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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 themin 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

LINTRODUCTION

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 definition 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.

ILPROPOSED 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].

Students Strength

4000 >
3500

3000 F/

2500

2000
1500
1000
500
0

Students Count

2014-{2015- | 2016-| 2017- | 2018- | 2019-| 2020- | 2021-
2015 | 2015 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022

|—0—Noofsmdems 700 | 1200 | 1450 | 1900 | 2202 | 2805 | 3020 | 3800

Figure 1: Students Admission Growth
The proposed attendance tracking system
consists of the following block diagram with modern
technology.

ERP System from Hall Tickets and
data Display

Local
Exam Cell

Server

Figure 2: Proposed System Block Diagram

The figure 2 explains the process block
diagram of the system. Each and every unit contains
the High definition 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 processing, 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.

CCTvV P’;P;““‘“E Face Face Databases
. P mdmage —» . al Recognition ™
ceT Interfacing Enhancement detection

Figure 3: Process flow

As illustrated in Figure 3, the proposed
method entails four key steps: a) Image Capture, b)
Camera Interfacing process, ¢) Face Detection, and d)
Face Recognition. For recognition tasks, system can
used a variety of machine learning 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 notan 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 aresult, these classes' (people's) labels range from
1 to 90. It implies thateach 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 receiving the
image from the camera, the following step is to use
the Viola-Jones algorithm to separate the face from
no face regions in order to identify faces in the
photos. The face region is then removed and used for
additional processing.

IL.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,

978-1-6654-9764-0/22/$31.00 ©2022 IEEE 1567
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for instance, really records 1,920,000 pixels per
frame. 3,145,728 pixels are recorded by a 3

megapixel camera in each frame.

Hot Matched

h 4

Capture the Image

v

[trage Erhancement

v

Face Detection
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Clompare

Iatched

Iatk as Unknown
Perzon

Store the Time for
patticlar student

'

:
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Data send to Local

Local
SErVEr

Security section Setver

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
systemto convert readable format for 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
systemto security office.

4K - Ultra HD

1080P - HD

720P - HD

Figure 5: CCTV Resolutions

These phrases can be used to specify the size
of a picture 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. Some o fthe 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
Pixels (W x
Term H Note:
ICTF TO4 %240 2 times CIF width
ACIF T04 x 430 2 times CIF width and 2 timas CIF height
D1 T20 x 430 gka "Full D1*
T20p HD 1280 x 720 T10p High Dafinition aka "HD-SDI"
o60p High Definition - 2 Sony specific HD
o60p HD 1280 x 060 standand
1.3NMP 1280 x 1024 gka "1 Mazapixel" or " IMP"
2P 1600 x 1200 2 Wagzapixal
1080 HD 1020 x 1080 1080y High Definition
INP 2048 x 1536 3 Measapix=l
4 NP 2688 = 1520 4 Meazapix=l
FNIP 1581 x 1844 5 Mamardxsl
&N 3072 x 2048 & Mazapixal
g MNP 4K
{Coax) 38402160 & Meamapixal
12 WP /4K (TP 4000 x 3000 12 Wamspixal

From the table number 1, the camera selection for
image processing can done.
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The figure 8 expresses the time stamp
generation while detect the corresponding students
face. if any anonyms face identified in CCTV camera

v

results to popup notification to college security head

a
', L . . .
P regarding new face detected in camera number with
gio tagged detail along with time stamps.
r___ —_— [ vome | et pagelsyout  Formules  Dats  Review  view
B 4;“‘ Cambria 2 (AN [ (] | SiwapTed General
paste j;n"ya‘pa‘ e || B2 w\»v_a || = e e meroe conter - [8 - % 0 %
Figure 6: Network (IP) Cameras I - Al
y 5 c 5 [ r s W
Figure 6 illustrates the camera for using, : G A
3 Hour Based Attendance Report (Time Stamp)
DS-2CD2T85FWD-15/18, Up to 8 MPhighest T T e T T
. .. . . . 5 s Campus.
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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.

St o b oo R
= R S i B S
Figure 7. Uploading Students data in to server . |5 o | ete setn || 1 maessoas oo Zoom 0% zot
database BT BT T :
The figure 7 explains the students details uploading T e ian s oz v e
in to server database along with students name and ) LaEes amiriara x|
. L sive | oae Do ni | nz [ ws | e
register number. L e frenan s |05 10| 100310110010 | 12010
2 2 5.7.2022 Tuesday B8:41:45 |0.0620|10.01.20(11.03.10| 120520
o 3 672022 |Wednesday ABSENT
i 4 7.7.2022 Thursday 8:35:41 |’>.D: 55‘ IDBS.JDlll.DS ID‘ 12.01.20
12 3 8.7.2022 Friday 8:38:11 |9.10.22(10.01.20| 11.01.28 | 12.05.20
14 10.7.2022  |Sunday
| | wrmem [aenaey
i 9 1272022 [Tuesday 8:35:41 [9.04.33] 10.01.20 11.04.21 | 12.04.21 ‘

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 color marked as

Figure 8. Uploading Students data in to server absent of particular day. Based on the report

database
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management can make a proof for any attendance

shortage of corresponding student.

s Pagelayout  Formulas

[ [ E F G
DEPARTMENT OFELECTRICAL AND ELECTRONICS ENGINEERING
ACADEMIC YEAR 2021-2022 (EVEN SEMESTER)

Subject Based Attendance Report

| 155001 ABINATAR | Semester: V1

Total [ Totalties [o [ Fligible to
| _Hrs | Attended write exam

50 50 5333233333 Yes

Remarks

& 51 55 Yer

45 = 86.66666667 Yes

[Mes S Jayachase,
|APEEE

and [\ R Vigayakoumar, .
|apEEE

Figure 11. Subject Based Attendance Report

Figure 11 shows that the report of individual
subject based attendance report of the particular
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 explains 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 particular places; 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 college 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
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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-

©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

Divyapriya et al.
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Fig. (1). Proposed solar/wind/diesel powered charging station.
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Fig. (2). Proposed solar/wind/diesel powered charging station.

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).

»
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Fig. (3). Proposed control functions using raspberry pi with [oT.
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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 [oT technology.

Start

Availability of solar and wind power, Diesel
power, Grid capacity, Number of vehicles,
Electric Vehicles battery SOC level

Availability of Solar/wind power > SOC level of connected
Electric Vehicles

YES | NO
Electric Vehicle
charged from Peak Load Time Base Load Time
Solar/Wind l

Get Additional
Energy from
Grid

Get Additional
Energy from Diesel
Generator

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

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

ing EVs demand.

Get Customer Choice, Read
Connected Vehicles, SOC, Pw,
Ppv, Peb

Bu
Y If Choice

is Buy

SOC needed by
each customer

How much
percentage is
et Prlorty willing to sell
SOC=80% Selling takes
place

Check the SOC level and

YES -
set the priority based on -
the SOC level. [ Exit ]
v
Charging
Takes Place

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
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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).

/ Read V(u) and I(u) from the /

PV
v

P(u)=V(u)*I(u)

DV=V(u)-V(u-1)
DI=I(u)-I(u-1)
DP=P(u)-P(u-1)

V.

| D-del D | |D+de|D| | D-del D | |D+deID |
[ Switch ]

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

In this system, the output power of PV is 150KW.
Ppy= Vpy * Ipy
Where
Ppy= Output power from PV array.
Vpy-Output Voltage of PV array.
Ipy-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).
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Calculate Max
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Power
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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 (()=pPV 1)+ P WIND 1)+ PPIESEL (1) pORID .- 2 PiSELL (l‘) ~Q)
i=1

Where

pTOTAL,

t.

PV (t)=Available solar power at time period t.
PY™P(t)= Available wind power at time period t.
PR(t)= Available Grid power at time period t.

(t)=Total power in the charging station at time period

n

ZPiSELL (#)=Sum of selling electrical power from EVs at
i=l

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.
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PRES(t)"r ZPiBUY (t) -0 (4)

i=1

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

PRES (t) _ ZPiBUY (t) — PGR]D(E) (t) _____ (5)

i=1

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

Where

PRES(t)=Total power from Renewable Energy.

2 PZ.BUY (¢) = Sum of buying electrical power from
i=1

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.

iPiBUY (t) + iPiSELL (t) — O

i=1 i=1

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 P*5(t)
power is exported into the grid.

ZPiBUY (t) > ZPiSELL (t)
i=1 i=1

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.

ZPiBUY (t) — ZPiSELL (t) + PRES (t)
i=1 i=1

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

iPiBUY (t) < iPiSELL (t) + PRES (Z)

i=1 i=1

~—-(9)
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ZPiSELL )+ PRES (1) - EBBUY )= PGRID(E)(t) -(10)

i=1 i=1

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.

ZPiBUY (t) S ZPiSELL (t) + PRES(I)
i=1 i=1

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.

ZPiBUY (t) — ZPiSELL (t) + PRES(t) + PDIESEL (t) __(12)
i=l i=l
In equation (12), at peak load time, the controller gets

sufficient power from Diesel generator to maintain grid sta-
bility.

n

ZPiBUY (t) — EPiSELL (t) + PRES (t) + PGR[D (t) _____ (13)

i=1 i=1

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).

EEFace recogriton us.., - locahost/ 127001 ...

Welcome to PEV charging station (14 - 10 - 2017) (12:05 pm)

Type of load: [peakload
T

SELL | BUY | Submit
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).
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[ R——

Welcome to PEV charging station (14 - 10 - 2017) (12:05 pm)

Vehicle number TN40L7242 Wind MW, 415v, 50Hz, AC

Type BASELOAD Solar 50KW, 230V, DC
Address 365 Alakepalayam, coimbatore, tamilnadu india Diesel OFF
Phone number 97871758667 EB OFF
Mailid vijsnsct@gmail com

Technical specificaion

vehicle type nissan leafS

Battery type LHON

Power 80kw

Average energy 15kwh/100km

Plugging charging 230v12h

available SOC 5%

Vehicle state charging state

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

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

Eracorsogtonts . cahon 121001

Welcome to PEV charging station (14 - 10 - 2017) (12:05 pm)

Imported 30kW
Exported 20kW
Bill Amount s70

Go Green

Fig. (10). Cost calculation.

4.1. Simulation Model

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

Constantt

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).

Divyapriya et al.

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.

—— Watts — Watts

— Watts

—— Watts

—————=Time in sec

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.

———> Voltage

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

> Time in sec

. soCin%

Fig. (16). Charging and discharging of EVs based on SOC.

- Timeinsec
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Table 1.  Specifications of electric vehicle.
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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 220V
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 3.5m/s
Rated wind speed 14.0 m/s

Cut-out wind speed 25.0 m/s
Survival wind speed 67.0 m/s
Diameter 334m
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

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
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Wind model

Divyapriya et al.

Diesel Genset

Fig. (18). Prototype model of design of grid connected solar/wind/diesel generator powered charging station for electric vehicles and vehicle

to grid technology using loT.

-y

FrOmT Breaker

Fig. (19). Overall simulation diagram.

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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Design of Public Plug-in Electric Vehicle Charging
Station for Improving LVRT Capability of Grid
Connected Wind Power Generation
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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
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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.

Fault
=
~ priG transformer
h S GRID
. y ) . g e

Y e

Plug in Vehicle

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 Vpc. 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 Vg. Voltage across energy storage unit
(ESU) is denoted as Vgsu, the gird RMS voltage is Vgig, The
current from the distribution transformer id Ippr, the current
from the DC/AC converter is Ipk and the current from the grid
or to the grid is denoted by Igrp.

ITII. 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=Ppc-Pac
Where,
Ppc- Total power on DC side of DC bus

Pac- Total power on AC side of DC bus

978-1-5386-4552-9/18/5$31.00 ©2018 IEEE

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,

d 1 5
E(ECVDC) = Ppc — Py¢
Therefore,
dvpc
CVDC? = Pyt + Pesy + Ppgv — Poria
Where,

Pwr - Power from the wind turbine

Pesu - Power absorbed or delivered by ESU
Pprev — Power demand of PEV

Pgria — 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
1:3 60V 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 wvarious modes of
operations are Vpciink, Vbc, Vs-1, Vs2, Ippr, IppTomax.
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Vpcink — Detected DC link voltage

Vpc — Nominal voltage of DC link

Vs.1, Vs — Reference voltage levels of DC link

Ippt — Load demand on distribution transformer

IbpT-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
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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
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Figure 4 shows that the MATLAB simulation
model of PV system.In this model based on

irradiance level the solar output will change.

L0 e
- I = | | )

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.
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Figure 8 Simulation model of overall proposed system

Figure 8 shows overall proposed work by MATLAB
simulink model.
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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
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Figure 10 shows the graph of SOC and voltage. During
discharge condition the SOC will reduce from 100
percent.
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Figure 11 Output power of PV

Figure 11 shows the power value of PV module.
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Figure 12 DC link voltage and Neutral current
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Figure 12 shows that the DC link voltage and neutral
current flow

Yoltase in Amplitude

Time in sec
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.
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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

978-1-5386-4552-9/18/5$31.00 ©2018 IEEE

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 tablel. The battery model of Plug-In electric vehicle is shown in

Vol. 9. Sp— 17/ 2017

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.

Plug-In Hybrid Electric Vehicles
2014 Chevrolet Volt

2014 Cadillac ELR
2014 Porsche Panamera SE-...

2014 Ford Fusion Energi

2014 Ford C-Max Energi

2014BMWi8

2014 Honda Accord Plug-in

2013 Toyota Prius Plug-in
Battery Electric Vehicles

2013 Tesla Model S

2013 Tesla Model S

2013 Toyota RAV 4 EV

2013 Wheego LiFe

2014 Mercedes-Benz B-Class EV

2014 Volkswagen e-Golf

2013 Nissan Leaf

2014 Fiat 500e

2013 Ford Focus Blectric

2014 BMWi3

2014 Chevrolet Spark EV

2013 Honda Fit-EV

2013 Smart For Two Electric Drive

2014 Mitsubishi iIMIEV

2014 ScioniQEV

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.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.
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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.

280 '

[

]

150

§

1 ]

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.

On-State

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, S0kW

4 Supercapacitor 240V, 50kw
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The wind energy will supply the charging station when the demand is high otherwise it will

Table 3. Load specification

Vol. 9. Sp—17 /2017

S.No. | Load Specification

Charging voltage = 240V
1 PEVI Power = 50kW =2 PEVs

SOC =98%

Charging voltage = 240V
2 PEV2 Power = 50kW=2 PEVs

SOC =98%

Charging voltage = 240V
3 PEV3 Power = 100kW= 4 PEVs

SOC =98%

Charging voltage = 240V
4 PEV4 Power = 100kW= 4 PEVs

SOC =98%

Charging voltage = 240V
5 PEVS Power = 100kW= 4 PEVs

SOC =98%

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

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
PEVS 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.

PEV1

PEV2
T

L
PEV3
| ] T
& 99-—’_’___/_———
% 98|

. 1

H
PEV4
T

1
100 : ; A g PEVS

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.

L
3

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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Figure.14 Individual contribution of each source: (a)Supercapacitor (b)Fuel cell (¢)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 PEVI, 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
1.1-13 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
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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].

ILNOVEL 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.

| utilityService (DU)

Substation

=

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
Read Time of use tariff, PV
power, EVSOC, Smart
Meter reading

No
Ye
If Peak Load b
Check the EVSOCand / Check the Ev SOC and /
Solar power Availability Solar power Availability

Peak load &
rid Failure

Start to Discharge
power up to 60%
SocC

Solar power will
EVstartto :
export to grid
charge
EVactasa UPS

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).

978-1-5386-4552-9/18/5$31.00 ©2018 IEEE
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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 IKW/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.LRESULTS AND DISCUSSION

The simulation of the proposed work carried out by MATLAB
Simulink model.
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Figure 5.0utput 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
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this above figuring the simulation carried out the time period
of 5 Seconds.

Amplitude in Volts

Time insec

Figure 6.0utput 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.
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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.
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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 SOKW 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

978-1-5386-4552-9/18/5$31.00 ©2018 IEEE

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 CO,emission,
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.
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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 CO, 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
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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 > FEETIRANA

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.

Power Supply

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.

W
Vo (1)
=30/12=25 A

I

where.

I = Current consumed by street light.

Wy = Power rating of Battery.

Vi, = 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

4'hrs X 30Watls + 6hrs X 9Wans + ]hrs X 18Walls
12V, 12V, 12V,

= 16A

Then battery capacity = 16 A x 6(days)
= 96 Ah. (Available rating 105 Ah)

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

105AH,, x 125% = 131.25AH (2)

where AH;, = Battery capacity in Ampere Hours.
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Fig. 4 Bar Graph representation of street light load
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 S h of sunlight per day.

Solar panel watts x average
light x 75% = daily watt-hours.

250 watts x 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.

hours of sun-

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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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.

Stepl: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 Al 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

Table 1. Total power to the charging station

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 2:1If 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 O 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

S.No Number of street Power from the street light

Power from the street light when

Total Power to the electric vehicle

lights while SoC of the battery between 80 to charging station
using astrological location- 100%
based
retrofit timer
1 100 45 W from one Street 315 W from one street light 4500 W + 31500 W = 36000 W = 36KW

Light. So 45*%100 = 4500 W

battery. So 315%100 = 31500 W
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Fig. 5 Flowchart of proposed
system
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Fig. 6 Solar street light system with PEV charging station

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.

@ Springer

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
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Fig. 8 Output of PV panel

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
rowl, row2, row3, vehiclel 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

[

25

2 21 22 23 24
Time in Sec

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 0O 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

@ Springer
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Fig. 10 Operating time of solar street light system

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%.

@ Springer

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



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

485

GO s S s Y s s s Y s I
e || e .| e .| s .| s ... s |
EAIEARE R AN N,
b6] G0] b8 sb] sb] T

Gl SR - £l T
— ] ] L]

& el
T\ Tempeature
Sovron

Stop 1 SOC <=0

Battery Voltage

8
2

80.02

Battery SOC

Fig. 12 Charging of battery from Solar Panel

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: 10T, Wi-Fi, Arduino Mega 2560, ATmega 328, Soil
Sensor

LINTRODUCTION

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.

Rainfall pattern predicted for 2017-2030

CHANGE IN RAINFALL
(2017-2030)

CHANGE IN RAINFALL
(2017-2030)

CHANGE IN RAINFALL
(2017-2030)

T4E 76E 78E 74E 76E T8E T4E 76E 78E

Figure 1 prediction of rainfall pattern

Figure 2 says that the water utilization chart from global
levelin global level 70 percent of water is utilized by the
agriculture. 80 percent of water is utilized for agriculture in
India.

W agricultureflivestock
B municipaliies
industry

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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Waterless countries
Just 10 countries account for 60% of the world population without
access to clean water
19.33%
India
117%
Ethiopia
7.05%
40.07% Nigeria
Rest of the
word 6.82%
J China
5.55%
DRC
) 3.20%
) ] e g Indonesia
2.27% 2.56% e 2.82% L 3.16%
Kenya Pakistan ngantla Tanzania

Figure 3Waterless countries pi chart

Figure 4 shows that the fall in ground water level by state wise
due to the above reasons.

52% of India’s wells show a fall in water level
+
States with highest share of wells
showing decline in water level

g
e B
Jammu & Kashmir _ 81%
Chandigarh _ 78%
Himachal Pradesh _ 76%
oer: | 76%
i —————— o,
Uttarakhand _ 71%
rami e [ 0%

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.

ILPROPOSED SYSTEM

In proposed system contains smart transmitter and receiver
module, both the modules are wirelessly connected and
consume low power rating.

- Temperature &
Humidity sensor

:F m - >Mini Solar panel

- - -7 ArduinoPro Mini

rrrrrr > 5V Rechargeable Battery

> WIiFi-ESP8266

""""""""" > Height Adjuster

------------ > Inner Rod

| (——— > Outer Rod

soil wetness sensor

Figure STransmitter 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.

Datas from sensors

Arduino With WiFi

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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SENSING THE SOIL
MOISTURE,
TEMPERATURE
ANDHUMDITY 4

|

SENDS THE DATA TO
ARDUINO BOARD

Receiver

Figure 7I0T 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 CALCULATES THE AMOUNT

OF WATER TO BE SUPPLIED
previous year data and give better solution to customer.

Wi-Fi ROUTER

Relay switch

|
f
-

Figure 10.Flowchart for proposed system

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.

In figure 10 shows that the flowchart of proposed system.

Figure 9 Transmitter system with sensing unit
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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.
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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
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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].
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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 I[PV, 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.
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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
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phasors Val, Vbl and Vcl. 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.
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The controller designed to control the proposed system which
is designed in simulation software is shown in figure 5.
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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.
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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 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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AUTOMATED ATTENDANCE SYSTEM
WITH FACE RECOGNITION

Akash Singh
SCSE, Integrated BCA + MCA
Galgotias University
Greater Noida, India

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
(CentralBureau 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 imageinto grayscale image.

After that, CLAHE (Contrast Limited Adaptive
Histogram Equation) is applied on the images to
enhance the contrastof the image.

Overall, we have created a program in python that
take theimage from the database and make all the
necessary conversions for recognition and then
verifies the image inthe videos or in the real time
by accessing the camera through user friendly
interface. After the successful matchis found then
it marks the name and time of the person in
attendance sheet.

Keywords: Face Detection, Face
Attendanceautomation.

Recognition,

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
personalityof the individual.

What is Face Recognition?

Shreya Bhatt
SCSE, Integrated BCA + MCA
Galgotias University
Greater Noida, India

Abhishek Gupta
SCSE, BCA
Galgotias University
Greater Noida, India

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 | 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 cellor from the admission office.

. 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 withthe 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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Il 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’sor 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 thescanners 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
studentsname 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 thenumber 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.

V. 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 theidentified

face.

= To classify the features in order to recognizethe

identified face.
= To record the attendance of the
students.

identified

Image
Acgulsltion Face :} Feature :'} Face

from video Datection Extraction |  [Recognition
frame

I::} Allendance

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 Table: Advantages and disadvantages of
checkin as long as they have their friend’s ID card. variousbiometric system.

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 infor 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
knowtheir advantages and disadvantages.

6.2. Non- Functional Requirements:

VI. REQUIREMENTS:

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

1.4. Functional Requirements:

The system functional requirement describes activitiesand
services that must provide:

e  Tracking and marking student attendance by
facial recognition in specific time.

e Allowing the faculty to modify the student
absent or late arrivals.

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

6.3. System Requirement:

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

The following point explains them: There are specific prerequisites for each platform that

e Accuracy and Precision: the framework should
perform its process in accuracy and Precision in
order to avoid problems.

e Security: For saving the student’s privacy, the
framework should be secure as data privacyplays
important role in software development.

e Modifiability: the system should be easy to
modify, in case any attendance or any record
contains wrong or incorrect data can be easily
corrected.

e Usability: the framework should be easy to deal
with and simple to understand.

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

Biometric Type| Advantages Disadvantage
Radio
Frequency Simple Fraudulent
Identification Usage
(RFID) card
system
Iris Accurate Privacy Invasion
recognitio
nsystem
Fingerpri Accurate Time
nt Consuming
recognitio
nsystem
Voice Less accurate
recognition compared to
System others

run applications based on the Face Verification.
Minimum requirements that the clients must have in
order to run thisprogram and acquire great outcomes are
as follows:

» Hardware Specification:
Processor: - 7 generation
i5.RAM: - Minimum 4
GB.
Hard Disk: - Minimum 500
GB.Camera: - High quality.
» Software Specification:
Platform: - Windows 8 or 10,
LinuxLanguage 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 thatare 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 alibrary 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.

Automated Attendance System
Using Facial ID

Figure: User Interface

» After starting facial recognition:

Figure: Face Detection
» Attendance sheet after successfulrecognition of

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

automaticallyin a file with .csv extension or we can » Face Positioning: There are 68 specific locations
say in excel file. Whenever any student face is or we can say there are 68 face landmarks in a
recognised, the program marks the attendance of that human face. The main function performed in this
particular student with propername, date and time in step is to detect landmarks of faces and to
the excel sheet. position the image. A python script automatically

detects the face landmarks and position’s the face
— as much as possible without distorting the picture.
B Be it View Noigate Code Refacior Rin Jooks VG5 Widow Heb Below is our test image to detect landmark of face:
‘ & Poject v ) =

=| v M automated att C

> M idea 3 AKASH,
> M Database 7 SHREYA,
> Mexp ) TRAPTI,

I New folder 6 ABHISHEK,

Figure: Attendance File
2. Face Recognition Process:

. . Figure: Test image to detect landmark
The following block diagram represents all the g 0% face

processesinvolved in face recognition.

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
Star Generate Encodings Camera Starts Frame /Images 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:

) 5 &7 0 &3 O s
Wtendance Matked n - MBS | Compare faces vith .17.1 & o2 o5
Excel Sheets bogne Fae known datasets Dee Fas 7 &35 prEpc
e &7 5 &5
o’ - o1 g20e?? ."'2.4? .‘15"‘1
.28
o &7 o
. . -0
Figure: Block Diagram - i e '14
. . . - - é 1 2 3 ..LB
> Face Detection and Extraction: Face detection is e 7:22.53 e
necessary as the image taken through the camera o O s & o2
given to the system, face detection algorithm applies - e o
to identify the human faces in that image, the number .
of image processing algorithms are introduced to d - '1
detect faces in an image and also the location of that . ) Y &
detected faces. We have used Histogram of Oriented Figure: Landmarks generated for
Gradient method to detect human faces in given test image

image.
g » Face Encoding: When the faces are recognized in the

Teieileaficss ™ — 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 toget the
128-measurement for each face. Here's the estimations
for our test picture:

Detectad faces

Figure: Face Detection
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128 Measurements Generated from Image

008446308

00320643166491=

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.
] T o » Register new students.
Figure: Encoding our Face > Control over the system.
Image > Access to modify /update the database.
» Face matching: Our framework ratifies the VIIL DISCUSSION AND EXPLANATION:

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 willmove to attendance marking.

» Attendance Marking: Once the face is
identifiedwith 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.

= =

File Home Insert Page Layout Formulas
b4

n Cut Calibri
E'g Co =

Paste (=

- « Format Painter

Clipboard

l Time

Sl AKASH 13:41:02
SHREYA 16:21:09
) TRAPTI 16:21:24
) ABHISHEK 16:21:52

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

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 takesplace. 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,
“0s” module, NumPy and Datetime module, let me
explain a little bit about thesemodules.

> 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 createdthe 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 pairmatching.

attendance. > “DIib” library: It is a general-purpose crossplatform
. » , software library developed in C++. It's a cutting-edge
2. Functionalities at faculty / lecturer’s toolbox in C++ that incorporates different Al

level:
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algorithms and tools for creating complex
software programs to solve real world
problem.

»  “0S” 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: 1t’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 intheir 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 facerecognition 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 machinesto identify
frauds. Also, the framework can be utilized at the
time of elections where the wvoters can be
distinguishedby perceiving the face.

4. Advantages and drawbacks of facial
recognition system:

4.1. Advantages of Facial Recognition
System:

» Easy to manage.
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Since the Al 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 zonesin
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 aspeedy,
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 safedistance 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 theperson 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 (1oT) 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 (loT).

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.

Availability of cars during the day
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Fig. 1 EV availability



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 10T concept is used. The basic characteristics, the key
technologies, the network architecture and security
problems of the Internet of things is explained in [8]. loT
is the Internet of Things which is the internetworking of
physical devices, vehicles, buildings and other items. The
loT 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 loT are used to
control the frequency by load scheduling. The remainder
of this paper is organized as follows. Section Il introduces
EV system. Section Il 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.

Il. 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.

|
Battery Battery Motor
Utilty  Charger l Controller
+ | — f\J
= Battery +
MO\ H | 1 —
Battery
[

Fig. 2 Plug-in Electric Vehicle

I1l. SYNCHRONOUS SOC CONTROL

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

Plug-out

i

Controllable
State

Driving
State

Plug-in

Charging
State

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].
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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 l1second. 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.

Charging signal
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T
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IV. FREQUENCY CONTROL

Let us consider the different types of loads. The loads
are based on the certain priority. The Loadl 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.

| s Laas

—

| -

DLEVI(V).EVI(I)

Input pins-27 pins
AC-DC (Bidirectional)

D2:EV2(V).EV2()

D3: S\II(P)

D4:S.

DS5:Vr.Vy.Vb.Ir.Iy.IbF
D6:Vr.Vy, Vb, Ir.Iy.Ib

D7:Vr.Vy. Vb, IrIy.Ib °-

Load2 =

]

t| t| i| t| tl ,| E =
o [Elle
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— e T
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Fig. 5 Examples of dispatching signal method (a) Charging signal (b)
discharging signal

S1:AC 4 pole Contactor1
S2: AC 4 pole Contactor2
S3:AC 4 pole Contactor3
S4:AC 4 pole Contactor4
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$6: AC 4 pole Contactor6
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(Inv-0.Rect-1)

S8:DC 2 pole Contactorl
$9:DC 3 pole Contactor2
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Fig. 6 Schematic diagram of the proposed frequency control system
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Plug-in Hybrid Electric Vehicles
2014 Chevrolet Volt

2014 Cadillac ELR
2014 Porsche Panamera SE-..,

2014 Ford Fusion Energi

2014 Ford C-Max Energi

2014 BMW 8

2014 Honda Accord Plug-in

2013 Toyota Prius Plug-in
Battery Electric Vehicles

2013 Tesla Model S

2013 Tesla Model S

2013 Toyota RAV 4 EV

2013 Wheego LiFe

2014 Mercedes-Benz B-Class EV

2014 Volkswagen e-Golf

2013 Nissan Leaf

2014 Fiat 500e

2013 Ford Focus Electric

2014 BMW i3

2014 Chevrolet Spark EV

2013 Honda Fit-EV

2013 Smart For Two Electric Drive

2014 Mitsubishi iMIEV

2014 Scion iIQEV

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
Load?2 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.

Paw) = Svay X pf
1)

Where
Pww)=Real Power in Kilo Watts
Sva=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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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 10T by the authority. By using loT
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

e Home environment

e Home Gateway

e 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.
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JUaWUOAAUT SO

Output Control
signal(S1-S9)

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.



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.

Configuration stage

Stanc IP
Address

I%

Establish
connection with

onnection
SUcCcess

fidle M

WWait for remote
command fom
user

No ‘omman
recerved

Yes

Decode
command string
Take an action

Measure Data Control
from Sensor acruators

command
Sensor and Actuator Control Stage
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
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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.

HAE 11

mmmmmmmmm:mmmmmut| il
TR A TN HR 11

Voltage in Volts —

Time in Sec ——

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 |nto AC voltage

Time in Sec —

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.

r\/,kflwvlﬂwwﬁd“'ﬂp'“

\“H RATA

Time in Sec —s

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.



voliage In volts

Time in Sec —

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.

T T

N
/
N /
\\\ /

Frequency in Hz —>

Time in Se¢c —

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.

Frequency in Hz ——

Time in Sec —

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.

Time in Sec —

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
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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.

voltage in vails

— 3 — . S

1

valtage i vl —+

Time in Sec —»

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 1oT.

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 Pl 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
per for mances.

Keywords- DVR; Long and Short-Duration Voltage
Variations; Pulse-width modulated (PWM); Decision
making switch; Grid; Bidirectional Isolated DC-DC
Converter, SESD.

[. INTRODUCTION

Power systems have been experiencing good
changes in electric power generations, transmissions
and distributions. For electdt 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 pendiratio
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 circuitsstarting 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 daly-wheel batteries, ultra capacitors & capacitors
which is occur due to its usage of voltage sensitiggombined with DG devices) are comes in small
devices. categories.

Energy storage devices can be classified into two diff Medium categories (10MW < energy < 100 MW):
categories, depending upon their application: short tebarge-scale batteries, lead-acid, NAS and Redox are come
response energy storage devices and long-term respamseedium categories.
energy storage devices. Short term response endigyLarge categories (> 100 MW):
devices which include flywheel, super capacitor, SMESompressed Air Storage (CAS), Pumped Storage are
whereas long term response energy storage devicemes in large categories.
include compress air, hydrogen fuel cell, batteries, Rec Power——
flow. Here we are more concern with short term respor

energy devices. 10wt 107wt o (s

For Long and Short-Duration Voltage Variation
compensation, the DVR which acts as series-connec
topology isa more cost-effective solution. In this paper, Stoage Tecknology
SESD unit is introducedsthe energy storage unit of the
DVR. Application of SESD for power conditioning with | ! Praped e
DVR is put forth. The dynamic response of the SES  zma: N - Compressed Air
based DVR on voltage sag and swell is evaluated us ~ “** ’ = st
MATLAB simulation.

The energy storage devices are Sp"t in to tv Fig. 2 Technical Capability of Energy Storage devices

Types direct energy storage and indirect energy storagr. _._
shown in Fig.1.

[I.SESD WITH DVR

The basic structure of a DVR based SESD is
&= | shown in Fig.3. It consists of Battery storagmpacitors
T bank, voltage source inverters (VSI), low pass filter and
voltage injection transformer, Decision making switch,
grid, PV.

Bartaries
Rad cox-Flow Baneries

Super Capacitor

Electrically

SMES

Fig.1. energy storage devices

Energy storage devices are split into three categories:
(i) Small categories (<10MW):
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Fig.3. Basic structure of SESD based on DVR.

. . . Fig.4 DVR with SESD
In order to mitigate the simulated voltage variation

practical application, a discrete Pulse Width Modulation- The P| controller processes the error signal and
Based control scheme is implemented, witfen@nce 10 generates the required angle & that drives the error signal to
DVR as shown in Fig 4. The aim of the control schemezgyo, for eg; the load rms volt is brought back to the
under the system disturbance to maintain a constasference volt. Here we need to make an assumption of
voltage magnitude at the sensitive load point,. The contg@lianced network and operating conditions. The
system only measures the rms voltage at load point; LQRGqulating angle & is applied to the pulse width

and Short-Duration Voltage Variations is created at logghqulation generators in phase A, here the phase angles

terminals by a various phase fault as shown in Figgt and C are shifted by 240° or -120° and 120°
Load voltage is converted into per unit quantity and jgspectively.

passed through a sequence analyzer.

The magnitude is then compared with referen VA= S.in((ut +0) | 3)
voltage through which error signal is fed to Pl controlle VB= Sin (@t+06-27/3) (4)
This voltage is then fed to triggering circuit. PWN vVC = Sin (ot +0+27/3) (5)

control technigue is applied for inverter switching so as w n advantage of a proportional plus intearal controller
produce a three phase 50 Hz sinusoidal voltage at the lg g brop b )

) . . IS that integral term causes the steady-state error terbe z
terminals. The range of Chopping frequereg few Kilo for a step input. The input for PI controller is an actgatin
Hertz. The PI controller is controls the IGB® maintain b INPUL. P ‘A

: , , . si%nal which is the difference between the Vref and Vin
1 per unit voltage at the load terminals that is conside ; .
'|qu controller block outpuit of the form of an angle 9, in

as base voltage is equal tol per unit. The DV_R Cont{ﬁe three phase voltages which introduces additional
system exerts a voltage angle control as follows: .
phase-lag/lead. The error detector outut
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The transformers T1 and T2 with independent

Vrel - Vin. (6) primary windings as well as series-connected secondary
\Wref equal to 1 p.u. voltage windings are employed to realize galvanic isolation and
Vin voltage in p.u. at the load terminals. boost a low input voltage to the HV dc bus. A dc blocking

The controller output when compare atvR capacitor Cb is added in series with the primary winding of

signal generator results in the desired firing sequence. T2 to avoid transformer saturation caused by asymmetrical
operation in full-bridge circuit. The voltage doublers

IIl. HYBRID BIDIRECTIONAL DC-DC CONVERTER circuit utilized on the secondary side is to increase voltage

TOPOLOGY conversion ratio further. The inductor L2 on the secondary

side is utilized as a power delivering interface element

The hybrid system based on fuel cells (FCs) abdtween the LV side and the HV side. According to the
super capacitors (SCs) as an environmentally renewabldirection of power flow, the proposed converter has three

operation modes that can be defined as boost mode, SC

energy system has been applied in many fielggwer mode, and SC recharge mode. In the boost mode,

such as hybrid electric vehicle, uninterruptible powghe power is delivered from the FCs and SCs to the dc
supply (UPS), and so on 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

-+

Super-
capacitor bank

L

Vse | =C| - #_} - -

: T
P9 To|
. 5E]|
N A

A

T

A sng aSnjon

Fuel-cells

<Chinent>

A

— S
= Half-bridge Full-bridge Voltage doubler

Fig. 5. hybrid bidirectional dalc converter topology

As shown in Fig. 5, a BHB structure locates ¢
the primary side of the transformer T1 and it associa
with the switches S1 and S2 that are operated at 50% ¢
cycle. The SC bank as an auxiliary energy source
connected to the variable low voltage (LV) dc bus acrc
the dividing capacitors, Cl1 and CX3Bidirectional , )
operation can be realized between the SC bank and fif§ 6- Fuel cell simulation model.

high-voltage (HV) dc bus. Switches S3 and S4 ngINI PV 500V WITH GRID CONNECTION

Fuel Cell Stack

flow rate Current

Flow rate regulator

controlled by the duty cycle to reduce the current str
and ac RMS value when input voltage VFC or VSC a SIGN
variable over a wide range.
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Due to the advantages of low emission and litt
mechanical parts, the PV power generation become .-
promising renewable energy technique. However, the | =
current changes with the solar irradiations level, where
the PV output volt changes with the temperature of t
PV module. So, there is fluctuation in the PV outp
power due to the stochastic climatic conditions. 1
compensate the inherent fluctuation of PV output pow &
and provide the electricity with high quality, the enerc
storage system such as the battery system must be
PV with converter simulation model is shown in Fig.7.

C ntrolled Current Source Com2 o
G Iphoton 13|
1 Connl Connd )

Do roi :i ZEO Diode
T;: pv arra ] Connd 9]

h 4

Nhiet do converter

PV module

Fig. 7. PV with converter simulation model. L :
Mini PV system was designed for 30V. That 30V o

output is fed in to isolated DC-DC converter tha

converter output is 500Vdc. And then Battery is e

connected to floating condition and with connected gri L}
by via VSC converter.

Fig.8. Voltage source controller simulation model
is shown.VSC converter is used to act as a inverter
rectifier operation based on the source availability. ISPN%ECISION MAKING SWITCH
voltage source controller get the grid voltage, current and

A Decision making switch simulation model is
DC voltage. Compare the dc and grid side voltages pulse N ; o , ; .
. shown in Fig.10.This decision making switch control is

patterns are varied.

Based on the pulse angle converter acts asusaed to allow which energy source is supply for

inverter and rectifier. Fig..%hows Grid connected VSCcompensatl_on_ durlng fault condition. The shprt duration
. . voltage variation is compensated only by using fuel cell
converter simulation model

and super capacitor hybrid combination in the same way
for long duration voltage variation compensated by various

Fig. 9. Grid connected VSC converter simulation model.
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choices like battery alone, PV alone and grid alone based  The backup battery voltage for fully charged
on the availability. condition shown in Fig.12Vini 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 dac converter topology
output is shown in Fig.16.

pert magnitude

Fulse

pop—— B For fault condition in transmission line the voltage
E ' Com2 level is shown in Fig.17. The decision making switch
controller pulse output is shown in Fig.18. Fault clearing

Fram

for only short voltage variation by used SESD based DVR
is shown in Fig.19.

Logical
Operatort

Connd

Ideal Switch4
Fig. 10. Decision making switch simulation model.

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

Single line diagram of the test system 13 K¥apacitor and fuel cell hybrid system shown in Fig.20.
composes DVR Based on SESD, 50 Hz generation Fault clearing SESD Based DVR (PV Source
system, feeding two transmission lines through a gpne) in this condition only PV support for clearing long
winding - transformer connected in = star/delta/deligoitage variation and absents of Grid and Battery short
13/115/115 kV. Such trans lines feed two distributiqpyitage response is compensating super capacitor and fuel
networks  through two transformers connected g hybrid system shown in Fig.21. Fault clearing SESD
delta/star, 115/11 kV and then 11KV/500V. We verify thgased DVR (Grid Source alone) in this condition only
working of DVR for voltage compensation at 0.44 ohMsrig support for clearing long voltage variation and
fault resistances for fixed time duration of .08 and gsents of Battery and PV system short voltage response is

secs. The DVR performance in presence SESD cismpensating super capacitor and fuel cell hybrid system
analyzed for symmetrical three phase to ground fault. - spown in Fig.22.

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 0.44Q 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.

VI. SESD BASED DVR TEST SYSTEM
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LOAD VOLTAGE PROFILE AT NORMAL CONDITION

voltage per unit
magnitude
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L
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voltage per umnit

Fig.11. phase-phase voltage without any fault.

Ampltudein vots -

Time in sec

Fig.12. Backup battery voltage output.

Ampiituds in volts

Time in sec

Fig.13. PV output voltage.

Ampltdeins

Time in sec

Fig.14 PV output with converter output voltage.

W muomlt lectrical—

,E Flirnal
W qEEY

Voltagein volts sy
|
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Fig.15Fuel cell output voltage

Amplitude in volts

Timein sec

Fig.16. hybrid bidirectional dalc converter topology output
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Fig.17. phase-phase voltage with fault condition.

Time in =ec

Fig.18. decision making switch pulse output.
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Fig.19. fault clearing (Short voltage variation). | = e
Fig.21. Fault clearing SESD Based DVR (PV Source alone)

Amplitudein PU—
Amplitudein PU—

g B Wit ,‘t,"!! i ‘.( W i
Fig.20. Fault clearing SESD Based DVR (Battery Source  Fig-22. Fault clearing SESD Based DVR (Grid alone).
alone)

CONCLUSION

A new design which incorporates a separate
energy storage device (SESRp 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 e ectronic topologies for
photovoltaic charging offices (PCFs) are looked into.
Sudies 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 devel oping 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 PEV's are being
snowcased 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 PEV's from sun
powered photovoltaic framework [2- 5]. Charging
stations in light of wind control is dill in the
beginning stages however few endeavours have been
declared [6]. Because of the social and financia
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 Monicais 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
PEV's 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 PEV's 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 PEV's, while PEV's
give a dispatchable load to low esteem or generally
unusable PV era amid times of low request
(especidly 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]. AIll 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
caculations 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 invedtigated. The

reasonableness of utilizing PV control for charging
PEVsisgotten toin this part.

Table 1. PV characteristics

Module Efficien Peak Total
PV type price (%) cy energy | cost of
($/Wp) Wp) | PV ($)
Crysialline 214 22 264 565
silicon
Polycrystalline |4 24 155 186 324
silicon
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
financialy 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 initialy 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 specificaly
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™

157

R.Vijayakumar, Dr. K.Malarvizhi, S.Divyapriya




International Journal of Engineering Technology Science and Research

IJETSR

ISSN:2

IJETSR
WWW.ijetsr.com
ISSN 2394 - 3386
Volume 4, Issue 9
September 2017

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)

[1. PROPOSED ARCHITECTURES FOR PV
BASED PEV CHARGING FACILITIES

The charging units for PEV's can be either on-
board or off-board. If there should arise an
occurrence of an off-board charger, the charger isan
outer unit while on account of an on-board charger it
is a segment of the vehicle. On-board chargers are
provided with ar 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 PEV's by methods for on-board chargers. The
rea disadvantage of thisinnovation is that it doesn't
bolster quick charging asit 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 specificaly
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 thisway it is doable to build
the appraisals of the power converters keeping in
mind the end goal to help quick charging.

DC/DC
GRID RECTIFIER PF( Ling CONVERTER PEV

P rec taw o ,
@ 1 HI] 8

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 eectronic 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 afew
kilowatts. It is materia 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

CONTROLLER
DSP TMS320F28035)

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 PEV's 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 examplein [35] the power created by rooftop top
photovoltaic framework is put away in VRLA
(valve-controlled lead-corrosive) Dbatteries and
energy components in a PEV docking station. The
PEV's 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 ether provided by the PV or the utility or
through a nearby vitality stockpiling unit. Vitality

got from the ESU can charge the PEV's amid specific
possibilities, for example, idanding condition
without the accessibility of PV control. It encourages
the charging of PEV s 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.

e () D -

P B L L IS

CONTROLLER
{DSP TMS320F28035)

Figure 3. Distributed architecture

C. Sngle 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 specia preferred standpoint
of the Z-converter. Besides, this topology has
indienable 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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PV $_ DCDC CONVERTER heap request of the circulation transformers, the

¢

CONTROLLER
DSP TMS320F28035)

Figure 4. Single stage conversion with Z-converter

[1I.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 PEVsS
viably and securely. Normally PEV's touch base at
the accusing office of various State-of-Charge
(SOC). More than frequently, the measure of PV
control accessble to charge various PEVs is
constrained. Moreover, the PV sourceis stochasticin
nature, its energy trademark is nonlinear and the
PEV batteries to be charged ought to be inside sure
voltage and current breaking points. Thudy, 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 PEV's 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 a. proposed a private load coordination
component to charge PEVs. Contingent upon 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 mgjority of the PEVs are not accessible for
charging amid daytime a private offices.
Henceforth, this procedure requests for an extra part
as a vitaity stockpiling unit which won't not be
monetarily aluring for an individual mortgage
holder. Private charging is favourable for families
with more than one PEV.

B. Battery Switch Sations:

A PV based battery control technique for
charging numerous batteries in a sunlight based
battery charging station (SBCS). The engineering of
the SBCSis like the one appeared in Fig. 2.6 yet the
DC/DC chargers are supplanted by bi-directional
switches. The proposed control technique initialy
charges every individual battery until the point that
they achieve a similar voltage level and afterward
charges the different batteries in paralld 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 thisideato charge PEVsin amicrogrid
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
caculation 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.

AV 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 a the most

extreme power point. The vitality stockpiling unit
(ESV) is associated with the dc transport by means
of a bi-directional DC/DC buck-help converter. The
ESU will bolster the charging of PEVswhen thereis
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 dfter al 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 officein 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

T1

¥

YTIYITETY

CONTROLLER
DSP TMEI20F 28035

IEEEEE!

Figure 5. Detailed ci rcuit 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. Vpy, 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. Vpc is the
greatness of the voltage at the dc transport, Vg1 and
Vg, are the distinguished battery voltages of the
PEV's 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, lgiq IS the present
sustained into the network by the DC/AC converter
and Vaig IS the matrix side voltage.
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V. MODES OF OPERATION

The operation of the charging station can be
sorted into four modess Mode-l (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 Ipmp, lomp-max, Vbc-1, Ve
2, VD(:.3, Vs and Ve are utilized to deplct the
methods of operation. Ipmp Speaks to the
appropriation transformer load and |pmp-max Speaks to
the pinnacle stack state of the transformer. VDC is
the voltage at the dc transport. Vpc-1, Voc2 and Vpc.3
are the three picked reference voltage levels of the
dc transport. Vg and Vesy are the distinguished
battery voltages of the PEV and the ESU. Vgw 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 Vs is
equivalent to Vey. Fig. 6 demonstrates the course of
energy stream amid different methods of operation
of the charging station.
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"

o i
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Figure 6. Direction of power flow during the
operation modes

The four methods of operation are portrayed as takes
after:

Mode-1: Vbc < Vpc.1: Grid-associated amendment
Case-1: Voc < Vpc1 and lpmp < | pmp-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 Vpc.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 Vg surpasses Vgr and the framework supplies
energy to charge the battery pack in the ESU.

Case-2: Voc< Vpe-1 and Ipmp = lomp-max

This modeislike 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. lomp < lowmbp-
max) the charging of the PEV is re-established and the
controller screensits charging.

Mode-2: Vpca £ Vbc < Vocz: 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 al 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 lpmp
surpasses  Ipwp-max  the  bi-directional DC/AC
converter is disengaged from the lattice. The PV
framework keeps charging the PEV though the
|attice caters the pinnacle stack request.

Mode-3: Vpc2< Ve < Vpes: 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 Vg surpasses
VeH (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 Vpc2and
Vbcs.

Mode-4: Vpc-connect = Vpc.a:

PV charging mode and Grid reversa mode The
PV exhibit produces abundance control once the dc
connect voltage surpasses vpcs. 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 PEV's are charged, al the power from the PV
source is sent to the matrix. The mode at that point
takes after typical operation of PV eraframeworks.

VI. SIMULATION STUDIES

In order to validate the proposed control
caculation re-enactments were done in Matlab
Simulink utilizing the simpower systems tool stash.
The reference dc transport voltages i.e. Vpc1, Vbc2
and Vpc.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 lpwp-max @nd
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 (Iomp) 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 1.5t0 2.0 sthe 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. ¢ 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, Ipmp surpasses 80 An (Ipmp-max)-
The charging of the PEV is ended when the present
spilling out of the dissemination transformer, lomp
surpasses lpmp-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 thefigure.
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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
shortfal 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 aone obliges
the request of the PEV.
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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 hi-directiona 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.
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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
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Figure 10. Matlab simulink outputs for transitionin
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 evauated 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 vitdity
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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Vehicle to Grid Technology
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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(CO,), 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 wvehicle 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
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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(PEVSs). 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.

Il. 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.

I
Battery Battery Motor
Utility Charger I Controller
g —\u
= Battery +
O\ | -
Battery
I

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.

I1l. 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 PEVSs 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

Wind Power
Solar Power

e ]

‘ ‘ C-C - Charge Controller

MPPT - Maximum Power
Point Tracker

o
©
—
=<
o
-l
—

Back to back
converter | ——=

% |

Aggregator

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
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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.

Calculate P(k), P(k-1)

Pik}P(k-1)

V(K]pVIK-1) VikPV(k-1)

Dik)=D(k-1)C D(k)=D{k-1}+C D{K)=D(k-1)+C D{k)=D(k-1)-C

Vi(k-1)=v(k}
DIk-1)=D{k)

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.
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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
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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.

Voltage(V)

Voltage(V)

Fig. 6. Conversion from 500V DC to 24V DC

Voltage(V)

Voltage(V)

Fig. 7. Conversion from 24V DC to 500V DC
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Fig. 8. 230V AC from the back to back converter

Voltage(V)

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.
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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 CO: 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
1s 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
1s 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 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 i1t 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%.

T T T T
3
gq///
.....
98

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 1s 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
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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.
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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 1is

shown in figure 11.
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Figure 9. Overall Simulation diagram of the proposed system
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Figure 10. PEV charging controller
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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 APl 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.

Il. 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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111. 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 APl 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.

A

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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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 ptant 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.

Manipulated

Input to +\f:|':\ Error Controller Variable Plant Output
. or e
System ;’} compensator (or)
Response
Of System
Sensor

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.

V1. 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
GDRP 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

IJARESM Publication, India >>>> www.ijaresm.com Page 1943




International Journal of All Research Education and Scientific Methods (IJARESM), ISSN: 2455-6211
Volume 10, Issue 5, May-2022, Impact Factor: 7.429, Available online at: www.ijaresm.com

REFERENCES

[1] https://www.raspberrypi.com/documentation/ The official documentation for Raspberry Pi computers and
microcontrollers

[2] https://www.pyimagesearch.com/2018/06/25/raspberry-pi-face-recognition/  An Official Blog place for the
Computer Vision, Deep Learning, OpenCV research.

[3] Sathish, M.P. & S A K, Jilani & kumar, D.Girish. (2015). Home Automation through E-Mail using Raspberry Pi.
International Journal of Advanced Research in Electronics and Communication Engineering. Volume 4. 2475-2480.

[4] Colmenarez AJ., Huang T.S. (1998) Face Detection and Recognition. In: Wechsler H., Phillips P.J., Bruce V.,
Soulié F.F., Huang T.S. (eds) Face Recognition. NATO ASI Series (Series F: Computer and Systems Sciences), vol
163. Springer, Berlin, Heidelberg. https://doi.org/10.1007/978-3-642-72201-1 9

[5] G. Yang and T.S. Huang, “Human Face Detection in a Complex Background”, Pattern Recognition, Vol. 27, No 1,
pp. 53-63, 1994CrossRefGoogle Scholar

[6] B. Moghaddam and A. Pentland, “Maximum Likelihood Detection of Faces and Hands”, Int. Workshop on
Automatic Face- and Gesture-Recognition, Zurich, 1995.

IJARESM Publication, India >>>> www.ijaresm.com Page 1944



https://www.raspberrypi.com/documentation/
https://www.pyimagesearch.com/2018/06/25/raspberry-pi-face-recognition/
https://doi.org/10.1007/978-3-642-72201-1_9
https://doi.org/10.1016/0031-3203(94)90017-5
https://doi.org/10.1016/0031-3203(94)90017-5
https://doi.org/10.1016/0031-3203(94)90017-5

International Journal of Trend in Research and Development, VVolume 4(1), ISSN: 2394-9333
www.ijtrd.com

LVRT Improvement of DFIG Wind Turbine and Fault
Mitigation Using PV Supported DVR
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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. Pl
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),
Pl 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
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and phase. The advantage of this external protection(DVR) is
the reduction of complexity in DFIG control system.
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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.

Il. 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.

Grid

0 DFIG l
Prl RSC Ve, GSC
3 1|3
FF F7
Ps Qs Vdc Qg

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,

Lo V.1 1)

s sqrq
L S

P=—=
2
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Where,
Ps - Stator active power
Qs - Stator reactive power
L - Magnetizing inductance

Ls - Stator inductance

Vs, Vgq- dg components of stator voltage
lg, Iq - dg components of rotor current
Y - d component of stator flux

From (1) and (2) the active power of the stator can be
controlled by the g 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,

di, _V,-R,I, 3)
dt L

Where,
V, - Voltage at grid

I - Currentat grid
Ry - Resistance at grid
Ly - Inductance at grid
The DC-link voltage can be expressed as,

Cdv_dc=|__[' @
d " ®
Where,
V4.~ DC-link voltage
C - DC-link capacitor
I, - 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).

I1l. 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.

IJTRD | Jan-Feb 2016
Available Online@www.ijtrd.com

DVR

FAULT

DFIG /é/ | SERIES TRANSFORMER > GRID
-
, BOOST ]
| A I | CONVETER VsC

[

BATTERY
MANAGER

| PWM |<—| AMPLIFIER F—@«—

REF. VOLTAGE

BATTERY

Fig. 3: Block diagram of the proposed system

The control system of the DVR is shown in figure 5. The
three phase grid voltage(V,) is measured and transformed into
the dq reference frame voltage such as d component
voltage(V44) and g component voltage(Vq) rotating by the grid
voltage 6 which is generated by the Phase Lock Loop(PLL).
The three phase reference voltage(V ) is also transformed into
dq reference frame as Vy s and Vg r. The reference voltage
and actual grid voltage are compared by the comparator and the
error signal is processed in Pl 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,

Ppyr = (ﬁ) Pioaa ®)

Vi
Where,
V1 - Nominal grid voltage
V, - 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 Pl controller is shown in figure 4. The
equation of the PI controller is,

u(t) = Kge(t) + Ki le(t) dt) (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.

Voltage, V

. Time, sec
Fig. 5: Nominal grid voltage

Load vokage

Voltage, V

. Time, Sec .
Fig. 6(a): 36% voltage sag from nominal voltage

IJTRD | Jan-Feb 2016
Available Online@www.ijtrd.com

Voltage, V

Voltage, V

ieciod votage

>
g
S
>
. Time, sé;: .
Fig. 6(b). 36% of nominal voltage injected by DVR

% .

S

> 200

Fig. 6(c). Stabilized griTanQ/%l%gcge after 36% voltage sag

Load votage

| |

53

Fig. 7(a) 22% voltage 539 ¥om the nominal voltage

Irectes vorag

Time, sec
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Fig. 8(a). 15% of voltage swell from the nominal voltage

Voltage, V

Time, Sec V
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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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:

Power Supy

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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DOB: 05-03-1988

Marks

Discipline Course Name ) Status | Performance
Assignment Exam

(25%) (75%)

Operation and Planning of Power Distribution
Systems

Electronic Waste Management - Issues And
Challenges

DC Microgrid

Electric Vehicles - Part 1
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DEPARTMENT NAME

Aerospace Engineering
Agriculture

Architecture

Biotechnology

Chemical Engineering
Chemistry and Biochemistry
Civil Engineering

Computer Science and Engineering
Electrical Engineering
Electronics & Communication Engineering
Engineering Design

Genera

Humanities and Social Sciences
M anagement

Mathematics

Mechanical Engineering
Metallurgy and Material Science
Mining Engineering
Multidisciplinary

Ocean Engineering

Physics

Special Lecture Series

Textile Engineering

Total Mark

>=90 Elite + Gold

75-89 Elite + Silver
>=60 Elite
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