the battery voltage, for the most 
part 48V DC. Sun powered light power charges the batteries 
ceaselessly amid the daytime; hence, the charger needs to 
continue following the greatest power point to enhance the 
yield of the system. As the charger needs to charge the battery 
likewise, this gadget frames the most expound some portion of 
the system.  
 With the above game plan, the sun based panels charge 
the battery amid the daytime and the battery releases amid the 
night. The span of the battery relies upon one day of 
utilization in addition to some additional to hold over a cloudy 
day. That likewise chooses the span of the sun based board. 
Batteries are basically overwhelming and the lead-corrosive 
composes by and large have a life expectancy of around 7 
years.  
 The batteries sustain the inverter, which changes over the 
48V DC into the line voltage – typically 230V AC or 110V 
AC. With a 5KW nonstop appraising, inverters can basically 
run all family unit apparatuses, for example, the garments 
dryer, the clothes washer, the dishwasher and the electric 
kitchen broiler. At the point when the inverter is providing a 
vast load, the battery current may move up to 200A. The 
information of the proposed system is collected, monitored 
and shared though the technology Internet of Things (IoT). 
 The Internet of things (IoT) is the system of physical 
gadgets, vehicles, home machines and different things 
implanted with hardware, software, sensors, actuators, and 
system network which empowers these items to associate and 
trade information. Everything is exceptionally identifiable 
through its implanted registering framework however can 
between work inside the current Internet foundation. 
 

III.RESULTS AND DISCUSSION 

The simulation of the proposed work carried out by MATLAB 
Simulink model. 

 

Figure 5.Output of Solar power 

In the Figure 5 shows the output voltage of solar power 
generation. At the time period of 0 secs to 1 sec the output 
voltage will oscillate and finally settle down to 220V DC. In 

this above figuring the simulation carried out the time period 
of 5 Seconds. 

 

Figure 6.Output of MPPT 

The figure 6 shows that the MPPT pulsed output for PV power 
generation. MPPT technology is used to track the maximum 
power output of solar power. The MPPT output is feed to the 
Boost converter. 

 

Figure 7.Plug in Electric Vehicle model 

The figure 7 shows that the simulation model of Plug in 
Electric vehicle. The battery has the capacity of 220V Dc and 
50Kw power ratings. The battery manager circuit is used to 
help the battery of charging and safe discharging. This 
converter is acted as a bi-directional converter based on the 
pulse pattern. 

Figure 8.Plug in Electric Vehicle Charging  

The above Figure 8 shows the characteristics of Battery during 
charging condition. The voltage level gradually increases the 
value of 200V DC to 220V DC rated value, at the same time 
The SOC level will increase 90 percentages to 100 
percentages. We Don’t have the instrument for measuring 
SOC level. Based on the voltage level only we can calculate 
the SOC. The charging process takes place in two conditions, 
one is daytime while solar power is available and second one 
is during base load time from Grid. 
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 Figure 9.Plug in Electric Vehicle Charging  

The figure 9 shows that the discharging process of battery of 
electric vehicles. During this discharging process the SOC 
level is reduced from 100 percent. Nominal voltage of Battery 
also comes down. 

 

Figure 10.Overall operation 

The figure 10 shows the overall process of proposed system. 
In this figure we are simulating as per one full day. The time 
period 0 to 7 o clock we are assuming as base loads, time 
period 7 to 11 o clock is maximum load period, time period 11 
to 16 o clock again goes to second base load. Again 16 to 21 o 
clock maximum load happened. From the above graph during 
the base load time our plug in electric vehicles start to charge 
so the voltage values and SOC value is increasing, during the 
peak load time our plug in electric vehicles is discharging. 

 

 

Figure 8.Overall simulation model 

The MATLAB simulation of overall system was shown here. 
The PV model, Battery Model, Battery Manager model and 
Grid also shown. 

CONCLUSION 

From this proposed work we did simulation model of entire 
system . We are assuming the tariff of power is maximum 
during peak load time (Time of Use tariff ) during this 
condition our 50KW plug in electric vehicle was support the 
grid for avoiding Maximum loading . During base load only 
our Plug in Vehicle will charge . During night time if any 
maximum demand occurs or grid power failure condition our 

Vehicle battery will act as an Uninterrupted power back up . 
The Time of Use tariff data will take from webpage . All the 
controlling process is done by High power Rasberrypi-3 
controller. 

FUTURE SCOPE 

In this work may extend to Public Charging station and also 
Wind power based charging station. The time of use tariff will 
use to improve our system reliability and make grid to health. 
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Abstract The development of civilization increases the

usage of transportation. This tends to more CO2emission,

which pollutes the air significantly. To overcome this issue

an emerging technology called plug-in electric vehicle

(PEV) was used which eliminates the consumption of fossil

fuels. Instead of fueling, the vehicle is charged from

electricity. The major issue in the implementation of PEV

is the charging station to charge the batteries of the vehi-

cles. Usage of conventional energies such as thermal and

nuclear energy also pollutes the atmosphere. The renew-

able energies are the best alternatives for conventional

energies. Nowadays the street lights are also converted as

smart lights that is they are powered by solar energy which

charges the battery of smart street lights. The capacity of

the batteries installed for each light is more than enough to

power it. So this excess energy is not used for any other

purpose. In this paper, a new concept is introduced to

utilize the excess energy from smart street lights, PEV is

charged from series/parallel connection of all street light

batteries. The entire process is monitored and controlled by

using Internet of Things (IoT). This overall system is

simulated by MATLAB/SIMULINK environment, and

results are analyzed.

Keywords Charging station � Internet of things (IoT) �
Plug-in electric vehicle (PEV) � Smart street lights �
Solar energy

Introduction

A number of nations have taken explicit activities to de-

carbonize their power system and transport segments by

empowering renewable energy sources and supporting the

utilization of plug-in electric vehicles (PEVs) [1]. Inter-

national Energy Agency (IEA) has anticipated that the

sales of passenger light-duty EV/plug-in hybrid EV will

help from 2020 on and might achieve more than 100 mil-

lion of EV/ plug-in hybrid EV sold every year around the

world by 2050 [2]. In the literature [3], based on grid

frequency, charging and discharging of EV are proposed.

The EV improvement will result in increasingly more EV

charging stations being worked soon [4–7]. In the previous

literature [8, 9], smart electric vehicle charging station is

designed for residential and based on Time of use Tariff,

EVs acted as an uninterruptible power supply. The more

number of EVs may increase the burden on power system

and may influence the stability and safety of the power

system. The perfect and suitable solution for this issue is

the use of renewable energy sources such as wind, solar

energies. National strategies in many countries have set

goal-oriented focuses for the advancement of renewable

energy source. In European Union (EU), the objectives are

set for 35% of power generation from renewable energy

sources in 2020 [10]. Renewable energy source right now

gives 14%of the world’s energy supply [11, 12]. Solar and

wind diesel-powered electric vehicle charging station are

designed with vehicle to grid Technology [13]. In the lit-

erature [14], Charging station for plug-in electric vehicle is

designed by using different renewable energy sources with

supercapacitor and also energy management technique is

also implemented. In renewable energy, PV can be utilized

to produce electricity in any place, where the sun-based

radiation asset is good, rather than original power supply
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[15]. Solar street lighting system is a successful method to

reduce power consumption and CO2 emission on environ-

ment [16]. In the literature [16], energy efficient smart

street lighting system is designed by using low-cost

microcontroller-based Arduino. The primary objective is to

design energy efficient solar-based smart street light sys-

tem for energy conservation in existing street light system.

In PV (Photovoltaic) system, the solar radiation can be

converted into electrical energy. This energy is stored in a

battery and provided to the system when it is required to

glow [18]. The goal of the Internet of Things is to enable

things to be connected anytime, anyplace, with anything

and anyone ideally using any path/network and any service.

The IoT has the forthcoming to modify the techniques for

different innovative services and applications, for example,

watching ongoing things and furthermore work with their

communication and interaction. [17, 18, 20].

In proposed system, the solar energy is used as the

source for PEV. This solar power is fetched from the

excess power in the solar-powered street light system.

Around 50% of the energy is left excess every day in the

battery of smart street light. This excess energy is collected

together and utilized to power the charging station. In this,

all solar-powered smart street light batteries are connected

in series/parallel connection to make the PEV charging

station.

Proposed System

Every street has battery with solar panel and street lights.

Nowadays they became smart street light with solar energy,

there are 60 number of LED in each light with the rating of

12 V, 2.5A. Each light consumes 30 W per hour. Normally

street lights are in active for 6.00PM to 6.00AM, that is,

they are active for 12 h. For these hours, they consume

360 W. During inactive state, the remaining 60% of battery

capacity is unused. Each smart street light consists of one

12 V solar panel and 75Ah, 900 W capacity of battery.

This is illustrated in Fig. 1. The battery takes 3 to 8 h to

charge fully. After supplied to street light, there will be

remaining power in each battery for every day. It is nearly

60% of its battery capacity. This is not used for any pur-

pose. According to proposed concept, consider 100 street

lights. The batteries of these street lights are connected in

parallel / series by underground cable. The excess power

collected by the series/parallel connection. This power is

fed to the PEV charging station to power the PEV. The grid

also supports the charging station, when there is a need.

The operation of the system consists of four cases. They

are,

Case(i): The State of Charge (SoC) of the battery is

greater than 80% when all the batteries are almost fully

charged. These batteries are ready to power the charging

station, at that time the support from the grid is switched

off.

Case(ii): When some of the batteries SOC level is

between 50 to 79%, that batteries are isolated from the

parallel connection and start to charge by getting energy

from the solar panel. In this condition, the grid support was

switched on and supports the charging station.

Case(iii): In cloudy days, if the energy from the solar

panel is not enough to charge the batteries of street light,

the grid will support to the charging station as well as gives

energy to charge the batteries of street light.

Case (iv): It is based on tariff. If the owner of PEV is

willing to discharge the power from PEV to grid then they

can discharge through charging station to grid. The owner

will get some incentive based on the power delivered.

All these operations are monitored and controlled in

central control unit which collects the data such as the SOC

level of each batteries of street light, SoC level of PEV,

availability of grid, availability of solar energy and the

power availability in all devices through the technology

called Internet of Things(IoT). For these operations, there

is a need of some supporting devices such as bidirectional

AC/DC converter and bidirectional DC/DC converter. In

this proposed system, street light batteries can get power

from the grid and also supported to charging station by

using bidirectional AC/DC converter. DC/DC converter is

used between battery of the street light and charging port of

PEV. It also works in bidirectional way. It is used to get

power from the solar energy, when available and give the

power back to the street light in cloudy days. The operation

of these devices is also monitored and controlled through

central control unit.

Astrological Location-based Retrofit Timer

The block diagram of astrological location-based retrofit

timer is shown in Fig. 2. It consists of low-power micro-

controller, real-time clock, relay driver, light depended

resistor (LDR), proximity sensor (PIR), Wi-Fi device and

relay.

In microcontroller, the location-based sunset and sunrise

timing from internet is updated via Wi-Fi. The 10 years

data will be stored in microcontroller memory. In addition,

LDR is also used, in such a case that there is any sudden

climate change, the sunset and sunrise may change, so the

LDR port will enable 30 min before predefined sunset and

30 min after sunrise. PIR sensor is also used, it will acti-

vate after 22:00, and it will help to reduce the LED

brightness or switch off half number of LEDs in Street

lights. Therefore, it reduce the power consumption at

unwanted timings. The SoC level of each battery is
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calculated by voltage sensing method, and the level of SoC

is stored in Cloud by IoT technology.

Fig. 3 shows the prototype model of retrofit timer based

on astrological. It consists of 328 bit microcontroller for

control entire process and also using real-time clock

ds1301 used to set the real-world time. The relay module

operating single pole single throw (SPST) mode, the relay

module normally open (NO) terminal used to turn on the

street light for required timing. The power supply used to

provide 5 V for all electronic components. The 2*16 LCD

module is used to show the timings to the user.

Fig. 1 Proposed system

Fig. 2 Block diagram of

astrological location-based

retrofit timer

Figure.3 Prototype of astrological location-based retrofit timer
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Design of Solar-powered Smart Street Light
System

In every road between each 18–24 m, there is a street light

for 30 W LED [19]. Assumed that, 100 street lights are

taken into consideration, it is powered from the solar panel.

It will increase the power demand on the power system

from 18:00 to 6:00 every day. To reduce the demand, the

renewable energy is used to power each light. The pro-

posed system will not change any existing system, however

included, one retrofit timer for street lighting system.

Current calculation There are 60 numbers of LED

placed in each light with the rating of 0.5 W capacity each.

So 30 W (60*0.5 = 30 W) power is consumed for full

brightness. 12 V lithium or lead acid battery is used. Total

current consumed by the single street light calculated in

Eq. 1.

Is ¼
Wb

Vb

¼ 30=12 ¼ 2:5 A

ð1Þ

where.

Is = Current consumed by street light.

Wb = Power rating of Battery.

Vb = Battery voltage.

Battery Capacity Calculation Assumed that, 100 street

lights are taken in particular city. Each night, actually

lighting with full load is 4 h out of 11 h.

Figure 4 shows lighting with 100% full load for 4 h.

Lighting with 30% load for 6 h. Lighting with 60% load for

1 h. The lighting time of each solar street light is 11hours

(4hrs ? 6hrs ? 1 hr) out of 24 h. For the selection of

battery, it should reserve the capacity of 5 rainy days (5

rainy days ? the last night, it is 5 ? 1 = 6 days) with

continuous lighting.

Total lighting current is

4hrs � 30Watts

12Vb

� �
þ 6hrs � 9Watts

12Vb

� �
þ 1hrs � 18Watts

12Vb

� �

¼ 16A

Then battery capacity ¼ 16 A � 6 daysð Þ
¼ 96 Ah: Available rating 105 Ahð Þ

In order to avoid overdischarging of battery, battery

should discharge up to 60%. In addition, it would have

some power wasting consumption according to different

loads, actual working current is influenced by constant flow

source, rectifier, line loss, etc. Therefore, the actual battery

capacity might be

105AHb � 125% ¼ 131:25AH ð2Þ

where AHb ¼ Battery capacity in Ampere Hours.

Calculation of Solar Panel Power (Wp)

Solar Street light need to work 11 h each night, while it is

about average of 5 h that solar panel can touch enough

sunlight [20]0.250-W solar panels and live in a place where

you get 5 h of sunlight per day.

Solar panel watts x average hours of sun-

light 9 75% = daily watt-hours.

250 watts 9 5 h x 0.75 = 937.5 daily watt hours.

5 h is taken as peak sun hours, accurate sunlight time is

calculated according to Country or installation location.

Moreover, it has difference in line loss, power consumption

of controller, different power of rectifier or constant flow

source. 937.5 W is also just theoretical value, the actual

need is 15%-25%.Hence, 937.5 W*(115%–

125%) = 1078 W–1171 W.

Existing street light system turns on at 18:00 regularly

and turn off in the morning at 6:00. However, in summer

days, Sunset will be at 19:30 and sunrise will be at 5:30. By

using astrological location-based retrofit timer, reduce the

full load from 4 h to 2.5 h. Therefore, we can save 45 W

power from one street light per day.

45 W * (100 street lights) = 4500 W. This excess

4500 W power from the street light sent to electric vehicle

charging station.

Design of Electric Vehicle Charging Station

Battery current rating is 131.25 Ah and voltage rating is

12 V. So the power rating is 131.25*12 = 1575Wh. If the

battery SoC level between 80 to 100%, this 20% of power

(315 W) is used to charge the Electric Vehicle. For 100

street lights, 100*315 W = 31500 W power send to

charging station. So, the total power delivered to the

charging station is 4500 W ? 31500 W = 36000 W. This

is represented in Table 1.

The powerful charging terminal can charge an electrical

battery to 80% in half an hour. This time could be addi-

tionally diminished in the coming years. The producer
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Fig. 4 Bar Graph representation of street light load
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Tesla is as of now building up an electrical terminal able to

do completely charging of the battery in only minutes. By

supporting grid with renewable energy source, achieve

1-min charging. The charging time can be calculated by the

following simple calculation.

Step1:Divide the load power by 1,000 for a value in

kilowatts. Assumed that 3.7 KW electric vehicle charger in

consideration.

Step2:Divide the power of battery (also in kW) by the

figure obtained to get the charging time. Our power

availability is 36 kW/ 3.7 kW = 9.73 h.

Step3:First calculate our load power (P), by multiplying

the voltage (V in volts) by the current (I, in amps). Get a

value in watts. P = V x I, 230 V x 16A = 3,680 W.

Charger input voltage at 230 V or 400 V DC input is

chosen, it would deliver the current rating from 16 to 63A

and deliver or charge the power from 3.7KW to 43KW.

This proposed charger will work at the temperature from—

20 to 60 degree. In addition, it will give maximum 94%

efficiency and 0.9898 PF. DC current sent to the Electric

Vehicle’s battery directly via the DC charge port.

Level 1:Public DC Chargers at output voltage of 48 V/

72 V, with power outputs of.

10 kW / 15 kW with maximum current of up to 200A.

Level 2:Public DC Chargers at output voltage of up to

1000 V, with power outputs of 30 kW / 150 kW. These

will be called Level 2 DC Chargers.

In this system, Level 1 chargers are used. The brain of

the charging station is the network controller. It empowers

the station to communicate with its network.

Artificial Intelligence for IOT

Artificial intelligent (AI) system was effectively utilized

with the help of Internet of Things (IoT) technology.

Without human brain interferes, our AI technology is doing

effective work. The calculation, which we have made,

partitions every solar light data into little segments, which

extend from ten seconds to a minute. The calculation,

which works continuously which means a control signals is

made each 0.1 s assesses progression of information (SoC

level of each battery, Panel output, Selection Switching and

all electrical parameters) and thinks about this data to

current SoC output and how much fuel the vehicle needed

to full charge. At that point, it communicates something

specific, by means of the electronic control unit, to the

energy management system, advising the control switch to

act in precisely the equivalent was as in past segment.

In this system, modern Internet of Things is used for

monitoring all the parameters like SoC, solar panel output,

selection switching and all electrical parameters. Individual

IoT device with internet connectivity and switching relay

with driver is used. The SoC level of all batteries is con-

tinuously monitored based on the SoC level the switch will

decide, whether to charge the battery or supply to charging

station. All the data sent to cloud and analysis taking care

of that part. The IoT technology will operate based on the

flowchart is shown in Fig. 5. In this flowchart, 3 modes of

operations are explained. They are.

Mode 1:During daytime, all the battery SoC is between

80 to 100% and the EV power is equal to utility and the

charger will be fully supported by renewable sources like

solar panel.

Mode 2:If they have sufficient power from battery and

solar panel and if there is no EV means the power will be

exported to grid. Otherwise, the available power is partially

supported to EV and remaining power from grid.

Mode 3:If battery SoC level is below 79% up to 50%

means, the battery power will be reserved for street light.

Otherwise, emergency battery charging will take place

from grid.

Results

The simulation of the proposed system is shown in this

section. Simulation model of Solar Street light system is

shown in Fig. 6. This simulation consists of five solar street

light with PEV charging station. In this, 4 solar cell array

are connected in series and parallel combination in order to

achieve the desired power rating based on the voltage level.

Fig. 7 shows the battery discharge level by the means of

SoC. At 0 s, the battery is in completely charged condition

that is 100% SoC. The SoC level is decreased from 100 to

50% at 1500 s interval. Now battery supplied the voltage

Table 1. Total power to the charging station

S.No Number of street

lights

Power from the street light

while

using astrological location-

based

retrofit timer

Power from the street light when

SoC of the battery between 80 to

100%

Total Power to the electric vehicle

charging station

1 100 45 W from one Street

Light. So 45*100 = 4500 W

315 W from one street light

battery. So 315*100 = 31500 W

4500 W ? 31500 W = 36000 W = 36KW

J. Inst. Eng. India Ser. B (June 2021) 102(3):477–486 481

123



12 V to 5 Amps Load. After 1500 s again load continuing

drop the current so SoC level again decreasing 50% to

below. At 3500 s, the SoC level goes to below 10% so

voltage also goes to 0 V. In this condition, we are calling

Dry battery Condition. In this simulation, we are taking Li-

Ion battery for simulation environment, so it will deliver

100 percent SoC.

Figure 8 deals with the simulation output of PV panel.

The graph shows solar output voltage, current, power and

MPPT duty cycle. In this graph up to the point of 1.5 s, the

voltage starts to increasing voltage and then it was settled

17 V. The current waveform also shown in second graph.

At the time, 2 sec to 3.5 s time the irradiance level goes to

Fig. 5 Flowchart of proposed

system

Fig. 6 Solar street light system with PEV charging station
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very low. So the output voltage also goes to below 10 V.

on that time duty cycle pattern was changed.

Figure 9 shows that single solar street light power dis-

sipation or power flow from panel and battery to LED

row1, row2, row3, vehicle1 charger, vehicle2 charger and

supply to grid. In that, simulation model the help of

MATLAB environment explains. The outputs are shown in

scope.

Fig. 10 shows the solar panel output, LED operating

time and switching. In graph 1 to 3, the LED row 2 is start

to glows on 17.00 to morning 6.00. However, the 100%

brightness only occurs on when needed. Therefore, the

power consumption will saved. The vehicle charging

condition will start only on daytime period because the

battery power reserved for lighting system. During day-

time, the vehicle charger 1 and 2 will loaded based on the

charging vehicle availability so that example condition

shown in graphs. The graph 6 will shows while 100%

charging battery with solar panel output, the excess power

will supplied to grid.

Figure 11 shows the battery cell arrangement in single

stage. Fig. 12 shows the charging of battery from solar

panel output voltage. The first graph shows that the panel is

supplying maximum output of 17 V. Now 12 V Li-ion

battery started to charge. In third graph, at initial condition,

the battery capacity is 60%. From 0 to 0.5 s the solar panel

started to supply the power but at the time of 0.5 s, it is

delivering above 12 V supply. So that battery started to

Fig. 7 Battery Discharging Condition

Fig. 8 Output of PV panel
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charge, the SoC level is increased from 60% to 60.02%.

Assumed that, at the time of 2 s the irradiance level is

started to reduce. So solar panel output voltage goes to

below 12 V and battery will not charge. The SoC level

goes to stable. After 3 s, the solar panel delivered maxi-

mum voltage and again the battery is charged from 60.02 to

60.03%.

Conclusion

In this proposed work, effectively utilized excessive

available battery power from the solar street light system

for PEV charging. All street lights are powered by micro-

controller with IoT and smart retrofit timer. The efficient

power management and power utilization were achieved.

Normally the solar power to charge the battery is 4 to 5 h

enough for 100 percent charging. The solar power available

in nature nearly 8 h, therefore the remaining time of solar

power also effectively utilizing for charge the electric

vehicle as well as grid. In addition, the battery SoC level or

charge level, only 40 percent utilized. The remaining

Fig. 9 Power delivered by the solar-powered street light battery

Fig. 10 Operating time of solar street light system
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power was stored as reserve, that power can be utilized

with effectively and also save the life of battery. In this

research, astrological location-based retrofit timer for smart

street light is used, in order to reduce the power wastage

from existing street light for earlier light glow and delayed

light off.
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Abstract: The requirement for astute cultivating particularly in 

creating nations like Indiahas developed to a more noteworthy 

degree. Additionally, investigate in IoT based remotesensor 

organizing agribusiness, for example, observing of ecological 

conditions liketemperature, Humidity of encompassing and soil 

dampness and so on. The reason forproposed framework is to 

enhance the water system arrangement of Indian horticultureand 

furthermore to give sufficient to water system to specific 

regionnow a days eachframework iscomputerized keeping in 

mind the end goal to confront new difficulties in thepresent days 

mechanized framework have less manual operation, adaptability, 

unwaveringquality and exactness. Because of this request each 

field incline toward mechanized controlframeworks. 

Keywords: IoT, Wi-Fi, Arduino Mega 2560, ATmega 328, Soil 

Sensor 

I.INTRODUCTION 

Water scarcity plays a major barrier for developing 

agricultural sector. Each nation ranked by their agricultural 

growth. In agricultural field water consumption is main thing. 

In Figure 1 shows that the prediction of rainfall for 2017 to 

2030. This rainfall prediction will help the farmers to develop 

their agriculture. But nowadays due to greenhouse effect, river 

dryness, high temperature, global warming and other reasons 

the climate was changes. This climate change leads to change 

the regular climatic rainfall. The ground water level based on 

climatic rainfall reflects. In survey says that 20 to 25 percent 

of water was wasted due to pipe leakage and theft. For 

example Delhi state alone wasted 40 percent of utilization of 

water.  

 

Figure 1 prediction of rainfall pattern 

Figure 2 says that the water utilization chart from global 

level.in global level 70 percent of water is utilized by the 

agriculture. 80 percent of water is utilized for agriculture in 

India. 

 

Figure 2Water utilization chart 

Flood irrigation, water wastage and improper river 

management system leads to water scarcity. Figure 3 shows 

that the waterless countries in global wise. India consumes 

19.33 percent of water, it shows major utilization. Source by 

state of world’s water 2018 report. 
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Figure 3Waterless countries pi chart 

Figure 4 shows that the fall in ground water level by state wise 

due to the above reasons. 

 

Figure 4Fall in ground water level 

Many states struggling to get proper yield by availability of 

water. At the starting monsoon time the farmers are start to 

yield. At the end of yield time due to water scarcity they are 

fail to get proper result. Many farmers are spending more 

money for buying water. Some of the case farmers are buying 

water from external vendors and irrigating their fields, on the 

same day if any natural effects occur means it will lead to 

damage. 

II.PROPOS ED SYSTEM 

In proposed system contains smart transmitter and receiver 

module, both the modules are wirelessly connected and 

consume low power rating.  

 

Figure 5Transmitter unit 

In figure 5 shows that the proposed transmitter system. It was 

powered only 5V Li-ion battery which is charging by solar 

panel. Transmitter unit consist of esp8266 module or node 

MCU for wireless connectivity and also it can connected with 

internet of things. The height adjuster will help to increase or 

decrease the height of module. The humidity and temperature 

sensor will sense the climate temperature and humidity. In 

addition that anemometer will help to detect the wind velocity 

of air. All the data’s stored in cloud or node MCU internal 

memory. 

 

Figure 6Receiver unit 

In figure 6 shows that the receiver module of proposed system. 

In receiver unit also contains microcontroller with ESP8266 

slave unit or Node MCU. The output is drive by relay driver 

module, in relay driver transistor will drive the relay. The 

contactor connected with Direct Online Starter.  
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Figure 7IoT View 

The figure 7 shows that the overall operation of block 

diagram. In that block diagram transmitter unit transmit the all 

data to cloud or else user’s mobile phone. The receiver unit 

also get the data from cloud or else manual mode by switch or 

mobile. The virtual cloud collect all the data and compare with 

previous year data and give better solution to customer. 

 

Figure 8Top view of proposed system 

In figure 8 shows that the proposed system of transmitter unit. 

It contains 50W solar panel for charge the unit, LCD for view 

some parameters. In figure 9 shows that the inner parts of 

transmitter unit with Li-ion battery unit, charge controller and 

soil moisture sensor unit.  

 

Figure 9 Transmitter system with sensing unit 

 

Figure 10.Flowchart for proposed system 

In figure 10 shows that the flowchart of proposed system. 
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Figure 11Proposed Output 

CONCLUSION 

This venture can be utilized to water the field consistently and 

accurately when there is water required. Since it is connected 

to the Wi-Fi the datas can be seen at any time by connecting it 

to the Wi-Fi module and it can be monitored at any time with 

out going to the spot or field.  It can likewise ration the water 

and stay away from over watering the products. This can 

prompt the creation of good quality products and also the 

water can be saved. The field can be watered equitably. 

FUTURE WORK 

This work can be further developed by linking with 

the IoT.The data logging technique can also be used to 

develop the project, by implementing this techniques the 

watering and the condition of the soil and plants can be 

monitored from anywhere with the help of the unique IP 

address generated. 

REFERENCES 

[1]Department for Environment Food and Rural Affairs,  “Local authority 
CO2 emissions estimates 2006,” Statistical Summary, Sep. 18, 2008.  

[2]J. R. Pillai, “Electric Vehicle Based Battery Storages for Large Scale Wind 
Power Integration in Denmark,” PhDdissertation, Dept. Energy 
Technology, Univ. Aalborg,Denmark, December 2010. 

[3]S Divyapriya, A Amudha, R Vijayakumar“Automatic Frequency Response 
for Autonomous Distributed V2G (Vehicle-to-Grid) Using IoT 
Technology” Journal of Electrical Engineering 19(1) , 2018. 

[4] K. Qian, C. Zhou, M. Allan, and Y. Yuan, “Modeling of load demand due 
to EV battery charging in distribution systems,” IEEE Trans. Power. 
Syst., vol. 26, no. 2, pp. 802–810, May 2011. 

[5]Vijayakumar R Malarvizhi K Divyapriya. SDesign of Public Plug-in 
Electric Vehicle Charging Station for Improving LVRT Capability of 
Grid Connected Wind Power Generation2018 International Conference 
on Soft-computing and Network Security 
(ICSNS)10.1109/ICSNS.2018.8573632 

[6] P. Zhang, K. Qian, C. Zhou, B. G. Stewart, and D. M. Hepburn, “A 
methodology for optimization of power systems demand due to electric 
vehicle charging load,” IEEE Trans. Power. Syst., vol. 27, no. 3, pp. 
1628– 1636, Aug. 2012.  

[7] K. Clement-Nyns, E. Haesen, and J. Driesen, “The impact of charging 
plug-in hybrid electric vehicles on a residential distribution grid,” IEEE 
Trans. Power Syst., vol. 25, no. 1, pp. 371–380, Feb. 2010. 

[8]S Divyapriya, A Amudha, R Vijayakumar “Design of Residential Plug-in 
Electric Vehicle Charging Station with T ime of Use Tariff and IoT 
Technology”2018 International Conference on Soft -computing and 
Network Security (ICSNS),IEEE 10.1109/ICSNS.2018.8573637 1-5. 

[9]M.Poornima S.Bharath S.Divyapriya R. Vijayakumar Plug-in Electric 
Vehicle Supported DVR for Fault Mitigation and Uninterrupted Power 
Supply in Distribution System 2018 International Conference on Soft -
computing and Network Security (ICSNS) 978-1-5386-4552-
9/18/$31.00 ©2018 IEEE. 

[10]J. R. Pillai, “Electric Vehicle Based Battery Storages for Large Scale 
Wind Power Integration in Denmark,” PhDdissertation, Dept. Energy 
Technology, Univ. Aalborg, Denmark, December 2010. 

[11] A. Dán, C. Farkas, L. Prikler, “V2g Effects on FrequencyRegulation and 
Under-Frequency Load Shedding in a QuasiIslanded Grid”, PowerTech, 
2013 IEEE Grenoble, pp. 1 – 6,2013. 

[12]R. Garcia-Valle, J. A. Pecas Lopes, “Electric Vehicle Integration into 
Modern Power Networks”, New York:Springer, 2013.  

[13]S Divyapriya, A Amudha, R Vijayakumar “Design and Implementation of 
Grid Connected Solar/Wind/Diesel Generator Powered Charging Station 
for Electric Vehicles with Vehicle to Grid Technology Using IoT 
”,Current Signal Transduction Therapy Research article 13(1),2018.  

[14]Divyapriya S, Amudha A, Vijayakumar R. Design of Renewable Energy 
Based PEVS Charging Station With Energy Man-agement Technique. J 
Adv Res Dynam Cont Sys 2017; 9(17): 856-69. 

[15]Nian Liu, Qifang Chen, Xinyi Liu, Jianhua Zhang, A charging strategy for 

PV-base battery switch stations considering service availability and 
selfconsumption of PV energy, IEEE Trans. Ind. Electron. 62 (2015) 
4878–4889. 

[16]Sei Ping Lau , Geoff V. Merrett, Alex S. Weddell, Neil M. White, “A 
traffic-aware street lighting scheme for Smart Cities using 
autonomousnetworked sensors,”Computers and Electrical 
Engineering,Electronics and Computer Science, University of 
Southampton, UK ,2015. 

[17]Mr.Maheshkumar Narsayya Bhairi,Mr.Manohar Suresh Edake et all, “A 
Study Of Solar Street Light And Optimization For Spacing In Poles And 
Cost” 2017 International Conference on  T rends in Electronics and 
Informatics (ICOEI),2017,DOI: 10.1109/ICOEI.2017.8300980.  

[18]Vijayakumar R, Malarvizhi K, Divyapriya S. Control and Management 
Scheme of PV Integrated Charging Facilit ies for PEVs with Texas 
CC3200 IoT Technology. Int J Engineer Tech Sci Res 2017; 4(9): 156-
66. 

[19].L. Atzori, A. Iera and G. Morabito, “The internet of things: A survey 
Computer Networks”, vol. 54, no. 15, (2010) October, pp. 2787 -2805.  

[20] D. Miorandi, S. Sicari, F. De Pellegrini and I. Chlamtac, “Internet of 
things: Vision, applications and research challenges”, Ad Hoc Networks, 
vol. 10, no. 7, (2012) September, pp. 1497-1516. [7] O. Vermesan, 
Outlook on Future IoT  Applications 

[21] Divyapriya S, Amudha A, Vijayakumar R. Smart electric vehicle 
charging infrastructure using internet of things. Int J Innov AdvCompu 
Sci (IJIACS) 2017; 6(8): 368-374. 

[22]Abhinandan Sharma, Prof. (Dr.) B. K. Sharma, Hari Singh, Bhanu Pratap 
Singh A “Study Of Solar Street Light And Optimization For Spacing In 
Poles And Cost” International Journal Of Science, Engineering And 
Technology 2014,2(7) 1533-1543 

[23]http://www.aurorasolarenergy.com/average-daily-sun-hours/ 

Proceedings of the Fourth International Conference on I-SMAC (IoT in Social, Mobile, Analytics and Cloud) (I-SMAC)
IEEE Xplore Part Number:CFP20OSV-ART; ISBN: 978-1-7281-5464-0

978-1-7281-5464-0/20/$31.00 ©2020 IEEE 89

Authorized licensed use limited to: Auckland University of Technology. Downloaded on December 22,2020 at 06:26:04 UTC from IEEE Xplore.  Restrictions apply. 



2018 International Conference on Soft-computing and Network Security (ICSNS) 

978-1-5386-4552-9/18/$31.00 ©2018 IEEE 

 

 

Plug-in Electric Vehicle Supported DVR for Fault 
Mitigation and Uninterrupted Power Supply in 

Distribution System 
M.Poornima 

poorni3710@gmail.com 
Department of Electrical and 

Electronics Engg. 
SNS College of Technology 

Coimbatore, India 
 

S.Bharath 
bharathbhadri@gmail.com 

Department of Electrical and 
Electronics Engg. 

SNS College of Technology 
Coimbatore, India 

 

S.Divyapriya 
divyapriyaeee@gmail.com 

Department of Electrical and 
Electronics Engg. 

Karpagam academy of Higher 
education 

Coimbatore, India 

R.Vijayakumar 
r.vijayakumarpse@gmail.com 
Department of Electrical and 

Electronics Engg. 
SNS College of Technology 

Coimbatore, India 

 
Abstract- -- Now a days the electric vehicles usages is gaining 
popularity because of the pollution caused by existing and 
conventional IC engines. Electric vehicle integration to the 
distribution grid is increased at a faster rate because it can act as 
power backup to the grid. Thereby reducing the peak load and 
filling the valley point. This paper proposes the power backup of 
EV is utilized as an UPS to Software Company as well as used to 
support the Dynamic Voltage Restorer (DVR) to mitigate the 
fault occurring in the distribution system. It is known that most 
of the software engineers own a Electric car. The Batteries in the 
car is connected to the charging point (or) grid with monitoring 
of State of Charging (SOC) facilities in the parking area of 
company. When the Renewable power (solar energy) is available, 
the batteries will be charged to hundred percentage of SOC. 
Then excess power from PV will connected to load as well as grid. 
When the electrical power supply cutoff the car batteries will act 
as a battery bank of UPS and support to the critical load with 
condition based Allowable SOC. The total capacity of the 
batteries depends upon the no of cars available at a particular 
shift in a day. The entire system is modeled using MATLAB 
SIMULINK, the real time controllers are done by Raspberry pi 
development board and the results prove the feasibility of the 
proposed idea. 
 

Keywords: Plug in Electric Vehicles, DVR,PV,UPS 
I. INTRODUCTION 

 In current situation, the worries about high fuel 
utilization, air pollution and vitality security are continue to 
rouse us to scan elective answer for the transportation. The 
arrangement is discovered that the execution and large scale 
manufacturing of Fuel Cell Electric Vehicles (FCEVs) are 
troublesome as a result of high cost and other inherent issues. 
Internal combustion engine with hybrid source vehicles can 
give incomplete response to these issues. The Plug-in Electric 
vehicles (PEVs) which are fueled by outside vitality source 
[1]. Comparing PEVs with Internal Combustion (IC) engine 
driven vehicles, the PEVs create zero discharge, have high 
vitality proficiency, low clamor level and clean energies can 
be utilized as source to charge the batteries of PEVs. With 
these points of interest PEVs are emerging as an answer for 

pollution caused by customary transportation. In any case, 
substantial reception of PEVs devour high power from the 
network to charge extensive number of PEVs. It will strain the 
general existing force system past its ability [2].  
 The interest for charging system, incorporating charging 
stations in parking structures also, carports is more basic as the 
EVs out and about. For long detachment laborers, an open 
charging station may be a fundamental essential to ensure the 
ability to finish the round trek furthermore, influence it to 
home. While charging isn't basic, various EV drivers may plug 
in to condense the charge release cycle and decline battery 
wear. A deficiency of charging stations may make EVs less 
supportive and add to expand apprehension bringing about 
less individuals grasping the usage of electric vehicles. Also, if 
charging system is available at work, tinier batteries and along 
these lines more moderate vehicles are required to address 
customer's issues [3]. Past the physical nearness of charging 
stations, a couple of fundamental needs ought to be filled to 
deal with the expanding interest for charging system, 
including as far as possible and the electrical circuits that 
make charging possible. One plan is charging stations that 
administration diverse vehicle in the interim with a given 
system. Various parts of the establishment ought to be shared 
all together for a charging station to truly profit different 
vehicles at a similar time. The charging system needs to share 
the interface port by safely stopping to different vehicles 
immediately, it needs to share the circuit by apportioning the 
open energy to not over-load the circuit, and it needs to share 
as far as possible by acutely booking charging keeping in 
mind the ultimate objective to maintain a key remove from 
peak use. To deal with this request, an EV charging system 
has been created that safely increase the amount of EVs that 
can be related with a circuit by proportioning the power 
assigned to each EV [4]. 
 Power systems have been encountering great changes in 
electric power generations, transmissions, and distributions. 
For electrical load development and higher power transfer in a 
to a great extent interconnected system prompt perplexing and 
less secure power system operation. Power system engineers 
confronting challenges look for answers for work the system 
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in increasingly an adaptable and controllable way. So part of 
energy storage devices assume critical part as Energy storage 
seems, by all accounts, to be valuable to utilities since it can 
decouple the immediate adjusting amongst supply and 
demand. Accordingly expanded resource usage is permitted, 
that encourages the renewable sources entrance and enhances 
the adaptability, unwavering quality and proficiency of the 
grid long and short-duration voltage variations by sudden 
increments in loads, for example, blames or short circuits, 
beginning of motors, or turning on of electric heaters or they 
are caused by unexpected source impedance is increment, 
which are caused by a free association. Power quality issues 
are separated into two classifications voltage quality and 
frequency quality. Voltage quality issues are connected with 
voltage sag, voltage swell, under voltage and over voltage 
while frequency quality issues are connected with harmonics 
and transients. A standout amongst the most basic power 
quality issues is voltage sag which is happen because of its 
usage of voltage sensitive devices [5].  
 Energy storage devices can be ordered into two diff 
classes, contingent on their application: short term response 
energy storage devices and long-term response energy storage 
devices. Short term response energy devices which 
incorporate flywheel, super capacitor, SMES though long term 
response energy storage devices incorporate compress air, 
hydrogen fuel cell, batteries, Redox flow. Here we are more 
worry with short term response energy devices. For Long and 
Short-Duration Voltage Variations remuneration, the DVR 
which goes about as arrangement associated topology is a 
more practical arrangement [6][ 7]. 
 All primary AC power sources encounter states of 
voltage transients amid clearing of faulty load hardware, when 
high inrush currents are drawn as load gear is placed on the 
power line, when energy is bolstered back to the power line or 
amid failure of the power feeder lines. Expansive negative 
transients or power dropouts can last as meager as one-half 
cycle of the primary AC power or insofar as seconds to 
minutes, before an optional, standby, AC power source can be 
activated , or notwithstanding for a considerable length of 
time, where the primary AC power source gear must be 
adjusted a t a remote area . There are two essential 
classifications of power supplies for critical loads: "Crisis 
Power with Time Limited Voltage Dropout” where transitory 
dropouts in the request of seconds or minutes are permitted 
and "Uninterrupted Power with Controlled Voltage 
Transients" where the yield voltage is never permitted to stray 
from a predefined direction band.  
 In the main classification fall correspondence, therapeutic, 
and mechanical handling load hardware where transient 
dropouts won't create any breakdowns. In the second 
classification fall PC correspondence and life bolster 
applications where flitting power dropouts or out-of-resistance 
power supply voltages can cause loss of information, wrong in 
information and loss of life. In software industry the 
Uninterrupted Power Supply is more important. The proposed 
system ensures the uninterrupted power to the software 
company by meeting the demand with PV system as well as 
Electric vehicle during the interruption in power grid. Supply 
of power from the Electric Vehicle to grid is known as vehicle 
to grid technology which is depicted in [8]. 

II. PLUG-IN ELECTRIC VEHICLE WITH PV 

 In few cases, makers have proposed embedding a 
DC/DC battery charger at the dc association of the grid related 
PV structure. By estimating the power made by the PV and the 
power demand of the PEV, the control estimation ensures the 
charging of the PEV battery from the best possible source. In 
perspective of the inconsistency between the PV control 
what's more, the store ask for, various possible circumstances 
are portrayed. In the event that there ought to emerge an event 
of, the power stream in a PV stopping territory is regulated 
through a game plan of PC controlled exchanges. PV sheets of 
different assessments are interfaced with PEV chargers and 
the power arrange through PC controlled exchanges. 
Dependent upon the light levels, the exchanges direct the 
entire PV energy to the PEVs or the grid or both. A couple of 
PV sheets are interfaced with the dc transport through a course 
of action of DC/DC converters. The DC/DC converter 
splendidly controls the power stream to the PEVs in 
perspective of a particular preset points of repression of the dc 
transport voltage. In light of beyond what many would 
consider possible the imperativeness change unit energizes 
three way essentialness stream among the power arrange, PV 
modules and PEVs. The possibility of dc transport hailing has 
been proposed by a couple of makers to design energy to dc 
stacks in a micro grid. Possibly several they have extended 
this plan to charge PEVs in a micro grid area. The splendid 
charging station can work in free mode and system related 
mode. The trading between various modes is energized by the 
assortment in dc interface voltage levels incited as a result of 
the adjustment in sun situated protection. In the midst of the 
season of low sun based protection and zenith stack on course 
transformer, the controller moves the charging of PEVs to 
non-top period. The proposed control figuring is clear as it 
incorporates only a single parameter i.e. dc associate voltage 
to bargain with the course of energy stream in the charging 
station. It empowers the charging of PEVs using slightest 
imperativeness from the grid with no hostile impacts on the 
spread transformer. The going with zones clear up the 
possibility of dc interface voltage recognizing and its 
application for control and organization of PV controlled 
charging workplaces. a couple strings of PV sheets interfaced 
to their own particular DC/DC converters which share a 
commonplace dc transport.  
 The DC/DC converter plays out the limit of Maximum 
Power Point Tracking (MPPT) toward energize the operation 
of PV board and no more extraordinary power point. The 
essentialness Energy Storage Unit (ESU) is related with the dc 
transport by implies of a bi-directional DC/DC buck-help 
converter. The ESU will support the charging of PEVs when 
there is no power available either from the cross section or the 
PV. The battery pack in the ESU can be charged either from 
the lattice in the midst of off zenith hours or from the PV after 
all the PEVs have been charged in the charging office. DC/DC 
buck converter related with the dc transport controls the 
charging of the PEV. The control portrayal showed up for the 
charging relies upon the essentials for PEVs. Different PEVs 
can be charged by having separate buck converters presented 
for each charging point. The charging office is related with the 
power allocation orchestrate through a DC/AC bi-directional 
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system tied converter. The control unit screens and controls 
the power stream between the source and PEV. The control 
unit creates the changing signs to control the distinctive power 
converters in the charging in light of the voltage and current 
regards identified by the voltage and current identifying units. 
VPV, voltage over the PV exhibit and IPV, the present spilling 
out of the PV bunch are used to execute MPPT by techniques 
for incremental conductance estimation.  

III. DYNAMIC VOLTAGE RESTORER 

 The series controllers for control of the principal voltage 
are named as a series connected PWM regulator in, a static 
series regulator in and, however for the most part the devices 
are named dynamic voltage restorers. On the off chance that 
the gadget just injects reactive power the gadget can be named 
as series var compensators. Taking the same rearranged model 
of supply and load, yet now with a series controller embedded 
to support the load. A 0.5 pu voltage sag can by a series 
gadget be reestablished by a 0.5 pu DVR and just 0.5pu of the 
energy absorbed by the load must be provided by the DVR. 
The supply keeps on being connected and no 
resynchronization is essential as it is the situation with a shunt 
connected converter. The series voltage controller is 
connected in series with the protected load. Normally the 
association is made through a transformer, yet designs with 
coordinate association by means of power electronics likewise 
exist. The subsequent voltage at the load bus bar squares with 
the aggregate of the grid voltage and the injected voltage from 
the DVR. The converter generates the reactive power required 
while the active power is taken from the energy storage. The 
energy storage can be unique contingent upon the 
requirements of compensating. The DVR frequently has 
impediments on the profundity and duration of the voltage sag 
that it can adjust. Accordingly right estimated must be utilized 
as a part of request to accomplish the wanted assurance. 
Alternatives accessible for energy storage amid voltage sags 
are regular capacitors for brief duration yet profound, batteries 
for more however less extreme size drops and super capacitors 
in the middle. There are additionally different mixes and 
setups conceivable.  

 
Figure 1 Schematic diagram of DVR 

 Dynamic voltage restorer (DVR) shields the load from 
voltage disturbances. DVR keeps up the load voltage at a 
foreordained level amid any source voltage strange conditions, 
for example, voltage sags/swells or distortion. The working 
rule of the DVR can be clarified through the figure 1. Under 
ordinary working conditions, let the three phase voltage 

phasors Va1, Vb1 and Vc1. Amid anomalous conditions, the 
phase voltage vectors might be adjusted to Va2, Vb2 and Vc2. 
DVR does not supply any real power in the relentless state. 
This infers that the phase angle contrast between DVR voltage 
phasor also, current phasor must be 90 in the enduring state.  
 DVR injects the required compensating voltage through 
transformer. The transformer is connected in series to the load. 
DVR works just amid the irregular conditions and stays sit 
still amid ordinary working conditions. Amid operation, DVR 
has an ability to supply and absorb active and reactive power. 
Dynamic voltage restorer redresses the load voltage by 
supplying reactive power created inside other event of small 
fault. DVR creates active power when it is required to adjust 
bigger faults. It requires dc energy gadget to build up the 
active power. As a rule, dc capacitor banks are utilized as the 
dc energy storage gadget, the proposed system utilizes PV 
system. Frequently caused voltage disturbances are voltage 
sags as they can cause load stumbling. Dynamic voltage 
restorer (DVR) is a series controller connected in series to the 
load. DVR injects voltage in series to the load through the 
infusion transformer furthermore, voltage source converter. 
The infusing transformer injects the required voltage vector 
(greatness and angle) which adds to the source voltage to 
reestablish the load voltage to pre-irregular condition. 

IV. UPS AND EV SUPPORTED DVR 

 UPS or an Uninterruptible Power Supply is a device 
which quickly gives reinforcement power amid power failure. 
An UPS is regularly utilized for computers or different 
gadgets, for example, networking gear. This will enable the 
clients to spare everything to maintain a strategic distance 
from data loss and appropriately close the PC down. It is 
extremely an unquestionable requirement to have an UPS for 
software companies keeping in mind the end goal to forestall 
downtime. This is likewise used to avoid harms to hardware 
and gadgets particularly with electric vacillations. This crisis 
power is relies upon the size of the UPS and its current load.It 
is very costly also difficult to maintain the batteries of the 
UPS. It need more space to accommodate the batteries. In 
order to overcome this issue in proposed system the Electric 
Vehicles parked in the parking are of the company is used as 
an UPS during power failure.  
 Most of the employs will own the Electric Vehicle. To 
charge those vehicle the need of power from will increase. It 
will produce more stress in grid. To overcome this issue, the 
alternative source should be used to supply power to charging 
station. The renewable energy is the great alternative to the 
conventional energy sources. In proposed system the company 
owned roof top solar energy is taken to supply the power to its 
charging station.  
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Figure 2 Schematic diagram of the proposed system 

  When the company is working with the power from the 
the grid the quality of power is very essential to ensure the 
safety of the electronic devices and equipment. Because the 
electronic components are easily affected by small voltage 
fluctuations. The faults occurring in the distribution system 
will fluctuates the voltage. The voltage is the most common 
power quality problem in distribution system. To compensate 
the voltage sag, required amount of voltage should be injected 
in series with the grid voltage. For this purposes the one of the 
custom power device Dynamic Voltage Restorer is used in 
series with the grid which restores the voltage. The DVR need 
DC energy source or Energy storage device to compensate the 
voltage fluctuation. The solar energy available in the 
company. The schematic diagram of this proposed system is 
shown in figure 2.     
 The simulation diagram of the PV system is shown in 
figure 3 and the output voltage of the PV system is shown in 
figure 4 as waveform. 

 
Figure 3 Simulation diagram of the PV system 

 
Figure 4 Output voltage of PV system 

The controller designed to control the proposed system which 
is designed in simulation software is shown in figure 5. 

 
Figure 5 Simulation of Controller 

Working of DVR is evident by the simulation results shown in 
the figures. The voltage sag occurred due to single phase fault 
during the period 0.3sec to 0.5sec is shown in figure 6. The 
distribution voltage after the compensation is shown in figure 
7. It takes a very small time to sense the fault. 

 
Figure 6 Single phase fault  

 
Figure 7 Distribution voltage after compensation 

 The quality of the power is very important in the 
software company. TO ensure the quality of the power the 
THD analysis is carried out for voltage and current at load 
terminal is 11.24% and 4.24% respectively. The THD analysis 
of voltage is shown in figure 8 and the THD of current is 
shown in figure 9. 
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Figure 8. THD analysis of voltage at load terminal 

 
Figure 9 THD analysis of current at load terminal 

V. CONCLUSION 

 Increase in use of conventional vehicles increases the air 
pollution. The alternate to this issue is Electric Vehicle which 
emerging now a days. It is used as an UPS to reduce the 
maintenance and cost barrier of the software company with 
conventional batteries. For the emerging EVs the charging 
station is one of the issue. It can overcome with the renewable 
energy source as power supply to the station. In proposed 
system PV is used as a power supply to the charging station. 
The quality of the power is endured with the Electric Vehicle 
supported Dynamic Voltage Restorer. Thus the proposed 
system was analysed in MATLB Simulink software.  
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Abstract: Face is the representation of one’s 

identity. So, we have prepared an automated 

student attendance system based on face 

recognition. This system is very useful in daily life 

applications especially in security and surveillance 

systems. The security systems on airport uses face 

recognition to identify suspects and the CBI 

(Central Bureau of Investigation) and FBI (Federal 

Bureau of Investigation) uses face recognition for 

criminal investigations. In our project also video 

framing is performed by accessing the camera 

through user friendly interface. The Face is 

detected and segmented from the video frame by 

using HOG (Histogram of Oriented Gradient) 

algorithm. 

In the first step or we can say in pre-processing 

stage, scaling of the size of the image is performed 

in order to prevent or reduce the loss of 

information. 

Then in next step, the ‘median filtering’ is applied 

to remove noise followed by the conversion of 

colour image into grayscale image. 

After that, CLAHE (Contrast Limited Adaptive 

Histogram Equation) is applied on the images to 

enhance the contrast of the image. 

Overall, we have created a program in python that 

take the image from the database and make all the 

necessary conversions for recognition and then 

verifies the image in the videos or in the real time 

by accessing the camera through user friendly 

interface. After the successful match is found then 

it marks the name and time of the person in 

attendance sheet. 

Keywords: Face Detection, Face Recognition, 

Attendance automation. 

 

I. INTRODUCTION 

There are various software's or technologies are so 
advanced that even blurred images are sometimes 

rendered enough and investigated to know the 

personality of the individual. 

What is Face Recognition? 

Facial recognition technology is a framework or 

software which is capable enough to verify the 

identity of an individual by analysing a picture or 

video footage. 

The main objective of this project is to make face 
recognition based automated attendance system. In 

order to obtain better performance, the test images 

and training images of this project is limited to 

frontal and upright facial images which consists of 

single face only. 

Both the test and the training images have to be 
captured through the same device to ensure no quality 

difference or if possible, the owner or the person 

having the rights to access the database can add the 

images of high quality captured from high quality 

camera and later on add that image to the database, 

but as I have mentioned only the administrator or the 

person having the rights to access database can only 
enrol or remove the students or faculty data from it. 

In addition, the students have to register in the 

database to be recognised. The registration can be 

done by the IT cell or from the admission office. 

 

II. REAL TIME IMPLEMENTATION: 

The human face is a unique representation of 
individual’s identity. Thus, the face recognition is a 

type of biometric method through which 

identification of an individual is performed by 

comparing the real time captured image with the stored 

images of that person in the database. 

Currently, Facial Recognition System is widely 
spread due to its simplicity and fast performance. 

Some examples that represent implementation of this 

system are, the airport protection system and the FBI 

that uses face recognition system for criminal 

investigations by tracking suspects, missing 

children’s etc. On the other side, Facebook a popular 

social media site implements face recognition that 

allows the users to tag their friends in the photos for 

entertainment purpose. Apple allows users to unlock 

their mobile phones by face recognition. 
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III. PROBLEM STATEMENT: 

1.1. Existing Attendance System: 

Currently manual student attendance marking 

technique is often facing a lot issues and a very slow 
process. Teacher’s or faculty calling names of student 

from their data sheet and student responding to them. 

But this existing process becomes very complex in 

large classes that consists so many students. Many 

times, students also mark proxies by responding to 

fake name. This makes disturbance in class and 

distracts the students during the exam times. 

Also, verifying the total students present by counting 
them after attendance, which takes a lot of time 

consuming. Apart from calling names attendance 

sheet is passed around classroom during lectures 

especially the classes consisting large number of 

students might find it hard to have attendance sheet 

being passed around the class. 

Douglas Ahlers, Bernie DiDario, Michael Dobson, in 
2006 gave the concept of attendance tracking system. 

This framework consists of identity tags, with 
wireless communication capabilities, for each 

attendee and the scanners for detecting the attendee's 

tags as they enter in that allocated room. 

O.A. Idowu and O. Shoewu: Development of 
Attendance Management System by using Biometrics. 

Attendance is taken with the help of a finger print 

device and the records of attendance are stored in the 

database. Attendance is marked after successful 

identification. 

1.2. Proposed Automated Attendance System: 

The face recognition student attendance system 
emphasizes its simplicity by removing classical 

attendance marking technique such as calling the 

students name or checking their respective ID Cards. 

Thus, attendance system through facial recognition is 
proposed in order to replace the manual marking of 

student’s attendance. 

Furthermore, the automated attendance system based 
on face recognition is able to overcome the problems 

of fraudulent approach and faculty does not have to 

count the number of students several time to verify the 

presence of students. 

The proposed framework uses OpenCV library. It is 

an Open-Source Computer Vision Library that is free 

for both scholastic and business use. It has python, 

and PyQt interfaces and supports various platforms 

like Windows, Linux, MacOS. It has a strong focus 

on real time application. The library has more than 

2500 improved algorithms, these algorithms can be 

utilized to detect and recognize faces, objects, and so 

forth OpenCV has a Face Recognizer class library for 
face recognition. This recognizes and controls faces 

from Python or from the command line. It is a basic library 

constructed using dlib's cutting edge face recognition built 

with deep learning. The Dlib is a cross-stage open-source 

software library that is executed on various computing 

platform. The model has a precision of 99.38%. This 

provides a basic face recognition tool that allows you to 

perform face recognition on folder of pictures from the 

command line. 

 
IV. AIMS AND OBJECTIVES: 

The objective of this project is to design an automated 
attendance system based on face recognition. Some 

expected steps in order to fulfill the objectives are as 

follows: 

 To identify the face segment from the video 
frame. 

 To extract the useful features from the identified 

face. 

 To classify the features in order to recognize the 

identified face. 

 To record the attendance of the identified 

students. 

 

Figure: Block Diagram of the General Framework 

 

 
V. LITERATURE REVIEW: 

 

1.3. Student Attendance System with face 

recognition: 

Face recognition-based attendance system proposes 
that the system is based on face detection and 

recognition algorithms, which automatically detects 

and recognizes the face and when student enters the 

class. There are various algorithms which have 

been made to detect the human face. When it is 

compared to existing attendance marking technique 

this system is much accurate and less time 
consuming. 

There are various biometric systems developed for 

various cause. Some of them are Radio frequency 

Identification (RFID) card system, Fingerprint 
system, iris recognition system, Voice recognition 

system. 

RFID card system is used due to its simplicity. However, it 
can be used for attendance system because it has a silicon 
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microchip in which the student data is stored. It can 

be encapsulated within any object. The user tends to 

check in as long as they have their friend’s ID card. 

Fingerprint System is truly effective but not much 
efficient as it’s more time consuming for 

verification process due to which everyone has to 

line up and check in for verification one by one. 

Iris recognition system which stores more detail 
might capture the privacy of the user. 

Voice recognition is also available, but its less 
accurate compared to other techniques. 

Hence, Face recognition system should be 

implemented for the student attendance system. 

Let’s compare various biometric systems and to 
know their advantages and disadvantages. 

6.2. Non- Functional Requirements: 

Non-functional requirements are qualities or traits of 
the framework that can pass judgment on its activity. 

The following point explains them: 

 Accuracy and Precision: the framework should 

perform its process in accuracy and Precision in 

order to avoid problems. 

 Security: For saving the student’s privacy, the 
framework should be secure as data privacy plays 

important role in software development. 

 Modifiability: the system should be easy to 

modify, in case any attendance or any record 

contains wrong or incorrect data can be easily 
corrected. 

 Usability: the framework should be easy to deal 

with and simple to understand. 

 Speed and Responsiveness: the execution of 
operations must be fast. 

 

Biometric Type Advantages Disadvantage 

Radio 

Frequency 

Identification 

(RFID) card 

system 

 

Simple 

 

Fraudulent 
Usage 

Iris 

recognitio

n system 

Accurate Privacy Invasion 

Fingerpri

nt 

recognitio

n system 

 

Accurate 

 

Time 
Consuming 

 
Voice 

recognition 

System 

-  
Less accurate 

compared to 

others 

 

Table: Advantages and disadvantages of 

various biometric system. 

 

VI. REQUIREMENTS: 

The prerequisites are the descriptions of the system 
services and limitations. 

1.4. Functional Requirements: 

The system functional requirement describes activities and 

services that must provide: 

 Tracking and marking student attendance by 

facial recognition in specific time. 

 Allowing the faculty to modify the student 

absent or late arrivals. 

 Showing the names of students with the exact 
time stamp i.e., exact time of entering the class. 

6.3. System Requirement: 

There are specific prerequisites for each platform that 

run applications based on the Face Verification. 

Minimum requirements that the clients must have in 

order to run this program and acquire great outcomes are 

as follows: 

 Hardware Specification: 

Processor: - 7th generation 

i5. RAM: - Minimum 4 

GB. 

Hard Disk: - Minimum 500 

GB. Camera: - High quality. 

 Software Specification: 

Platform: - Windows 8 or 10, 

Linux Language Used: - Python 

Frontend tools: - PyCharm IDE, or Visual 
Studio 

Backend: - Database Directory, Attendance 
Excel Sheet. 

 

 

VII. IMPLEMENTATION: 

 

1.5. Front End: 

For frontend development, we have used the 

python language and some of its famous libraries 
and toolkits that are explained below: 

 Python: 

Python is an interpreted, high level and general-
purpose programming language used all over the 

world. 

I have chosen python language to design this project 

because of its simplicity and code readability. Whereas, 

there are various other modules which make it easier for 

any programmer to develop a software using this 
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language. 

 OpenCV: 

Open-Source Computer Vision Library 

(OpenCV) is a library of python binding which is 

designed to solve computer vision problems. 

 PyQt: 

PyQt is a GUI widgets toolkit. It is a Python 

interface for Qt, which is one of the most 

powerful, secure and popular cross-platform GUI 

libraries. PyQt is a combination of Python 

programming language and Qt library. 

 

 User Interface after execution of code: 

After execution of program user will have a 
simple and clean user interface. That contain two 

buttons, one for initiating face detection and 

recognition and another button to stop the 

program. 

 

Figure: User Interface 

 

 After starting facial recognition: 

 

 

Figure: Face Detection 

 Attendance sheet after successful recognition of 

face: 

 

Figure: Attendance Sheet 

 

1.6. Back End: 

 

Moving further, for backend development i.e., for 
data storage and attendance marking we have used a 

folder and an excel sheet whose functions are 

explained below: 

 Dataset: 

Image dataset: Dataset includes pictures or 
recordings for tasks like face acknowledgment, 

object detection and so on. So, in the image dataset 

we have stored the image of the students with their 

names who are currently enrolled in that particular 

subject and section. See below figure. 

 

 

Figure: Image Dataset 

 

 Attendance File: 
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This program marks or store the attendance 
automatically in a file with .csv extension or we can 

say in excel file. Whenever any student face is 

recognised, the program marks the attendance of that 

particular student with proper name, date and time in 

the excel sheet. 

 

Figure: Attendance File 

2. Face Recognition Process: 

 

The following block diagram represents all the 

processes involved in face recognition. 

 

 

Figure: Block Diagram 

 

 Face Detection and Extraction: Face detection is 

necessary as the image taken through the camera 

given to the system, face detection algorithm applies 
to identify the human faces in that image, the number 

of image processing algorithms are introduced to 

detect faces in an image and also the location of that 

detected faces. We have used Histogram of Oriented 

Gradient method to detect human faces in given 

image. 

 

Figure: Face Detection 

 
 Face Positioning: There are 68 specific locations 

or we can say there are 68 face landmarks in a 

human face. The main function performed in this 

step is to detect landmarks of faces and to 

position the image. A python script automatically 

detects the face landmarks and position’s the face 

as much as possible without distorting the picture. 

Below is our test image to detect landmark of face: 
 

 

Figure: Test image to detect landmark 

of face 

The basic idea is to detect these 68 specific points 

(called landmarks) that exist on each face like at the 

top of the chin, the external edge of each eye, the 

internal edge of every eyebrow, and so on. At this 

point we will train our machine learning algorithm to 

track down these 68 specific points on any face. 

Here is the output of our test image for which 68 face 
landmarks are generated as shown in picture below: 

 

 

Figure: Landmarks generated for 

test image 

 
 Face Encoding: When the faces are recognized in the 

given picture, the next stage is to extract the unique 

identifying facial element for each picture. 

Fundamentally, at whatever point we get localization of 

face, the 128 key facial point are extracted for each 

picture given info which are highly accurate and these 

128-d facial points are stored in data file for face 

acknowledgment. So, all we need to do is to scan our 

face pictures through their pre-trained network to get the 
128-measurement for each face. Here's the estimations 

for our test picture: 
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Figure: Encoding our Face 

Image 

 
 Face matching: Our framework ratifies the 

faces, building the 128-d embedding 

(ratification) for each. Inside face comparison 

function is used to calculate the Euclidean 

distance between face in picture and all 

appearances in the dataset. If the current image 

is matched at least 60% with the current dataset, 

it will move to attendance marking. 

 Attendance Marking: Once the face is 
identified with image stored in the database file, 

python automatically marks the attendance of 

the students present at that time. When the data 

is returned the system generates attendance 

table which includes the name, date, day and 

time and then the data is stored into the excel 

sheet automatically. 

 

Figure: Attendance Sheet 

 

3. System Privilege: 

Our system provides various functionalities at 

organizational level’s: 

1. Functionalities at student level: 

 Students can only view their 

attendance. 

 

2. Functionalities at faculty / lecturer’s 

level: 

The following are the privileges of the lecturer: 

 Start the attendance. 

 View the attendance. 

 Retrieve queries. 

 Can manually update the attendance sheet. 

3. Functionalities at administrator’s level: The
 following are the privileges of 

administrator: 

 View attendance. 

 Retrieve queries. 

 Register new students. 

 Control over the system. 

 Access to modify /update the database. 

 

VIII. DISCUSSION AND EXPLANATION: 

 
Under this topic we would see how this project 

works, requirements of modules, how the data set 

is created, face being recognised and how the 

marking of attendance takes place. As our project is 

still on going so there can be various issues and 

bugs. So, keeping that aside let’s see what are the 

process going on in this project. 

Hoping that python being installed on the system, 
first you have to import all the required modules 

like “cv2” from OpenCV, face recognition module, 

“os” module, NumPy and Datetime module, let me 

explain a little bit about these modules. 

 

 OpenCV: 

 
It stands for Open-Source Computer Vision 

library, which was developed by intel. This 

library is cross platform and is free for use 

under the open-source Apache 2 license. This 

library mainly focuses at real time computer 
vision and features GPU acceleration for the 

real time operations. 

 

 CV2: It was the old interface in old OpenCV 

versions named as “cv”. The OpenCV 
developers had chosen the name “cv2” when 

they had created the binding generators. 

 
 Face Recognition Module: This module 

recognizes and manipulate faces through 

Python or through the command line. It was 

build using dlib’s state of the art face 

recognition build with deep learning. This 

model has an accuracy of 99.38% on the 

“labeled faces in the wild” benchmark. 

Where the “Labeled Faces in the Wild” is a 

public benchmark for face verification, also 

called as pair matching. 

 
 “Dlib” library: It is a general-purpose cross platform 

software library developed in C++. It's a cutting-edge 

toolbox in C++ that incorporates different AI 
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algorithms and tools for creating complex 

software programs to solve real world 

problem. 

 
 “OS” Module: The OS module in python 

provides the facilities to establish a link 

between the user and the operating system. It 

has various useful OS functions that are used 

to perform OS- based tasks and get all the 

related information about the operating 

system. 

 
 NumPy Module: It’s a python package that 

stands for “Numerical Python”. NumPy is a 

library that contains multidimensional 

array/cluster objects and the records for 

processing of arrays. Using NumPy a 

developer can also performs logical and 

mathematical operations on arrays and many 

more operations. 

 

 Datetime Module: This module supply 

classes for manipulating dates and time or 
through this module a user can include current 

date and time in their program. 

 PyQt5 Module: This is a complete set of 

Python bindings for Qt v5. Because of the 

tools and simplicity provided by this library 

anyone can design an interactive desktop 

application with so much ease. 

 

IX. FUTURE SCOPE: 

 

Practically all academic institutions require 

attendance record of students and maintaining 
attendance physically can be hectic as well as time 

consuming task. Hence maintaining attendance 

automatically with the help of face recognition will 

be exceptionally useful and less prone to mistakes 

or errors as compared to manual procedure. This 

will also reduce the manipulation of attendance 

record done by students and reduces time 

consumption too. The future extent of the proposed 

work can be, catching numerous definite pictures of 

the students and utilizing any cloud innovation to 

store these pictures. This framework can be 

designed and utilized in ATM machines to identify 
frauds. Also, the framework can be utilized at the 

time of elections where the voters can be 

distinguished by perceiving the face. 

 

 

4. Advantages and drawbacks of facial 

recognition system: 

 

4.1. Advantages of Facial Recognition 

System: 

 

 Easy to manage. 

Since the AI based attendance system is completely 
automatic, dealing with the records and monitoring 

everyday activities will turn out to be a lot simpler 

than the manual system. Everything will be done by 

the system. Numerous products are customized so that 

it shows the specific time of how many hours or 

minutes an individual worked at his/her work area in 

the day. All activities can be easily monitored to 

maintain a record. 

 Time and cost saving. 

This framework can be advantageous in saving lots of 
time and cash for organizations. Since the face 

recognition framework monitors employees or 

students working hours and access to different zones in 

the premise, organizations will not need to utilize an 

extra labour force to do this work. The automated 

framework likewise helps in preventing human 

mistake and monitors exact hours. 

 Easily monitor and detect students. 

Schools, universities and colleges have adapted face 
recognition both to record attendance and prevent any 

mischievous activity in premises. 

 Strengthens security measures. 

This framework also helps to improve security and 
safety measures. Facial recognition has become a 

regular part of Airport security evaluating since a 

long time, helping to identify lawbreakers and 

possible dangers to carriers and travellers. 

Banks and different foundations additionally utilize 
facial recognition to prevent fraud, as the innovation 

can identify individuals who've been recently 

accused of wrongdoings and alert the bank or the 

institution. 

 Automatic and seamless verification process. 

It's not important to wait for your turn like checking 

fingerprint scanner or other safety efforts, facial 

recognition for attendance framework offers a speedy, 

programmed, and consistent verification experience. 

 Reduces interaction or touching of devices 

during pandemic situations. 

The entire world is experiencing COVID-19 and it's 

about time that we should offer regard to social 
distancing. Having a safe distance with others has 

become a need these days. Conditions such as this can 

be hazardous if you have manual attendance system, 

having a Face recognition-based attendance system 

won't just permit you to register the attendance of an 

individual but also keep you at a safe distance from them 

as you can work distantly and still see who all are 

coming and going. This requires the point that, this 

entire framework is a lot more secure, efficient, and 

faster method to record attendance. 
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4.2. Drawbacks of Facial Recognition  System: 

 

 Image Quality: 

The resolution of the reference picture plays a 

significant part in the identification process. If 
the resolution of any picture is not high or good, 

then it can cause cameras to be tricked into 

believing that the person being scanned is not the 

same as in the photo. A simple arrangement for 

this issue is to ensure that both the reference 

pictures and scanning are performed by same 

cameras. 

 Produces data vulnerabilities. 

There is concern about the storage of facial 

recognition data, as these data sets can possibly 

be penetrated or breached. 

 Performance may vary from system to 

system. 

This framework requires fast and good quality 
of processor for smooth and lag free execution 

of program. Low configuration PC or devices 

might face lag issues or might face slow data 

processing. 

 Technology might be fooled. (In rare case). 

Some variables might affect this framework's 

ability to recognize individuals' appearances, 

including camera angles, lighting levels and 
picture or video quality. Individuals wearing 

masks or slightly changing their appearance 

can throw off facial recognition technology 

too. But there is very rare probability for 

occurrence of this issue. 

 

X. CONCLUSION: 

The Face Recognition based Automated 
Attendance System is simple, accurate and works 

efficiently. This system works automatically once 

the registration of individual student is created by 

the administration. There is a need to utilize few 

algorithms that can perceive the appearances in 

order to improve the system performance and 

recognition accuracy. 
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Abstract 
 

Nowadays, the use of electric vehicle has been increased, due 

to the increase in fossil fuel and decreasing in its resources. On 

the other hand environmental pollution is the major concern. 

On the power systems the charging of Electric Vehicles (EVs) 

has been imposed. The deregulation of power system with new 

and major loads introduces the uncertainties of grid which is 

new challenges of frequency control and stability of power 

system. In order to overcome this problem EVs as moving 

batteries are imposed. In this method based on the Grid 

frequency the charging and discharging of EVs takes place. 

This technology is so called Vehicle to Grid (V2G). The 

Arduino microcontroller development board is used to make 

decisions over the controlling operations. The Internet of 

Things (IoT) is used for the communication purposes such as 

collecting data from all sensors and giving information to the 

authorizers. The simulation is done through the MATLAB / 

SIMULINK and thus the results illustrate good performance of 

the proposed method. 

Key words: Electric Vehicles, Vehicle to Grid (V2G), 

Arduino, Internet of Things (IoT). 

I. INTRODUCTION 

 Renewable energy has the significant increase in the 

energy system because of global changes in climate 

change, energy security and the environmental pollution. 

For the promotion of renewable energies the ambitious 

target are set in many countries. The electricity generation 

from the renewable source in 2020 is set for 35% of its 

goal in European Union[1]. The world’s energy supply 

provides 14% of renewable energy [2-3]. The spinning 

reserve is required for the compensation of generation and 

the demand unbalance. For the compensation of 

unbalance, the batteries can be used as charge storing 

devices. But, the increase in size of batteries is the 

restriction of this solution. 

 By converting conventional power systems into 

deregulated power systems, the new uncertainties have 

been introduced in the power systems.  In traditional 

power systems (VIU) Vertically Integrated Utility which 

are owned by single entity. A distribution company is 

contracted individually in independent of power 

producers for the different areas [4]. Therefore, in 

deregulated power systems the frequency control is more 

complex.   

 The electric vehicles have gained interest in global 

research and industrial sector in recent years. The 

promotion  

of EV is because of pollution free and emission free 

transportation which could be sustainable in future [1].  

From [2], in United States the EV is from the period of 

2020, 2030, and 2050 that will reach 35%, 51% and 62% 

respectively. For the frequency control of power systems, 

the control of EVs are as the load controllable and their 

use of batteries with the spinning reserve is the one of the 

solution. In this method, the EVs are connected to the grid 

through the bidirectional converter.  Charging and 

discharging of EV batteries takes place based on the load 

in the grid. The concept of V2G was used in [5] for the 

first time. EV availability is shown in Fig.1 the EV are 

charged at day through proper manner. Hence in ancillary 

services the V2G concept is used. The V2G concept is 

employed in frequency ancillary services because of its 

high charging rate [6]. V2G concept is used in many 

papers in the frequency control of the grid [7-12].  In [7], 

for grid frequency control the V2G concept was used with 

scheduled charge method.  

 

Fig. 1 EV availability 
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 Thus the proposed paper describes about the control of 

frequency through the load scheduling method. The load 

scheduling is done based on the priority of the load. Thus 

for the process of controlling frequency a controller 

adopted is called Arduino Mega 2560(AT Mega2560). It 

is an open source electronic platform which can perform 

the easiest way for hardware and software. The concept of 

Arduino is used because of it has the advantage of easy 

and fast prototyping, display message in a minute, power 

and convenient tool and can optimizes the code. In order 

to control from anywhere at any place and also at anytime 

the IoT concept is used. The basic characteristics, the key 

technologies, the network architecture and security 

problems of the Internet of things is explained in [8]. IoT 

is the Internet of Things which is the internetworking of 

physical devices, vehicles, buildings and other items. The 

IoT has the advantages of tracking behavior for real time 

marketing, enhanced situational awareness, process 

optimization, optimized resource consumption, 

instantaneous control and response in control. Because of 

such advantages the AT Mega2560 and IoT are used to 

control the frequency by load scheduling. The remainder 

of this paper is organized as follows. Section II introduces 

EV system. Section III introduces Synchronous SOC 

control. Then Frequency control is explained in Section 

IV. Communication system is explained in Section V. 

Result is expressed in Section VI. In section VII 

conclusion is explained. 

II. EV SYSTEM 

 The motor vehicles that are recharged from the 

external source of electricity is called Plug-in Electric 

Vehicles (PEVs). The external source of electricity can be 

of wall sockets. The wheels are driven by the 

rechargeable battery packs with the stored electricity. The 

PEV serves many advantages that it has low operating 

maintenance cost and no local air pollution. The PEVs are 

utilized to the utility power by recharging the batteries. 

The power to the motor is controlled by motor controller 

which is the simplest configuration of PEV as shown in 

Fig. 2. The electric battery or traction battery can be used 

as the battery for the propulsion of power of the electric 

vehicle. 

 

Fig. 2 Plug-in Electric Vehicle 

III. SYNCHRONOUS SOC CONTROL 

 In general, to the contrast to the total number of cars, 

few cars are driving on the load.  Generally all the cars 

are being parked.  The some situation is expected in 

future with large discretion of EVs.  When gasoline 

vehicle are used, the travel to the longer distance are 

limited. On the other hand, the charging can be done 

everywhere through the support of EVs. On expectation, 

it is indented the EV users charges frequently. According 

to the parking, the EVs are plugged nearly to full State of 

Charge (SOC). 

 As shown in Fig. 3, there are totally 3 main states of 

EV i.e driving state, charging and controllable states 

respectively.  

a) Driving state 

 When it is plugged out for the trip an EV enters the 

driving state. The EV changes from the controllable state 

to driving state. Each EV is equipped with the battery 

voltage rating of 360V.  

 

 
 

Fig. 3 EV state 

b) Charging state 

 The charging state is entered by EV when it is plugged 

in to charge the battery. The EV cannot respond to LFC 

signal when the charging period is one hour i.e. not 

controllable. 

c) Controllable state 

 When EVs entering the controllable rate per second is 

called control-in rate as shown in Fig.4.  

 It is assumed that to the EV the central load 

dispatching centre sends and receives control signal from 

the EV through the local centers. There are of total 500 

local control centers. The control of 100 EVs is assumed 

for each local control centers. The EVs are of 50, 000 

controllable in which is 10% of the EVs equipped with 

V2G. SOC synchronous control is explained in [13]. 

2
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Fig. 4 Control-in rate 

 LFC signal to EVs is sent from control centre that is 

arranged in area of every 1second. The restriction of 

charging and discharging is in MW limit and  MWh 

limit(80% - 90%) of SOC. Whether the local control 

centre is controllable or not is explained by the EV. The 

information about the local control centre is controlled in 

or plugged out is sent through the EV for every 30sec, the 

EVs sends the information on SOC for 30sec each. The 

SOC of EVs are assigned in the area which receives the 

information from local control centre. The control signal 

of local control centre dispatch is as follows. The 

priorities of charging and discharging of EVs are 

determined according to SOC of every 30sec. The 

charging signal is dispatched in ascending order whereas 

the discharging is in descending order as shown in Fig. 5. 

 
(a) 

 

(b) 
Fig. 5 Examples of dispatching signal method (a) Charging signal (b) 

discharging signal 

IV. FREQUENCY CONTROL 

 Let us consider the different types of loads. The loads 

are based on the certain priority. The Load1 is set as first 

priority which is a critical load and an essential load. The 

Load 2 is the second priority which is the lighting loads 

and finally the PEV charge station. The total capacity of 

the utility is 1000kVA. The rating of the critical load is 

800kVA. The rating of the lighting load is 100kVA. The 

need of power by the charging station is 100kVA. The 

batteries used in PEVs are laminated Lithium-ion battery 

with the voltage rating of 360V. The schematic diagram 

of the proposed system is shown in Fig. 6. 

 The power system delivery frequency is an electrical 

system will affect inductive and capacitive reactance and 

will have very little effect on purely resistive loads. It will 

affect the power factor of the delivered voltage. There are 

some types of equipment that can handle the change in 

frequency but some types of equipment that is running on 

the exact frequency that it was designed to most 

efficiently and some equipment should not be run outside 

the manufacturers target frequency. So maintaining the 

frequency as constant is important for the better 

performance of the utility as well as load. But the 

frequency is inversely proportional to the demand of the 

system. In the proposed system the base power is 

1000KVA. When the power demand increases more than 

1000KVA the frequency will be reduced less than 50Hz. 

When the power demand is less than base power then the 

frequency will increase more than 50Hz. The load 

scheduling technique is used to maintain this frequency as 

constant even variation in demand. In proposed system 

six switches (S1, S2, S3, S4, S5, S6) are used to schedule 

the load which are controlled by AT Mega2560 as per the 

requirement of the load.  

 

Fig. 6 Schematic diagram of the proposed frequency control system 
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Fig. 7 Proposed frequency control system 

 

Fig. 8 Battery capacity of different PEVs 

Case (1) Demand is more than 1000kVA 

 The Switch 1(S1) will be opened and the frequency is 

checked by AT Mega2560. Still the frequency is low then 

Load2 is isolated by closing Switch 6 (S6) and opening 

Switch 2 (S2). Then PEVs are used as service provider for 

Load2. For that the SOC level of the PEV battery and 

PEV owners willing are checked. The vehicles which 

have the SOC of above 80% with owner acceptance the 

vehicles are used as service provider for Load2. It is 

called inverter mode of operation, because of the DC 

supply of battery is converted into AC supply for lighting 

loads. The battery of a car can deliver power from 12kWh 

to 85kWh as per the manufacturing. It differs from one 

manufacturer to another as shown in Fig.8. As average 

30kWh capacity battery is considered in proposed system. 

By converting kWh to kW using the equation 1 a battery 

can supply 25.5kW when the system power factor is 

considered as 0.85. In average four vehicles are enough to 

meet the demand of the Load2. The smart meter reads and 

records the kWh consumed by and from the PEVs. 

 P(kW) = S(KVA) X pf  

      (1) 

Where 

P(kW)=Real Power in Kilo Watts 

S(KVA)=Apparent power in Kilo Volt Ampere 

Pf=Power factor 

Case (2) Demand is less than 1000kVA 

 The Switches S1, S5, S6, S3 and S4 are closed and 

Switch S2 is opened. This mode is called rectifier mode. 

In this mode the AC supply from the service provider is 

used to charge the batteries of the PEVs.  

 To achieve the inverter and rectifier mode of operation 

there is a need of special device which is called 

back-to-back (bidirectional) converter. This comprises the 

both rectifier and inverter. It can convert AC to DC in 

rectifier mode and DC to AC in inverter mode. The 

bidirectional converter is shown in Fig.9. 
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Fig. 9 Back-to-back converter 

 

 The switching operations are controlled and the 

system status are observed and controlled by the AT 

Mega2560 and the monitoring and sending control signals 

are send through IoT by the authority. By using IoT 

technique the authority can monitor and control the 

system from anywhere and anytime. The overall 

simulation of the proposed frequency control system is 

shown in Fig 7. 

 

V COMMUNICATION SYSTEM 

 The three layers of the communication system 

architecture are 

 Home environment 

 Home Gateway 

 Remote environment 

Remote environment are an authorized user who can 

access the system on their phone and computer app using 

the internet via data connection to 4G/ 3G network and 

Wi-Fi. Home environment are router and the home 

gateway is a micro web server which is embedded with 

microcontroller based Arduino Ethernet as shown in 

Fig.10 and 11. Managing, controlling, monitoring are the 

main task of the server. This system enables hardware 

interface module to execute their task which is assigned. 

This can be done by sensors such as the sensors from the 

input D1 to D7 and actuators through cables. This system 

has the control over the load scheduling switches, charging 

station and SOC of the electric vehicle. For monitoring and 

controlling the system it supports sensors such as voltage 

sensor, current sensor, SOC of batteries, and the demand of 

loads. 

 
Fig. 10 Conceptual Architecture 

 If the end user enters the correct real IP address and 

password then the micro web server is connected 

successfully. The response code will be received when the 

android web server grants permission if the response time 

indicates the password is correct. The application will be 

synchronized to reflect the real time status of the proposed 

system. The space is used for the separation of response 

code and the system status the colon (:) is uses for the 

separation of system and its status. 

5



Journal of Electrical Engineering

www.jee.ro
 

 

 

Fig. 11 Picture depicting the Arduino with Ethernet 

(b) Software development for Gateway 

 The two parts of software web server are server 

application software and microcontroller firmware. For 

successful communication between the proposed system 

and gateway, the sensor control stage and config stage are 

implemented on the AT Mega2560. The data is received in 

<ethernet.h> libraries and Java Script Object 

Notation( JSON) format the output are displayed. Fig. 12 

shows the flowchart of the established connection between 

Arduino and the Internet.  

 
Fig. 12 Gateway flowchart 

To the Internet TCP/ IP protocol the gateway is connected. 

Arduino Ethernet supports TCP/ IP stack. Now the design 

is focused on software connection to the remote user. At 

initial phase, once gateway is started it enters to the 

conFiguration stage. In next phase, the conFiguration stage 

establish the connection with the LAN (Local Area 

Network) by the use of static IP address. The use of static 

IP instead of Dynamic Host ConFiguration Protocol 

(DHCP) optimizes the process. When the gateway is 

initialized, it enters into an idle state till the command 

receives from the remote system. The control action is 

taken as required when the control command is given from 

the system. 

VI RESULTS 

 The simulation of proposed system is carried out using 

MATLAB/SIMULINK which verifies the feasibility of 

the proposed system. The performance of the system is 

investigated for the both inverter and rectifier mode of 

operation. The inverter mode is carried out up to 1.5sec 

and from that instant to 3 sec it works in rectifier mode as 

shown in Fig. 13.  

 

Fig. 13 Pulse pattern of rectifier and inverter mode 

 When the demand is equal or less than the base power 

then the service provider supplies to all the loads as well 

as it will charge the PEVs. This is called rectifier mode 

where the AC supply of service provider is converted into 

DC. Fig. 14 shows the inverter mode of operation where 

the DC voltage is converted into AC voltage. 

 
Fig. 14 Waveform of Rectifier mode of operation 

 When the demand is more than the base power then 

the Load2 is isolated and the DC supply from the PEVs is 

converted into AC supply to support the Load2 which is 

called inverter mode of operation. It is shown in Fig. 15 

where the AC voltage is converted into DC voltage. 

 

Fig. 15 Waveform of Inverter mode of operation 

 The load is added to the system at 0.5sec to 3sec. At 

that instant the system voltage drops from 500V to 480V. 

As voltage and current are inversely proportional, the 

current increases at the time period of 0.5sec to 3sec. Due 

to the addition of load the power demand increase from. 

This is shown in Fig. 16.  
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Fig. 16 System voltage, current and power waveform 

Since the frequency and power are inversely proportional, 

the increase in the power demand reduces the frequency 

from 50Hz  to 47Hz at that particular instant say 0.5sec 

-3sec . It is shown in Fig. 17. 

 
Fig. 17 Frequency drop at increase in power  

 As it is said earlier when there is increase in power 

decreases frequency. At that state, the PEV checks the 

SOC. The PEV which has the SOC as 80% and above 

supports the system by discharging it the batteries from 

1.5sec to 3sec. From 0.5 sec to 1.5sec there is no PEV has 

the SOC of 80% and above so that there is no PEV to 

support the system as shown in Fig. 18. Even though the 

PEV in control-in state without owner’s willingness the 

PEV cannot support the system.  

 

Fig. 18 Frequency compensation by PEV 

 The SOC level of the battery cannot be measure 

directly so that the voltage of the battery is used to 

indicate the SOC level. Because of the Voltage and SOC 

are directly proportional.  Fig. 19 shows the voltage and 

SOC level of PEV's battery when it starts to support the 

system by discharging the power. 

 

Fig. 19 Voltage and SOC level of PEV's battery at discharging state 

 When many PEVs are considered according to its 

SOC level that supports the system to meet its demand by 

maintaining the system frequency and voltage as constant. 

As shown in Fig. 20 at the instants 1sec to 1.5sec and 2sec 

to 3sec the PEVs supports the system so that the system 

voltage is constant at that instant. From 0.5sec to 1sec and 

1sec to 1.5sec the PEVs may be in driving state or 

charging 

state.

 

Fig. 20 Multiple PEVs supports the system to maintain constant 

frequency 

VII CONCLUSION 

 Thus the advancement in power system has increased 

in its demand based. The change in demand changes the 

system frequency. This change in frequency will affect 

the power system performance thus the frequency control 

based on load scheduling is adapted and controlled. This 

done by the controller called AT Mega2560 and the 

monitoring action was done through IoT. 

FUTURE SCOPE 

 In the future, on the one hand we need to study the 

Modern Technology for the electric vehicle joining in the 

frequency adjustment; On the other hand, in order to 

better data communication to Control centre we can use 

ESP8266.Because ESP8266 module does not require any 

wired communication. 
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Abstract—    The Separate Energy Storage Device 
(SESD) based Dynamic Voltage Restorer (DVR) used 
to protect consumers from the grid voltage 
fluctuations like Long and Short-Duration Voltage 
Variations. This paper analyses the operation 
principle of the SESD based DVR and its design is 
based on simple PI control method and decision 
making switch to compensate Long and Short-
Duration Voltage Variations. During short-duration 
voltage variation super capacitor and fuel cell hybrid 
system is used to compensate the fault. In the same 
way during long-duration voltage variation 
photovoltaic (PV)  system or backup battery or other 
grid is used to compensate the fault based on the 
availability. Using MATLAB/SIMULINK, the models 
of the SESD based DVR is establish, and the 
simulation tests are performed to evaluate the system 
performances. 
 
Keywords- DVR; Long and Short-Duration Voltage 
Variations; Pulse-width modulated (PWM); Decision 
making switch; Grid; Bidirectional Isolated DC–DC 
Converter, SESD. 
 
 
 

                             I. INTRODUCTION 
 

 Power systems have been experiencing good 
changes in      electric power generations, transmissions, 
and distributions. For electrical load growth and higher 
power transfer in a largely interconnected network lead to 
complex and less secure power system operation. Power 
system engineers facing challenges seek solutions to 
operate the system in more a flexible and controllable 
manner. So role of energy storage devices play important 
role as Energy storage appears to be beneficial to utilities 
since it can decouple the instantaneous balancing between 
supply and demand. Therefore increased asset utilization is 
allowed, that facilitates the renewable sources penetration 
and improves the flexibility, reliability and efficiency of 
the grid  long and short-duration voltage  

 
 
Variations by abrupt increases in loads such as 

faults or short circuits, starting of motors, or turning on of 
electric heaters or they are caused by abrupt source 
impedances is increase, which are caused by a loose 
connection. Power quality issues are divided into two 
categories voltage quality and frequency quality. Voltage 
quality issues are related with voltage sag, voltage swell, 
under voltage and over voltage while frequency quality 
issues are related with harmonics and transients. One of 
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the most imperative power quality issues is voltage sag 
which is occur due to its usage of voltage sensitive 
devices.  
    Energy storage devices can be classified into two diff 
categories, depending upon their application: short term 
response energy storage devices and long-term response 
energy storage devices. Short term response energy 
devices which include flywheel, super capacitor, SMES 
whereas long term response energy storage devices 
include compress air, hydrogen fuel cell, batteries, Redox 
flow. Here we are more concern with short term response 
energy devices.  
    For Long and Short-Duration Voltage Variations 
compensation, the DVR which acts as series-connected 
topology is a more cost-effective solution. In this paper, a 
SESD unit is introduced as the energy storage unit of the 
DVR. Application of SESD for power conditioning with 
DVR is put forth. The dynamic response of the SESD 
based DVR on voltage sag and swell is evaluated using 
MATLAB simulation. 

The energy storage devices are split in to two 
Types direct energy storage and indirect energy storage as 
shown in Fig.1. 

 
 
 
 

 
Fig.1. energy storage devices 

 
Energy storage devices are split into three categories: 
(i) Small categories (<10MW): 

Fly-wheel batteries, ultra capacitors & capacitors   
(combined     with DG devices) are comes in small 
categories. 
(ii) Medium categories (10MW < energy < 100 MW): 
Large-scale batteries, lead-acid, NAS and  Redox are come 
in medium categories. 
(iii) Large categories (≥ 100 MW): 
 Compressed Air Storage (CAS), Pumped Storage are 
comes in large categories. 

 
   
     
 

II .SESD WITH DVR 
 

The basic structure of a DVR based  SESD is 
shown in  Fig.3. It consists of Battery storage,  capacitors 
bank, voltage source inverters (VSI), low pass filter and a 
voltage injection transformer, Decision making switch, 
grid, PV. 
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Fig.3. Basic structure of  SESD based on DVR. 
 
     In order to mitigate the simulated voltage variation  in 
practical application, a discrete Pulse Width Modulation-
Based control scheme is implemented, with reference to 
DVR as shown in Fig 4. The aim of the control scheme is 
under the system disturbance to maintain a constant 
voltage magnitude at the sensitive load point,. The control 
system only measures the rms voltage at load point; Long 
and Short-Duration Voltage Variations is created at load 
terminals by a various phase fault  as shown in Fig.4. 
Load voltage is converted into per unit quantity and is 
passed through a sequence analyzer.  
       The magnitude is then compared with reference 
voltage through which error signal is fed to PI controller. 
This voltage is then fed to triggering circuit. PWM 
control technique is applied for inverter switching so as to 
produce a three phase 50 Hz sinusoidal voltage at the load 
terminals. The range of Chopping frequency is a few Kilo 
Hertz. The PI controller is controls the IGBT  to maintain 
1 per unit  voltage at the load terminals that is considered 
as base voltage is equal to1 per unit. The DVR control 
system exerts a voltage angle control as follows: 
 

 
Fig.4 DVR with SESD 

 
    The PI controller processes the error signal and 
generates the required angle δ that drives the error signal to 
zero, for eg; the load rms volt is brought back to the 
reference volt. Here we need to make an assumption of 
balanced network and operating conditions. The 
modulating angle δ  is applied to the pulse width 
modulation  generators in phase A, here the phase angles  
B and C are shifted by 240° or -120° and 120° 
respectively. 

 
    An advantage of a proportional plus integral controller 
is that integral term causes the steady-state error to be zero 
for a step input. The input for PI controller is an actuating 
signal which is the difference between the Vref and Vin. 
The controller block output is of the form of an angle δ, in 
the three phase voltages  which introduces additional 
phase-lag/lead. The error detector output  is 
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Vref equal to 1 p.u. voltage 
Vin voltage in p.u. at the load terminals. 

The controller output when compare at PWM 
signal generator results in the desired firing sequence. 
 
III. HYBRID BIDIRECTIONAL DC–DC CONVERTER 
TOPOLOGY 

 
The hybrid system based on fuel cells (FCs) and 

super capacitors (SCs) as an environmentally renewable  
 
energy system has been applied in many fields, 

such as hybrid electric vehicle, uninterruptible power 
supply (UPS), and so on 

 

 
 

Fig. 5. hybrid bidirectional dc–dc converter topology. 
 

As shown in Fig. 5, a BHB structure locates on 
the primary side of the transformer T1 and it associates 
with the switches S1 and S2 that are operated at 50% duty 
cycle. The SC bank as an auxiliary energy source is 
connected to the variable low voltage (LV) dc bus across 
the dividing capacitors, C1 and C2. Bidirectional 
operation can be realized between the SC bank and the 
high-voltage (HV) dc bus. Switches S3 and S4 are 
controlled by the duty cycle to reduce the current stress 
and ac RMS value when input voltage VFC or VSC are 
variable over a wide range.  

The transformers T1 and T2 with independent 
primary windings as well as series-connected secondary 
windings are employed to realize galvanic isolation and 
boost a low input voltage to the HV dc bus. A dc blocking 
capacitor Cb is added in series with the primary winding of 
T2 to avoid transformer saturation caused by asymmetrical 
operation in full-bridge circuit. The voltage doublers 
circuit utilized on the secondary side is to increase voltage 
conversion ratio further. The inductor L2 on the secondary 
side is utilized as a power delivering interface element 
between the LV side and the HV side. According to the 
direction of power flow, the proposed converter has three 
operation modes that can be defined as boost mode, SC 
power mode, and SC recharge mode. In the boost mode, 
the power is delivered from the FCs and SCs to the dc 
voltage bus. 

 In the SC power mode, only the SCs are 
connected to provide the required load power. When the dc 
bus charges the SCs, the power flow direction is reversed 
which means the energy is transferred from the HV side to 
the LV side, and thereby the converter is operated under 
the SC recharge mode. 

Fuel cell design is modeling shown in in Fig.6 
 

 
Fig. 6. Fuel cell simulation model. 
 
IV.MINI PV 500V WITH GRID CONNECTION 
DESIGN 
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 Due to the advantages of low emission and little 
mechanical parts, the PV power generation becomes a 
promising renewable energy technique. However, the PV 
current changes with the solar irradiations level, whereas 
the PV output volt changes with the temperature of the 
PV module. So, there is fluctuation in the PV output 
power due to the stochastic climatic conditions. To 
compensate the inherent fluctuation of PV output power 
and provide the electricity with high quality, the energy 
storage system such as the battery system must be used.  
PV with converter simulation model is shown in Fig.7. 

 

 
Fig. 7. PV with converter simulation model. 
 

Mini PV system was designed for 30V. That 30V 
output  is fed in to isolated DC-DC converter that 
converter  output is 500Vdc. And then Battery is 
connected to floating condition and with connected grid 
by via VSC converter. 

Fig.8. Voltage source controller simulation model  
is shown.VSC converter is used to act as a inverter and 
rectifier operation based on the source availability. For 
voltage source controller get the grid voltage, current and 
DC voltage. Compare the dc and grid side voltages pulse 
patterns are varied.  

Based on the pulse angle converter acts as a 
inverter and rectifier. Fig. 9. Shows Grid connected VSC 
converter simulation model 

 
Fig. 8. Voltage source controller simulation model. 

 

 
Fig. 9. Grid connected VSC converter simulation model. 

 
V. DECISION MAKING SWITCH 

 
Decision making switch simulation model is 

shown in Fig.10.This decision making switch control is 
used to allow which energy source is supply for 
compensation during fault condition. The short duration 
voltage variation is compensated only by using fuel cell 
and super capacitor hybrid combination in the same way 
for long duration voltage variation compensated by various 
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choices like battery alone, PV alone and grid alone based 
on the availability. 

 

 
Fig. 10. Decision making switch simulation model. 

 
           
   VI. SESD BASED  DVR TEST SYSTEM 
 

Single line diagram of the test system 13 kV 
composes DVR Based on SESD, 50 Hz generation 
system, feeding two transmission lines through a 3- 
winding transformer connected in star/delta/delta, 
13/115/115 kV. Such trans lines feed two distribution 
networks through two transformers connected in 
delta/star, 115/11 kV and then 11KV/500V. We verify the  
working of DVR for voltage compensation at 0.44 ohms 
fault  resistances for fixed time duration of  .08 and .3 
secs. The DVR performance in presence SESD is 
analyzed for symmetrical three phase to ground fault. 
        Fig.11 is MATLAB/SIMULINK diagram of SESD 
based DVR for compensating  Long and Short-Duration 
Voltage Variations. The first simulation was carried out 
without SESD based DVR and a three phase to ground 
fault is applied to the system at point with fault resistance 
of 0.44Ω for time duration of .08 and .3 secs. which result 
voltage sag as shown in Fig.5. The second simulation is 
carried out at the same scenario as above but now in this 
case SESD based a DVR is introduced to compensate the 
voltage sag occurred due to the three phase to ground 
fault which is as shown in Fig. 11.  

 The backup battery voltage for fully charged 
condition shown in  Fig.12. Mini photovoltaic array output 
(30V) shown in Fig.13. PV with DC-DC converter 
output(500V) shown in Fig.14. Fuel cell for hybrid system 
output(30V) was modeled corresponding output shown in 
Fig.15.  hybrid bidirectional dc–dc converter topology 
output is shown in  Fig.16.  

For fault condition in transmission line the voltage 
level is shown in Fig.17. The decision making  switch 
controller pulse output is shown in Fig.18. Fault clearing 
for only short voltage variation by used SESD based DVR 
is shown in Fig.19.  

 
 
 
 
Fault clearing SESD Based DVR (Battery Source 

alone) in this condition only backup battery support for 
clearing long voltage variation and absents of Grid and PV 
system, short voltage response is compensating super 
capacitor and fuel cell hybrid system shown in Fig.20. 

 Fault clearing SESD Based DVR (PV Source 
alone) in this condition only PV support for clearing long 
voltage variation and absents of Grid and Battery short 
voltage response is compensating super capacitor and fuel 
cell hybrid system shown in Fig.21. Fault clearing SESD 
Based DVR (Grid Source alone) in this condition only 
Grid support for clearing long voltage variation and 
absents of Battery and PV system short voltage response is 
compensating super capacitor and fuel cell hybrid system 
shown in Fig.22.  
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Fig.11. phase-phase voltage without any fault. 
 

 
Fig.12. Backup battery voltage output. 
 

 
Fig.13. PV output voltage. 
 
 
 
 
 
 

 
Fig.14. PV output with converter output voltage. 
 
 

 
Fig.15Fuel cell output voltage 
 

 
Fig.16. hybrid bidirectional dc–dc converter topology output 
 

 
Fig.17. phase-phase voltage with fault condition. 
 

 
Fig.18. decision making switch pulse output. 
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Fig.19. fault clearing (Short voltage variation). 
 
 

 
Fig.20. Fault clearing SESD Based DVR (Battery Source 
alone) 
  

 
Fig.21. Fault clearing SESD Based DVR (PV Source alone) 
 

 
Fig.22. Fault clearing SESD Based DVR (Grid alone).

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CONCLUSION 
A new design which incorporates a separate 

energy storage device (SESD)  as  to mitigation Long and 
Short-Duration Voltage Variations and enhances power 
quality of a distribution system. SESD based on DVR has 
been presented. The Simulation results prove that the 
SESD can be a useful alternative DC source for the DVR. 
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Abstract- The progressing research in the field plug-in
electric vehicles (PEVs) and the developing worldwide
mindfulness for a contamination free condition, will
prompt an expansion in the quantity of PEVs sooner
rather than later. The expansion of these PEVs will add
worry to the officially over-burden control lattice making
new difficulties for the dispersion organize. To relieve this
issue a few scientists have proposed charging PEVs
utilizing renewable combined with brilliant charging
methodologies. This paper audits the present writing on
the best in class foundation proposed for PEV accusing
offices incorporated of photovoltaic framework. The
proposed control calculations, different keen charging
procedures and distinctive power electronic topologies for
photovoltaic charging offices (PCFs) are looked into.
Studies evaluating the capacity of photovoltaic charging
stations to limit the stacking on circulation transformers
are surveyed. At last, a basic and one of a kind vitality
administration calculation for a PV construct work
environment charging office situated in light of dc connect
voltage detecting is introduced. The power expected to
charge the module electric vehicles originates from lattice
associated photovoltaic (PV) era or the utility or both.
The adequacy of the proposed calculation is approved
through re-enactment and exploratory outcomes. This
proposed work is controlled using Texas CC3200.

Keywords: Plug-in electric vehicles (PEVs) ,
Photovoltaic charging facility (PCF), Distribution
network, Taxes CC3200.

I. INTRODUCTION

With the developing worldwide mindfulness for a
contamination free condition, rising vitality costs,
PEVs are being presented by numerous car
producers. It is realized that if 25% of the 176
million armadas of light vehicles in U.S were
changed over to PEVs, it will match the whole U.S
control era limit [1]. The multiplication in PEVs
requires charging stations to satisfy their battery

necessities. In spite of the fact that PEVs are being
showcased with the objective of limiting the
contamination from vehicles, the vitality
prerequisites for charging the batteries is still met by
control produced by petroleum product sources.
Henceforth numerous scientists have proposed
charging PEVs utilizing sustainable power sources
like breeze and photovoltaic. Many pilot ventures
are additionally in progress to charge PEVs from sun
powered photovoltaic framework [2– 5]. Charging
stations in light of wind control is still in the
beginning stages however few endeavours have been
declared [6]. Because of the social and financial
advantages, inquire about on charging stations
highlighting photovoltaic framework has pulled in
analysts around the globe.

Utilizing sun based energy to charge batteries is
not another thought. It is a dependable hotspot for
charging light obligation electric vehicles, for
example, golf trucks, bikes and air terminal utility
vehicles [7]. Extensive scale sending of photovoltaic
chargers in a parking area is broke down in [8]. A
2.1 kW photovoltaic accusing station coordinated of
the utility at Santa Monica is portrayed in [9]. A trial
control methodology for electric vehicle charging
framework made out of photovoltaic cluster,
imitated control network and programmable dc
electronic load speaking to lithium particle battery
emulator is introduced in [10]. PV parking area
charging and different plans of action to accuse
PEVs of sun powered vitality are examined in [11].
Financial matters of PV fueled working environment
charging station has been considered in [12, 13]. The
investigation demonstrates the practicality of a PV
based working environment parking structure with
advantages to the vehicle proprietor when contrasted
with home charging, to such an extent that the
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carport proprietor will get the payback of
establishments and upkeep cost and benefit inside
the lifetime of the PV boards. As per [13]
incorporating a sunlight based authority into a
parking garage would bring about a considerably
more quick payback-period, empowering far
reaching establishment of sun powered limit.
Reference [14] depicts how brilliant control
methodologies can help PEVs and PV to coordinate
with the present power frameworks. Co-advantages
of huge scale sending of PEVs and PV frameworks
has been examined in [15]. The investigation
presumes that PV gives a potential wellspring of
noontime era limit with respect to PEVs, while PEVs
give a dispatchable load to low esteem or generally
unusable PV era amid times of low request
(especially in the spring).

According to the National family travel study
vehicles are stopped for no less than 5 h in working
environments [16]. Subsequently these spots are
positive for creating charging station foundation
however this would prompt genuine over-burdening
issues at the dispersion level. Since overhauling of
transformers is a costly choice for the utilities, this
issue needs close consideration as the PEV
infiltration increments. A few papers have been
distributed to address the over-burdening of
circulation transformers while charging the PEVs
[17– 19]. All things considered, very little
investigation has been accounted for to be firmly
identified with the instance of diminishing the
stacking on dispersion transformers utilizing a
photovoltaic framework. In spite of the fact that few
papers exist in the writing, they are for the most part
limited to private circulation systems [20, 21]. There
is a lot of stopping region in the U.S—a sensible
portion of which is reasonable for PV establishment.
This part surveys the present writing on the best in
class framework proposed for PEV accusing offices
incorporated of photovoltaic framework. The
proposed control calculations, different savvy
charging strategies and the financial advantages of
photovoltaic charging offices (PCFs) are surveyed.
Different power electronic topologies, control
calculations and charging systems will be talked
about. It will be demonstrated that a system of PCFs
will quicken the arrangement of PEVs through
financial and ecological advantages to the utilities
and vehicle proprietors. The effect of matrix
associated photovoltaic framework on the utility
circulation systems is investigated. The

reasonableness of utilizing PV control for charging
PEVs is gotten to in this part.

Table 1. PV characteristics

PV type
Module

price
($/Wp)

Efficiency
(%)

Peak
energy
(Wp)

Total
cost of
PV ($)

Crystalline
silicon

2.14 22 264 565

Polycrystalline
silicon

1.74 15.5 186 324

Thin film 0.93 12 144 134

Deciding the size and sort of PV board is an
essential thought for a sun powered parking space.
Barely any papers [22, 23] have suggested the
utilization of monocrystalline silicon as the most
financially savvy sun powered cell sort for PV
charging offices. Table 1 demonstrates the PV
attributes of different modules, the pinnacle vitality
created and the aggregate cost of the PV module.
The PV board can be measured by taking the best
and most exceedingly terrible months into thought.
As portrayed in [24], the underlying expense of the
PV board would be $20,000 when it is outlined in
light of the most exceedingly terrible month of the
year and $10,000 when it is planned in light of the
greatest month of the year. Nonetheless, for the main
case, surplus vitality can be infused into the network,
to adjust the last cost.

The SimpleLink™ Wi-Fi® CC3200
LaunchPad™ improvement unit (with QFN-bundled
gadget) is an assessment advancement stage for the
CC3200 remote microcontroller (MCU), the
industry's initially single-chip programmable MCU
with worked in Wi-Fi availability. The board
highlights on-board copying utilizing FTDI and
incorporates sensors for a full out-of-the-case
understanding. This board can be specifically
associated with a PC for use with improvement
instruments, for example, Code Composer Studio™
Cloud incorporated advancement condition (IDE)
and IAR Embedded Workbench. This LaunchPad
has driver bolster and a product improvement unit
(SDK) with 40+ applications for Wi-Fi conventions,
Internet applications and MCU fringe cases. Features
of CC3200 are,
 CC3200 Wi-Fi remote microcontroller (MCU) in

QFN bundle
 Industry's first gadgets to be Wi-Fi CERTIFIED™ at

the chip level by the Wi-Fi Alliance™
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 USB interface to PC for CCS/IAR utilizing FTDI
USB drivers

 Streak refresh over the USB utilizing SimpleLink
Programmer

 2 20-stick connectors empowers similarity with
BoosterPacks with included capacities (BoosterPack
headers)

 Independent advancement stage including sensors,
LEDs and push-catches

 Power from USB for the LaunchPad and in addition
outer BoosterPack

 Works from 2 AA basic batteries
 On-board recieving wire and U.FL connector

selectable utilizing a capacitor re-work
 Backings 4 wire JTAG and 2 Wire SWD
 GNU Debugger (GDB) bolster over Open On chip

debugger (OpenOCD)

II. PROPOSED ARCHITECTURES FOR PV
BASED PEV CHARGING FACILITIES

The charging units for PEVs can be either on-
board or off-board. If there should arise an
occurrence of an off-board charger, the charger is an
outer unit while on account of an on-board charger it
is a segment of the vehicle. On-board chargers are
provided with air conditioning force and they
comprise of an AC/DC rectifier, DC/DC support
converter for control factor amendment and a
DC/DC converter to charge the battery as appeared
in Fig. 1. At present AC charging is being utilized to
charge PEVs by methods for on-board chargers. The
real disadvantage of this innovation is that it doesn't
bolster quick charging as it is required to expand the
power ability of the on-board charger in this manner
expanding the cost and weight of the PEV.
Subsequently to help quick charging of PEVs off-
board chargers are proposed which specifically
supply dc energy to the PEV charging channel. It is
to be noticed that in the event of an off-board
charger the whole power change (AC/DC) happens
in an outside unit and in this way it is doable to build
the appraisals of the power converters keeping in
mind the end goal to help quick charging.

Figure 1. Conventional PEV charger

Air conditioning framework is being utilized
since years for control dissemination and there are
all around created foundation norms and advances.

DC framework then again has many favourable
circumstances, beginning with the way that general
proficiency of the framework could be higher and it
encourages the reconciliation of sustainable power
sources with less power converters. Since PV
exhibits produce dc control, a charging office
including PV control encourages the charging of
PEVs from a dc transport which is more viable,
temperate and proficient since it doesn't include
more power change stages not at all like AC
charging. Different strategies have been proposed for
coordinating PEV chargers inside a photovoltaic
framework. A few power electronic topologies for a
PCF have been proposed in the writing in view of
the sort and the quantity of converters which are
delegated:

A. Brought together design

B. Conveyed design

C. Single stage change with Z-converter

A. Brought together design

Itemized piece outline speaking to the
concentrated design is appeared in Fig. 2. It
comprises of a focal DC/DC help converter which
plays out the capacity of most extreme power point
following. The DC/DC chargers are coordinated
with the PV charging office at the dc interface.
Different PEVs can be charged by expanding the
relating appraisals of PV boards and the related
power converters. Each parking space must have a
committed DC/DC buck converter which is
associated with the dc connect. This setup is
reasonable for charging stations in the scope of a few
kilowatts. It is material for charging vehicles like
golf trucks, grounds utility vehicles and so on which
drive for short separations with low battery limits.
Battery switch station fuelled by PV is a decent
contender for embracing brought together
engineering. In any case, this sort of arrangement
does not bolster quick charging since establishment
of a powerful DC/DC converter is exceptionally
costly and it is helpless against single blame
shutdown.

Figure 2. Centralized architecture
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B. Conveyed Architecture

Nearness of DC/DC converters with high power
evaluations is an imperative standard for quick
charging of PEVs. This can be accomplished
financially through appropriated engineering as
appeared in Fig. 3. For this situation a few strings of
PV boards are associated in arrangement. Each
parking space has a committed PV board to help the
charging of PEV and each string of PV boards is
interfaced with their own DC/DC converter and
offers a typical dc transport, which associates with
an AC utility lattice through a bi-directional DC/AC
converter. The DC/DC battery chargers are
associated with the dc transport. Each parking space
requires an individual DC/DC converter to charge
the PEVs. The proposed design is appropriate for
establishment at spots, for example, working
environment, colleges, shopping centres and so forth
where the request of PEVs and their length of remain
in the parking garages are exceedingly probabilistic
in nature. It is more dependable since the PEVs can
be charged from the network amid the times of low
insulation or overcast climate. Likewise, take note of
that the additional vitality produced by PV can be
infused into framework, which can be utilized to
adjust the PV costs.

A PCF requires steady power from the PV or the
network to take care of the popularity of PEVs. The
unwavering quality of a PCF can be enhanced by
including a vitality stockpiling unit, for example, a
battery bank, ultra capacitor, energy unit and so on.
For example in [35] the power created by rooftop top
photovoltaic framework is put away in VRLA
(valve-controlled lead-corrosive) batteries and
energy components in a PEV docking station. The
PEVs touching base at the docking station can be
charged from two separate tracks i.e. utilizing the
vitality from the VRLA batteries or the power
devices. The utilization of capacity limit in PCFs has
the accompanying focal points [36]:

 Efficient utilization of sustainable power sources
 Maximization of sustainable power sources
commitment
 Better request and creation coordinate, better
helper benefit supply and enhanced general
unwavering quality

The centre thought of including an ESU (vitality
stockpiling unit) is that the power request by PEVs
can be either provided by the PV or the utility or
through a nearby vitality stockpiling unit. Vitality

got from the ESU can charge the PEVs amid specific
possibilities, for example, islanding condition
without the accessibility of PV control. It encourages
the charging of PEVs utilizing least vitality from the
framework. The charging station shows up as a dc
microgrid with neighbourhood era from the PV
framework, PEVs' as burdens and battery bank
speaking to the capacity framework.

Figure 3. Distributed architecture

C. Single stage transformation with Z-converter

The twofold phase transformation portrayed in
the above models is supplanted by a solitary stage
utilizing a Z-converter [22] as appeared in Fig. 4. It
doesn't require an extra DC/DC converter for each
charging spot and a solitary DC/DC converter is
utilized to give galvanic disengagement. The Z-
converter has twofold tweak ability, and can shape
the network current while at the same time managing
PEV battery charging. The unit can be utilized for
both power assimilation and infusion, with all the
while controlled battery charging. This guarantees
near solidarity control factor for every single
working mode and power stream ways;
accomplishing this with a solitary transformation
stage can be viewed as a special preferred standpoint
of the Z-converter. Besides, this topology has
inalienable buck-help ability, permitting expanded
voltage run on the PV or matrix. Notwithstanding
the single transformation arrange, dependability, as
opposed to proficiency or cost, is the solid purpose
of the Z-topology. Likewise the single stage control
handled by the Z-converter comprises of 120 Hz
twofold line recurrence swell. This swell can be
relieved by setting an extra decoupling capacitor
over the PV source which presents conceivable
deviation from consummately steady power
extraction at the PV boards.
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Figure 4. Single stage conversion with Z-converter

III.CONTROL STRATEGIES

Work environment based photovoltaic charging
offices and private PV charging are the two
accessible alternatives for charging PEVs utilizing
sun oriented power. Contingent upon the sun based
light, PEVs can be charged either from the
photovoltaic or the conveyance network or both. The
sunlight based charging station ought to circulate the
power accessible at the PV boards to the PEVs
viably and securely. Normally PEVs touch base at
the accusing office of various State-of-Charge
(SOC). More than frequently, the measure of PV
control accessible to charge various PEVs is
constrained. Moreover, the PV source is stochastic in
nature, its energy trademark is nonlinear and the
PEV batteries to be charged ought to be inside sure
voltage and current breaking points. Thusly, this
procedure requires smart control of the power
molding unit to deal with the heading of energy
stream in PV incorporated charging stations. A few
calculations have been proposed in the writing which
vary altogether in view of the sort and area of the
PCF. The calculations likewise contrast in light of
the different control parameters, for example, PV
control, stack request, condition of-charge and so
forth. In like manner they can be delegated takes
after:

A. Private Photovoltaic Charging

B. Battery Switch Stations

C. Working environment Photovoltaic Charging

A. Private Photovoltaic Charging

Barely any creators [37– 40] have proposed a
design for a matrix associated private photovoltaic
framework that can be utilized to charge PEVs and
additionally to supply the current family unit loads.
The control calculations rely upon the power
produced by the PV and the SOC of the PEV battery.
Raul et al. proposed a private load coordination
component to charge PEVs. Contingent upon the

heap request of the circulation transformers, the
PEVs can be charged utilizing sustainable power
source (PV/Wind) or the power from the lattice.
Every family is introduced with a housetop PV
framework and a little scale wind turbine. A private
microgrid made out of housetop boards and a
biodiesel generator to charge PEVs and supply
AC/DC family unit loads. To share the heap among
the sources, master slave control technique is
utilized. The operation of the private microgrid relies
upon the PV control, stack request, SOC of the
battery stockpiling and levy set by the utility. The
vast majority of the PEVs are not accessible for
charging amid daytime at private offices.
Henceforth, this procedure requests for an extra part
as a vitality stockpiling unit which won't not be
monetarily alluring for an individual mortgage
holder. Private charging is favourable for families
with more than one PEV.

B. Battery Switch Stations:

A PV based battery control technique for
charging numerous batteries in a sunlight based
battery charging station (SBCS). The engineering of
the SBCS is like the one appeared in Fig. 2.6 yet the
DC/DC chargers are supplanted by bi-directional
switches. The proposed control technique initially
charges every individual battery until the point that
they achieve a similar voltage level and afterward
charges the different batteries in parallel at the same
time as indicated by the battery charging period and
the accessible sun powered vitality. This control
system dispenses with the utilization of different
DC/DC converters per battery association, making
the SBCS less confounded and temperate. Despite
the fact that being conservative, the proposed
engineering does not consider the situations when
the PV board is not creating any power or producing
power in overabundance. Consequently it can't be
considered for charging PEVs. The vitality trade
system relies upon the battery swapping interest of
the PEVs and power produced by the PV. A
calculation is proposed to charge PEV batteries
utilizing the most extreme vitality from PV.

C. Work environment Photovoltaic Charging

In few cases, creators have proposed embeddings
a DC/DC battery charger at the dc connection of the
lattice associated PV framework. By measuring the
power created by the PV and the power request of
the PEV, the control calculation guarantees the
charging of the PEV battery from the proper source.
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In view of the irregularity between the PV control
and the heap request, different conceivable situations
are depicted. If there should arise an occurrence of,
the power stream in a PV parking area is overseen
through an arrangement of PC controlled transfers.
PV boards of various evaluations are interfaced with
PEV chargers and the power network through PC
controlled transfers. Contingent upon the light
levels, the transfers guide the whole PV energy to
the PEVs or the lattice or both. A few PV boards are
interfaced with the dc transport through an
arrangement of DC/DC converters. The DC/DC
converter brilliantly controls the power stream to the
PEVs in view of a specific preset points of
confinement of the dc transport voltage. In light of
as far as possible the vitality change unit encourages
three way vitality stream among the power network,
PV modules and PEVs.

The idea of dc transport flagging has been
proposed by a few creators to plan energy to dc
stacks in a microgrid. Maybe a couple of them have
stretched out this idea to charge PEVs in a microgrid
domain. The brilliant charging station can work in
independent mode and network associated mode.
The exchanging between different modes is
encouraged by the variety in dc connect voltage
levels prompted because of the change in sun
oriented insulation. Amid the time of low sun based
insulation and pinnacle stack on circulation
transformer, the controller moves the charging of
PEVs to non-top period. The proposed control
calculation is straightforward as it includes just a
solitary parameter i.e. dc connect voltage to deal
with the course of energy stream in the charging
station. It encourages the charging of PEVs utilizing
least vitality from the lattice with no unfriendly
effects on the dissemination transformer. The
accompanying areas clarify the idea of dc connect
voltage detecting and its application for control and
administration of PV controlled charging offices.

IV. POWER MANAGEMENT ALGORITHM

The definite circuit design for the proposed work
environment based charging office is appeared in
Fig. 2.11. The engineering comprises of a few
strings of PV boards interfaced to their own DC/DC
converters which share a typical dc transport. The
DC/DC help converter plays out the capacity of
greatest power direct following (MPPT) toward
encourage the operation of PV board at the most

extreme power point. The vitality stockpiling unit
(ESU) is associated with the dc transport by means
of a bi-directional DC/DC buck-help converter. The
ESU will bolster the charging of PEVs when there is
no power accessible either from the lattice or the PV.
The battery pack in the ESU can be charged either
from the matrix amid off pinnacle hours or from the
PV after all the PEVs have been charged in the
charging office. DC/DC buck converter associated
with the dc transport controls the charging of the
PEV. The control depiction appeared for the
charging office in Fig. 5 depends on the prerequisites
for two PEVs. Various PEVs can be charged by
having separate buck converters introduced for each
charging point. The charging office is associated
with the power appropriation arrange through a
DC/AC bi-directional network tied converter.

Figure 5. Detailed circuit configuration of the
proposed architecture

The control unit screens and controls the power
stream between the source and PEV. As appeared in
Fig. 5 the control unit produces the changing signs to
control the different power converters in the
charging office in light of the voltage and current
esteems detected by the voltage and current
detecting units. VPV, voltage over the PV exhibit and
IPV, the present spilling out of the PV cluster are
utilized to execute MPPT by methods for
incremental conductance calculation. VDC is the
greatness of the voltage at the dc transport, VB1 and
VB2 are the distinguished battery voltages of the
PEVs which give a measure of the condition of-
charge (SOC) while VESU gives the measure of the
SOC of the ESU. IDMD speaks to the stacking state
of the circulation transformer, Igrid is the present
sustained into the network by the DC/AC converter
and VGrid is the matrix side voltage.
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V. MODES OF OPERATION

The operation of the charging station can be
sorted into four modes: Mode-1 (framework
associated correction), Mode-2 (PV charging and
lattice associated amendment), Mode-3 (PV
charging) and Mode-4 (matrix associated reversal).
An arrangement of factors IDMD, IDMD-max, VDC-1, VDC-

2, VDC-3, VB and VBH are utilized to depict the
methods of operation. IDMD speaks to the
appropriation transformer load and IDMD-max speaks to
the pinnacle stack state of the transformer. VDC is
the voltage at the dc transport. VDC-1, VDC-2 and VDC-3

are the three picked reference voltage levels of the
dc transport. VB and VESU are the distinguished
battery voltages of the PEV and the ESU. VBH is the
battery voltage relating to the limit estimation of the
condition of-charge (TSOC). The charging of PEV
ought to be ended once the battery voltage VB is
equivalent to VBH. Fig. 6 demonstrates the course of
energy stream amid different methods of operation
of the charging station.

Figure 6. Direction of power flow during the
operation modes

The four methods of operation are portrayed as takes
after:

Mode-1: VDC < VDC-1: Grid-associated amendment

Case-1: VDC < VDC-1 and IDMD < IDMD-max

In this mode the photovoltaic framework does not
create any power either because of low radiation or
terrible climate conditions. The DC/DC support
converter is secluded and the power required to
charge the PEV is given by the framework.
Whenever amid this mode if the dc interface voltage
surpasses VDC-1, the control movements to Mode-2.
The DC/DC buck converter controls the yield
voltage to charge the PEV. As the lattice is at off
pinnacle, it keeps on providing power till the vehicle
is totally charged. The controller ends the charging
of PEV by handicapping the DC/DC buck converter
when VB surpasses VBH and the framework supplies
energy to charge the battery pack in the ESU.

Case-2: VDC < VDC-1 and IDMD ≥ IDMD-max

This mode is like Case-1 yet with an expansion in
neighbourhood request on the dispersion
transformer. To decrease the weight on the matrix,
the charging of PEV is ended briefly by de-actuating
the lattice associated bi-directional DC/AC
converter. As the appropriation transformer is
mitigated from the extra weight of charging the
PEV, it can keep providing energy to the
neighbourhood loads amid the pinnacle time. Amid
this period the PEV can be charged by the ESU if the
put away vitality is adequate to provide food the
requirements of PEV charging. Once the lattice has
returned to off pinnacle condition (i.e. IDMD < IDMD-

max) the charging of the PEV is re-established and the
controller screens its charging.

Mode-2: VDC-1 ≤ VDC < VDC-2: PV charging and
matrix associated amendment

In this mode the power produced by the
photovoltaic framework is not as much as the power
required to charge the PEV. In this manner all the
power created by the PV is exchanged to the PEV
and the shortage is provided by the network. The dc
connect voltage differs with the adjustment in
illumination. This prompt change in the dc connect
voltage is detected by the controller to produce an
equivalent voltage at the yield of the DC/AC bi-
directional converter through the procedure of
amendment. On the off chance that anytime IDMD

surpasses IDMD-max the bi-directional DC/AC
converter is disengaged from the lattice. The PV
framework keeps charging the PEV though the
lattice caters the pinnacle stack request.

Mode-3: VDC-2 ≤ VDC < VDC-3: PV charging mode

In this mode the PV framework produces all the
power required to charge the PEV. As the
framework does not supply any power it is confined
by the bi-directional DC/AC converter. The
controller guarantees that the PEV is not over
charged by ending its charging once VB surpasses
VBH (voltage comparing to 95 % condition of charge
of the PEV battery). This mode happens as long as
the dc connect voltage is in the middle of VDC-2 and
VDC-3.

Mode-4: VDC-connect ≥ VDC-3:

PV charging mode and Grid reversal mode The
PV exhibit produces abundance control once the dc
connect voltage surpasses VDC-3. This extra power
created by the PV exhibit is sent to the framework
through the bi-directional DC/AC converter. Once
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the PEVs are charged, all the power from the PV
source is sent to the matrix. The mode at that point
takes after typical operation of PV era frameworks.

VI. SIMULATION STUDIES

In order to validate the proposed control
calculation re-enactments were done in Matlab
Simulink utilizing the simpower systems tool stash.
The reference dc transport voltages i.e. VDC-1, VDC-2

and VDC-3 are set at 50, 250 and 350V. The reference
dc interface voltage levels are chosen in view of a
preparation mode wherein the PEV stack is kept
steady and the sun oriented light is permitted to
fluctuate in steps. The estimations of IDMD-max and
Tsoc are set at 80A (top to crest) and 95 %. Toyota
Prius module cross breed has been picked as the
PEV which has an aggregate battery limit equivalent
to 4.5kWh and ostensible voltage equivalent to 48V.
The rms estimation of AC network voltage is 240V.
A PV board of rating 5.5kW has been displayed
taking the battery limit of the PEV into thought. The
reference dc transport voltages have been picked
contemplating the adjustment in sun conditions from
early morning to late night. As the dc transport
voltage shifts, the source from which the PEV is
charged likewise fluctuates as needs be.
Reproduction comes about portraying the advances
between different modes are demonstrated as
follows.

Fig. 7 demonstrates the progress of the matrix
from off crest to on crest when the charging station
is working in mode 1. The stacking condition is
gotten to by measuring the current (IDMD) on the
optional side of the dispersion transformer. At first
the matrix is at off pinnacle and consequently the
AC network conveys the power required to charge
the PEV and other nearby loads. As appeared in Fig.
7, from 1.5 to 2.0 s the Fig. 7 Matlab simulink yields
for change from mode-1 case-2. a DC transport
voltage. b Current spilling out of the circulation
transformer to the heaps and the PEV. c Power
conveyed to the PEV (charging power). d Output
voltage of the DC/DC buck converter current
streaming in the auxiliary side of the circulation
transformer is under 80A. With the expansion in
utility load at 2.0 s, IDMD surpasses 80 An (IDMD-max).
The charging of the PEV is ended when the present
spilling out of the dissemination transformer, IDMD

surpasses IDMD-max. This is done to diminish the
anxiety being forced on the AC network amid the

pinnacle time. Consequently the power devoured by
the PEV lessens to zero amid the pinnacle time as
appeared in the figure.

Figure 7. Matlab simulink outputs for transition from
mode-1 case-2. a DC bus voltage. b Current flowing
from the distribution transformer to the loads and the

PEV. c Power delivered to the PEV (charging
power). d Output voltage of the DC/DC buck

converter

The re enactment comes about for the progress
from mode 2 to mode 3 are appeared in Fig. 8. Amid
the underlying stages the dc transport voltage is
under 250V and framework keeps on providing the
deficiency energy to charge the PEV. Once the dc
transport voltage surpasses 250V, the PV framework
alone provides food the charging of PEV. The power
spilling out of the PV and the Power Grid is
appeared in Fig. 8. As appeared in the figure, the
shortfall energy of 1,000 W to charge the PEV is
provided by the lattice in mode-2 and it doesn't
supply any power in mode-3 as the PV alone obliges
the request of the PEV.

Figure 8. Matlab simulink outputs for transition from
mode 2 to mode 3. a DC bus voltage. b Voltage of
the grid. c Power delivered by the grid. d Power

delivered by the PV array

The progress from mode 3 to mode 4 is appeared
in Fig. 9. With the dc transport voltage surpassing
350V there is an expansion in control spilling out of
the PV in mode 4. The PV framework bolsters this
overabundance energy to the lattice notwithstanding
charging the PEV. The sinusoidal yield of the
DC/AC bi-directional converter demonstrates that it
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goes about as an inverter for this situation. So as to
keep up the vitality adjust the dc connect voltage is
kept consistent at 360V. At last Fig. 10 demonstrates
the end of the vehicle charging when SOC = Tsoc.

Figure 9. Matlab simulink outputs for transition from
mode 3 to mode 4. a DC bus voltage. b Output
voltage of the DC/AC bi-direction converted

(inverter). c Power delivered by the grid. d Power
delivered by the array

Figure 10. Matlab simulink outputs for transition in
state-of-the-charge during mode-1. a DC bus

voltage. b State-of-charge of the PHEV battery. c
Charging power delivered to the PHEV. d Output

voltage of the DC/DC buck converter

VII. CONCLUSION

To relieve the stacking on dissemination
transformers because of PEV charging, savvy
accusing systems coupled of sustainable power
source assets are the need of great importance. This
section talked about the present condition of the
foundation for PV fuelled charging offices for PEVs.
A few power electronic topologies are exhibited and
analyzed. Control techniques are evaluated for
private and working environment based photovoltaic
charging. The part proposed a charging station
design in view of dispersed topology. A remarkable
control procedure in view of dc interface voltage
detecting, which chooses the course of energy
stream is displayed and the different methods of
operation have been depicted. The reasonable
plausibility and adequacy of the proposed control
technique has been approved by recreation and test

comes about. The proposed control technique in
light of the adjustment in dc connect voltage level
because of the adjustment in illumination of the sun,
is basic and one of a kind. The vitality
administration calculation encourages charging of
the PEVs utilizing least vitality from the utility with
a sort of interest administration to enhance the
vitality productivity. Brilliant charging strategies
like the one proposed in this section will cause stay
away from real cost to redesign circulation
transformers and other substation hardware with the
expansion in PEV stacks on the dissemination
framework.
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Abstract - This paper proposes the response of lighting load 

supported by plug-in electric vehicle with the combination of 

hybrid system. The hybrid system is comprised of solar and 

wind. The hybrid system is connected to the DC bus of the 

service provider, where it acts as uninterrupted power supply 

unit. Maximum utilization of the hybrid system is achieved by 

power point tracking system and converters. The service 

provider supports the charging system of the batteries, while 

the vehicles are parked. Similarly if any interruption occurs, the 

power of battery also supports the service provider. This two 

way power transfer is achieved by using back-to-back 

converter. The results obtained illustrate the better power 

transfer form hybrid system to grid to battery of the vehicles. 

Keyword- Vehicle to Grid(V2G), Plug-in Electric 

Vehicle(PEV), Hybrid system, Back-to-back converter, State of 

Charge(SOC), Depth of Discharge(DOD). 

I. INTRODUCTION 

 Increase in pollution level and global warming are the major 

area of concern as the era in current century. The emission of 

greenhouse gases such as Carbon dioxide(CO2), Nitrogen 

oxide(NOX), Carbon monoxide(CO), and unburned 

hydrocarbons in large amount causes the environmental 

pollution and global warming. These emission are caused by 

the basic human requirement such as transportation, industrial 

purpose, commercial purpose and electricity generation. In 

India 87% of greenhouse gases ore emitted by the transport 

sector. the modern transport sector comprises Internal 

Combustion(IC) engine which emit the toxic gases which are 

harm to environment and human health. Eventually, there has 

been a search for alternative clean and efficient vehicle. The 

continuous rise in price and decreasing level of fuel availability 

the Electric Vehicles(EVs) and Hybrid Electric 

Vehicles(HEVs) are evolving as alternative to reduce the 

pollution and reduce the consumption of fuel.  

 In Electric Vehicles(EVs) the battery pack is connected with 

an electric motor and provides traction power through 

transmission. The batteries in the electric vehicles are charged 

primarily by the battery charger which receives power from the 

external electrical source. During regenerative braking, the 

motor act as a generator and provides power back to the 

batteries and during this process the vehicle slow down 

compared to battery discharging. It is simple in construction. 

The speed range and driving range is limited according to the 

size of the battery and recharge time. It depends on the battery 

type and charging method. 

 In Hybrid Electric Vehicles(HEVs) the source to drive the 

vehicle is the combination of both energy storage device that is 

battery and Internal Combustion(IC) engine. Batteries are 

charged primarily by the Internal Combustion(IC) engine and 

generator. In Plug-in Hybrid Electric Vehicles(PHEVs) the 

batteries are charged by the external electric source through the 

battery charger. It reduces the run time of the Internal 

Combustion(IC) engine and allow the vehicle to run in electric 

power from the batteries only. The batteries are charged by the 

battery charger which is plug in to the external electric source 

such as utility or other energy sources. The Plug-in hybrid 

Electric Vehicles(PHEVs) has more battery pack than a Hybrid 

Electric Vehicles(HEVs). The Plug-in Electric Vehicles(PEVs) 

reduces the consumption of fuel through Internal 

Combustion(IC) engines due to the external battery charging. 

To eliminate the use of fuel and emission through the 

transportation the Plug-in Electric Vehicles(PEVs) are 

emerging now-a-days. The is no Internal Combustion(IC) 

engine in Plug-in Electric Vehicles(PEVs). The batteries are 

charged via battery charger which is powered by the external 

electrical source. Thus major automotive manufacturers began 

to launching Plug-in Electric Vehicles(PEVs) in 2010.  

II. PLUG-IN ELECTRIC VEHICLE (PEV) 

 The Plug-in type electric vehicles are utilize the on-board 

battery chargers to recharge the batteries of Plug-in Electric 

Vehicle(PEVs) using utility power. The simplest configuration 

of the Plug-in Electric Vehicle(PEV) is shown in fig. 1. The 

simplest configuration of Plug-in Electric Vehicle(PEV) 

consists of motor controller to provide power to the motor, 

which supplies in-turn power to the vehicle wheels for the 

traction. The permanent magnet electric motors are in most of 

today's Electric Vehicles(EVs) which can also act as a 

generator when brakes are applied. The generator will recharge 

the batteries. When the vehicle is must to be stopped then the 

friction brakes are used. In regenerative braking the permanent 

magnet electric motor act as a generator and generates the 

electric power which is power back to the batteries to charge it. 

This process will slow down the vehicle. 

 

 

Fig. 1. Typical EV configuration 

In proposed system the external source that is energy utility 

used to charge the batteries is Hybrid Energy System(HES). 

The hybrid system is the combination of two energy sources, 

one is renewable energy source and another one is either 

renewable or non-renewable energy source. In other words the 

hybrid system can be defined as the energy system is fabricated 

to extract the power from two energy sources called hybrid 

system. In most of the hybrid systems the two energy sources 

are renewable energy systems. Advantages of the hybrid energy 

system are efficiency, reliability, low cost and low emission. 

 In this proposed system combination of solar and wind 

energy systems are used as a Hybrid Energy System(HES) to 

generate the power. Solar energy and wind energy has the 

advantages over other conventional energy sources such as 
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greater availability in nature, pollution free and no need of 

specific location for the erection of the system.  

III. VEHICLE TO GRIG(V2G) TECHNOLOGY 

 The Vehicle to Grid(V2G) is an interconnection between 

electrical network that is grid or utility companies and Plug in 

Electric Vehicle(PEV) to  sell electricity or store electricity in 

order to meet the demand response of consumers. 

 When vehicle is connected within the electrical network it 

help to balance the electrical demand of the network is known 

as "valley filling" that is storing power and "peak shaving" that 

is sending power back to the network which defines the value 

of Vehicle to Grid(V2G) technology. By utilizing this 

technology utilities can provide stable, regulatory power to 

meet sudden increase in the demand and store the energy when 

it is high.  

 The Vehicle to Grid technology can be classified into two 

types as unidirectional V2G and bidirectional V2G. 

Unidirectional V2G means that the power flow is in only one 

direction that is the electric vehicle can charge by utility power. 

Bidirectional V2G means that the direction of the power flow 

in both forward and backward direction. In forward direction 

the batteries in the PEVs are charged via battery charger which 

is fed from the grid. In backward direction the grid is supported 

by the batteries of PEVs to meet the demand of the  grid. thus 

the power can flow from grid to vehicle(G2V) as well as 

vehicle to grid(V2G). 

IV. PROPOSED SYSTEM 

 

 

Fig. 2. Proposed system of V2G technology 

The fig. 2 shows the proposed system that is the hybrid system 

supported Vehicle to Grid(V2G) technology to support the 

lighting loads of the commercial building. The proposed system 

consists of hybrid system, PEVs, back to back charging 

controller and DC bus. The hybrid system comprises of  wind 

energy system and solar energy system. The output of the wind 

energy system is AC and it is converted into DC by rectifier 

unit and fed to Dc bus. The output of the solar system is DC. It 

is connect with the DC bus which has the rating of 500V DC 

through the Maximum Power Point Tracker(MPPT) which 

tracks and provides the power to the DC bus according to the 

requirement of DC bus. The MPPT is controlled by the Perturb 

and Observe(P&O) controller. It is the common algorithm used 

in MPPT. This uses a simple feedback arrangement and 

measured parameters. The voltage of the module is give 

perturbation periodically and the corresponding output power is 

compared with the reference power. The error signal is 

observed and the array is arranged according to the error signal. 

It may increasing or decreasing signal. This is called Perturb 

and Observe algorithm. The flow chart of the algorithm is 

shown in fig. 3. Because of its high efficiency this algorithm is 

used in proposed system. 

 

Fig. 3. P&O Algorithm 

 The batteries used in the Plug-in Electric Vehicles(PEVs) 

has the charging voltage as 24V, but the DC bus voltage is 

500V, so the 500V of DC bus is need to step down into 24V of 

DC. When the power is reversed that is V2G flow the 24V of 

batteries are need to step up into 500V of DC. For this 

conversion process the proposed system uses the back to back/ 

DC-DC  bidirectional charging controller as shown in fig. 4. By 

this bidirectional DC-DC converted the energy stored in Plug-

in Electric Vehicles(PEVs) can be fed back to the grid. This is 

called V2G process. 

 

Fig. 4. Back to back charge controller 

 When the number of Plug-in Electric Vehicles(PEVs) 

connected in parking is large and the power from the hybrid 

system is not enough to charge the batteries then the vehicles 

are charged by the energy from the grid which need to convert 

the single phase 230V AC into 500V DC. When the demand of 

the service provider rises the batteries which has the State of 

Charging(SOC)  as 90% will start to discharge and supports the 

lighting loads. It is in need of converting 500V of DC bus 

voltage into 230V of AC. For this purpose the back to back 

converter is used which is comprised the both inverter and 

converter. 

V. SIMULATION RESULTS 

 The simulation results for the proposed vehicle to grid 

technology using hybrid system is the DC bus voltage is 500V. 

The hybrid system of PV and wind voltage is optimized to 

500V using MPPT based P&O algorithm. It is shown in fig. 5. 

Therefore the DC bus voltage is 500 volt that includes the PV 



International Journal of Trend in Research and Development, Volume 4(1), ISSN: 2394-9333 

www.ijtrd.com 

IJTRD | Jan-Feb 2016 
Available Online@www.ijtrd.com     56 

and the PMSG. In normal operating condition of the system the 

bidirectional charge controller step downs the 500V of DC bus 

into 24V as shown in fig. 6. Similarly, when there is a need of 

battery to discharge to support the lighting loads of the 

commercial building it is discharged and 24V of battery is step 

up to 500V by using bidirectional charge converter, it is shown 

in fig. 7. 

 

Fig. 5. Output waveform of MPPT 

 The back to back converter is used which will work as a 

bidirectional converter. When the battery is charging it converts 

230V AC to 500V DC. During fault, the back to back converter 

converts the DC bus voltage into AC to support the lighting 

loads of the commercial building. Fig. 8 shows the single phase 

voltage waveform that is converted by the back to back 

converter from the 500V of DC bus. Fig. 9 shows the DC 

voltage waveform from the back to back converter to DC bus. 

 

Fig. 6. Conversion from 500V DC to 24V DC 

 

Fig. 7. Conversion from 24V DC to 500V DC 

 

Fig. 8. 230V AC from the back to back converter 

 

Fig. 9. 500V DC from back to back converter 

CONCLUSION 

 In this paper the combined system of hybrid and electric 

vehicle is proposed. The combined system is supported for 

lighting loads at commercial building for uninterrupted power 

supply. The electric vehicles are charged during the normal 

operation. When any interruption occur in the building, the 

vehicles that are charged by 90% will support the lighting 

loads. The back to back converter is used in this propose 

system which works bi-directionally. The DC output from the 

vehicle is fed to back to back converter which converts DC to 

AC and supports the lighting loads during any interruption. 

Similarly when the power from the hybrid system is not 

sufficient to charge the battery, the power from the grid can be 

used by converting AC to DC by using back to back converter 

and the battery can be charged.  

References 

[1] Tsorng-Juu Liang and Jian-Hsieng Lee, “Novel High-

Conversion Ratio High-Efficiency Isolated Bidirectional 

DC–DC Converter,” IEEE Transactions on Industrial 

Electronics, Vol. 62, No. 7, pp.4492-4503, July 2015. 

[2] Dipankar Debnath and Kishore Chatterjee, “Two-Stage 

Solar Photovoltaic Based StandAlone Scheme Having 

Battery as Energy Storage Element for Rural Deployment,” 

IEEE Transactions on Industrial Electronics, Vol. 62, No. 

7, pp.4148-4157, July 2015. 

[3] Abdollah Kavousi-Fard, Mohammad Ali Rostami and 

Taher Niknam, “Reliability Oriented Reconfiguration of 

Vehicle-to-Grid Networks,” IEEE Transactions on 

Industrial Informatics, Vol. 11, No. 3, pp.682-690, June 

2015. 

[4] Zhe Liu, Dan Wang, Hongjie Jia, MemberNed Djilali and 

Weixin Zhang, “Aggregation and Bidirectional Charging 

Power Control of Plug-in Hybrid Electric Vehicles: 

Generation System Adequacy Analysis,” IEEE 

Transactions on Sustainable Energy, Vol. 6, No. 2, pp.325-

335, April 2015. 

[5] Junhao Lin, Ka-Cheong Leung and Victor O. K. Li, 

“Optimal Scheduling With Vehicle-to-Grid Regulation 

Service,” IEEE Internet of Things Journal, Vol. 1, No. 6, 

pp.556-569, December 2014. 

[6] N. Z. Xu and C. Y. Chung, “Well-Being Analysis of 

Generating Systems Considering Electric Vehicle 

Charging,” IEEE Transactions on Power Systems, Vol. 29, 

No. 5, pp.2311-2320, September 2014.  



International Journal of Trend in Research and Development, Volume 4(1), ISSN: 2394-9333 

www.ijtrd.com 

IJTRD | Jan-Feb 2016 
Available Online@www.ijtrd.com     57 

[7] B. Zhao, Q. Song and W. Liu, “Experimental comparison 

of isolated bidirectional DC–DC converters based on all-Si 

and all-SiC power devices for next-generation power 

conversion application,” IEEE Trans. Ind. Electron., vol. 

61, no. 3, pp. 1389–1393, Mar. 2014. 

[8] T. F. Wu, J. G. Yang, C. L. Kuo and Y. C. Wu, “Soft-

switching bidirectional isolated full-bridge converter with 

active and passive snubbers,” IEEE Trans. Ind. Electron., 

vol. 16, no. 3, pp. 1368–1376, Mar. 2014. 

[9] D.Wang and Y. F. Liu, “A zero-crossing noise filter for 

driving synchronous rectifiers of LLC resonant converter,” 

IEEE Trans. Power Electron., vol. 29, no. 4, pp. 1953–

1965, Apr. 2014.  

[10] Sitthidet Vachirasricirikul and Issarachai Ngamroo, 

“Robust LFC in a Smart Grid With Wind Power 

Penetration by Coordinated V2G Control and Frequency 

Controller,” IEEE Transactions on Smart Grid, Vol. 5, No. 

1, pp.371-380, January 2014. 

[11] K. Rathore and U. R. Prasanna, “Analysis, design, and 

experimental results of novel snubberless bidirectional 

naturally clamped ZCS/ZVS current-fed half-bridge 

DC/DC converter for fuel cell vehicles,” IEEE Trans. Ind. 

Electron., vol. 60, no. 10, pp. 4482-4491, Oct. 2013. 

[12] U. R. Prasanna, A. K. Rathore and S. K.Mazumder, “Novel 

zero-currentswitching current-fed half-bridge isolated 

DC/DC converter for fuel-cellbased applications,” IEEE 

Trans. Ind. Electron., vol. 49, no. 4, pp. 1658– 1668, Aug. 

2013. 

[13] F. Ibanze, J. M. Echeverria and L. Fontan, “Novel 

technique for bidirectional series-resonant DC/DC 

converter in discontinuous mode,” IET Power Electron., 

vol. 6, no. 5, pp. 1019–1028, May 2013. 

[14] S. M. Chen, T. J. Liang and Y. H. Huang, “A isolated 

bidirectional interleaved flyback converter for battery 

backup system application,” in Proc. IEEE Int. Symp. 

Circuits Syst., pp. 1328–1331, May 2013. 

[15] Hong Liu, Huansheng Ning, Yan Zhang and Mohsen 

Guizani, “Battery Status-aware Authentication Scheme for 

V2G Networks in Smart Grid,” IEEE Transactions on 

Smart Grid, Vol. 4, No. 1, pp. 99-109, March 2013. 

[16] B. Zhao, Q. Yu, Z. Leng and X. Chen, “Switched Z-source 

isolated bidirectional DC–DC converter and its phase-

shifting shoot-through bivariate coordinated control 

strategy,” IEEE Trans. Ind. Electron., vol. 59, no. 12, pp. 

4657–4670, Dec. 2012. 

[17] J. Zhang, J. Wang, G. Zhang and Z. Qian, “A hybrid 

driving scheme for full-bridge synchronous rectifier in 

LLC resonant converter,” IEEE Trans. Power Electron., 

vol. 27, no. 11, pp. 4549–4561, Nov. 2012. 

[18] H. W. Seong, H. S. Kim, K. B. Park, G. W. Moon and M. 

J. Youn, “High step-up dc–dc converters using zero-

voltage switching boost integration technique and light-

load frequency modulation control,” IEEE Trans. Power 

Electron., vol. 27, no. 3, pp. 1383–1400, Mar. 2012. 

[19] Z. Zhang, Z. Ouyang, O. C. Thomsen and M. Xu, 

“Analysis and design of a bidirectional isolated DC–DC 

converter for fuel cells and supercapacitors hybrid system,” 

IEEE Trans. Power Electron., vol. 27, no. 2, pp. 848– 859, 

Feb. 2012. 

[20] L. Wang, Z. Wang and H. Li, “Asymmetrical duty cycle 

control and decoupled power flow design of a three-port 

bidirectional DC–DC converter for fuel cell vehicle 

application,” IEEE Trans. Power Electron., vol. 27, no. 2, 

pp. 891–904, Feb. 2012. 

 

 



Figures from this paper

Figure 3 Figure 4 Figure 5

Corpus ID: 128284539

DVR BASED POWER QUALITY
IMPROVEMENT USING DFIG ,
FUEL CELL AND SUPER
CAPACITOR
R. Vijayakumar, M. Poornima, S. Sumithra  •  Published 2016  •  Engineering

The Doubly Fed Induction Generator (DFIG) based Dynamic Voltage
Regulator (DVR) is used for the consumer protection from the grid voltage
�uctuation like long duration voltage variation and short duration voltage
variation. This paper analyses the operational principle of DFIG base DVR. It
is designed by PI control technique and the decision making switch is used
to compensate long duration and short duration voltage variations. Super
capacitor and fuel cell (hybrid system) is used to… 

No Paper Link Available

Share This Paper

Expand

Save Alert

Figures

17 References

Related Papers

https://www.semanticscholar.org/paper/DVR-BASED-POWER-QUALITY-IMPROVEMENT-USING-DFIG-%2C-Vijayakumar-Poornima/ff788de323b33f901e29916d5e0d5fe4199bcf47/figure/0
https://www.semanticscholar.org/paper/DVR-BASED-POWER-QUALITY-IMPROVEMENT-USING-DFIG-%2C-Vijayakumar-Poornima/ff788de323b33f901e29916d5e0d5fe4199bcf47/figure/1
https://www.semanticscholar.org/paper/DVR-BASED-POWER-QUALITY-IMPROVEMENT-USING-DFIG-%2C-Vijayakumar-Poornima/ff788de323b33f901e29916d5e0d5fe4199bcf47/figure/2
https://www.semanticscholar.org/author/R.-Vijayakumar/145299845
https://www.semanticscholar.org/author/M.-Poornima/144657262
https://www.semanticscholar.org/author/S.-Sumithra/144616566


References

SHOWING 1-10 OF 17 REFERENCES

Energy Management in a Fuel Cell/Supercapacitor Multisource/Multiload Electrical Hybrid
System
A. Payman, S. Pierfederici, F. Meibody-Tabar  •  Engineering  •  IEEE Transactions on Power Electronics  •  2009

In this paper, a �atness-based nonlinear control method is proposed to control a multisource/multiload
electrical hybrid system (EHS). The EHS is composed of a fuel cell and a supercapacitor-bank… 

126  • 

A ZVS Bi-directional DC-DC Converter
Sun Pin-dong  •  Engineering  •  2007

A bi-directional DC-DC converter,which can boost DC voltage from 24 V to 240 V and also can buck DC voltage
from 240 V to 24 V,used in low or medium power application is presented in the paper.An… 

101  • 

Photovoltaic-Battery-Powered DC Bus System for Common Portable Electronic Devices
D. Lu, V. Agelidis  •  Engineering  •  IEEE Transactions on Power Electronics  •  2009

Renewable energy sources based on photovoltaic (PV) along with battery-based energy storage necessitate
power conditioning to meet load requirements and/or be connected to the electrical grid. The… 

147  • 

Control strategies for dynamic voltage restorer compensating voltage sags with phase jump
J. G. Nielsen, F. Blaabjerg, N. Mohan  • 

Engineering
 • 

APEC 2001. Sixteenth Annual IEEE Applied Power Electronics Conference and Exposition (Cat.

No.01CH37181)
 • 

2001

Voltage sags are an important power quality problem and the dynamic voltage restorer is known as an
effective device to mitigate voltage sags. In this paper, different control strategies for a… 

337  • 

Multi-input DC/DC converter based on the multiwinding transformer for renewable energy
applications
Yaow-Ming Chen, Yuan-Chuan Liu, F. Wu  •  Engineering  •  2002

View All 9 Figures & Tables

SORT BY Relevance ◀

Expand

Save Alert

Expand

Save Alert

Expand

Save Alert

Expand

View 1 excerpt, references background Save Alert

https://www.semanticscholar.org/paper/Energy-Management-in-a-Fuel-Cell%2FSupercapacitor-Payman-Pierfederici/0209586f83c04c370b7dfd5c3e8ecb33d9c4602f
https://www.semanticscholar.org/author/A.-Payman/145976352
https://www.semanticscholar.org/author/S.-Pierfederici/2626576
https://www.semanticscholar.org/author/F.-Meibody-Tabar/9367416
https://www.semanticscholar.org/paper/0209586f83c04c370b7dfd5c3e8ecb33d9c4602f#citing-papers
https://www.semanticscholar.org/paper/A-ZVS-Bi-directional-DC-DC-Converter-Pin-dong/3acc32f5a5daf694fbfbb371d9b55520eefed440
https://www.semanticscholar.org/author/Sun-Pin-dong/72257829
https://www.semanticscholar.org/paper/3acc32f5a5daf694fbfbb371d9b55520eefed440#citing-papers
https://www.semanticscholar.org/paper/Photovoltaic-Battery-Powered-DC-Bus-System-for-Lu-Agelidis/d326685222ae369483662ea1dfe0b711a9628cef
https://www.semanticscholar.org/author/D.-Lu/40471899
https://www.semanticscholar.org/author/V.-Agelidis/32858141
https://www.semanticscholar.org/paper/d326685222ae369483662ea1dfe0b711a9628cef#citing-papers
https://www.semanticscholar.org/paper/Control-strategies-for-dynamic-voltage-restorer-Nielsen-Blaabjerg/7e77acadcf79e92807676679baca47fdda54d614
https://www.semanticscholar.org/author/J.-G.-Nielsen/97612643
https://www.semanticscholar.org/author/F.-Blaabjerg/144595647
https://www.semanticscholar.org/author/N.-Mohan/1572576617
https://www.semanticscholar.org/paper/7e77acadcf79e92807676679baca47fdda54d614#citing-papers
https://www.semanticscholar.org/paper/Multi-input-DC%2FDC-converter-based-on-the-for-energy-Chen-Liu/8cf8af06c4cf834e2ab44e3a19e577d132c25c0b
https://www.semanticscholar.org/author/Yaow-Ming-Chen/1729447
https://www.semanticscholar.org/author/Yuan-Chuan-Liu/1737534
https://www.semanticscholar.org/author/F.-Wu/7363474


A multi-input DC/DC power converter based on the �ux additivity is proposed in this paper. Instead of
combining input DC sources in the electric form, the proposed converter combines input DC… 

342 PDF  • 

A Novel PV Microinverter With Coupled Inductors and Double-Boost Topology
Yu Fang, Xudong Ma  •  Engineering  •  IEEE Transactions on Power Electronics  •  2010

A coupled-inductor double-boost inverter (CIDBI) is proposed for microinverter photovoltaic (PV) module
system, and the control strategy applied to it is analyzed. Also, the operation principle of… 

130  • 

A new ZVS bidirectional DC-DC converter for fuel cell and battery application
F. Peng, Hui Li, Gui-Jia Su, J. Lawler  •  Engineering  •  IEEE Transactions on Power Electronics  •  2004

This paper presents a new zero-voltage-switching (ZVS) bidirectional dc-dc converter. Compared to the
traditional full and half bridge bidirectional dc-dc converters for the similar applications, the… 

594 PDF  • 

Superconductive energy storage inductor-converter units for power systems
H. Peterson, N. Mohan, R. Boom  •  Physics  •  IEEE Transactions on Power Apparatus and Systems  •  1975

Large magnets with superconductive windings could serve to perform a power system function analogous to
pumped storage hydro. A conventional Graetz bridge converter as used in dc transmission… 

91  • 

Study of Major Issues and Their Impact on DVR System Performance
S. Gupta, H. Tiwari, R. Pachar  •  Computer Science  •  2010

22 PDF  • 

A comparative study of fuel-cell, battery, ultra capacitor vehicles,
IEEE Trans, Tech,  •  2008

1 2

Related Papers

Expand

Save Alert

Expand

Save Alert

Expand

Save Alert

Expand

Save Alert

Save Alert

https://www.semanticscholar.org/paper/8cf8af06c4cf834e2ab44e3a19e577d132c25c0b#citing-papers
https://www.semanticscholar.org/paper/8cf8af06c4cf834e2ab44e3a19e577d132c25c0b
https://www.semanticscholar.org/paper/A-Novel-PV-Microinverter-With-Coupled-Inductors-and-Fang-Ma/91379ace827f4940298b7118c4e401c7fdebcd38
https://www.semanticscholar.org/author/Yu-Fang/48802711
https://www.semanticscholar.org/author/Xudong-Ma/2650976
https://www.semanticscholar.org/paper/91379ace827f4940298b7118c4e401c7fdebcd38#citing-papers
https://www.semanticscholar.org/paper/A-new-ZVS-bidirectional-DC-DC-converter-for-fuel-Peng-Li/b390677e7d67344b96108f46aa77d621a5f1f8c2
https://www.semanticscholar.org/author/F.-Peng/1956247
https://www.semanticscholar.org/author/Hui-Li/40693515
https://www.semanticscholar.org/author/Gui-Jia-Su/1409186907
https://www.semanticscholar.org/author/J.-Lawler/48911711
https://www.semanticscholar.org/paper/b390677e7d67344b96108f46aa77d621a5f1f8c2#citing-papers
https://www.semanticscholar.org/paper/b390677e7d67344b96108f46aa77d621a5f1f8c2
https://www.semanticscholar.org/paper/Superconductive-energy-storage-inductor-converter-Peterson-Mohan/0b7e4a5e252448b05c9137ac843d5bb153806c2c
https://www.semanticscholar.org/author/H.-Peterson/51078750
https://www.semanticscholar.org/author/N.-Mohan/144562944
https://www.semanticscholar.org/author/R.-Boom/92256594
https://www.semanticscholar.org/paper/0b7e4a5e252448b05c9137ac843d5bb153806c2c#citing-papers
https://www.semanticscholar.org/paper/Study-of-Major-Issues-and-Their-Impact-on-DVR-Gupta-Tiwari/82c8eb6ee6419fbf346c4a8a5f904eb170c3e0dc
https://www.semanticscholar.org/author/S.-Gupta/46415033
https://www.semanticscholar.org/author/H.-Tiwari/144484491
https://www.semanticscholar.org/author/R.-Pachar/72292824
https://www.semanticscholar.org/paper/82c8eb6ee6419fbf346c4a8a5f904eb170c3e0dc#citing-papers
https://www.semanticscholar.org/paper/82c8eb6ee6419fbf346c4a8a5f904eb170c3e0dc


Show More 2/0

Stay Connected With Semantic Scholar Your E-mail Address Sign Up

What Is Semantic Scholar?

Semantic Scholar is a free, AI-powered
research tool for scienti�c literature, based at
the Allen Institute for AI.

Learn More

About

About Us

Publishers

Blog

AI2

Careers

Product

Product

Overview

Beta Program

S2AG API

Semantic

Reader

Research

Publications

Team

Research

Careers

Resources

Help

FAQ

Librarians

Tutorials

Contact

Proudly built by AI2
Collaborators & Attributions • Terms of Service • Privacy Policy

https://www.semanticscholar.org/about
https://www.semanticscholar.org/about
https://www.semanticscholar.org/about/publishers
https://medium.com/ai2-blog/semantic-scholar/home
https://allenai.org/careers?team=semantic+scholar#current-openings
https://www.semanticscholar.org/product
https://www.semanticscholar.org/product/beta-program
https://www.semanticscholar.org/product/api
https://www.semanticscholar.org/product/semantic-reader
https://www.semanticscholar.org/research/publications
https://www.semanticscholar.org/research/research-team
https://www.semanticscholar.org/research/careers
https://www.semanticscholar.org/resources
https://www.semanticscholar.org/faq
https://www.semanticscholar.org/about/librarians
https://www.semanticscholar.org/product/tutorials
http://allenai.org/
https://allenai.org/terms.html
https://allenai.org/privacy-policy.html


ELECTRICAL DEMAND RESPONSE 

USING ELECTRIC VEHICLE AND 

RENEWABLE ENERGY SOURCES 
 

K.Malarvizhi1, R.Vijayakumar2 and S.Divyapriya3 
1Kumaraguru college of Technology, Coimbatore, Tamilnadu. 

2SNS College of Technology, Coimbatore, Tamilnadu. 

 3Karpagam University, Karpagam Academy of Higher Education, 

Coimbatore, Tamilnadu. 

 

   

Abstract 
 The modern civilization and urbanization has led to the increase 

in conventional transportation and industrialization. This has created 

enormous CO2 emission which drastically degrades the environment. 

Hence, this is a urgent need to find alternate sources of energy for 

transport and industry. This paper proposes a new energy management 

system for controlling electric vehicles and renewable power sources 

which are considered as alternative solution for CO2 emission. The 

system includes standalone PV system and plug in electric vehicle. The 

demand side management is designed such a way that the load is 

splitted in the two modes namely online and offline mode. During online 

mode based on pricing and demand like Time of use pricing, critical 

peak pricing, real time pricing, peak load reduction credit criterias to be 

used. In offline mode based on previous and forecasting data we are 

classified in to peak hours and off peak hours. Smart meter is used to 

calculate import and export powers and IoT technology is used to 

manage all the things like data logging online price fetching process. In 

this paper we are dealing with MATLAB/SIMULINK model for PV and 

Electric vehicle and their corresponding simulation results 

Keywords: Plug-In Electric Vehicle(PEV), Photovoltaic system(PV), Online mode, 

Offline mode, Peak demand, Off peak demand, Time of Use(TOU), Critical Peak 

Pricing(CPP), IoT, Smart meter. 

 

1. Introduction 

 The advancement in urbanization and civilization has 

increase the demand of electrical energy as fast as the 

consumption of electrical energy in the world is increase. This has 

also led to increase in industrialization and transportation.  These 
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factors produces enormous CO2 emission which will drastically 

increase the environmental pollution. 

 In proposed system these two alternate sources are 

connected with the existing grid for the better utilization of the 

system. Controlling of each source is based on the system demand. 

Based on this the system response to the demand is splitted into 

two types. One is online mode. In this mode the response of the 

conventional source is based on pricing such as Time of use 

pricing, critical peak pricing, real time pricing, peak load 

reduction credit criteria[3]. Another mode is offline mode. In this 

mode the response is based on previous and forecasting data such 

as peak time and off peak time[4]. In both the modes the alternate 

energies are managed efficiently to support the grid. This system 

is beneficial for the owner of PV system as well as for the owner of 

PEV. It is achieved by recording the energy consumed from the 

grid and delivered to the grid from the PV and PEV by the new 

generation energy meter is called Smart Meter. All the data of 

this system is recorded and processed in IoT because of it has the 

advantage of tracking real time marketing. 

2. Types Of Management 

 Based on the demand the response of the system is 

managed by two types. They are offline mode and online mode. 

offline mode management 

3. Electrical Demand Response 

 Consider the single phase grid which supplies for different 

types of loads. The PV and PEV is connected with the grid 

through inverter to convert the DC output of PV and PEV to 

single phase AC supply. In this proposed system the PEV is 

charged by the energy from the PV. It will not fetch energy from 

the grid. Both the sources are support the grid when the demand 

is high. The block diagram of the proposed system is shown in 

figure 2. 
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Figure 1. Schematic diagram of the proposed system 

 Let consider the 230V single phase grid as shown in figure 

2. The specification of PEV battery is 25kW power rating, 

charging voltage is 240V DC, the output voltage is converted into 

230V AC. The DOC of battery is 35% and when it reaches 99%  it 

stops from charging. When it reaches 75% it is ready to support 

the grid. In PV system there are two panels connected in series to 

produce 240V DC which is need to charge PEV is shown in figure 

3 

 

Figure 2. Single phase grid voltage 

 

Figure 3. Output voltage of PV 

. Each panel consists of 80cells each cell is modelled to produce 

1.5V. To get maximum power from the PV, Maximum Power Point 

Tracking is implemented with this PV. Consider the power rating 

of load, grid, PV and PEV as 100kW peak and 50kW base, 30kW 

and 25kW respectively. The PEV can support from 17kW to 70kW 

based on manufacturers. In average it is taken as 25kW. 
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Offline mode of operation 

 It is based on forecasting. In this mode of operation the 

peak time and peak off time is predicted and programmed the 

source to support the grid at peak time and disconnected at off 

peak time automatically. This calculated by the forecasting data 

which is recorded in IoT. The peak time of the day is 6A.M. to 

9A.M. and 4P.M. to 8P.M., remaining are considered as off peak 

time. In off peak time the PV supplies to PEV to charge the 

battery.  In peak time it tend to support the grid. If any sudden 

peak arises it will not support because the controlling is pre 

programmed.  

 Consider the SOC of PEV is 98% in off peak time then the 

PV supplies to PEV to increase the SOC. The figure 4 shows that 

increase in SOC from 98% to 99%.  

 

Figure 4. SOC level of PE  

 The figure 5 shows the response of the system at peak and 

off peak time. Consider the duration 6.a.m. to 9.a.m. and 4p.m. to 

8p.m. as peak time and remaining are off peak time. At off peak 

time the PV charges the battery of PEV i.e. at the incident 10a.m 

to 3p.m. At peak time PV will not charge it starts to support the 

grid. If the SOC of PEV reached 75% at that time it is also starts 

to support. In this proposed system SOC is considered as 98%  so, 

it is also support the grid. consider the duration 6.a.m. to 9.a.m. 

and 4p.m. to 8p.m. the demand is peak. Consider the sudden peak 

arises at the duration of 1p.m. to 2p.m. the system will response 

to meet the sudden demand because of its pre-programmed 

nature. It is shown in figure 6. 
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Figure 5. Offline mode case-I 

 

Figure 6. Offline mode case-II 

Online mode of operation 

 It is based on pricing. When the demand increases the tariff 

also increase at that time if PV and PEV supports the grid then 

the owner of PV and PEV will get profit. In low demand the tariff 

also low so owner will not be willing to support the grid. So that in 

this mode of operation whenever there is a sudden increase in the 

demand and the in the usual peak demand events the PV and 

PEV starts to support the grid. Otherwise they act as a 

standalone system, PV charges the PEV. Consider there is a 

sudden increase in demand in the interval 1p.m. to 2p.m. At that 

time PV and PEV will support the grid to meet the demand that is 

they give response to the demand. In remaining duration is act as 

standalone system. It is shown in figure 7. In results that the 

tariff is directly proportional to demand.  

International Journal of Pure and Applied Mathematics Special Issue

195



 

Figure 7. Online mode of operation 

 The energy exchange is recorded in smart meter. It is 

shown in figure 8.This all data will be recorded and processed to 

control the source and load according to the demand through IoT. 

With IoT the system can be controlled from anywhere in the 

world. The power delivered and consumed by the PEV and grid is 

recorded in smart meter. With this reading the profit to the owner 

of PV and PEV will be calculated. The simulation of the proposed 

system is shown in figure 9 and the PEV charging controller is 

shown in figure 10. The simulation of PV connected grid system is 

shown in figure 11. 

 

Figure 8. Smart meter 

 

Figure 9. Overall Simulation diagram of the proposed system 
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Figure 10. PEV charging controller 

 

Figure 11. Grid connected PV system 

4. Conclusion 

 In this proposed system the electrical demand response of 

the grid with PV and PEV is implemented and analysed in two 

modes of operation. With this analysis it can be concluded that in 

online mode of control the controlling is complex but it ensures 

the profit of owner of PV and PEV because it depends on pricing. 

They supports the grid when the tariff is high so the profit is 

ensured. In offline mode of operation the system control is easy 

because the system is pre-programmed with the forecasting data. 

But the profit for the owner is not sure because the in 

predetermined peak time may not match with the real peak time. 

If sudden increase in demand the system cannot be used to 

support the grid when it work in offline mode. 
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ABSTRACT 

 

Electric vehicles are an important option for reducing emissions of greenhouse gases. Electric vehicles not only 

reduce the dependency on fossil fuel but also diminish the impact of ozone depleting substances and promote large 

scale renewable deployment.  Many ideas were proposed to overcome the charging time of the batteries. In which 

battery swapping is one of the fastest ways to receive a fully charged battery for an EV. In this method, the EV's 

owner replaces the discharged battery with a newly charged battery at a battery swapping station. This method 

significantly reduces the charging time for the EV's owner and benefits the battery swapping station by managing 

charging, discharging, and battery swapping. A web page will be developed to manage the users with the nearest 

battery swapping stations (BSS), the availability of charging/charged batteries with the percentage to be charged 

which will enable the user to pre book the battery to make the battery available for the user when they reach the 

battery swapping station. 

 

I. INTRODUCTION 

 

Petrol vehicles are not particularly energy efficient and they are not environment friendly which emits toxic gases. To make 

the world less polluted electric vehicles were emerged, but it is not popularly used by most of the population because of its 

less convenience to own an Electric vehicle, certainly charging the E-Vehicle is one of the major issues faced by an E-

vehicle users mainly in least developed countries like India. Enhancing the Charging stations and E-Vehicles might 

improve the convenience to use a E-Vehicle, ultimately vehicular emissions can be eradicated to a considerable factor. On 

the course of enhancement, Battery swapping methods was introduced, instead of charging for long a while a pre-charged 

battery can be swapped with an exhausted battery. Even in this case, user may stuck on a road with a exhausted battery and 

without battery swapping station right next it, lets say while passing a battery swapping station the vehicle’s battery 

percentage is 60, but in order to reach the next station it requires 50 percent of battery power in this case, the driver cannot 

be sure about the distance and power required resulting in the driver cannot make it to the next station. The Above-

mentioned situation can be debugged with either with an application or a website with an Algorithm which works with the 

Google Maps API which displays the Battery Swapping Stations, with the fed data about the Battery availability, the 

amount of power required to reach the destination and recommendation to swap the battery using the data like power left, 

power required to reach either the destination or the next Battery Swapping Station. 

 

II. PROBLEM ANALYSIS 

 

After considering the research done on the empathy part of the project, we are examining the below three problems faced 

by the E-vehicles users. 

 

A. UNABLE TO LOCATE THE NEARBY BATTERY SWAPPING STATIONS 

 

As the percentage of the battery drained out, the user may feel helpless to reach the Battery Swapping Stations before the 

battery is fully drained out. To overcome that we created a website which will guide the user with the information regarding 

the nearby Battery Swapping Stations. 

 

B. INADEQUATE INFORMATION REGARDING THE BATTERIES AVAILABILITY 

  

As the nearby Battery Swapping Stations were known by the E-Vehicle user, there is no adequate instruction in estimating 

the availability of the fully charged batteries to pre-book the battery before the battery is fully drained out and before all the 

batteries were taken out.  
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III. SOLUTION FOR THE PROBLEM 

 

Either an Android Application or Web Application with the feature of locating the current location and the battery 

swapping station location and along with the recommendations for the commercial end user to swap the battery in certain 

stations based on the destination to reach and the next battery swapping station while on the go for the destination.  

  

IV. APPLICATION SCHEMATIC 

 

The Application mostly relying on Google Maps API works more like food delivery services or Taxi services, for our 

testing level application the applications is developed in Tomcat Application server. Maven is used for dependency 

injection, Google Maps API and tomcat socket is injected using Maven considering it is Handy to use in the Application 

and this will make the Application lite for the testing applications.  

 

A) Maven 

Apache Maven is a software project management and comprehension tool. Based on the concept of a project object model 

(POM), Maven can manage a project's build, reporting and documentation from a central piece of information. On the 

whole, the reason why the maven is used is during the covid it is bit difficult to do the development together in person so 

we chose to do in GitHub.  

 
 

Fig  
  

B) Google Maps API 

Google APIs are application programming interfaces (APIs) developed by Google which allow communication 

with Google Services and their integration to other services. Map service one of Google's Service, using maven dependancy 

the Google Map Service is used in the Appplication. 

 
fig 

 

C) Web-Socket 

 Socket is a two way communication technique, classically http connections where used but the problem with the 

http connection is that the either the sender and receiver the connection can only be opened every once the connection is 

requested, but in the cases like applications with the constant requirement of data to be fed into the system, sockets where 

used for that. For instance Bitcions or NFT kind of web sites were one of the examples where the dynamic data for each 

seconds is required to be fed on the page based on the source code, the data will be populated in the page. 

 

 
fig 

D) Tomcat 

Tomcat is a Application server on which the application will be running once it is pushed on to the internet. Apache Tomcat 

has a local server version using in which the application can be tested locally on the machine in which the application being 

developed. Tomcat application packet will come with a file name pom.xml it is used for the Maven dependency.  
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Fig 

 
V. SOFTWARE DESCRIPTION 

 

The Software will be with only one version but with different login modes namely admin login, Battery Swapping Station 

login and the commercial user’s login, based on the login certain options will be hidden and features will be additionally 

available. The Algorithm used behind the application is FLC(Fuzzy Logic Controller System). There are two logic control 

systems, Open-loop and closed-loop control systems. In open-loop control systems, the input control action is independent 

of the physical system output. On the other hand, in a closed-loop control system, the input control action depends on the 

physical system output. Closed-Hoop control systems are also known as feedback control systems. The output of the 

physical system under control is adjusted by the help of an error signal. The difference between the atual response 

(calculated) of the płant and the desired response gives the error signal. For obtaining satisfactory responses and 

characteristics for the closed-loop control system, an additional system, called as compensator or controller, can be added to 

the loop. The basic block diagram of the closed-loop control system is shown in Figure. The fuzzy control rules are 

basically IE-THEN rules. 

 

 
 

Fig 1: Block Diagram of closed-loop Control System 

 

Designing a controller for a complex physical system involves the following steps: 

 

1. Decomposing the large-scale system into a collection of various subsystems. 

2. Varying the plant dynamics slowly and linearizing the nonlinear plane dynamics about a set of operating points. 

3. Organizing a set of state variables, control variables, or output features for the system under consideration. 

4. Designing simple P, PD, PID controllers for the subsystems. Optimal controllers can also be designed. 

 

VI. Application User Prospective 

 

The Application will have three login prospective, unlike other leading application with entirely different Application for 

each prospective for instance Food delivery applications does have two different application, one for the Delivery person 

and the other for the commercial users. But in this Application only one application will be developed and pushed and it is 

for all the roles.  

 

i) Prospective One: Admin: 

The Admin will posses the feature to get all the data about the Commercial users and station user accounts and to cross 

check the data for the validation. Also, will have the right to Either to Block or to delete a Account from the user underlying 

with some legal criteria.  
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ii) Prospective Two: Battery Swapping Stations: 

The Account used by the station user will have the features to update or to delete the data such as the station us opened or 

not, whether the station has Batteries to let the commercial users to swap or not, the number batteries left in the station. 

 

iii) Prospective Three: Commercial Users: 

The Account owned by the end users will have the features to view the number of battery swapping station surrounding the 

user on the real time, the number of battery left in the station, recommendation to swap the batteries in certain point based 

on the destination the user has to reach and using the power left in the Battery.  

  

VII. Block Diagram 

 

 
  
The Central Server of the application on which the web App is Running will have Server socket and will listening to all the 

incoming socket messages based on the incoming messages and the mode of login, the central server will do the process. 

The admin mode of login will have the access to all the data in all the entire application, the battery swapping station and 

commercial end user account can be monitored or even be blocked by the admin mode of login. The Central server can also 

be shut down by the admin login. Battery swapping station login and the commercial End User will have only limited 

access and the feature in the application.  

 

VIII. Expected Result 

 

On the course of when the application on the Air, the commercial user will find it convenient to drive a long drive on a 

Electric Vehicle especially people who find it difficult to ride Electric Vehicle because of it’s lack of Battery Swapping 

station. The User will get the recommendations on the path to take and the stations to swap the battery. The rate Electric 

Vehicle users might slightly improve on the course of years, considering the fact that the some people do avoid to own 

electric vehicle for its inconvenience. 

 

CONCLUSION 

 

Improving the convenience factor for the commercial end user will lead to increase in the E-Vehicle users on the course of  

implementing the App will play a role on the same cause.  By means of having this on the air, will make it more easier for 

the Battery Swapping station to advertise their presence to the people who uses the Electric vehicle along with the number 

of batteries available for the swapping would be a added advantage for the convenience factor of the commercial end user.   

 

FUTURE SCOPES 

 

As electric vehicle manufacturing is becoming popular every day, its market share is also expected to rise greatly. India's 

GDP is expected to grow by an amazing 25% by 2022. The best part is that, apart from reducing environmental pollution, 

EVs can lower oil import by about $60 Billion by 2030. Considering these, improvements on convenience factor of the E-

Vehicle will aslo help on the course. Financial gain on planiting the Battery Swapping stations will attract more business 

people to plant the Battery Swapping Stations on the multiple locations ultimately resulting in reducing the inconvenience 

factor of the E-Vehicle users. Adding some more features like rating the Battery Swapping Stations adding 

recommendation rating will also help the station user and also the commercial end user 

Central Server of 

the Application

Battery Swapping 

Station End User

Commercial End 

User

Admin
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Abstract- This paper proposes the Low Voltage Ride 

Through(LVRT) technique of Doubly Fed Induction 

Generator(DFIG) wind turbine using PV supported Dynamic 

Voltage Restorer(DVR). The effective control method used in 

DVR is digital all pass filter which extracts the positive-

sequence component from the unbalanced grid voltage. PI 

controller is used to derive the positive and negative sequence 

phase angle of the grid voltage to compensate the unbalanced 

grid voltage during line fault, while the DGIF wind turbine can 

operates in its nominal condition without any interruption. The 

DVR is supplied from the PV which supports the DVR while 

compensating the voltage fluctuations due to line fault. 

MATLAB/Simulink simulation shows the effectiveness of the 

proposed technique. 

Keywords - Low Voltage Ride Through(LVRT), Doubly Fed 

Induction Generator(DFIG), Dynamic Voltage Restorer(DVR), 

PI controller, PV system. 

I. INTRODUCTION 

 The increasing penetration of  Wind Energy Conversion 

System(WECS) into the power system requires a new grid code 

to the stable and safe operation of the power system. The main 

element of the new grid code is Low Voltage Ride 

Through(LVRT) requirement, frequency control, active and 

reactive power control, voltage regulation, power system 

protection and power quality. The disconnection of the wind 

power from the grid affect the power quality on the power 

system. The wind energy system must stay connected and 

operate continuously in its nominal operating condition during 

Low Voltage Ride Through(LVRT). 

 In Wind Energy Conversion System(WECS) the induction 

generator and synchronous generator can be used to extract the 

electrical energy. The change in speed of wind will change the 

rotating speed of the wind turbine while the rotor speed of the 

generator will vary. The generator used in WECS should be suit 

for variable speed of operation for the more efficient output and 

to maintain the stability. Now-a-days the induction generator, 

especially Doubly Fed Induction Generator(DFIG) with the 

integrated power electronics control system. The real and 

reactive power is separately controllable. The power electronics 

control system ie. power electronics converters used in rotor 

side(RSC) and grid side(GSC) are used to achieve the variable 

speed of operation which is partially rated. DFIG is very 

sensitive to symmetrical and unsymmetrical voltage dip in grid 

during symmetrical and unsymmetrical faults in the line due to 

the direct connection between stator and grid. The voltage dip 

is the one of the power quality issues. 

To improve the power quality under Low Voltage Ride 

Through proposes the use of a custom power device Dynamic 

Voltage Restorer(DVR) that is a voltage source converter. The 

function of DVR is injecting three single phase voltage in series 

with the incoming grid voltage during LVRT, to compensate 

the voltage difference between nominal voltage and faulty 

voltage. The injected voltages are controllable by magnitude 

and phase. The advantage of this external protection(DVR) is 

the reduction of complexity in DFIG control system. 

 

Fig. 1. LVRT requirement of the grid code 

  The active power capability of the DVR is depends on 

the capacity of the energy storage element which feed the 

energy to the voltage source converter of the DVR. It should be 

capable of  compensating the voltage dip from 0.1p.u. to 0.9p.u. 

of the nominal grid voltage.  

 In proposed  system the DVR is used to compensate the 

power quality issue such as voltage sag(dip) and voltage swell 

to improve the Low Voltage Ride Through(LVRT) capability 

of the DFIG wind turbine system. The PV system has the 

capability to generate the voltage which is moreover equal to 

the nominal voltage of the grid so that  the PV system is used as 

the energy supply to the DVR meanwhile it charges the battery. 

II. OPERATION OF DFIG 

 In the DFIG system used in this paper the stator is directly 

connected with the grid while the rotor is connected through the 

Rotor Side Converter (RSC), DC-link, Grid Side 

Converter(GSC) and a transformer. The operation of DFIG 

comprises the control of RSC and GSC as shown in figure 2. 

 

Fig. 2: Schematic diagram of DFIG 

A. Rotor Side Converter (RSC) control 

 The objectives of the rotor side converter are to control 

the real and reactive power independently. By the stator flux 

oriented vector control strategy and neglecting stator resistance, 

the active power and reactive power of the stator can be 

expressed as, 

 

(1) 
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(2) 

 

Where, 

 PS              -  Stator active power 

 QS             -  Stator reactive power 

 Lm             -  Magnetizing inductance 

 LS              -  Stator inductance 

 Vsd, Vsq -  dq components of stator voltage 

 Ird, Irq    -  dq components of rotor current 

 sd           -  d component of stator flux 

From (1) and (2) the active power of the stator can be 

controlled by the q component of rotor current which is 

orthogonal to the stator flux while the reactive power of the 

stator can be controlled by the d component of the rotor current 

which is aligned with the stator flux. 

B. Grid Side Converter(GSC) control 

 The objectives of the Grid Side Converter(GSC) control 

are to ensure the unity power factor in converter operation and 

maintain the DC-link voltage in set value irrespective of the 

direction and magnitude of the rotor power. The current flow 

through the inductor can be expressed as, 

 

(3) 

Where, 

 Vg -  Voltage at grid 

 Ig -  Current at grid 

 Rg -  Resistance at grid 

 Lg -  Inductance at grid 

The DC-link voltage can be expressed as, 

(4) 

 

Where, 

 Vdc -  DC-link voltage 

 C   -  DC-link capacitor 

 Ir    -  Rotor current 

The cascade vector control strategy is carried out at inner 

current control loop, along with this strategy reactive power 

control is combined in the outer DC-link voltage control loop 

as (3) and (4). 

III. DYNAMIC VOLTAGE RESTORER (DVR) 

 The Dynamic Voltage Restore(DVR) is a custom power 

device. It consists of three phase Voltage Source 

Converter(VSC) which is connected in series with the line 

through series coupling transformer to inject compensating 

voltage. At the DVR output terminal a low pass filter is 

connected in parallel with the three phase VSC. The 

performance of the DVR with the system is depends on the 

effectiveness of the control technique used in DVR. 

 The DVR can be enhance the Low Voltage Ride 

Through(LVRT) of a DFIG wind turbine by compensating the 

voltage sag in grid voltage. It is connected in series between the 

stator of the DFIG and grid as shown in figure 3. 

 The DVR injects voltage of controllable magnitude phase 

angle and frequency in synchronized and series with the DFIG 

voltage through the series coupling transformer during the grid 

voltage sag which avoids the disconnection of the wind turbine 

from the grid. At the output terminal DVR provides the real 

power exchange by the DVR input terminal which is supplied 

from the PV system. 

 

Fig. 3: Block diagram of the proposed system 

 The control system of the DVR is shown in figure 5. The 

three phase grid voltage(Vg) is measured and transformed into 

the dq reference frame voltage such as d component 

voltage(Vgd) and q component voltage(Vgq) rotating by the grid 

voltage  which is generated by the Phase Lock Loop(PLL). 

The three phase reference voltage(Vref) is also transformed into 

dq reference frame as Vd_ref and Vq_ref. The reference voltage 

and actual grid voltage are compared by the comparator and the 

error signal is processed in PI controller. The output of the PI 

controller controls the switching of DVR inverter in order to 

inject the compensating voltage properly through the series 

coupling transformer. DVR operated in a standby mode and 

injects nothing in normal operating condition. This will reduces 

the DVR inverter losses. 

 The DVR system rating is depends on the depth of the 

grid voltage sag that should be compensated. The required 

active power of the DVR is written as, 

 

(5) 

 

Where, 

 V1 - Nominal grid voltage 

 V2 - Faulty line voltage 

 The active power of the DFIG is partially fed into the grid 

and the DVR system when then DVR compensates the voltage 

sag. The DC-link energy storage system between the PV 

system and the inverter is charged by the active power flowing 

through the DVR. At full voltage sag the rating of the DVR 

should be same as the wind turbine power. Hence, the DVR is 

implemented to enhance the Low Voltage Ride Through 

(LVRT) capability at the voltage sag between 0.1p.u. to 0.9p.u. 

from the nominal grid voltage and also assists the grid during 

full voltage sag. 

 The DVR with PI controller is shown in figure 4. The 

equation of the PI controller is, 

 u(t) = Kpe(t) + Ki e(t) d(t)            (6) 

Where 

 u(t)  - Control output in the dq reference to be fed to the 

                   PWM generator 

 Kp  -  Proportional gain 

 Ki   -  Integral gain 

 e     -  Error between the reference voltage and injected  

                    voltage by the DVR 

The PI controller offers the ease of implementation and 

simplicity. 
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Fig. 4: DVR with PI controller 

IV. SIMULATION RESULTS 

 The simulation of the proposed system is carried out using 

MATLAB/Simulink to verify the feasibility of the system. It 

have been performed for the symmetrical grid fault for various 

time instant. The performance of the DFIG wind turbine is 

investigated with and without DVR for symmetrical fault at 

different instant. The simulation results are shown in figure 5 to 

8. During fault along with the voltage sag sometimes voltage 

swell will occur that is also compensated by the DVR.  

 The nominal voltage of the line is 440V. It is shown in 

figure 5. The voltage sag occurred at 0.1sec to 0.2secis 36% dip 

from the nominal voltage as shown in figure 6(a). The DVR 

injects the compensated voltage to stabilize the line voltage 

between 0.1sec to 0.2sec as shown in figure 6(b) and the 

stabilized voltage is shown in figure 6(c). Likewise the voltage 

sag of 22% from the nominal voltage occurred between 0.1sec 

to 0.2sec and he DVR injects the voltage to compensate the sag 

as shown in figure 7(a), (b) respectively. The voltage swell of 

15% from the nominal voltage occurred at 0.1sec to 0.2sec 

during the grid fault and the DVR absorbs the voltage swell and 

stabilize the grid voltage as shown in figure 8(a), (b), (c) 

respectively. However, still there is a slight difference between 

the compensated voltage at the startup transient which is the 

transient response of the stator active power and DC-link 

voltage. Consequently, the DFIG operates normally during the 

grid voltage sag with DVR protection. 

 

Fig. 5: Nominal grid voltage 

 

Fig. 6(a): 36% voltage sag from nominal voltage 

 

Fig. 6(b). 36% of nominal voltage injected by DVR 

  

Fig. 6(c). Stabilized grid voltage after 36% voltage sag 

 

        Fig. 7(a) 22% voltage sag from the nominal voltage 

 

Fig. 7(b) 22% of nominal voltage injected by DVR 
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Fig. 8(a). 15% of voltage swell from the nominal voltage 

 

Fig. 8(b): The voltage absorbed by the DVR 

CONCLUSION 

 The LVRT capability enhancement of the DFIG wind 

turbine is important issue related to the connection and 

utilization of the Wind Energy Conversion System(WECS)  to 

the grid. It is proposed in this paper by mitigating the grid fault 

using PV supported DVR. It allows the DVR to utilize the 

active power of the PV during fault condition and thus 

improves the system robustness against the grid fault. Hence, 

the power quality issue can be neglected and the LVRT 

capability of the DFIG wind turbine is enhanced.  
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PRODUCTS DEVELOPED  



SNS COLLEGE OF TECHNOLOGY 
 (An Autonomous Institution) 

COIMBATORE-35 

DEPARTMENT OF ELECTRICAL AND ELECTRONICS ENGINEERING 

Low Cost Customized Timer for air conditioning system (SNSCT-AC-V 1.0) 

 The digital AC Timer is A Cyclic Timer Unit Meant for Cyclic Operation of any type of Air 

Conditioner. AC Timer can be kept ON from 1 hr. to 24 hrs.  

         AC Timer latest Micro controller Based Technology. AC Timer very economic model and 

very compact in industry, it has facility minimum one sec delay time. Heavy duty sturdy relay with 

heavy 30 Amps connector each capable to take load up to 2 ton window or split AC with auto/ 

manual facility. 

Silent feature of AC Timer: 

Latest Low power Micro controller based technology. 

Quick Response 

Delay Time Facility ,Suitable for window ,splits, package or three phase AC. 

RTC Inbuilt 

Manual/Auto Mode Operation 

Add on Facility:  

Remote Control based operation  

WiFi based IoT Control 

Bluetooth Control System 

Maximum 10 Different ACs Controlled with 10 Different timing 

Additional Information: 

Item Code: SNSCT-ACT-V 1.0 

Delivery Time: 2 Days 

Warranty: 1 Year from installation 
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(SNSCT-AC-V 1.0) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Product Name:  

College Time & Power Scheduler 

Description: 

Time Schedule based Air conditioner controller, this device will find week days, week 

end days and also college working hours, break, lunch time period. The device will allow to 

operate an Air conditioner system for required time period, in this regards it will save power 

from unnecessary operation.  

Staff In charge:  

R.Vijayakumar/AP/EEE/SNSCT 
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Cost: 

5,000 Rupees/Unit 

 

 

 



Product Name:  

Automatic SHAWARMA Lighter 

Description: 

Chicken shawarma making machines are very popular for non-veg business. The problem 

for lighting the chicken shawarma machine in every time, this device will help to automatic 

lighting the chicken shawarma machine and also control the flames. 

Staff In charge:  

R.Vijayakumar/AP/EEE/SNSCT 

Photos: 

 

Cost: 

2,000 Rupees/Unit 

 

 

 

 

 

 

 

 

 



Product Name:  

Mobile Battery Charge Scheduler 

Description: 

leaving mobile battery plugged in all night certainly isn't dangerous but it might 

make  battery age slightly faster. “Overcharging” is the term that gets thrown around a lot 

with this one. This device will help to schedule the charging time and also give remainder 

alarm with Autocutoff 

Staff In charge:  

R.Vijayakumar/AP/EEE/SNSCT 

Photos: 

 

Cost: 

4,000 Rupees/Unit 

 

 

 

 

 

 



Product Name:  

Astrological Timer-X 

Description: 

Early switch on by about 45 minutes and later switch off by about 45 minutes can 

save electricity for 90 minutes = 1.50 hour daily. At present street lights are on for about 12 

hours , it can be reduced to very efficient manner with the help of Astrological timer. The 

sunset and sunrise data stored in cloud for operation. At result more than 12.50% saving can 

be made 

Staff In charge:  

R.Vijayakumar/AP/EEE/SNSCT 

Photos: 

  

Cost: 

6,000 Rupees/Unit 

 

 

 

 

 

 

 

 



Product Name:  

Pre-programmed Water heater Socket  

Description: 

The water heater device is essential one for hostellers and residential, and also it has 

high wattage ratings like up to 2500 watts. If forgot to switched off the water heater for 30 

minutes, it will consume 1000 watts. We took survey from 100 students, and initiated to do 

product. 

 

Staff In charge:  

R.Vijayakumar/AP/EEE/SNSCT 

Photos: 

  

Cost: 

2,000 Rupees/Unit 
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EE 2022 Operation and Planning of Power Distribution

Systems 21.72 34.5 56 Pass -

CE 2021 Electronic Waste Management - Issues And

Challenges 24.42 30 54 Pass -

EE 2019 DC Microgrid 22.08 32.25 54 Pass -

EE 2019 Electric Vehicles - Part 1 23.17 24 47 Pass -
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AE Aerospace Engineering

AG Agriculture

CE Architecture

BT Biotechnology

CH Chemical Engineering

CY Chemistry and Biochemistry

CE Civil Engineering

CS Computer Science and  Engineering

EE Electrical Engineering

EC Electronics & Communication Engineering

ED Engineering Design

BT General

HS Humanities and Social Sciences

MG Management

MA Mathematics

ME Mechanical Engineering

MM Metallurgy and Material Science

MM Mining Engineering

GE Multidisciplinary

OE Ocean Engineering

PH Physics

SS Special Lecture Series

DE Textile Engineering


