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ABSTRACT

This work proposes the design and analysis of an off-board Three-Port Integrated Topology (TPIT). TPIT is used
to interface Electrical Vehicles (EVs) and Renewable Energy Sources (RES) from solar electrical phenomenon (PV) panels
with the power grid. The TPIT consists of three power converters sharing one common DC link. It can be operated in four
completely different modes towards the long run sensible grids. The EV battery area unit is charged with energy from the
power grid through the Grid-to-Vehicle (G2V) operation mode. The EV batteries deliver a part of the stored energy back to
the power grid through the Vehicle-to-Grid (V2G) operation mode. The energy created by the PV panels is delivered to the
electrical grid through the Renewable-to-Grid (R2G) operation mode and the energy created by the PV panels is employed
to charge the EV batteries through the Renewable-to-Vehicle (R2V) operation mode. In addition to individual action, the
reorganization of those modes leads to hybrid operational modes. This work plan is to propose a power theory to regulate
the TPIT and this current control strategy controls the current in AC and DC sides of the TPIT respectively. Also, the
features of the developed TPIT prototype, including the hardware and the digital control system are designed. The result
portrays the analysis of TPIT operation modes are presented.

Keywords: electric vehicle, integrated topology, renewable energy sources, smart grid.

Manuscript Received 5 May 2023; Revised 15 September 2023; Published 30 September 2023

1. INTRODUCTION vehicle-to-grid (V2G) technology according to the
charging methods.
1.1 Electric Vehicles
Electric Vehicles (EVs) are gaining momentum
due to several factors, including price reduction as well as
the climate and environmental awareness. EVs will have a Vehices {EVs|
very important role in Smart cities, along with shared
mobility, public transport, etc. Therefore, more efforts to
facilitate the charging process and to improve batteries are
needed. The main drawback of the EVs is their autonomy.
However, researchers are working on improved battery Battery Electric Plugqin Hybrid HybridElctric Fuel Cell lectric | | Extended-range
technologies to increase driving range and decrease Vehicles FlectricUehices Vehices Vehices || ElectricVehicles
charging time, weight, and cost. These factors will By KRy (ER-EVS}
ultimately determine the future of EVs. The evolution of (B [PAEVS (HEVS FCEs)
electrical vehicles throughout history, give diverse Hybrid Vehices (HVs|
classifications according to the manner in which they have
been designed and the characteristics of their engines or
analyze their impact on the electrical infrastructure. The
history of EVs from their creation, in the middle of the
nineteenth century, until present. Additionally, they carry
out a classification of the vehicles according to their power
train settings. Finally, their work analyze the impact of
charging electric vehicles on the electric grid. The effects
that EVs can produce in the required productivity,
efficiency, and capacity of the electric grid. Furthermore,
he reviews the economic and environmental impact of
electric vehicles. A review of charging methods for
electric vehicles and analyze their impact in the power
distribution systems. Much research is carried out an
analysis of coordinated and non-coordinated charging
methods, delayed loading, and intelligent planning of
charges. Finally, the study the economic benefits of the

Electric

Figure-1. Electric vehicles classification.

1.2 Renewable Energy Sources

Conventional energy sources based on oil, coal,
and natural gas have proven to be highly effective drivers
of economic progress, but at the same time damaging to
the environment and to human health. Furthermore, they
tend to be cyclical in nature, due to the effects of oligopoly
in production and distribution. These traditional fossil
fuel-based energy sources are facing increasing pressure
on a host of environmental fronts, with perhaps the most
serious challenge confronting the future use of coal being
the Kyoto Protocol greenhouse gas (GHG) reduction
targets. It is now clear that any effort to maintain
atmospheric levels of CO2 below even 550 ppm cannot be
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based fundamentally on an oil and coal-powered global
economy, barring radical carbon sequestration efforts.
Renewable energy sources currently supply somewhere
between 15 percent and 20 percent of the world’s total
energy demand. The supply is dominated by traditional
biomass, mostly fuel wood used for cooking and heating,
especially in developing countries in Africa, Asia, and
Latin America. A major contribution is also obtained from
the use of large hydropower; with nearly 20 percent of the
global electricity supply being provided by this source.
New renewable energy sources (solar energy, wind
energy, modern bio-energy, geothermal energy, and small
hydropower) are currently contributing about two percent.
A number of scenario studies have investigated the
potential contribution of renewable to global energy
supplies, indicating that in the second half of the 21*
century, their contribution might range from the present
figure of nearly 20 percent to more than 50 percent with
the right policies in place.

1.3 Photovoltaic Cells

A solar cell (or Photovoltaic Cell) is a device that
produces electric current either by chemical action or by
converting light to electric current when exposed to
sunlight. For the sake of this article, attention will be given
to solar cells only. Asolar cellis also known as
photovoltaic cell which produces electric current when the
surface is exposed to sunlight. In the course of this article,
we will be making reference to sunlight as electromagnetic
radiation (EM-radiation).In solar cells, the amount of
electrical energy generated by the cells depends on the
intensity of the EM radiation that reaches the surface of
the cell. A solar cell converts the EM radiation to DC
current. Thus, we can say that a solar cell is a
semiconductor  junction device that  converts
electromagnetic radiation reaching us from the sun to
electrical energy. As stated above, the current generated is
DC.

1.3.1 Risks with batteries

Batteries are prone to accidents like leakage and
explosions which are caused mainly due to mishandling or
misuse of the batteries. While an explosion may result
from misuse like throwing in a flame, attempting recharge
of a primary cell, short circuiting, overcharging, etc.,
leakage is mainly either due to manufacturing defects or
the storage conditions like temperature, humidity and
position. This may result in the leakage of potentially
corrosive materials as in the case of a few batteries like
Lead Acid and do damage to the equipment in which these
have been installed. The use of environmentally dangerous
materials like mercury in the batteries has raised
widespread concern and has called for various
constitutional acts of restrictions on battery materials.

1.4 Electrical Grid

Electrical grids are adapting to become more
resilient and renewable. As the pressing need to decrease
carbon emissions motivates incentives for and
development of renewable energy, so also increases the

need for electric grids to be able to withstand and recover
from more frequent and severe natural disasters. In
addition, adversarial cyber and physical human threats are
becoming more sophisticated and devastating. Two major
themes, renewable energy integration and resiliency of
power systems, are driving great changes in the operation
and planning of electrical grids. These two themes are
intertwined for several reasons. First, both are currently
being addressed by electric utilities. Second, the need to
incorporate uncertainty analysis is necessary for both
generator scheduling with renewable generation and for
assessing the risk of natural disasters and cyber security
threats in resiliency analysis. Last, distributed renewable
generation has in part driven the increase in the
digitalization of the grid that in turn poses cyber security
risks and monitoring requirements. The digitization of the
electrical grid has proven to be a great asset in developing
the advanced monitoring and forecasting abilities
necessary for high contributions of non-dispatchable and
variable inverter-based renewable energy sources
(VIBRES); however, the advent of massive amounts of
critical infrastructure data and new communication
frameworks also poses significant cyber security risks.

Energy Storage
Conventional Systems
Generator Systems

Coal Power Hydro
Plants Power Plants

High "] Low
Inertia | Inertia

PV-Wind
Nuclear Systems PV Wind
Power Plants Systems Systems

Generator Dominated Power System Inverter Dominated Power System

Figure-2. Evolution towards variable inverter-based
renewable energy sources.

The automation increase has also spurred
investigation into self-healing. Inherent system resilience
is becoming an important factor in longer-term system
topology evolution studies, as well as probabilistic
planning and operations studies. At the shorter time scale
of power system events, machine learning has been
leveraged against the growing power system data sets to
evaluate resilience more acutely. These topics include
cyber-physical analysis of solar, wind, and DERs,
microgrids, network evolution and observability,
substation automation and self-healing, and probabilistic
planning and operation methods. However, in comparison
to the research works solely addressing resilience in power
systems or the evolving electrical grid, there are far fewer
research works at the intersection of these topics. There is
a research gap and a clear need for research to incorporate
this two topic together and holistically.
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2. LITERATURE REVIEW

Electric mobility represents a significant
contribution to increase sustainability and efficiency in the
transport sector [1] [2], including the use of electric
vehicles (EVs), hybrid EVs, fuel cell vehicles [3], and
electric bicycles [4]. Nevertheless, the massive
introduction of EVs into the electrical grid should be
controlled in order to prevent power quality problems
[5][6], to optimize its interaction with other electrical
appliances [7], as well as to take advantage of their use in
the new paradigms of microgrids [8], smart grids and
smart homes [9]. In this context, the optimized EV
charging process considering the customer perspective, the
power demand, and the revenue of the aggregator is
presented. Besides the controlled charging process, the
introduction of EVs into the electrical power grid to
exchange energy in bidirectional mode through the grid-
to-vehicle (G2V) and vehicle-to-grid (V2G) operation
modes is presented in [11].

In addition, with the progress in micro
generation, new opportunities also emerge for the
integration of EVs with renewable considering different
electrical grid constraints [19]. In this context, the
contribution of EVs to stabilize the electrical grid voltage
considering the introduction of renewable is presented in
[20]. Besides the EV operation considering renewable
energy sources, the incorporation of energy storage
systems is also relevant for energy management in smart
grids.

3. PROBLEM DESCRIPTION

3.1 Existing System

The main disadvantage of traditional topology is
associated with the direct EV battery charging process
from renewable sources, where it is necessary to use four
converters and the electrical grid as an intermediary (DC
to AC stage followed by an ac to dc stage). In order to side
step this drawback, this paper presents the
experimental validation of a single-phase off-board three-
port integrated topology (TPIT) for residential purpose,
aiming to interface EVs and renewable with the electrical
grid through an ac-dc converter and two DC-DC
converters. Figure-1 presents the interface between an EV
and PV panels with the electrical grid using the classical

topology.

walh AT

Faaal  gpay

A_\C—DC [ PV Panels |
[Electrical| | | /62}— A: ‘
Grid = =

.

tacs] e . [Electric Vehicle
; /62}_4: ] C-;‘ﬁa'l‘_‘*w,
o S L C) = (0] )
(a)

e, | [ PVPanels )
AR N
— .’é, Lo -

[Electrical]

o

=1 | [(Electric Vehicle

“V—— R |-=:~N
PG| (e

Figure-3. Interface between an EV and PV panels with the
electrical grid: Classical topology (b) Proposed topology.

Figure-4 shows the interconnection between the
TPIT, the EV, the PV panels, and the electrical grid.
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Figure-4. Three-port integrated topology (TPIT) used to
interface electric vehicles (EVs) and renewable from
photovoltaics (PV) with the electrical grid through the
G2V, V2G, R2V and R2G operation modes.

3.2 Proposed System

The circuit schematic of the TPIT is presented
Figure-5, where is presented the ac-dc bidirectional full-
bridge converter used to interface the power grid, the dc-
dc bidirectional half-bridge converter used to interface the
EV batteries, and the dc-dc unidirectional half-bridge
converter used to interface the PV panels. In addition to
the previously highlighted advantages (cf. section I), this
topology was selected due to the possibility of integrating
the three converters in a single dc-link, maintaining the
characteristics of each converter. The EV is not galvanic
isolated from the PV or from the power grid, since the
galvanic isolation only must be guaranteed between the
traction batteries and the vehicle chassis according to the
IEC 61851-1 standard. The operation of the TPIT is
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defined according to the EV operation mode (G2V or
V2G) and the available energy from the PV panels (R2G
or R2V). Therefore, a power theory should be defined in
order to establish the current references for the TPIT
operation according to the different operation modes.

Figure-5. Circuit of the proposed three-port integrated
topology (TPIT) used to interface EVs and renewable
with the electrical grid.

3.3 Three-Port Integrated Topology
(TPIT)

Taking into account that the TPIT operates with
sinusoidal grid current, the grid current reference (ig*) is
determined using a power theory, i.e., it is obtained a
signal directly proportional to the electrical grid voltage
(vg). In the scope of this paper, the power theory is based
on the Fryze-Buchholz-Depenbrock (FBD) method, where
a converter can be seen as a conductance (GG). From the
electrical grid point of view, the TPIT can operate as a
linear load (consuming sinusoidal current in phase with
the voltage, i.e., as an active rectifier) or as a current
source (injecting sinusoidal current into the electrical grid
in phase opposition with the voltage, i.e., as a grid-tie
inverter). The EV current (iev) is controlled according to
its reference established by the battery management
system (BMS)(cf. section IL.B). Since the instantaneous
values of all the ac and dc variables are acquired by the
digital control system (with a sampling frequency of 40
kHz), the operating power in each port is automatically
calculated by the control system with the same sampling
rate. Analyzing is possible to verify that the grid current
(ig) is also directly influenced by the grid voltage (vg),
meaning that the harmonic distortion presented in the grid
voltage will be reflected in the grid current. Directly using
the measured grid voltage represents a disadvantage, since
the TPIT would contribute to aggravate the problem of
harmonic currents in the electrical grid. To avoid this
drawback, instead of using the measured voltage it is used
a signal proportional to its fundamental component, i.e., a
sinewave signal with the fundamental frequency of the
electrical grid (50 Hz - in Europe). This signal is obtained
from a phase-locked loop (PLL) algorithm.

3.4 System Requirements

This proposed system comprises of Arduino,
current sensor, solar, battery, LCD, buzzer. Normally load
takes power supply from grid. Bluetooth is nothing but
wireless module. The controller reads the data from the

controller. Whenever peak time persists automatically
share the renewable battery power. DC to DC converter is
used to convert renewable energy to AC energy. The
controller is used to send the calculated amount of grid
and renewable energy use to the EB section. The current
sensor is used to measure the line voltage. Here current
sensor is used to protect the devices from faults like 1.
Over voltages 2.Under voltage. If any one of the above
problem persists the device automatically share or switch
off the device. Controller status is displayed in LCD. The
whole process is controlled by a microcontroller. The
minimum hardware and software requirements are
specified below.

3.5 Hardware Requirements

=  Power Supply

=  Arduino microcontroller
Solar Panel

= Battery

=  Current sensor

= LCD Display

=  Lamp load

=  DCto DC converter

4. DESIGN AND IMPLEMENTATION

4.1 Operation of the Three-Port Integrated Topology
(TPIT)

Figure-6 shows a typical operation of the TPIT
considering the G2V, V2G, R2V and R2G modes, where,
vg denotes the electrical grid voltage, igmeans the current
in the electrical grid, and pg, pev, ppvare, respectively, the
grid power, the EV power and the PV power. These results
were obtained with computer simulations using the
software PSIM v9.0.

Figure-6. Principle of operation TPIT.

During the firsttime interval (from 0.1 s to 0.18
s) the TPIT is controlled to operate in G2V operation
mode, i.e., the EV batteries are charged with energy
provided only by the electrical grid. Therefore, the value
of the grid power (pg) is equal to the value of the EV
power (pev). During the second time interval (from 0.18 s
to 0.26 s), the TPIT is controlled to charge the EV
batteries (G2V operation mode) and to extract the
maximum power from the PV panels (R2V operation
mode), i.e., the EV batteries are charged with energy
provided by the electrical grid and by the PV panels.
Therefore, the value of the grid power (pg) is the
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difference between the EV power (pev) and the PV power
(ppv). During the third time interval (from 0.26s to 0.34 s),
the TPIT is controlled to charge the EV batteries (G2V
operation mode) and to extract the maximum power from
the PV panels (R2V operation mode), where, the EV
batteries are charged with energy provided only by the PV
panels. Therefore, the value of the PV power (ppv) is
equal to the EV power (pev). During the fourth time
interval (from 0.34s to 0.42 s), the TPIT is controlled to
extract the maximum power from the PV panels (R2G
operation mode) and to inject it into the electrical grid.
Therefore, the value of the PV power (ppv) is equal to the
grid power (pg). The negative value of pgmeans that the
electrical grid receives energy.

4.2 Implementation of the TPIT

The potential transformer will step down the
power supply voltage (0-230V) to (0-6V) level. Then the
secondary of the potential transformer will be connected to
the precision rectifier, which is constructed with the help
of op-amp. The advantages of using a precision rectifier
are it will give peak voltage output as DC; rest of the
circuits will give only RMS output.

4.3 Input and Output

Serial: 0 (RX) and 1 (TX). Used to receive (RX)
and transmit (TX) TTL serial data. These pins are
connected to the corresponding pins of the ATmega8U2
USB-to-TTL Serial chip. External Interrupts: 2 and 3.
These pins can be configured to trigger an interrupt on a
low value, a rising or falling edge, or a change in value.
See the attach Interrupt () function for details.PWM: 3, 5,
6, 9, 10, and 11. Provide 8-bit PWM output with the
analogWrite() function.SPI: 10 (SS), 11 (MOSI), 12
(MISO), 13 (SCK). These pins support SPI
communication using the SPI library. LED: 13. There is a
built-in LED driven by digital pin 13. When the pin is
HIGH value, the LED is on, when the pin is LOW, it's off.
TWI: A4 or SDA pin and A5 or SCL pin. Support TWI
communication using the Wire library.The Uno has 6
analog inputs, labelled AO through AS, each of which
provide 10 bits of resolution (i.e. 1024 different values).
AREF. Reference voltage for the analog inputs. Used with
analogReference(). Reset. Bring this line LOW to reset
the microcontroller. Typically used to add a reset button to
shields which block the one on the board.

5. CONCLUSIONS

This work presents a Three-Port Integrated
Topology (TPIT) which is used to interface an Electric
Vehicle (EV) and Renewable Energy Sources (RES) from
photovoltaic (PV) panels with the Electrical Grid. With the
proposed topology, it is possible to reduce the number of
conversion stages in comparison with a classical
topology, also allowing the definition of new operation
modes and control algorithms, without neglecting the
power quality in the electrical grid side. The proposed
TPIT is designed in four main operation modes, where it is
possible to deliver energy from the PV panels to the
EV or to the electrical grid and to exchange energy in

bidirectional mode between the EV and the electrical grid.
This project work in phase II will focus on various
algorithms to control the TPIT based on the Fryze-
Buchholz-Depenbrock (FBD) power theory, the
predictive current control strategies, and the hardware to
be developed, will include the power converters and the
digital control system. The simulation result validates the
benefits of the proposed topology, including the
operation with sinusoidal grid current and low Total
Harmonic Distortion (THD) in all the operating modes.

REFERENCES

[1] A. Aruna, M. Sayee Kumar, T. Aravind. 2015. M-
Score: A Misusability Weight Measure for Insider
Attack Detection in DBMS. International Journal of
Innovation Research in Science, Engineering and
Technology. 4(6),ISSN: 2347-6710.

[2] Aravind Thangavel, Vijayakumar Govindaraj. 2022.
Forecasting Energy Demand Using Conditional
Random Field and Convolution Neural Network.
ElektronikalrElektrotechnika. 28(5): 12-22.

[3] K. Gunasekaran, V. Shanmugan and P. Suresh.
Experimental Investigations on Plain Tube Collector
Solar Dryer Integrated with Biomass System for
Drying Coleus Forskohlii Roots.Wulfenia
International Journal. 20(2): 416-426.

[4] Suresh P, Gunasekaran K. and Shanmugam V. 2012.
Modeling and Analytical Experimental Study of
Hybrid Solar Dryer Integrated with Biomass Dryer for
drying Forskohlii  Stems. International
Conference on Product Development and Renewable
Energy Resources (ICPDRE-2012), 18" - 19" Feb
2012, Sri Eshwar Engineering College, Coimbatore,
Proceedings of the IACSIT Press. 28: 28 - 32.

coleus

[5] Wencong Su, Habiballah Rahimi-Eichi, Wente Zeng,
Mo-Yuen Chow. 2012. A Survey on the
Electrification of Transportation in a Smart Grid
Environment. IEEE Trans. Ind. Informat.8(1): 1-10.

[6] C. C. Chan, Alain Bouscayrol, Keyu Chen. 2010.
Electric, Hybrid, and FuelCell Vehicles: Architectures
and Modeling. IEEE Trans. Veh.Technol.59(2): 589-
598.

[71 C. C. Chan. 2007. The State of the Art of Electric,
Hybrid and Fuel Cell Vehicles. Proc. IEEE. 95(4):
704-718.

[8] Jodo C. Ferreira, Vitor Monteiro, José A. Afonso,
Jodo L. Afonso. 2015. Mobile Cockpit System for

1644



VOL. 18, NO. 14, JULY 2023

ISSN 1819-6608

©2006-2023 Asian Research Publishing Network (ARPN). All rights reserved.

ARPN Journal of Engineering and Applied Sciences i ;,\E.

www.arpnjournals.com

Enhanced Electric Bicycle Use. IEEETrans. Ind.
Informat.11(5): 1017-1027.

[9] Joao A. Pegas Lopes, Filipe Soares, Pedro M. Rocha
Almeida. 2011. Integration of Electric Vehicles in the
Electric Power Systems. Proc. IEEE. 99(1): 168-183.

[10]]J. Carlos Gémez, Medhat M. Morcos. 2003. Impact of
EV Battery Chargerson the Power Quality of
Distribution Systems. IEEE Trans. Power Del. 18(3):
975-981.

[11]Nikolaos G. Paterakis, Ozan Erding, Anastasios G.
Bakirtzis, Jodo P. S. Cataldo. 2015. Optimal
Household Appliances Scheduling Under Day Ahead
Pricing and Load-Shaping Demand Response
Strategies. IEEE Trans. Ind. Informat. 1(6): 1509-
1519.

[12]Changsong Chen, Shanxu Duan. 2014. Optimal
Integration of Plug-InHybrid Electric Vehicles in
Microgrids. IEEE Trans. Ind. Informat. 10(3): 1917-
1926.

[13]Vehbi C. Gungor, Dilan Sahin, Taskin Kocak, Salih
Ergut, Concettina Buccella, Carlo Cecati, Gerhard P.
Hancke. 2012. Smart Grid and Smart Homes - Key
Players and Pilot Projects. IEEE Ind. Electron. Mag.6:
18-34.

[14]Chenrui Jin, Jian Tang, Prasanta Ghosh. 2013.
Optimizing Electric Vehicle Charging: A Customer’s
Perspective. IEEE Trans. Veh. Technol. 62(7): 2919-
2927.

[15]Ming Zeng, Supeng Leng, Yan Zhang. 2013. Power
Charging and Discharging Scheduling for V2G
Networks in the Smart Grid. IEEE ICC International
Conference on Communications Workshops. pp.1052-
1056.

[16]Mithat C. Kisacikoglu, Metin Kesler, Leon M.
Tolbert. 2015. Single-Phase On-Board Bidirectional
PEV Charger for V2G Reactive Power Operation.
IEEE Trans. Smart Grid. 6(2): 767-775.

[17]Rong Yu, Weifeng Zhong, Shengli Xie, Chau Yuen,
Stein Gjessing, Yan Zhang. 2016. Balancing Power
Demand through EV Mobility in Vehicle-to-Grid
Mobile Energy Networks. IEEE Trans. Ind. Informat.
12(1): 79-90.

[18]Fabian Kennel, Daniel Gorges, Steven Liu. 2013.
Energy Management for Smart Grids with Electric

Vehicles Based on Hierarchical MPC. IEEE Trans.
Ind. Informat. 9(3): 1528-1537.

[19]Rong Yu, Weifeng Zhong, Shengli Xie, Chau Yuen,
Stein Gjessing, Yan Zhang. 2016. Balancing Power
Demand through EV Mobility in Vehicle-to-Grid
Mobile Energy Networks. IEEE Trans. Ind.
Informat.12(1): 79-90.

[20] Murat Yilmaz, Philip T. Krein. 2013. Review of the
Impact of Vehicle-toGrid Technologies on
Distribution Systems and Utility Interfaces. IEEE
Trans. Power Electron.28(12): 5673-5689.

[21]Chunhua Liu, K. T. Chau, Diyun Wu, Shuang Gao.
2013. Opportunities and Challenges of Vehicle-to-
Home, Vehicle-to-Vehicle, and Vehicle-to Grid
Technologies. Proc. IEEE. 101(11): 2409-2427.

[22] Vitor Monteiro, J. G. Pinto, Jodo L. Afonso. 2016.
Operation Modes for the Electric Vehicle in Smart
Grids and Smart Homes: Present and Proposed
Modes. IEEE Trans. Veh. Tech., 65(3): 10071020.

[23]T. Aravind, Ms. D. Santhiya, Ms. E. Subhashini, Ms.
S. Swetha. 2021. Anti-theft ATM Abnormal
Detection using Big Survillence Video Data. Journal
of Information and Computational Science, 11(5),
ISSN: 1548-7741.

[24]Sam Weckx, Johan Driesen. 2015. Load Balancing
With EV Chargers and PV Inverters in Unbalanced
Distribution Grids. IEEE Trans. Sustain. Energy. 6(2):
635-643.

[25] Willett Kempton, Jasna Tomic. 2015. Vehicle-to-Grid
Power Implementation: From Stabilizing the Grid to
Supporting ~ Large-Scale = Renewable  Energy.
ELSEVIER Journal of Power Sources. 144: 280-294.

[26]T. Aravind, M. Prasanna, D. Sivanandham, S.
Soundharraj. 2021. Similarity and Location aware
Scalable data cleaning and backup System in Cloud
Computing in Bigdata. International Journal of
Advanced Research in Innovative Discoveries in
Engineering and Applications, 6(2,27): 10-19,

ISSN(Online): 2456-8805

[27]Karthik. G. M, Sayee Kumar. M, Kumaravel. R., T.
Aravind. 2020. Finding spectrum occupancy pattern
using CBFPP mining technique. Journal of Intelligent
& Fuzzy Systems. 39(3): 4361-4368, 2020 ISSN
1064-1246 (P) ISSN 1875-8967 (E), Impact Factor
2020: 1.851.

1645



VOL. 18, NO. 14, JULY 2023

ISSN 1819-6608

©2006-2023 Asian Research Publishing Network (ARPN). All rights reserved.

ARPN Journal of Engineering and Applied Sciences i «a

www.arpnjournals.com

[28] Aravind Thangavel, C. Sivaprakasam, V. K.
Buvanesvari, P. Suresh, U. Saravanakumar, E.
Punarselvam, Image Processing of MRI Scan Human
Lumbar Spine Image Using Finite Element Analysis
and Catia
Innovative Research in Science, Engineering and
Technology,VOL.11, 1.10,2022,

Software. International Journal of

[29]T. Aravind V. K. Buvanesvari, C. Sivaprakasam, P.
Suresh, U. Saravanakumar, M. Suganthi. 2022.
Analysis of Human Lumbar Spine Image with Fem
On Various Manual Lifting Loading Conditions Using
Soft Computing Techniques. International Journal of
Engineering Technology Research & Management.6:
31-41.

[30]T. Aravind. 2018. Semantic Representation of Data
Security for Centralizing Data Storage in Cloud
Environment. International Journal of Innovative
Research in Engineering Science and Technology. 6:
1.2.

[311G Kowselya, T. Aravind. 2017. Reputation Attacks
Detection for Effective Trust Management in Cloud
Enviornment. Vol.6.

[32]S. Senthilraja, P. Suresh, M. Suganthi. Noise
reduction in computed tomography image using WB
filter. International Journal of Scientific and
Engineering Research. 5(3): 243-247.

[33]T. Rajesh Kumar, E. Vignesh, T. Aravind, P. Suresh.

Analysis of Human Spine Image Using Finite
Modelling.
Innovative Research in Science, Engineering and
Technology. 5(4): 6-13.

Element International  Journal of

[34]N. Subramani, J. Ganesh Murali, P. Suresh, V. V.
Arunsankar, T. Aravind, V. K. Buvanesvari. Review
on hybrid composite materials and its applications.
International Research Journal of Engineering and
Technology. 4(2): 1921-25.

[35]E. Punarselvam, P. Suresh. Edge detection of CT scan
spine disc image using canny edge detection
algorithm based on magnitude and edge length. 3rd
International Conference on Trendz in Information
Sciences & Computing (TISC2011). pp. 136-140.

[36]R. Meenakshi P. Suresh. , “WEDM of Cuw/WC/SiC
composites: development and machining parameters
using artificial system.Journal  of
Experimental Nanoscience. 15(1): 12-25.

immune

[37]1N. Nithyanantham, P. Suresh. Evaluation of cast iron
surface roughness using image processing and
machine vision system. ARPN journal of engineering
and applied sciences. 11: 1111-1116.

[38]P. Gopinath, P. Suresh. Mechanical behaviour of
flyash filled, woven banana fiber reinforced hybrid
composites as wood substitute. International Journal
of Mechanical and Production Engineering Research
and Development. 4: 111-16.

[39]S. Balasubramani, M. Suganthi, P. Suresh. An
empirical study on consumer preference towards
Hyundai cars in Salem city.Indian Journal of
Research. 2(9): 20-22.

[40]S. Senthilkumar, P. Suresh, S. Senthilkumar. 2012.
Performance analysis of mIMO ball and beam system
using intelligent controller.International Conference
and Workshop on Recent Trends in Technology.

[41]]. Preetha, S. Selvarajan, P. Suresh. Comparative
Analysis of various image edge detection techniques
for two dimensional CT scan Neck disc
image.International Journal of Computer Science and
Communication. 3(1): 57-61.

[42]P. Suresh, R. Kesavan. Analysis of Supply Chain
Network Using RFID Technique with Hybrid
Algorithm.Journal of Computing, An International
Journal. 2(3): 24-28.

[43]V. Haribalaji, Sampath Boopathi, M. Mohammed
Asif, T. Yuvaraj, D. Velmurugan, K. Anton Savio
Lewise, S. Sudhagar, P. Suresh. Influences of Mg-Cr
filler materials in Friction Stir Process of Aluminium-
based  dissimilar  alloys. = Materials
Proceedings, 66: 948-954, Publisher Elsevier.

Today:

[44]V. V. Arun Sankar, P. Suresh, S. Dhanasekar, E.
Harissh Kumar, R. Nandhakumar. Experimental
research into the mechanical behaviour of banana
fibre reinforced PP composite material. Materials
Today: Proceedings, 33: 3097-3101, Publisher.
Elsevier.

[45] G. Hariharan, P. Suresh. Critical Success Factors for
the Implementation of Supply Chain Management in
SMEs. International Journal of Recent Technology
and Engineering. 7(5S3): 540-543.

[46]SR Vijaya Kumar, P. Suresh, K. Sasikumar, K.
Pasupathi, T Yuvaraj, D Velmurugan, ‘Evaluation and
selection of projects using hybrid MCDM technique

1646


https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&citation_for_view=qyEqbYgAAAAJ:9ZlFYXVOiuMC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&citation_for_view=qyEqbYgAAAAJ:9ZlFYXVOiuMC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&citation_for_view=qyEqbYgAAAAJ:9ZlFYXVOiuMC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&citation_for_view=qyEqbYgAAAAJ:EUQCXRtRnyEC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&citation_for_view=qyEqbYgAAAAJ:EUQCXRtRnyEC
https://www.academia.edu/download/53620362/IRJET-V4I2381.pdf
https://www.academia.edu/download/53620362/IRJET-V4I2381.pdf
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&citation_for_view=qyEqbYgAAAAJ:WF5omc3nYNoC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&citation_for_view=qyEqbYgAAAAJ:WF5omc3nYNoC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&citation_for_view=qyEqbYgAAAAJ:WF5omc3nYNoC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&cstart=20&pagesize=80&citation_for_view=qyEqbYgAAAAJ:edDO8Oi4QzsC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&cstart=20&pagesize=80&citation_for_view=qyEqbYgAAAAJ:edDO8Oi4QzsC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&cstart=20&pagesize=80&citation_for_view=qyEqbYgAAAAJ:edDO8Oi4QzsC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&cstart=20&pagesize=80&citation_for_view=qyEqbYgAAAAJ:bFI3QPDXJZMC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&cstart=20&pagesize=80&citation_for_view=qyEqbYgAAAAJ:bFI3QPDXJZMC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&cstart=20&pagesize=80&citation_for_view=qyEqbYgAAAAJ:bFI3QPDXJZMC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&pagesize=80&citation_for_view=qyEqbYgAAAAJ:gVv57TyPmFsC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&pagesize=80&citation_for_view=qyEqbYgAAAAJ:gVv57TyPmFsC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&pagesize=80&citation_for_view=qyEqbYgAAAAJ:gVv57TyPmFsC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&pagesize=80&citation_for_view=qyEqbYgAAAAJ:OcBU2YAGkTUC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&pagesize=80&citation_for_view=qyEqbYgAAAAJ:OcBU2YAGkTUC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&pagesize=80&citation_for_view=qyEqbYgAAAAJ:OcBU2YAGkTUC
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=d4dc2c580d1f7dba73bc7cc9dfc9ad0b47f3b7a5
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=d4dc2c580d1f7dba73bc7cc9dfc9ad0b47f3b7a5
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&pagesize=80&citation_for_view=qyEqbYgAAAAJ:Y0pCki6q_DkC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&pagesize=80&citation_for_view=qyEqbYgAAAAJ:Y0pCki6q_DkC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&pagesize=80&citation_for_view=qyEqbYgAAAAJ:Y0pCki6q_DkC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&pagesize=80&citation_for_view=qyEqbYgAAAAJ:Y0pCki6q_DkC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&pagesize=80&citation_for_view=qyEqbYgAAAAJ:9yKSN-GCB0IC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&pagesize=80&citation_for_view=qyEqbYgAAAAJ:9yKSN-GCB0IC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&pagesize=80&citation_for_view=qyEqbYgAAAAJ:9yKSN-GCB0IC
https://www.sciencedirect.com/science/article/pii/S2214785322028346
https://www.sciencedirect.com/science/article/pii/S2214785322028346
https://www.sciencedirect.com/science/article/pii/S2214785322028346
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&pagesize=80&citation_for_view=qyEqbYgAAAAJ:XD-gHx7UXLsC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&pagesize=80&citation_for_view=qyEqbYgAAAAJ:XD-gHx7UXLsC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&pagesize=80&citation_for_view=qyEqbYgAAAAJ:XD-gHx7UXLsC
https://www.sciencedirect.com/science/article/pii/S2214785321066438
https://www.sciencedirect.com/science/article/pii/S2214785321066438

VOL. 18, NO. 14, JULY 2023

ISSN 1819-6608

©2006-2023 Asian Research Publishing Network (ARPN). All rights reserved.

ARPN Journal of Engineering and Applied Sciences i ;..\B.

www.arpnjournals.com

under fuzzy environment based on financial factors.
Materials Today: Proceedings, 60: 1347-1352,
Publisher. Elsevier.

[47]M. Buvaneswari, T. Aravind. Virtually Histogram
Approach for Efficient Human Skin Detection.
International ~ Journal of  Futuristic ~ Science
Engineering and Technology. 1(6).

[48]S. Kalaivani, T. Aravind, D. Yuvaraj. 2012. A single
curve piecewise fitting method for detecting valve
stiction and quantification in oscillating control loops.
Proceedings of the Second International Conference
on Soft Computing for Problem Solving (SocProS
2012), December 28-30, pp. 13-24, Publisher Springer
India

[49]G. M. Karthik, M. Sayeekumar, R. Kumaravel, T.
Aravind. Finding spectrum occupancy pattern using
CBFPP mining technique. Journal of Intelligent and
Fuzzy Systems. 39(3): 4361-4368.

[50]L. Francis Xavier, P. Suresh. 2016. Wear Behavior of
Aluminium Metal Matrix Composite Prepared from
Industrial Waste. The Scientific World Journal 2016.

[S1]E. Punarselvam, P. Suresh. Investigation on human
lumbar spine MRI image using finite element method
and soft computing techniques. Cluster Computing.
22, 13591-13607.

[52]1E. Punarselvam, P. Suresh, R. Parthasarathy, M.
Suresh. Segmentation of Lumbar Spine Image Using
watershed ~ Algorithm. International Journal of
Engineering Research and Applications 3(6): 1386-
1389.

[5S3]E. Punarselvam, P. Suresh. Non-Linear Filtering
Technique Used for Testing the Human Lumbar Spine
FEA Model. Journal of medical systems. 43, 1-13.

[54]S. Padmavathy, P. Suresh. Fetal Ultrasound Image
Evaluation of Chromosomal Anomaly Detection and
Classification Using Conditional Rooted Neural
Network (CRNN). Journal of Medical Imaging and
Health Informatics. 9(6): 1307-1315.

[55]P. Suresh, J. Anish Jafrin Thilak. Experimental and

numerical studies on the low-velocity impact response
fiber-reinforced polymer anisogrid
cylindrical shells. Polymer Composites. 43(6): 3831-
3845.

of carbon

[56]J. Anish Jafrin Thilak, P. Suresh. Compression
behavior of 3D printed isogrid cylindrical shell
structures using experimental and finite element
modeling. Polymer Composites. 43(10): 7278-7289

1647


https://www.sciencedirect.com/science/article/pii/S2214785321066438
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=QJHiCWgAAAAJ&citation_for_view=QJHiCWgAAAAJ:kNdYIx-mwKoC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=QJHiCWgAAAAJ&citation_for_view=QJHiCWgAAAAJ:kNdYIx-mwKoC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=QJHiCWgAAAAJ&citation_for_view=QJHiCWgAAAAJ:u-x6o8ySG0sC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=QJHiCWgAAAAJ&citation_for_view=QJHiCWgAAAAJ:u-x6o8ySG0sC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=QJHiCWgAAAAJ&citation_for_view=QJHiCWgAAAAJ:u-x6o8ySG0sC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=QJHiCWgAAAAJ&citation_for_view=QJHiCWgAAAAJ:J_g5lzvAfSwC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=QJHiCWgAAAAJ&citation_for_view=QJHiCWgAAAAJ:J_g5lzvAfSwC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&citation_for_view=qyEqbYgAAAAJ:a0OBvERweLwC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&citation_for_view=qyEqbYgAAAAJ:a0OBvERweLwC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&citation_for_view=qyEqbYgAAAAJ:a0OBvERweLwC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&citation_for_view=qyEqbYgAAAAJ:ZuybSZzF8UAC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&citation_for_view=qyEqbYgAAAAJ:ZuybSZzF8UAC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&citation_for_view=qyEqbYgAAAAJ:ZuybSZzF8UAC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&citation_for_view=qyEqbYgAAAAJ:hFOr9nPyWt4C
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&citation_for_view=qyEqbYgAAAAJ:hFOr9nPyWt4C
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&citation_for_view=qyEqbYgAAAAJ:NJ774b8OgUMC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&citation_for_view=qyEqbYgAAAAJ:NJ774b8OgUMC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&citation_for_view=qyEqbYgAAAAJ:NJ774b8OgUMC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&cstart=20&pagesize=80&citation_for_view=qyEqbYgAAAAJ:p__nRnzSRKYC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&cstart=20&pagesize=80&citation_for_view=qyEqbYgAAAAJ:p__nRnzSRKYC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&cstart=20&pagesize=80&citation_for_view=qyEqbYgAAAAJ:p__nRnzSRKYC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&cstart=20&pagesize=80&citation_for_view=qyEqbYgAAAAJ:p__nRnzSRKYC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&cstart=20&pagesize=80&citation_for_view=qyEqbYgAAAAJ:fbc8zXXH2BUC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&cstart=20&pagesize=80&citation_for_view=qyEqbYgAAAAJ:fbc8zXXH2BUC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&cstart=20&pagesize=80&citation_for_view=qyEqbYgAAAAJ:fbc8zXXH2BUC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&cstart=20&pagesize=80&citation_for_view=qyEqbYgAAAAJ:fbc8zXXH2BUC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&cstart=20&pagesize=80&citation_for_view=qyEqbYgAAAAJ:Aul-kAQHnToC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&cstart=20&pagesize=80&citation_for_view=qyEqbYgAAAAJ:Aul-kAQHnToC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&cstart=20&pagesize=80&citation_for_view=qyEqbYgAAAAJ:Aul-kAQHnToC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qyEqbYgAAAAJ&cstart=20&pagesize=80&citation_for_view=qyEqbYgAAAAJ:Aul-kAQHnToC

