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Abstract— This work is aimed at modeling & Simulation of a distinct smart charging station for
Electric Vehicles (EVSs) that is suitable for DC quick EV charging while ensuring minimum
stress on the power grid. Operation of the charging station is managed in such a way that it is
either supplied by Photo Voltaic (PV) power or the power grid, it is also implemented for
improving the stability of the grid during peak load hours. The PV interfaced DC/DC converter
and grid interfaced DC/AC bidirectional converter share a DC bus. A smooth transition of one
operating mode to another demonstrates the effectiveness of the employed control strategy.
Modeling and control of the Charging are explained using Pl Controller and are implemented in
MATLAB Simulink. Simulations illustrate the feasible behavior of the charging station under all
operating modes in terms of the Two-way interaction among PV & Electric Vehicle. It has been
recognized that EVs bring new opportunities in terms of providing regulation services and
consumption flexibility by varying the recharging power at a certain time instant. This
dissertation work mainly focuses on electric vehicle charging based on solar and grid charging.
Here | used one new tool for automation purpose which is called MATLAB embedded function
from solar to grid and back. The dissertation also discusses the potential financial incentives
required to inspire EV owners for active participation in the demand response mechanism.
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l. INTRODUCTION

The worldwide adoption of Electric Vehicles (EVS) is
significantly on the rise over the classic fossil fuel vehicles.
However, the purchase price of an EV may still the main
constraint in the market since the batteries are found to be
significantly more expensive. Advantageous reasons make
the customers prefer EVs such as low ecological impact
with  no greenhouse emissions and performance
improvement, etc.

The energy sustainability requires consumers with
environmental awareness and vision to electricity based on
renewable, recent research confirms that one percent
increase in renewable energies would lead to nearly 2-6%
increase in EV demands. In this chapter, the challenges of
the Electric Vehicle (EV) charging stations are discussed
while highlighting the growing use of distributed generators
in the modern electrical grid system.

The  benefits of the adoption of Photo
Voltaic(PV)sources along with battery storage devices are
presented. Finally, the chapter ends with an introduction to
the high level architecture of the proposed system along
with a briefing of the content for the following chapters.

Conventional EV Charging Stations The prospective
shortage of fossil fuels and the current environmental
challenges of reducing the greenhouse gases motivate the
extensive research on EV systems [1].

However, the research on EVs is highly impacted by the
consumer willingness for switching from using conventional
internal combustion engine vehicles to EVs as an alternate
means of transport. This willingness is the main factor in
predicting the future demand for EVs. In [2], the authors
concluded that the charging time is one of the main
challenges that the EV industry is facing.

Thus, this dissertation focuses on providing novel
solutions for reducing the EV charging time by providing
fast charging rates. Three levels of EV charging (shown in
Fig. 1.1) are undergoing research and development in the
US. The EV charging levels are classified according to their
power charging rates [3].

Overnight charging takes place in level I, as the EVs are
plugged to a convenient power outlet (120 V) for slow
charging (1.5-2.5 kW) over long hours. The main concern of
level-1 is the long charging time, which renders this
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charging level unsuitable for long driving cycles, when more
than one charging operation is needed.

Moreover, from the electrical grid operation point of
view, the long charging hours at night overloads the
distribution transformers as they are not allowed to rest in a
grid system with high number of connected EVs [4].

Level-1l charging requires 240 V outlet; thus, it is
typically used as the primary charging means for private and
public facilities. This charging level is capable of supplying

power in the range of 4 - 6.6 kW over a period of 3 - 6
hours to replenish depleted EV batteries. The time required
is still the main drawback in this charging level.
Additionally, voltage sags and high power losses in an
electrical grid system with a high penetration of level Il
charging are some of the challenges that are facing its
widespread. Control and coordination in level Il would
reduce the negative impacts of level-1l charging [5];
however, this requires an extensive communication system
to be adopted.

In general, both levels-l1 and Il require single phase
power sources with on-board vehicle chargers. On the
contrary, three-phase power systems are used with off-board
chargers for level 1l fast charging rates (50-75 kW). The
use of fast charging stations significantly reduces the EV
charging time to less than half an hour for a complete
charging cycle .

Additionally, a widespread deployment of fast EV
charging stations across the urban and the residential areas
would eliminate the EV range anxiety concern [6-7].
However, the high power charging rates required over a
short interval of time for level-I11 impose a high demand on
the electrical grid [8-9].

The current grid infrastructure is not capable of
supporting the desired high charging rates of level-111. Thus,
achieving fast charging rates while solely relying on the
electrical grid does not only require the improvement of the
charging system, but also the improvement of the electrical
grid capacity. Additionally, drawing large amounts of
current from the electrical grid will increase the utility
charges especially at the peak hours and consequently will
increase the system cost.

Il.  ELECTRIC VEHICLE AND TECHNOLOGY

Introduction An electric vehicle, also called an EV, uses
one or more electric motors or traction motors for
propulsion. An electric vehicle may be powered through a
collector system by electricity from off-vehicle sources, or
may be self-contained with a battery, solar panels or an
electric generator to convert fuel to electricity. EVs include,
but are not limited to, road and rail vehicles, surface and
underwater vessels, electric aircraft and electric spacecraft.
History of Electric Vehicle In the late 1890s Electric

Vehicles (EVs) outsold gasoline cars ten to one. EVs
dominated the roads and dealer showrooms. Some
automobile companies, like Oldsmobile and Studebaker
actually started out as successful EV companies, only later
did they transition to gasoline-powered vehicles. In fact, the
first car dealerships were exclusively for EVs.

In the late 1960s and early 1970s, there was a rebirth of
EVs prompted by concerns about air pollution and the
OPEC oil embargo. In the early 1990s, a few major
automakers resumed production of EVs — prompted by
California 's landmark Zero Emission Vehicle (ZEV)
Mandate.

Those EVs were produced in very low volumes — essentially
hand-built like their early predecessors. However, as the
ZEV mandate was weakened over the years, the automakers
stopped making EVs — Toyota was the last major auto
maker to stop EV production in 2003. Thanks to the efforts
by DontCrush.com some of these production EVs were
saved from the crusher.

What Is EV An Electric Vehicle (EV) has a battery instead
of a petrol tank, and an electric motor instead of an internal
combustion engine. The electricity stored in its battery
powers the electric motor.

When too low, the car’s battery needs to be recharged by
plugging it in to use grid electricity, like when your phone
needs charging. Similarly, Plug-in hybrids (PHEVS) come
with a plug socket and charging leads so that you can charge
the battery via the mains. Although they have a smaller
capacity, these models are able to run in electriconly mode
for 20-30 miles

Fig. 1 Battery electric vehicle

Lots of models, such as the Nissan Leaf, turn off the
engine when stopped, and actually charge the battery when
you brake — this is called ‘regenerative braking’.

This technology is also seen in hybrid models and it
helps to power the electric motor without needing to plug it
in to charge so you can go further without using the petrol
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engine Types of EV There are three main types of electric
vehicles (EVs), classed by the degree that electricity is used
as their energy

source. BEVs, or battery electric vehicles, PHEVs of
plug-in hybrid electric vehicles, and HEVs, or hybrid
electric vehicles. Only BEVs are capable of charging on a
level 3, DC fast charge.

Battery Electric Vehicles (BEV) Battery Electric
Vehicles, also called BEVs, and more frequently called EVs,
are fully-electric vehicles with rechargeable batteries and no
gasoline engine.

Battery electric vehicles store electricity onboard with
high-capacity battery packs. Their battery power is used to
run the electric motor and all onboard electronics. BEVs do
not emit any harmful emissions and hazards caused by
traditional gasoline-powered vehicles. BEVs are charged by
electricity from an external source. Electric Vehicle (EV)
chargers are classified according to the speed with which
they recharge an EVs battery.

The classifications are Level 1, Level 2, and Level 3 or
DC fast charging. Level 1 EV charging uses a standard
household (120v) outlet to plug into the electric vehicle and
takes over 8 hours to charge an EV for approximately 75-80
miles. Level one charging is typically done at home or at
your workplace. Level 1 chargers have the capability to
charge most EVs on the market. Level 2 charging requires a
specialized station which provides power at 240v.

Level 2 chargers are typically found at workplaces and
public charging stations and will take about 4 hours to
charge a battery to 75-80 miles of range. Level 3 charging,
DC fast charging, or simply fast charging is currently the
fastest charging solution in the EV market. DC fast chargers
are found at dedicated EV charging stations and charge a
battery up to 90 miles range in approximately 30 minutes.

Plug-in Hybrid Electric Vehicle (PHEV) Plug-in Hybrid
Electric Vehicles or PHEVs can recharge the battery
through both regenerative braking and “plugging in” to an
external source of electrical power. While “standard”
hybrids can (at low speed) go about 1-2 miles before the
gasoline engine turns on, PHEV models can go anywhere
from 10-40 miles before their gas engines provide
assistance.

Hybrid Electric Vehicles (HEV) HEVs are powered by
both gasoline and electricity. The electric energy is
generated by the car’s own braking system to recharge the
battery. This is called ‘regenerative braking’, a process
where the electric motor helps to slow the vehicle and uses
some of the energy normally converted to heat by the
brakes.

HEVs start off using the electric motor, then the gasoline
engine cuts in as load or speed rises. The two motors are
controlled by an internal computer, which ensures the best
economy for the driving conditions.

Block Diagram and Description This dissertation
consists of PV system, power grid, dc to dc converter, ac to
dc converter, battery charging circuit, battery, EV charging
circuit and load. PV system generates dc supply which is
further boosted by dc to dc converter section. Battery is
charged through battery charging circuit which receives
supply from solar system and power grid.

Electric vehicle charging circuit is used here to charge
EV vehicle. AC supply of power grid is converted as dc by
ac to dc converter section. When Solar power failure then
that time Grid supply is connected to the load through the
auto switching device.

PV System:

A photo-voltaic system, also PV system or solar power
system, is a power system designed to supply usable solar
power by means of photo voltaics. Simply put, PV systems
are like any other electrical power generating systems, just
the equipment used is different than that used for
conventional  electromechanical  generating  systems.
However, the principles of operation and interfacing with
other electrical systems remain the same, and are guided by
a well-established body of electrical codes and standards.
Although a PV array produces power when exposed to
sunlight, a number of other components are required to
properly conduct, control, convert, distribute, and store the
energy produced by the array. Power Grid: An electric grid
is a network of synchronized power providers and
consumers that are connected by transmission and
distribution lines and operated by one or more control
centers. When most people talk about the power "grid,"
they're referring to the transmission system for electricity.

DC to DC Converter:

A DC-to-DC converter is an electronic circuit or
electromechanical device that converts a source of direct

urrent (DC) from one voltage level to another. It is a type
of electric power converter. Power levels range from very
low (small batteries) to very high (high-voltage power
transmission). AC to DC Converter: The ac to dc converter
converts the ac input into the dc output. Average power is
transferred from an ac source to a dc load. The ac to dc
converter is called as rectifier. The peak inverse voltage is
the maximum reverse voltage to which the diode is
subjected when it is non conducting.

Battery Charging Circuit:

A battery charger, or recharger, is a device used to put
energy into a secondary cell or rechargeable battery by

Page | 3



Demonstrating And Reproduction of Incriminating Features of Solar Motorized Eletric Automobile Comparator

Available at https://jscer.org

forcing an electric current through it. A trickle charger
provides a relatively small amount of current, only enough
to counteract self-discharge of a battery that is idle for a
long time.

EV Charging circuit:

EV charging circuit is designed to charge electric
vehicle. Software Requirements:

e Matlab 20172 or Higher Version.
¢ Simulink Tool Box.

e OS — WINDOWS 7 or Higher Version. Minimum
Hardware Requirements Of PC:

e Processor — Intel 1.5 Ghz, 32 bits.
*RAM-2GB

e Hard disk — 100 GB

e Monitor Screen Size — 15 Inch

¢ Keyboard

e Mouse
1IIl.  CONCLUSION

Solar based electric vehicle charge system has been
designed and tested in MATLAB simulink tool successfully.
MATLAB version 2017a is used for designed. AC source
charger also designed and it will support whenever solar
side power failure occurred. Embedded based function
calling automation is used here for auto switching process
(solar mode/AC Source Mode). A proposed technique for
PV-battery powered EV fast charging stations is presented
in this work. The broad objective of the proposed technique
is to help the penetration of the PV/battery systems into the
grid and to support the growing need of fast EVs charging
rates.

REFERENCES

[1]. P. Nirmala, T. Manimegalai, J. R. Arunkumar, S. Vimala, G.
Vinoth Rajkumar, Raja Raju, "A Mechanism for Detecting the
Intruder in the Network through a Stacking Dilated CNN
Model", Wireless Communications and Mobile Computing,
vol. 2022, Article 1D 1955009, 13 pages, <2022.
https://doi.org/10.1155/2022/1955009.

[2]. D. Sathyanarayanan, T. S. Reddy, A. Sathish, P. Geetha, J. R.
Arunkumar and S. P. K. Deepak, "American Sign Language
Recognition System for Numerical and Alphabets," 2023
International Conference on Research Methodologies in
Knowledge Management, Artificial Intelligence and
Telecommunication Engineering (RMKMATE), Chennai,
India, 2023, pp. 1-6, doi:
10.1109/RMKMATES9243.2023.10369455.

[3]. J. R. Arunkumar, Tagele berihun Mengist, 2020” Developing
Ethiopian Yirgacheffe Coffee Grading Model using a Deep

Learning Classifier” International Journal of Innovative
Technology and Exploring Engineering (IJITEE) ISSN: 2278-
3075, Volume-9 Issue-4, February 2020. DOI:
10.35940/ijitee.D1823.029420.

[4]. Ashwini, S., Arunkumar, J.R., Prabu, R.T. et al. Diagnosis
and multi-classification of lung diseases in CXR images using
optimized deep convolutional neural  network. Soft
Comput (2023). https://doi.org/10.1007/s00500-023-
09480-3

[5]. JR.Arunkumar, Dr.E.Muthukumar,” A Novel Method to
Improve AODV Protocol for WSN” in Journal of Engineering
Sciences” ISSN NO: 0377-9254Volume 3, Issue 1, Jul 2012.

[6]. R. K, A. Shameem, P. Biswas, B. T. Geetha, J. R. Arunkumar
and P. K. Lakineni, "Supply Chain Management Using
Blockchain:  Opportunities, Challenges, and  Future
Directions," 2023 Second International Conference on
Informatics (ICI), Noida, India, 2023, pp. 1-6, doi:
10.1109/1C160088.2023.10421633.

[7]. Arunkumar, J. R. "Study Analysis of Cloud Security
Chanllenges and  Issues in  Cloud  Computing
Technologies." Journal ~ of  Science, Computing and
Engineering Research 6.8 (2023): 06-10.

[8]. J. R. Arunkumar, R. Raman, S. Sivakumar and R. Pavithra,
"Wearable Devices for Patient Monitoring System using
10T," 2023 8th International Conference on Communication
and Electronics Systems (ICCES), Coimbatore, India, 2023,
pp. 381-385, doi: 10.1109/ICCES57224.2023.10192741.

[9]. S. Sugumaran, C. Geetha, S. S, P. C. Bharath Kumar, T. D.
Subha and J. R. Arunkumar, "Energy Efficient Routing
Algorithm with Mobile Sink Assistance in Wireless Sensor
Networks," 2023 International Conference on Advances in
Computing, Communication and Applied Informatics
(ACCAI), Chennai, India, 2023, pp. 1-7, doi:
10.1109/ACCAI58221.2023.10201142.

[10].R. S. Vignesh, V. Chinnammal, Gururaj.D, A. K. Kumar, K.
V. Karthikeyan and J. R. Arunkumar, "Secured Data Access
and Control Abilities Management over Cloud Environment
using Novel Cryptographic Principles,” 2023 International
Conference on Advances in Computing, Communication and
Applied Informatics (ACCAI), Chennai, India, 2023, pp. 1-8,
doi: 10.1109/ACCAI58221.2023.10199616.

[11].Syamala, M., Anusuya, R., Sonkar, S.K.et al. Big data
analytics for dynamic network slicing in 5G and beyond with
dynamic user preferences. Opt Quant Electron 56, 61 (2024).
https://doi.org/10.1007/s11082-023-05663-2

[12].Krishna Veni, S. R., and R. Anusuya. "Design and Study
Analysis Automated Recognition system of Fake Currency
Notes." Journal of Science, Computing and Engineering
Research 6.6 (2023): 16-20.

[13].V. RamKumar, S. Shanthi, K. S. Kumar, S. Kanageswari, S.
Mahalakshmi and R. Anusuya, "Internet of Things Assisted
Remote Health and Safety Monitoring Scheme Using
Intelligent  Sensors," 2023 International Conference on
Advances in Computing, Communication and Applied
Informatics (ACCAI), Chennai, India, 2023, pp. 1-8, doi:
10.1109/ACCAI58221.2023.10199766.

[14].R. S. Vignesh, R. Sankar, A. Balaji, K. S. Kumar, V. Sharmila
Bhargavi and R. Anusuya, "loT Assisted Drunk and Drive
People Identification to Avoid Accidents and Ensure Road
Safety Measures," 2023  International Conference on

Page | 4


https://doi.org/10.1007/s00500-023-09480-3
https://doi.org/10.1007/s00500-023-09480-3
https://doi.org/10.1007/s11082-023-05663-2

Demonstrating And Reproduction of Incriminating Features of Solar Motorized Eletric Automobile Comparator

Available at https://jscer.org

Advances in Computing, Communication and Applied
Informatics (ACCAI), Chennai, India, 2023, pp. 1-7, doi:
10.1109/ACCAI58221.2023.10200809.

[15].1. Chandra, G. Sowmiya, G. Charulatha, S. D, S. Gomathi and
R. Anusuya, "An efficient Intelligent Systems for Low-Power
Consumption Zigbee-Based Wearable Device for Voice Data
Transmission," 2023 International Conference on Atrtificial
Intelligence and Knowledge Discovery in Concurrent
Engineering (ICECONF), Chennai, India, 2023, pp. 1-7, doi:
10.1109/ICECONF57129.2023.10083856.

[16].G. Karthikeyan, D. T. G, R. Anusuya, K. K. G, J. Tand R. T.
Prabu, "Real-Time Sidewalk Crack Identification and
Classification based on Convolutional Neural Network using
Thermal Images,” 2022 International Conference on
Automation, Computing and Renewable Systems (ICACRS),
Pudukkottai, India, 2022, pp. 1266-1274, doi:
10.1109/ICACRS55517.2022.10029202.

[17].R. Meena, T. Kavitha, A. K. S, D. M. Mathew, R. Anusuya
and G. Karthik, "Extracting Behavioral Characteristics of
College Students Using Data Mining on Big Data," 2023
International Conference on Artificial Intelligence and
Knowledge Discovery in  Concurrent  Engineering
(ICECONF), Chennai, India, 2023, pp. 1-7, doi:
10.1109/ICECONF57129.2023.10084276.

[18].S. Bharathi, A. Balaji, D. Irene. J, C. Kalaivanan and R.
Anusuya, "An Efficient Liver Disease Prediction based on
Deep Convolutional Neural Network using Biopsy
Images,” 2022 3rd International Conference on Smart
Electronics and Communication (ICOSEC), Trichy, India,
2022, pp- 1141-1147, doi:
10.1109/ICOSEC54921.2022.9951870.

[19].1. Chandra, G. Sowmiya, G. Charulatha, S. D, S. Gomathi and
R. Anusuya, "An efficient Intelligent Systems for Low-Power
Consumption Zigbee-Based Wearable Device for Voice Data
Transmission," 2023 International Conference on Atrtificial
Intelligence and Knowledge Discovery in Concurrent
Engineering (ICECONF), Chennai, India, 2023, pp. 1-7, doi:
10.1109/ICECONF57129.2023.10083856.

[20].Revathi, S., et al. "Developing an Infant Monitoring System
using loT (INMOS)." International Scientific Journal of
Contemporary Research in Engineering Science and
Management 6.1 (2021): 111-115.

[21].R. K, A. Shameem, P. Biswas, B. T. Geetha, J. R. Arunkumar
and P. K. Lakineni, "Supply Chain Management Using
Blockchain:  Opportunities, Challenges, and  Future
Directions,” 2023 Second International Conference on
Informatics (ICI), Noida, India, 2023, pp. 1-6, doi:
10.1109/1C160088.2023.10421633.

[22].J.R.Arunkumar. “Comprehensice Analysis of Security Issues
in Cloud Computing Technologies”, Journal of
Science,Computing and Engineering Research, 6(5), 06-10,
June 2023.

[23].S. Sugumaran, C. Geetha, S. S, P. C. Bharath Kumar, T. D.
Subha and J. R. Arunkumar, "Energy Efficient Routing
Algorithm with Mobile Sink Assistance in Wireless Sensor
Networks," 2023 International Conference on Advances in
Computing, Communication and Applied Informatics
(ACCAI), Chennai, India, 2023, pp. 1-7, doi:
10.1109/ACCAI58221.2023.10201142.

[24].1. Chandra, K. V. Karthikeyan, R. V, S. K, M. Tamilselvi and
J. R. Arunkumar, "A Robust and Efficient Computational

Offloading and Task Scheduling Model in Mobile Cloud
Computing,” 2023 International Conference on Atrtificial
Intelligence and Knowledge Discovery in Concurrent
Engineering (ICECONF), Chennai, India, 2023, pp. 1-8, doi:
10.1109/ICECONF57129.2023.10084293.

[25].R. S. Vignesh, A. Kumar S, T. M. Amirthalakshmi, P.
Delphy, J. R. Arunkumar and S. Kamatchi, "An Efficient and
Intelligent Systems for Internet of Things Based Health
Observance System for Covid 19 Patients," 2023 International
Conference on Artificial Intelligence and Knowledge
Discovery in Concurrent Engineering (ICECONF), Chennai,
India, 2023, pp. 1-8, doi:
10.1109/ICECONF57129.2023.10084066.

[26].DC Jullie Josephine, J Sudhakar, T Helan Vidhya, R
Anusuya, G Ramkumar,“An Improved Multi class Breast
cancer classification and Abnormality Detection based on
Modified Deep Learning Neural Network Principles”, Deep
Learning in Biomedical Signal and Medical Imaging, CRC
Press, Taylor and Francis, 2024.

[27].R. Anusuya, Pragya Vashishtha, “Real Automatic Number
Plate Image Detection With Yolo Algorithms”, Journal of
Science, Computing and Engineering Research, 7(7), July
2024.

Page | 5



