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Abstract. This study introduces an innovative strategy to boost the uptake of Electric Vehicles (EVs)
while curbing greenhouse gas emissions. Addressing the primary limitation of EVs - their reliance on
energy storage - entails integrating a high-performance brushless DC (BLDC) motor renowned for its
swift dynamic response and efficiency. The main objective of the study is to merge Photovoltaic (PV)
energy generation with a bidirectional grid connection for powering the BLDC motor effectively. This
objective is achieved by the introduction of a High Gain Interleaved Boost Converter (HGIBC) for
enhancing voltage-gain ratio and system adaptability of the PV system. A novel Modified Cheetah
Optimization (MCO)-based Proportional Integral (PI) controller ensures precise control signal
generation for the converter. The AC supply to the motor is facilitated by a 3-phase Voltage Source
Inverter (VSI), with speed regulation achieved through a PI controller. Simultaneously, the Bidirectional
single phase grid augmented with an adaptive PI controller and a battery system with bidirectional
converter distribute power supply to the BLDC motor fed EV during in sufficient power supply from
PV system due to its ecological changes. Moreover, to validate the importance of proposed system,
MATLAB/Simulink is utilized. The most important results are the proposed HGIBC exhibits a higher
voltage gain when compared to other existing Boost converters and generates an increased efficiency of
97%. Also, with the optimized PI controller a steady converter output of 1000V is achieved at 0.35s
which indicates a reduced settling time. Also, the proposed work generates a reduced simulation THD
value of 1.21%. The significance of the obtained results lies in the delivering of high converter
efficiency, improved power quality and reliable performance of BLDC motor system.
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Sistem integrat de energie din surse regenerabile care foloseste un convertizor de crestere intercalat cu
castig ridicat cu controler modificat bazat pe optimizarea prin metoda Ghepardului
Sarda P., Himansu S., Pal R. K.
Universitatea Medicaps, Indore, Madhya Prades, India

Rezumat. Acest studiu introduce o strategie inovatoare pentru a stimula absorbtia vehiculelor electrice (EVs),
reducand 1n acelasi timp emisiile de gaze cu efect de serd. Abordarea limitarii primare a vehiculelor electrice -
dependenta lor de stocarea energiei - implica integrarea unui motor DC fara perii de inaltd performantd (BLDC),
renumit pentru raspunsul sdu dinamic rapid si eficienta. Obiectivul principal al studiului este de a imbina generarea
de energie fotovoltaica (PV) cu o conexiune bidirectionala la retea pentru alimentarea eficienta a motorului BLDC.
Acest obiectiv este atins prin introducerea unui High Gain Interleaved Boost Converter (HGIBC) pentru
imbunatatirea raportului de crestere a tensiunii si a adaptabilitatii sistemului PV. Un nou controler Proportional
Integral (PI) bazat pe Optimizarea Ghepardului Modificat (MCO) asigurad generarea precisa a semnalului de
control pentru convertor. Alimentarea prin curent alternativ a motorului este facilitatd de un invertor de sursa de
tensiune trifazat (VSI), cu reglarea vitezei realizatd printr-un controler PI. Simultan, reteaua bidirectionala
monofazatd, maritd cu un controler PI adaptiv si un sistem de baterii cu convertor bidirectional, distribuie
alimentarea cu energie catre motorul BLDC alimentat EV in timpul unei surse de energie suficienta din sistemul
fotovoltaic datoritd schimbdrilor sale ecologice. Mai mult, pentru a valida importanta sistemului propus, se
utilizeaza MATLAB/Simulink. Cele mai importante rezultate sunt cd HGIBC propus prezinta un castig de tensiune
mai mare In comparatie cu alte convertoare Boost existente si genereazd o eficienta crescuta de 97%. De asemenea,
cu controlerul PI optimizat, se obtine o iesire constanta a convertorului de 1000 V 1a 0.35 s, ceea ce indica un timp
de asezare redus. De asemenea, lucrarea propusa genereazda o valoare THD de simulare redusd de 1.21%.
Semnificatia rezultatelor obtinute constéd in furnizarea de eficienta ridicata a convertorului, calitate Imbunatatita a
puterii si performanta fiabila a sistemului de motor BLDC.
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PI optimizat prin metoda Ghepardului, VSI, sistem de baterii, MATLAB/Simulink.

HuTerpupoBaHHasi cucreMa B0300HOB./IsIeMOii SJHEPreTHKH € UCN0JIb30BAHHEM MOBBILIAIOIIEr0
npeodpa3oBarelisi ¢ BbICOKMM K03 PULIHEHTOM yCUIeHUs U MOAU(PHIMPOBAHHBIM KOHTPOJLIEPOM,
ONTUMM3HPOBaHHBIM MeToA0M I'enapaa
Mappaa I1., Xumanmy C., [aa P.K.

Yuusepcuret Meaukaric, Unnope, Manxus [pageur, Unaus
Annomayusa. B 5ToM HcceI0BaHNY NPEICTABICHA HHHOBAIIMOHHAS CTPATETHS 110 CTUMYJIHPOBAHUIO BHEIPEHUS
anexkTpomobmieid (OM) mpH OIHOBPEMEHHOM COKpAIlleHHH BBIOPOCOB NAPHHUKOBBIX Ta30B. YCTpaHEHHE
OCHOBHOTO OrpaHudeHusi OM — HX 3aBUCHUMOCTU OT HAKOIUIEHHS HEPTUU — BIEUET 3a COOOM MHTErpaluio
BBICOKOIIPOM3BOJUTEIILHOTO OECIIETOUHOr0 IBUraresns nocrostuiHoro toka (BLDC), n3BecTHOro cBOMM OBICTPBIM
JUHAMMYECKUM  OTKIMKOM H  3¢¢eKkTuBHOCTbI0. OCHOBHAash Ielb  HCCIEAOBaHUS — OOBEAWHHUTH
(oroanexTpuueckyto (PV) rerepariuro sHEpruy ¢ AByHAIPABICHHBIM CETEBBIM COCIHHEHHEM IS 3 PEKTUBHOTO
nutanus geurarens BLDC. Dra nenb JocTturaercs myTeM BHEAPEHHs IpeoOpas3oBarelsisi C  BBICOKUM
kodpdruuuenrom ycmrenuss (HGIBC) mns mosbeimenus xkodh(UIIMEHTa YCHUIICHUS HAMPSDKEHUS W CHCTEMHOU
aganTUBHOCTH (poTORIIEKTpHYecKoi cucTeMbl. HOBBIN mponopunonadpHO-uHTerpanbHbIi (IIM) xoHTpomiep Ha
ocHoBe MoaupuimpoBanHoit ontummsanuu Cheetah (MCO) obecniednBaeT TOUHYIO TeHEPAIHIO YIIPABISIOMIECTO
CUrHaja Juisi mpeoOpazosarens. [loraua mepeMEHHOro TOKa Ha JBUraTellb OCYIIECTBISIETCA C IOMOLIBIO 3-
(azHoro wmHBepropa HampspkeHHs (VSI), a peryampoBka CKOpOCTH ocymiecTBisieTcss ¢ mnomombio [1H-
KOHTpoJulepa. OJHOBpPEMEHHO JABYHANpaBICHHAs OJHO(A3HAs CETh, [OINOJHEHHas ajantuBHeM [IM-
pPEeryasaTOpOM M aKKyMYyJISTOPHON CHCTeMOW ¢ JABYHaNpaBlICHHBIM HpeoOpas3oBaTesieM, pacHpeaesseT
anektponutanue Ha gasurarens BLDC, mnwuraemsiii EV, mnpu HemocTaToyHOM 3JIEKTPONHUTaHUHM  OT
(hOTORNIEKTPHUIECKOI CHCTEMBI H3-3a €€ IKOJOTMYECKUX U3MeHeHui. bosee Toro, A MOATBEPKACHUS BaXKHOCTU
npejiaraemMoii cucremsl ucnoibdyercsi MATLAB/Simulink. Hanbonee BakxHbIME pe3ysibTaTaMu SIBJISIIOTCS TO,
yro npemitaraemblii HGIBC npemoncTpupyer Oojiee BBICOKMIT KOI(D(GUIMEHT YCHICHUS HANpPSDKEHHS 110
CPaBHEHHIO C JIPYTMMH CYIIECTBYIOIIMMH IOBBIIIAIONINMHU IIPE0OPa3oBaTeNIIMI U TE€HEPUPYET IOBBIICHHYIO
s¢dextuBHocTs  97%. Kpome Toro, c¢ onTumMusupoBaHHBEIM I[IM-perynsiTopoM yCTOHYMBBIH BBIXOJ
npeoOpazoarens 1000 B mocturaerces 3a 0.35 ¢, 9T0 yKa3pIBaeT Ha COKpAIICHHOE BpeMs YCTaHOBIeHH. Kpome
TOTO, TpeyiaraeMasi pabora reHepupyeT cokpameHHoe 3Hauenne THD monenupoBanms 1.21%. 3HaumMocTh
MOJYYCHHBIX PE3yNbTaTOB 3aKIIOYaeTcss B O0ECHEeYeHWH BBICOKOH 3¢ QeKTHBHOCTH mpeoOpazoBares,

YIYYIIEHHOTO KayecTBa JIEKTPOIHEPTUH U HA/Ie)KHON paboThl cuctemsl aurateinst BLDC.

Knrwouesvie cnosa: >nexrpomodbmin, apurarens BLDC, dbotosnexktprudeckas 6arapes, OycT-peodpa3oBaTens ¢
BBICOKUM KO3 ¢urmentom ycunenusi, [IM-koHTpoiuiep, ONTHMH3UPOBAHHBIA MeTOAOM Tremapaa, VSI,
akkymyssitopaas cuctema, MATLAB/Simulink.

I. INTRODUCTION nature of solar energy leads to voltage fluctuations

The shift towards EV from Internal that pose a challenge for EV charging [8]. To

Combustion Engine (ICE) vehicles is driven by address this, DC-DC converters are essential to

the need to minimize greenhouse emissions, regulqte Voltage and ensure compatibility with EV
which reduce reliance on fossil fuels [1-2]. chargingrequirements [9].

Furthermore, by utilizing EV’s various benefits In response  to .the challenges of traditional
like enhanced air quality, noiseless and low COnVverters, high gain Interleaved Boost converter

emissions are attained, which is crucial for ©€Merges as a promising solution. This advanced
meeting global environment goals [3]. The EVs converter tqpology address the challenges posed
propelled by BLDC motor provide a paradigm the intermittent nature of solar energy by
shift towards more effectual propulsion systems, ~Providing improved voltage regulation, lower
which offer several advantages over conventional ~ SWitching losses and  minimized ~ THD.
ICE, such as efficiency, smoother operation and Addl‘tl(.)nally, to ensure the converter operation f(?r
minimized maintenance requirements [4-5]. Also, ~Providing a stable output voltage, a controller is
to further augment the ecological benefits of EVs, Crum?? [13]. _

integrating RES such as PV system for charging Traditionally, Proportional Integral (PI) controller
becomes imperative, which harness solar energy ~[160] have been utilized owing to their ease of
to generate electricity ~without emitting implementation,  simplicity ~and  effectual
greenhouse gases, which promotes the utilization ~ performance in steady state error correction,
of clean energy, fostering an energy ecosystem for ~ which adjusts the converter’s function to sustain a
transportation [6-7]. However, the intermittent consistent voltage.
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Despite their benefits, it has the limitations,
particularly dealing with the dynamic and non-
linear characteristics and the parameters of this
controller has to be fine-tuned.

Therefore, the optimization approaches are
increasingly being considered for overcoming
these challenges [17-18]. The current traditional

optimization methods like Particle Swarm
Optimization (PSO) [19], Dragon Fly
Optimization (DFO) [20] and Grey Wolf
Optimization (GWO) [21] algorithms for

providing optimal control parameters, enhancing
system response and efficacy [22].

Table 1
Traditional Survey related to the DC-DC converter
References Converter Advantage Drawbacks
. . The extensive range voltage | Though, it has three
High gain ) : . .
SVK Naresh et al . conversion ratio, low | switches and requires a
Quadratic Boost . .
(2023) [10] voltage stress and current | complicated switching
converter .
ripples. scheme.
The proposed converter’s | However, the inductor and
Zhengxin Liuet | High gain Boost | highest efficiency surpasses | switching losses has to be
al (2020) [11] converter 95% as well as the voltage | considered in upcoming
ripple factor is 0.01. studies.
' Thls converter operates in Nevertheless, the
Multiphase interleaved manner for high . .
Bader et al (2022) . . Efficiency is dropped
Interleaved Buck- | voltage gain requirements
[12] ; . .| when the output power
Boost Converter | and provides quick dynamic
exceeds 310W.
performance.
It has the ability to provide | This converter has a
Mudadla . ) )
. Multi output independent regulated | drawbacks of  high
dhananjayal et al . .
converter voltages for buck and boost | conduction losses owing
(2022) [13] . .
topologies. to more diodes.
Subhendu Bikash | Boost converter This model lowers' the | The inductance leakage
current stress without | and uncertainty
Santra ct al based on a compromisin efficiency | measurement leads to
(2020) [14] coupled inductor P g Y | measul
and voltage gain. disparity.

However, these topologies also have their
drawbacks like it often needed significant
computational resources, time to coverage to the
optimal solution and high computational cost [23-
24]. In order to mitigate these drawbacks, the
advanced Modified Cheetah  Optimization
Algorithm is explored in this work, which inspired
by the adaptive and swift hunting strategies of
cheetahs, which dynamically adjust to changing
conditions, ensuring optimal control of the
converter and stable output voltage with quick
convergence speed and settling time.

The contributions of the developed enhanced
EV charging system are illustrated as below,

e Utilizing PV system to power BLDC motor of
EV, which fosters a renewable energy
ecosystem.

e The Implementation of High Gain Interleaved
Boost converter offers enhanced voltage
regulation, which has the ability to step up low
voltage PV system to required level.

20

e The Modified COA-PI controller ensures
optimal converter performance and stable
output voltage by improving the overall
efficiency of charging system.

II. PROPOSED MODELLING

The integration of RES with EV charging
infrastructure is essential, which has the goal of
addressing demand for clean mobility. Hence, this
research focuses on the integration of RES based
high gain Interleaved Boost converter with
Modified Cheetah optimization algorithm
specifically employing for BLDC motor
technology to power EV. The block diagram is
specified in Fig. 1.

The PV system generates DC power based on
the available solar irradiation and environmental
conditions, which is fed to high gain Interleaved
Boost converter to step up PV arrays voltage to
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desired level. Furthermore, the PI controller is
developed for stabilizing the output voltage and
the Modified COA is utilized for fine tuning the PI
controller parameters with quick convergence
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speed and settling time. The PWM generator is
used for delivering pulses for superior switching
operation of converter.
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Fig. 1. Overview of PV based EV charging.

The enhanced and controlled output is fed to
BLDC motor, speed of motor is regulated by PI
controller. On the other hand, excess energy
generated from PV system is deliver to the battery
system and single phase grid through single phase
VSI, which is regulated with an aid of adaptive PI
controller and required pulses are formed by
PWM generator for the better functioning of
single phase VSI.

Moreover, the bidirectional battery converter is
deployed for charging and discharging purpose as
per the battery needs. During unavailable power
from PV system, the BLDC motor fed EV gets
powered by the battery system and bidirectional
grid. Thereby, the continuous and uninterruptable
power is delivered to the EV charging without any
distortions.

A. Modelling of PV System

The PV system used in this study to power the
BLDC motor of EV system, PV array contains
multiple PV modules connected in parallel and
series to meet voltage and current requirements of
the BLDC motor of EV.

Moreover, it is modelled using the single-diode
equivalent circuit, which includes a current
source, a diode, series and parallel resistance as
represents in Fig. 2.

The PV array’s output current is defined as
follows,
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Fig. 2. Circuit diagram of PV.

Here, I, specifies the short circuit current,Rgy,
indicates shunt resistances T denotes cell
temperature, K illustrates Boltzmann’s constant
and , refers ideal factor. Additionally, the
subsequent equation (2) shows diode saturation
current with respect to the temperature 7,

rT [E.(T
I =1 |—| exp| 2| —-1 2
” M p[nV(T, ﬂ ”
Where, 7 shows the reverse saturation
current, £, represents band gap energy, 7,

specifies the nominal temperature and 7, denotes

the diode thermal voltage of solar PV cell
correspondingly.
The voltage generated by PV is low because it

is affected by ecological factors, thus it
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necessitates the usage of high gain Interleaved
Boost converter to enhance the gain at output,
which is discussed elaborately in below section.

B. Modelling of High Gain Interleaved Boost
Converter

The HGIBC, which has advantages over
typical boost converters like lower output ripple

current, lower THD, and higher voltage, is one
viable way to boost PV system's low voltage
output. The developed HGIBC has 2 switches, 4
diodes, 4 capacitors and 2 inductors as specified in
Fig. 3, also it operated in three modes with respect
to the ON/OFF condition as represented in Fig. 4
and is explained as follows.

o h Dy
R I >l T
e TR ™ f\_'ll T
L, D,
o A 3,
Cy

sdﬁ}

T -|—C“

Fig. 3. Circuit diagram of proposed HGIBC.

Mode 1 of HGIBC: In this condition, all the
four diodes are in reversed biased during the
switches §, and .S, is in the conduction mode. The

respective path for current flow is displayed in Fig.
4(a), which shows that the PV system is currently
charging the 1 and £, as well as it gradually

raised. Furthermore, the output capacitors ¢, and
C, are linked in series to deliver power to the

load.
Mode 2 of HGIBC: During s, turned OFF and

S, 1s in ON condition, p,and D, are the only

diodes are in conducting. The appropriate flow for
the current is depicted in Fig. 4(b), which indicates
that since Z, is still being charged at this moment

and rising the inductor current and C, gets

charged by the PV system. The energy is
transmitted to C, and the load when the PV, z,

and C, are linked in series. The capacitor C,

discharges energy to the load, which lowers the
inductor current on Z, .

Mode 3 of HGIBC: In this state, the diodes
D, and D, are in conduction when S, in OFF

state and the corresponding path of current flow is
illustrated in Fig. 4(c), L,is still charged at this

©

Fig.4. HGIBC (a) Mode 1 (b) Mode 2 and (c) Mode 3.
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moment, which rising inductor’s current and C,

gets charged by the PV system. Moreover, the
energy is deliver to load and capacitor C, by a

series connection over PV, L, and C, at the same
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time, C, discharges energy to load, which lowers n 7., ; D, ; D, 8
7 o i = v, ==y, =y, (8)
the inductor current on , . Loy 1-D, 1-D,

The switching waveform for the HGIBC is
represented in Fig. 5. By utilizing the volt second
balance principle, and voltage gain is examined,
during switch § is in OFF condition for the

];on

Where, p, = —duty cycle of s,

20n+T, .5
Equations (9 and 10) represents the Mode 2

_ and 3 voltage on C, and C, obtained,
inductance Z_,
D

PV =

1-D, 1-D,

v, .T

lon

= V”La 1o (3) ch =V, + V”Lb =V + Ve (9)

La

Here, turn ON and OFF time of SV.VItCh s, 1s VoV, VSV 4 D, v, = 1 v, (10)
represented by 7, and 7;, = correspondingly. 1-D, 1-D,
v,.1s expressed as follows using Mode 1 and 2 Concurrently, from mode 3 and 2 the obtained
equivalent circuit of HGIBC, voltage on C, and C, is expressed in the
v, =V, @) subsequent equation (11 and 12),
. . D 1
By using equations (3) and (4), Voo =Vo, AV 4V =V, + 1_}’3 Vo = D Vo (11)
a b
/. i I Da 1 D,, D 1
Vs Ve = Ve T e Sy, =p, +v, 4, =V e V=V, (12)
b a
Where, p — Tin _ _ duty cycle of s, . The voltage in C. and C, equations is
Bonst, illustrated in below equation (13) by assuming the

equal duty ratios (D, = D, = D),

2
Vc(» = VCo :—_D Ve (13)

The developed HGIBC is expressed by the
below equation from Mode 1 and 2,

V,=Ve+Ve, (14)

) P P i The output of HGIBC is illustrated by applying
a) I equation (13 and 14) as follows,

():l_D °

i
o t Here, Vo% is the voltage gain of the
- — : >t developed converter is expressed as follows by
Fig. 5. Switching waveform for the developed utilizing equation (11),
HGIBC. . % 4
Voltage gain of HGIBC = = =~ (16)
V., 1-D
During switch §, is in OFF condition for the
inductance Z, , By adopting this HGIBC, the high voltage gain
Tl T o—ph T 6 with reduced power losses are obtained, also the
Lo * T2om T T Lb t T 20f ©) subsequent Modified Cheetah Optimization

Algorithm is developed for fine tuning the
parameters of the PI controller by providing stable
output voltage and desired control performance
that is discussed in detailed.

v,,1s expressed as follows using Mode 1 and 2,
VILb =Vpy (7)
By using equations (6) and (7),

23
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C. Modelling of Modified Cheetah Optimization
Algorithm

The PI controller is normally employed to
regulate the converter operation for obtaining
better performance and the optimization approach
is crucial for tuning this control parameter under
varying operating conditions. Thus, the MCOA is
proposed in this work, which is an advanced
metaheuristic approach inspired by the hunting
strategies of cheetahs, which designed to solve
complex optimization issues with improved
efficiency and accuracy. This algorithm mimics
the cheetah’s speed, agility and strategy in
hunting. Conventional CO algorithm has better
abilities in solving large scale issues. Nonetheless,
it required enhancement in the convergence rate
and settling time for defining the parameters of PI
controller. Henceforth, for overcoming such
issues the Modified type of CO algorithm is
introduced. The algorithm functions on the
principle that the optimal solution is identified by
the best position within the population, similar to
how cheetahs identify their prey. The cheetahs

r2<rd

SITAND

adjust their hunting strategies to enhance their
success over the course of their hunt, thereby the
MCOA efficiently finds for optimal solutions to
complex issues. The proposed algorithm
integrates the entirety of the hunting procedure,
strategically deploying these tactics over various
hunting cycles or iterations. Essentially, COA
leverages these astute hunting behaviour
iteratively throughout its hunting process as
illustrated in Fig. 6.

Searching: In the searching phase, cheetahs
actively scan their territories or the surrounding
areas to locate prey with in their search space.

Sitting and Waiting: During the sitting and
waiting phase, cheetahs selects to remain
stationary upon detecting prey, especially under
unfavorable conditions. This strategy allows the
cheetah to conserve energy and wait for the prey
to approach closer for a more opportune moment
to initiate the hunt.

Attacking: the Cheetahs sprint over the prey at
high speed once it start to attack and capture the
prey by closing in rapidly.

+ EXPLORATION PHASE
(GLOBAL SEARCH)

* DIVERSITY OF
POPULATION

= EXPLORATION PHASE
(LOCALSEARCH)

Fig. 6. MCO’s Algorithm strategy selection mechanism.

Searching Strategy: In search mode, equation
(17) is given as follows,

i+1 _ i ~t t
XM oo=X P A

(17)

Here, the modified random length o', and

parameter 1 is expressed as below,

At !
r = ’///
r

_Xt

k'.j i

(18)

t

_ t
a, ;=X J

(19)

24

Where, x, and x-,  are denoted as positions

of ith and kth cheetahs in the sorted population r'

and " specifies the normal random values of
distribution Function.

Fig. 7 denotes the flowchart of modified COA.
The local search phase is enhanced by updating
each cheetah's position in relation to the group
leader's position. Additionally, equation (18)
shows variation in the responses, which aids in the
phase of global search. The random parameter, by
producing long steps during the hunting period,
extends the solution beyond the range of variables,
resulting the replacement of the out of range
solution with a new random solution in
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population, also it avoid an algorithm from getting
stuck in local optima.

Attacking Strategy: The reformulated of the
attacking strategy of Modified COA is illustrated
as below.

~t

Xi+l[,j =Xi + 7 ﬁtiﬁj (20)

B,j

START

}

ASSIGN NO. OF POPULATIONS, DIMENSIONS
AND MAXIMUN NO OF ITERATIONS

GENERATE THE INITIAL POPULATION OF
CHEETAHS

|

EVALUATE THE FITNESS OF EACH CHEETAH
|

ARRANGE THE POPULATION OF CHEETAHS
IN ORDER & IDENTIFY TIHE POSITION OF
PREY AND THE LEADER

UPDATE THE ARRANGEMENT OF CHEETAH
USING SIT&WAIT STRATEGY

}

DETERMINE H, o AND  USING EQUATIONS

IF THE VALUE OF
H EXCEEDS

NO

] YEs
GENERATE NEW POSITION USING
SEARCHING STRATEGY BY EMPLOYING
SINE MAP

GENERATE NEW FOSITION USING
ATTACKING STRATEGY BY EMPLOYING
LEVY FLIGHT

REVISE THE POSITION OF INDIVIDUAL i
WITHIN THE POFULATION & THE FOSITION
OFTHE PREY

NO END OF

ITERATIONS

| ves

STOP

Fig. 7. Flowchart of the developed Modified COA.
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Here, the random value in a range of [0, 1]
denoted as 7 p. The interaction factor is
demonstrated by the proximity to neighboring
cheetahs as indicates in Equation (19) in the
MCOA. Typically, the cheetahs pursue their prey
independently, their positions has to be adapted
relative to the prey’s location. Thus, cheetah
modifies its position in relation to the prey at
attack phase and is,

B, =X, —X, 1)

The faster near optimal solution is determined
with the assistance of the developed attack
strategy. Henceforth, the MCOA’s exploitation
phase is efficiently enhanced with its high
convergence speed. Moreover, the enhanced and
stabilized output voltage is deliver to three phase
BLDC Motor through the VSI.

D. Modelling of Three Phase BLDC Motor

It is a type of synchronous electric motor that
operates on DC, which uses an electronic
communication system to control the flow of
windings. This results in various advantages like
higher efficiency and better speed torque with
longer lifespan. The operating principle of this
motor revolves around a permanent magnet motor
and a stator with windings. This process generates
the back EMF in the windings to determine the
rotor position and maintains the synchronization
over the stator and rotor. Fig. 8 indicates the
equivalent circuit and mechanical model of BLDC
motor. The following equation (20) illustrates the
BLDC dynamic model,

v, r., 0 0 L M M e,
V,1=10 r, O|+S|M L M|+|e
V. 0 0 r M M L e, 22)

Here, V specifies the phase voltage, §indicates
the Laplace operator, ar denotes the mutual
inductance over the phases and r represents the
self-inductance respectively.

i, +i,+i, =0 23)

Mi, +Mi. = —Mi. o4
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Fig. 8. Equivalent circuit and the mechanical model of BLDC motor.

By applying equation (22) in (20), is expressed
as follows,

di,
;? 1o olv,] [~ o ol[i] [e
L =L 7%} =lo 1 0|v,|-l0 r i, || e,
oo v | lo oo nlli] e
di,
| dt
(25)

The following equation (24) defines the torque as,

}

Here o, indicates the rotation speed of the

P

[_

_ ei, +ei, +e.l,

e

2 0]

m

(26)

motor. Furthermore, the motor control is done by
the PI controller for regulating the speed. Battery
is employed for storing surplus energy obtained
from the PV system.

The extra energy is transmitted into the grid
system through the single VSI, just as before, after
supplying the BLDC motor fed EV with sufficient
power.

The stored energy from the battery and grid are
deliver power to the motor during the unavailable
power from PV system. Also, to control single
phase VSI, the adaptive PI controller is used for
grid synchronization as explained below.

E. Modelling of Adaptive PI Controller

An adaptive PI controller automatically adjusts
its proportional and integral (PI) parameters to
regulate the VSI. Traditional PI controllers often
rely on fixed gains which are not optimal under
varying operating conditions.

In contrast, adaptive PI  controller
automatically adjusts its parameters based on real-
time variations in system conditions, thereby
improving response time, stability and overall
performance. The traditional PI controller
contains two gains such as x and X, the updated

traditional PI to be adaptive as demonstrated in
equation (28-31),

26

C(s)=K, +(’%)

t
output (t) = —K_(error*error + joerror*error dt)

27

(28)

K,.K, the
proportional gain, Integral gain, Constant gain
with error signal.

Here, and K represents

ERROR| OUTPUT

t]
"“_. + —D—Kc—b

K;

X — 1/S —
emI

Fig. 9. Representation of Adaptive PI controller.

t
K, = error*error + KIJ. error*error dt
0

(29)

K, = szterror *error dt
° (30)

Here, Kk, and K, indicates the parameters of

adaptive initialization and Fig.9 represents the
Adaptive PI controller. The adaptive initialization
parameters assure that the controller refines its
response to system variations in a dynamic
manner. This reduces the steady-state error and
improves transient performance. The system
output is continuously monitored by the controller
and the error signal is calculated. This error
denotes the deviation from the desired reference
value. The PI gains are updated using the adaptive
equations based on real-time error and its rate of
change. Finally, the controlled and continuous
power supply is distributed to the three phase
BLDC motor fed EV system without any
disturbances.

The parameters are continuously refined by the
controller for maintaining optimal motor
performance under varying environmental and
load conditions. With the adopting of adaptive PI
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controller, precise control over voltage regulation
is attained along with reduced THD and enhanced
power quality.

I1I1. RESULTS AND DISCUSSION

The overall outcomes for the proposed HGIBC
with  Modified COA obtain from the
MATLAB/Simulink are  elaborated. @ The
parameter specification for the proposed work is
presented in Table 2, which is given as follows.

Fig. 10 represents the solar panel waveform for
this proposed work, which observed in Fig. 10(a),
the temperature of solar gets deviated few seconds
and after 0.25s it maintains stable voltage at 35°C.

Similarly, the intensity waveform as shown in
Fig. 10(b) specifies that the intensity is constantly
stable at 1000(W/Sq.m) after facing slight
fluctuations.

Table 2
Parameter Specification
Parameter | Description
Solar PV System
Open circuit Voltage 37.25V
Short circuit Current 8.954
Series Connected solar PV cell 4
Parallel Connected solar PV cell 8
Maximum power Voltage 29.95V
Maximum Current 8.354
High gain Interleaved Boost converter
Switching Frequency 10 kHz
c,.C,,C,,C, 22 uF
L,.L, 1.1mH

Case 1 — Varying Temperature Varying Intensity
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Fig. 10. Solar panel Waveform (a) Temperature (b) Intensity (C) Output voltage and (d) Input current for
case 1.

Likewise, the voltage of solar panel output
varies slightly in initial time as in Fig. 10(c) and
after 0.25s it gradually stabilized at 140V
respectively. From the current waveform it is
evident that the input current highly oscillated
during initial periods and after 0.35s the constant

27

current is maintained at 310A as indicates in Fig.
10(d).

The converter output voltage for the developed
converter has gained the stable voltage at 1000V
after 0.45s by utilizing the PI controller as
represents in Fig. 11(a). Similarly, the output
voltage gets stabilized at 1000V with rapid settling
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time of 0.35s as presented in Fig. 11(b). The
converter output current waveform using PI
controller is indicated in Fig. 11(c) shows that the
current gets oscillates highly in initial period after
0.4s it maintained stabilized voltage of 40A
respectively. Fig. 11 (d) denotes the output current
using MCO-PI controller. Fig. 11(e) represents the
combined outputs attained using both controllers.

The battery waveform in Fig. 12 indicates 80%
as specified in Fig. 12(a). The battery current

DC-DC CONVERTER OUTPUT VOLTAGE WAVEFORM

USING PI CONTROLLER
1200 r .

waveform indicated in Fig. 12(b) demonstrates
that the current gets deviated certain period in
initial time and after 0.4s it maintains. As shown
in Fig. 12(c), voltage of the battery gets stabled
after 0.05s at 245V correspondingly.

Fig. 15 shows grid voltage and current
waveform, from the graph it is evident that a grid
voltage gets maintained constantly at 400 and
similarly the current gradually constant at 12A
correspondingly.

DC-DC CONVERTER OUTPUT VOLTAGE WAVEFORM
USING OPTIMIZED PI CONTROLLER
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Fig. 11. Converter waveform (a) PI Output Voltage (b) Output voltage using MCO-PI controller (c)
Output current using PI controller (d) Output current using MCO-PI controller (¢) Combined output.
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Fig. 13 illustrates the grid voltage
waveform, which observed that the grid voltage
gets maintained at 400V  without any
oscillations. Moreover, the grid -current

waveform specified in Fig. 14 shows that the
current attains stabilized at 12A.

A. Constant speed 2000RPM under 1.5NM and
2NM load condition

After the application of a 1.5 Nm load, the
motor shows minor fluctuations but
successfully stabilizes at 2000 RPM within
0.02s, ensuring consistent operation under the
increased load. Also, motor torque rises during
the transient state and stabilizes at 1.5 Nm,

BATTERY SOC WAVEFORM

SoC(%a)

0.2 0.3
Time(seconds)

@

0.4

Current(A)

8

g

g

g

o

equal to the applied load, confirming the
motor’s effective load-handling capability. As
illustrated in Figure 16 motor initially responds
with a slight speed fluctuation and rapidly
stabilizes at the target speed of 2000 RPM,
maintaining performance under the higher load.
Likewise, motor torque rises proportionally to
the load and stabilizes at 2 Nm, demonstrating
its ability to sustain heavier loads without
compromising speed.

The proposed HGIBC THD is illustrated in
Fig. 17, analyzed that the developed work
attains the THD value of 1.21% respectively.
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Fig. 12. Battery waveform (a) SOC (b) Current and (c) Voltage.
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Fig. 13. Grid voltage waveform (a) Normal View and (b) Zoomed view.
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Fundamental (50Hz) = 4.736 , THD= 1 21%
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Fig. 17. THD output.
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The comparison of proposed HGIBC with MCO-PI controller attains superior efficiency of
traditional converter is exemplified in Fig.18, 97% compared to traditional converter with
from the above graph it is obvious that developed optimized control approaches as referred in [29-
converter has high voltage gain ratio compared to  31] as illustrated in Fig. 19.
traditional boost converter. The comparison graph
for the efficiency of the developed work, which
analyzed that the proposed HGIBC with optimized
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Fig. 18. Comparison of Volta Y Crele® ge gain for
various converter.
25
g 20 PSO
COMPARISON OFEFFICIENCY g — S0
=
M a s == MFO
g MCO
o — =)
g
9 g 10
~ 05 s
g s
= g i
u
5 =
g 9%

=
=

0 I I L 'l ' L L ' L
- 0 0 20 30 0 50 60 70 80 90 100
0 ITERATIONS
]
10 Lo |

Fig. 20. Comparison of optimization approaches.
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optimized PSOPL ~ CSO-FI  optinuized MFO  optimized MCO-F1 The comparison graph for the optimization
. . . approaches are exemplified in Fig. 20, which
Fig. 19. Comparison of converter Efficiency obvious that the developed MCO algorithm

31



PROBLEMELE ENERGETICII REGIONALE 2 (66) 2025

achieves minimized RMSE compared to the other
conventional optimization approaches
respectively.

IV. CONCLUSION

The proposed work presents the integration of
RES with a HGIBC based MCOA optimized PI
controller for powering BLDC motor fed EVs.
This approach not only improves the performance
and reliability of EVs by ensuring stable and
optimized power supply but also promotes the
adoption of RES such as PV, thereby decreasing
dependence on fossil fuels and minimizing
greenhouse gas emissions. The HGIBC delivers
high amount of power to the required level of
BLDC motor with high voltage gain and reduced
power losses. Subsequently, by employing the
MCOA the stabilized output is gained with rapid
convergence speed and overall enhanced
efficiency. On the other hand, during insufficient
power from the PV system, the BLDC motor fed
EV runs with the aid of battery and bidirectional
single phase grid system. The proposed work is
applied in MATLAB/Simulink and the
comparative analysis proves that the developed
converter and optimized control technique
accomplishes high voltage gain, minimized THD
(1.21%), efficiency (97%) with less settling time.
Thereby, this work contributes significantly to the
eco-friendly EV solutions by offering a superior
path over a cleaner and ecological friendly future.
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