www.ijcrt.org © 2024 1JCRT | Volume 12, Issue 9 September 2024 | ISSN: 2320-2882

IJCRT.ORG ISSN : 2320-2882

APy, 'NTERNATIONAL JOURNAL OF CREATIVE
. 9 RESEARCH THOUGHTS (1JCRT)

<UD

A Comprehensive Review On EV Charging Station
Infrastructure Integrated WithDistribution System

" An International Open Access, Peer-reviewed, Refereed Journal

1Sowmya G, 2Zuhaib Baig, ®Varshitha N Gowda, *Dharshan B G

Assistant Professor, 2>4Assistant Professor
!Department Electrical and Electronics Engineering,
WVIET, Mysuru, Karnataka, India

Abstract: Numerous electric vehicles (EV) charging schemes are documented in the literature, demonstrating
their effectiveness in promoting EV adoption. This article conducts a thorough analysis of current and future
electric vehicle charging systems, focusingon power converter topologies, power handling capabilities, power
flow direction, and charging technique control algorithms. Thearticle concludes by addressing potential future
challenges arising from increased EV penetration and highlighting key research areas to address the impacts of
EV charging infrastructure.

Index Terms - Distribution System, Electric Vehicle Charging Station Infrastructure, Power flow

.INTRODUCTION

Due to the escalating problems associated with global warming and the fact that transportation is the largest
cause of pollution, clean power production and electric vehicles are increasingly. attracting the attention of
businesses and consumers around the world. The driving factors of the Indian vehicle sector are energy
security (reduced reliance on foreign fuel), climate warming goals, environment protection (mostly CO2
emissions), and industrial viability. In 2021, India sold 3,29,190 electric vehicles, a 168% growth over the
1,22,607 electric vehicles delivered last year. According to Indian EV Market, the Indian electric vehicle
market will be worth USD 1,434.04 billion in 2021. By 2027, it is expected to be worth USD 15,397.19
billion, which is a compound annual growth rate (CAGR) of 47.09% over the forthcoming years (2022-2027).

EVs rely on the presence of EV chargers on high ways prior to EVs for the convenience of charging EV
batteries, which has asubstantial impact on the adoption rate and utilization of EVs. The developing EV sector
represents the promise of emissions free when electric cars (EVs) are fueled by clean energy. Indeed, it is
critical to power these electric vehicles as much as possible using renewable sources, as such substantial
charging burdens would have had harmful environmental repercussions if they are powered by non-renewable
power plants. Whereas the EV charging station with RES aims for desirable impacts, they simultaneously pose
questions about the current energy network’s ability to handle peak loads at the distribution level. These flaws
are likely to result in system failures such as voltage deviation and power congestion. As a result, network
losses may increase, network equipment's life may be decreased, end-user equipment may be damaged, supply
services may be halted, or, in the worst-case scenario, network outages may occur.

Although the aforementioned difficulties might be addressed by altering the layout of the existing power
system, for as by replacing cables with larger ones or increasing the capacity of transformers, However, these are
anticipated to be substantial [1]. Also, the EVs can be used as a smart load which can be used as renewable
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distributed generators (DG) or storage devices. As generationand consumption always should counterbalance
for a stable operation of power system, EVs can be recharged and thereby act as aload during high production
and light load periods. This stored energy can be used to drive or as a source of electricity during highload or
low generation periods [2-3].

1. EV COMPATIBILITY WITH THE DISTRIBUTION SYSTEM

Initially, the EV charging station is integrated with the DS, with electricity always flowing from the grid to
the EV (G2V). This is referred to as the unilateral method. The concept of smart charging is explored [5],
which employs planned approaches in a unidirectional manner. The safety and control tactics related with
G2Vtechniques are discussed in detail in attempt to lessen charging costs and the impact of EV charging
stations on DS [6-7].

Figure 1 depicts a simplified illustration of an EV that is connected to the DS. Modeling research on the
interaction of electric vehicles integrated with the DS has advanced from a unidirectional pattern in the early
stages to a two-way power flow in the present grid [8]. The term "vehicle-to-grid"” refers to the technology that
enables bidirectional energy transfer between an EV andthe grid (V2G). This is accomplished by integrating
information and communication technology (ICT) into the electric vehicle charging station. The major goal of
having bidirectional mode is to employ EVs as smart loads, charging them during light load periods and
discharging them during peak load periods to meet peak demand. This can be done by peak load shaving
techniquein DSM [9].
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Fig.1: EV Compatibility with the DS [4]

A. International EV Charging Standards

Charging an EV could be done at residence or at a commercial charging station situated in workplaces,
Malls, and parking zone,among other locations. According to SAE standards, there are three distinct charging
modes for EVs. Alternating current (AC) charging can be performed in modes 1 and 2, while direct current
(DC) charging can be performed in mode 3. (DC). Numerous countries in Europe, as well as Japan and the
United States, have implemented similar charging modes [10]. The charging standards and various level
charging stations have been created in accordance with the charging characteristics and modes specified in
Table
1. For residential charging, Mode 1, also known as Level 1 AC Charging, is used. It operates on 120V
alternating current and is created by having a little modification to domestic wiring. Although this is a low-
cost charging configuration, it requires a lengthy charging time of 12-16 hours to reach 100 percent SOC.
Apart from charging at home, EVs may also be charged at public. Publiccharging area operate in Mode 2 and
provide a relatively rapid charge rate. However, installing infrastructure of Mode 2 charging iscostly and has a
significant effect on the DS. Commercially, in alternative to the AC charging, a DC charging solution is
available.Mode 3 charging is a direct current (DC) fast charging method that utilizes an on-board supply unit. It
has a power handling capacityof 80—200 kW and is suitable enough of charging EVs in as little as 30 minutes.
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However, it has a substantial impact on the DS’s maximum loading capability and is the most expensive to
build.

1. EV CHARGING STATION INFRASTRUCTURE

For various infrastructures of EV charging stations, providing owners the option of charging their vehicle at
home or using public charging stations for a quick charge. The classification of EV charging station
infrastructure along with the work carried out so faris discussed as follows:

B. Onboard Charging Technique

On-board chargers (OBC) for electric car batteries can be positioned either on the inside or the exterior of
the vehicle (off- board). As a result, OBC are constrained in terms of their size, weight, and volume [11]. As a
result, they are often suitable with both level 1 and 2 chargers, which require 4-11 hours and 1-4 hours,
respectively, to fully charge the battery. These chargers are available in two modes: constant current or
constant voltage, both of which are simple to operate. They are typically capable of unidirectional power
transfer; but, depending on the arrangement, bidirectional power transfer is possible. As illustrated in Figure 2,
An on-board charger's principal function is to manage the flow of electricity from the utility to the battery. This
means that the OBC must adhere to the DS's specifications in the areas where it will be used. The fundamental
condition is that no reactive power is injected back into the grid, which is accomplished with a power factor
(PF) greater than 0.9. Additionally, the OBC must be compatible with the chargers available, which means it
must enable single-phase and three-phase operation.

Two Stage Back to Back Converter Topology: Typically, onboard chargers consist of two stages: a
converter that converts AC to DC at the front, and a converter that converts DC to DC at the back. The power
factor correction (PFC) module is attached between the two converters to increase power factor and power
quality. Controlled or uncontrolled, full or half wave bridge rectifier, the first stage AC/DC converter is
available. The converter type can be influenced by the characteristics of power flow, either unidirectional or
bidirectional. For example, diodes can be used to provide unidirectional power flow, whereas active switches
can be utilized to provide bidirectional power flow [12]. The interleaved boost converter-is gaining popularity in
the PFC converter. Interleaved boost converters are just two boost converters functioning in tandem with 180
degrees of phase difference between them [13]. The fundamental goal of this interleaving is to improve the
power of the output current by lowering the disruption in the input current. This will-allow for the interleaving
to be successful. '

Table I. Various Charging Methods with theirCharacteristics

120V-AC,
12-16A & 1-Phase 6-10

cheap setup. [Rate of chargingis

Less effect on [slow.

1.4-1.9 kW DS. Long charging
duration
240V-AC, Quick High setup cost.

?8‘; lftW Il’/l?ase 13 charging High effect on DS.
interval.
Energy-
saving.
480V-DC, A very quick [High setup cost.
80-200A & | 3-Phase(.5 charge time. [High effect onDS.
20-120kW More efficient.
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The second stage DC-DC converter is commonly employed as a resonant power converter, followed by the PFC
module. due to the possibility of simultaneously achieving a greater switching frequency and a smaller
switching loss [14]. Among all the resonant converters, the LLC configuration is getting a lot of attention
because of its many benefits over other resonant configurations, like:

(1) the capability to switch at zero voltage (ZVS) or zero current (ZCS), (2) a transformer with high frequency
makes it possible toisolate the grid and the EV, (3) a broad range of output voltage is conceivable, and (4) the
filter at the output side is just a capacitiveone [15].

Single Stage Converter Topology: When the rectifier and the buck-boost converter are joined, a single
stage battery charger is formed. This architecture of charging scheme is utilized when price and allocation
considerations are crucial [11]. Indeed, a one stage battery charger eliminates the need for several high - cost
parts such as dc-link capacitors and inductors [18], which are necessary in a 2-stage charger. The disadvantage
is that 1-stage chargers with an insulated converter have a low ratio of conversion, limiting its usage to a broad
output voltage range. If, on the other hand, a high frequency isolator is used, likes in the OBC architecture
presented in [19], the low frequency signals created due to AC to DC conversion passes through the
transformer, resulting in a high magnetizing current. Additionally, a significant multiple passive diodes and
active semiconductor devices may be required to provide PFC [18], increasing the configuration's complexity.

Multifunctional OBC: The final type of OBC proposed is the multifunctional OBC. Certain components of
this sort of batterycharger are shared to achieve many objectives. This way, increased efficiency of fuel can be
achieved with a simple, lighter design.

According to [20], While the vehicle is in drive mode, the proposed multipurpose battery charger might
charge the auxiliarybattery using the primary battery, thereby operating as both an OBC and a low-voltage dc-to-
dc converter (LDC). In [21], a similar configuration, depicted in Fig. 3, is offered with the similar
responsibilities.
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Fig. 2: OBC Configuration with Controller Unit
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C. Off-board Charging Technique

Off-board chargers are essentially DC fast chargers that are mounted externally to the EV due to their high-
power capacity. Off-board charging systems are typically consisting of two stages: an AC/DC rectifier that
interfaces with the DS and a DC/DC power converter that interfaces with the EV battery. Depending on the
converter architecture, either of these stages can handle both bidirectional and unidirectional power transfer.

Unidirectional Converter: In off-board chargers, the Vienna rectifier is the most popular unidirectional
AC/DC converter [22-23]. It has a number of advantages, including low voltage burden on individual
switches and great efficiency. The primary restrictions, however, are the limited reactive power management
and the requirement for balancing the dc-link voltage. [22] proposes a 25-kW capacity off-board charging
station prototype model comprised of a single-switch Vienna rectifier, as illustratedin Fig. 4, and four parallel
connected dc/dc modules with three-level.

The phase shifted H bridge power converter [24] is another form of unidirectional DC/DC converter used in
unidirectional off-board chargers, the schematic of which is shown in Figure 5. This type of converter offers
numerous benefits, along with a high-power density, low magnetic distortion, and great efficiency, making it an
ideal option for inclusion in rechargeable batteries [25].

Bi-Directional Converters: The 3-phase LCL filter connected active rectifier is most extensively used
bidirectional AC/DC converters, the schematic of which is shown in Fig. 6. In [27], the front-end ac—dc
converter is accomplished using a three-phase three level neutral-point-clamped (NPC) converter. This power
converter was used to boost density of the power and to minimize currentharmonic distortion. Additionally, it
enables the establishment of a bipolar direct current bus suitable for the deployment of partial- power
converters. However, the NPC results in a power imbalance and, a sa consequence, complexity in balancing of
voltage across the capacitors on the DC bus.

The other topology to offer bidirectional power flow which is gaining more popularity is DC/DC power
converter. This is because of the potential of modern wide-band gap (Gan/SiC) semiconductor devices, which
have permitted significant increases in converterefficiency and power density [28]. Resonant dual active bridge
[29] and multilayer dual active bridge [30] is designed as primary isolated DC/DC converter to provide

bidirectional power flow.

D. Fast Charging Technique

With the global prevalence of EVs increasing, there is a need for a charging infrastructure capable of replacing
existing oil stations. A fast charging station (FCS) is capable to charge the battery of EV to 80 percent within
half an hour of reduction, but to reduce the charging time to 30 minutes from 7-8 hours, FCS require a lot of
power from the grid, which is why they are typically linked to the MV system [31-32], although some FCS are
proposed to be connected to the LV grid as well [33]. Connecting these charging stations involves a significant
capital expenditure and risks overloading the distribution network. Another crucial factor to consider is the
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voltage drop that the interconnection of FCS may generate along distribution network lines, which must be
less than 10% according to EN50160.

According to [34], rapid charging stations' impact on the MV network can be reduced by the implementation
of energy storage systems (ESSs), which can reduce peak power consumption and supports extra system
functions. Additionally, ESS can boost thelevel of voltage in the event of an under voltage in the lines; however,
this function requires the deployment of a voltage regulations. Renewable energies can also be added into the
FCS to further mitigate the FCS's grid effect. Solar PV can charge the EV batteries during regular operation,
keeping the MV grid from becoming overburdened. Instead, EV batteries can be recharged bythe grid at night
when solar energy isn't available. There are moments when electric vehicles can help the grid. As a result, the
grid's stability will never be compromised by EVs charging at high pulse power.

IV.  CHALLENGES AND FUTURE TRENDS

V.

7]

This section discusses some of the difficulties raised in recent study and suggests future research directions.
The increasing number of EVs will increase both overall loads on the system as well as the maximum load
demand. As a consequence, the system's overall performance may be affected, necessitating the augmentation
of generation capacity. To accommodate a high level of EV penetration, capacity expansion and facility
upgrades in current generation, transmission and distribution systems must be designedholistically, taking both
technological and financial benefits into account. The integration DERSs play a vital role in supporting EV
demand only when enough care has taken towards synchronization of DERs and its impact on DS
performance.

Convenient charging is critical for easing range anxiety on long-distance trips and boosting widespread
adoption of EVs. The long-term placement of charging infrastructure within an area determines the number,
size, and location of infrastructure required to meet EV charging demand, which is a difficult optimization
problem.

CONCLUSIONS

The infrastructure for electric vehicle charging and the timing of EV charging have been intensively
researched in recent years from a range of perspectives. This article summarizes published research on EV
charging infrastructure and DSM approaches used in DS integrated with EV. The first section of this paper
discusses the various topologies of EV charging stations, their power ratings, and characteristics. We reviewed
onboard and off board charging techniques using various power converters. The high- power DC charging
station, often known as a fast charging station, is composed of many level converters that have a negligible
impact on the DS.

REFERENCES

Ecorys, 2014. The role of DSOs in a Smart Grid environment. Amsterdam/Rotterdam.

A. S. Hassan, C. E. Marmaras, E. S. Xydas, L. M. Cipcigan, and N.Jenkins, “Integration of wind power using
V2G as a flexible storage,” IET Conf. Power Unity a Whole Syst. Approach, vol. 2013, no. 15377, p. 1.11-
1.11, 2013.

U. C. Chukwu and S. M. Mahajan, “Modeling of V2G net energy injection into the grid,” 2017 6th Int. Conf.
Clean Electr. Power Renew. EnergyResour. Impact, ICCEP 2017, vol. 29117, pp. 437- 440, 2017.

Asaad Mohammad, Ramon Zamora and Tek Tjing Lie,” Integration of Electric Vehicles in the Distribution
Network: A Review of PV Based Electric Vehicle Modelling”, Energies 2020, 13, 4541;
d0i:10.3390/en13174541.

Su, J.; Lie, T.; Zamora, R. Modelling of large-scale electric vehiclescharging demand: A New Zealand case study.
Electr. Power Syst.Res. 2019, 167, 171- 182.

Zheng, Y.; Niu, S.; Shang, Y.; Shao, Z.; Jian, L. Integrating plug-inelectric vehicles into power grids: A
comprehensive review on power interaction mode, scheduling methodology and mathematical foundation.
Renew. Sustain. Energy Rev. 2019, 112,424-439.

Ahn, C,; Li, C.-T.; Peng, H. Optimal decentralized charging control algorithm for electrified vehicles connected

[JCRTAO02031 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 176


http://www.ijcrt.org/

[10]

(11]

(12]

[13]

[14]

[15]

[16]

(18]

(19]

[20]

[21]

(23]

[24]

[25]

www.ijcrt.org © 2024 1JCRT | Volume 12, Issue 9 September 2024 | ISSN: 2320-2882

to smart grid. J. Power Sources 2011,196, 10369-10379.

Pasaoglu, G.; Fiorello, D.; Martino, A.; Zani, L.; Zubaryeva, A.; Thiel, C. Travel patterns and the potential
use of electric cars—Results from a direct survey in six European countries. Technol. Forecast. Soc. Chang.
2014, 87, 51-59.

uUddin, M.; Romlie, M.; Abdullah, M.F.; Halim, S.A.; Abu Bakar, A.H.; Kwang, T.C. A review on peak load
shaving strategies. Renew. Sustain. Energy Rev. 2018, 82, 3323-3332.

Yong, J.Y.; Ramachandaramurthy, V.K.; Tan, K.M.;Mithulananthan, N. A review on the state-of-the-art
technologiesof electric vehicle, its impacts and prospects. Renew. Sustain. Energy Rev. 2015, 49, 365-385.
K. Fahem, D. E. Chariag, L. Sbita, “On-board bidirectional batterychargers topologies for plug-in hybrid
electric vehicles”, presented at the International Conference on Green Energy Conversion Systems (GECS),
Hammamet, Tunisia, Mar. 23-25, 2017.

L. Cao ; H. Li ; H. Zhang, “Model-free power control of frontend PFC AC/DC converter for on-board
charger”, presented at the IEEE 8th International Power Electronics and Motion Control Conference (IPEMC-
ECCE Asia), Hefei, China, May 22-26, 2016.

Lee PW, Lee YS, Cheng DKW, Liu XC (2000) Steady-state analysis of an interleaved boost converter with
coupled inductors. IEEE Trans Industr Electron 47(4):787-795. https

://doi.org/10.1109/41.85795 9.

Wang H, Dusmez S, Khaligh A (2014) Design and analysis of a full-bridge LLC-based PEV charger
optimized for wide battery voltage range. IEEE Trans Veh Technol 63(4):1603-1613. https
://doi.org/10.1109/TVT.2013.22887 72.

Yan X, Li L, Gao Y, Tao Z (2017) Design methodology of LLC converters based on mode analysis for battery
charging applications. In: Presented at the 43rd Annual Conference of the IEEE Industrial Electronics Society
(IECON), Beijing, China, 29 Oct-1 Nov 2017.

Singh AK, Pathak MK, Rao YS (2017) A new two-stage converter with reduction of DC-link capacitor for
plug-in electric vehicle battery charger.In: Presented at the 3rd International Conference on Computational
Intelligence & Communication Technology(CICT), Ghaziabad, India, Feb 9-10, 2017.

Lee JY, Chae HJ (2014) 6.6-kW onboard charger design using DCM PFC converter with harmonic modulation
technique and two-stage DC/DC converter. IEEE Trans Indus Electron 61(3):1243-1252. https
://doi.org/10.1109/TIE.2013.22627 49.

Li S, Deng J, Mi CC (2013) Single-stage resonant battery charger with inherent power factor correction for

electric vehicles. IEEE Trans Veh Technol 62(9):4336-4344.

https://doi.org/10.1109/TVT.2013.22657 04.

Kim B, Kim M, Choi S §2016) Single-stage electrolytic capacitor-less AC-DC converter with high frequency
isolation forEV charger. In: Presented at

the IEEE 8th International Power Electronics and Motion Control Conference (IPEMC-ECCE Asia),Hefei,

China, May 22-26, 2016.

Hu S, Deng J, Mi C, Zhang M (2013) LLC resonant converters for PHEV battery chargers. In: Presented at the

28th Annual IEEE Applied Power Electronics Conference and Exposition (APEC), Long Beach, CA, USA,

Mar 17-21, 2013.

Singh AK, Pathak MK, Rao Y'S (2017) A new two-stage converter with reduction of DC-link capacitor for

plug-in electric vehicle battery charger. In: Presented at the 3rd International Conferenceon Computational

Intelligence & Communication Technology(CICT), Ghaziabad, India, Feb 9-10, 2017.

KimJ, Lee J, Eom T, Bae K, Shin M, Won C (2018) Design and control method of 25 kW high efficient EV

fast charger. In: Presented at the 21st International Conference on Electrical Machines and Systems (ICEMS),

Jeju, 2018, pp. 2603-2607.

Chen S, Yu W, Meyer D (2019) Design and implementation of forced air-cooled, 140 kHz, 20 kW SiC

MOSFET based Vienna PFC. In: Proc. IEEE Appl. Power Electron. Conf. Expo. (APEC), Mar 2019, pp.

1196-1203.

Feizi M, Beiranvand R (2020) An improved phase-shifted full bridge converter with extended ZVS operation

range for EV battery charger applications. In: 2020 11th Power Electronics, Drive Systems, and Technologies

Conference (PEDSTC), Tehran, Iran, 2020, pp. 1-6. https

://doi.org/10.1109/PEDST C4915 9.2020.90884 44.

Feizi M, Beiranvand R (2020) Simulation of a high power self-equalized battery charger using voltage multiplier
[JCRTAO02031 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 177



http://www.ijcrt.org/

[26]

[27]

(28]

[29]

(30]

[31]

[32]

(33]

(34]

www.ijcrt.org © 2024 1JCRT | Volume 12, Issue 9 September 2024 | ISSN: 2320-2882

and phaseshifted full bridge converter for lithium-ion batteries. In: 2020 11th Power Electronics, Drive Systems,
and Technologies Conference (PEDSTC), Tehran, Iran, 2020, pp. 1-6. https

://doi. org/10.1109/PEDST C4915 9.2020.90884 54.

Verma A, Singh B (2017) Three phase off-board bi-directional charger for EV with VV2G functionality. In: 2017 7th
International Conference on Power Systems (ICPS), Pune, 2017, pp. 145-150. https ://doi.org/10.1109/ICPES
.2017.83872 83.

Mortezaei A, Abdul-Hak M, Simoes MG (2018) A Bidirectional NPC-based level 3 EV charging system with
added active filter functionality in smart grid applications. In: 2018 IEEE Transportation Electrification
Conference and Expo (ITEC), Long Beach, CA, 2018, pp.201-
206.https://doi.org/10.1109/ITEC.2018.8450196.

Akagi H, Yamagishi T, Tan NML, Kinouchi S, Miyazaki Y, Koyama M (2015) Power-loss breakdown of a
750-V 100-kW 20-kHz bidirectional isolated DC-DC converter usingSiC-MOSFET/SBD dual modules. IEEE
Trans Indus Appl 51(1):420-428. https ://doi.org/10.1109/T1A.2014.23314 26.

Zahid ZU, Dalala ZM, Chen R, Chen B, Lai J (2015) Design of bidirectional DC—DC resonant converter for
vehicle-to-grid(V2G)  applications. IEEE ~ Trans  Transport  Electrifi ~ 1(3):232-244.  https
://doi.org/10.1109/TTE.2015.24760 35.

Moonem MA, Krishnaswami H (2012) Analysis and control of multi-level dual active bridge DC-DC
converter. In: 2012 IEEE Energy Conversion Congress and Exposition (ECCE), Raleigh, NC, 2012, pp. 1556—
1561. https://doi.org/10.1109/ECCE.2012.63426.

Vasiladiotis M, Rufer A, Béguin A (2012) Modular converter architecture for medium voltage ultra
fast EV charging stations: global system considerations. In: Presented the IEEE International Electric VVehicle
Conference, Greenville, SC, 2012,pp. 1-7.

Rivera S, Wu B, Kouro S, Yaramasu V, Wang J (2015) Electric vehicle charging station using a neutral point
clamped converter with bipolar DC bus. IEEE Trans Industr Electron 62(4):1999-20009.

Gjelaj M, Trzholt C, Hashemi S, Andersen PB (2017) Optimal design of DC fast-charging stations for EVs in
low voltage grids.In: Presented at the IEEE Transportation Electrification Conference and Expo (ITEC),
Chicago, IL, USA, Jun. 22-24, 2017.

Mauri G, Bertini D, Fasciolo E, Fratti S, The impact of EV’s fast charging stations on the MV distribution
grids of the Milan metropolitan area. In: Presented at the 22nd International Conference and Exhibition on
Electricity Distribution (CIRED 2013), Stockholm, Sweden, Jun. 10-13, 2013.

[JCRTAOO02031 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 178


http://www.ijcrt.org/
https://doi.org/10.1109/ECCE.2012.63426

