PROBLEMELE ENERGETICII REGIONALE 4 (68) 2025

Power Quality Enhancement in Grid-Connected Systems using Dynamic
Voltage Restorer with Switched Inductor Cascade Boost Converter
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Abstract. The main objectives of the study are to improve power quality (PQ) in grid-connected systems
and mitigate voltage disturbances by using a dynamic voltage restorer (DVR) powered by a Photovoltaic
(PV) system. By integrating PV as the primary power input, the DVR supplies clean energy for voltage
restoration, thereby enhancing system efficiency and reliability. This approach provides transition to
sustainable energy practices by minimizing the dependency on traditional power grid during
disturbances. These objectives were achieved by integrating a Switched Inductor Cascaded Boost
Converter (SICBC) for efficient voltage boosting and employing a Pine Cone Optimized Proportional-
Integral (PCO-PI) controller for precise output regulation. The SICBC provides provide high and stable
voltage gain with improved conversion efficiency, essential for maintaining DVR performance at PV
power fluctuations. The cascaded configuration mitigates stress on passive elements, contributing
towards better thermal management and longer system life. By adopting the Pine Cone Optimization
algorithm, the controller's parameters are fine-tuned to achieve optimal performance in terms of settling
time, steady-state error and overshoot. The algorithm mimics the natural seed dispersal behavior of pine
trees to explore and exploit the control parameter space effectively. The most important results are a
recorded efficiency of 97.9% and a reduction in Total Harmonic Distortion (THD) to 2.56%, as
demonstrated through MATLAB/Simulink-based simulations. Furthermore, the system demonstrated
robust voltage compensation during both symmetric and asymmetric fault conditions. The obtained
result reveals the proposed DVR-PV strategy substantially improves power stability and quality,
reinforcing the practical viability of renewable-integrated compensators in modern electric grids.
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imbunititirea calititii energiei electrice in sistemele conectate la retea prin
utilizarea unui regenerator dinamic de tensiune cu comutator
convertor in cascada cu inductor
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Abstract. Principalele obiective ale studiului sunt imbunétatirea calitatii energiei electrice (PQ) in sistemele
conectate la retea si atenuarea perturbatiilor de tensiune prin utilizarea unui restaurator dinamic de tensiune (DVR)
alimentat de un sistem fotovoltaic (PV). Prin integrarea PV ca sursa principald de alimentare, DVR-ul furnizeaza
energie curatd pentru restabilirea tensiunii, sporind astfel eficienta si fiabilitatea sistemului. Aceastd abordare
asigura tranzitia cétre practici energetice durabile prin minimizarea dependentei de reteaua electrica traditionala
in timpul perturbatiilor. Aceste obiective au fost atinse prin integrarea unui convertor amplificator in cascada cu
inductanta comutatd (SICBC) pentru o crestere eficienta a tensiunii si prin utilizarea unui controler proportional -
integral optimizat cu con de pin (PCO-PI) pentru o reglare precisa a iesirii. SICBC ofera un castig de tensiune
ridicat si stabil, cu o eficientd de conversie imbunatétit, esentialsssa pentru mentinerea performantei DVR-ului la
fluctuatiile de putere PV. Configuratia in cascada atenueaza stresul asupra elementelor pasive, contribuind la o
mai bund gestionare termica si la o duratd de viatd mai lunga a sistemului. Prin adoptarea algoritmului de
optimizare Pine Cone, parametrii controlerului sunt reglati fin pentru a obtine performante optime in ceea ce
priveste timpul de stabilizare, eroarea in stare stationara si depasirea valorii. Algoritmul imitd comportamentul
natural de dispersare a semintelor pinilor pentru a explora si exploata eficient spatiul parametrilor de control. Cele
mai importante rezultate sunt o eficientd inregistratd de 97,9% si o reducere a distorsiunii armonice totale (THD)
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la 2.56%, demonstrate prin simulari bazate pe MATLAB/Simulink. in plus, sistemul a demonstrat o compensare
robusta a tensiunii atat n conditii de defect simetrice, cat si asimetrice. Rezultatele obtinute arata ca strategia
DVR-PV propusa imbunatateste substantial stabilitatea si calitatea energiei, consolidand viabilitatea practica a
compensatoarelor integrate din surse regenerabile in retelele electrice moderne.

Cuvinte-cheie: calitatea energiei electrice, restabilitor dinamic de tensiune, controler, convertor de
tensiune 1n cascada.

YiaydlnieHue Ka4ecTBa 3JIeKTPOIHEPTHH B CHCTEMAX, MOAK/JII0YEHHBIX K CeTH IPH
HCMOJb30BAHUM JUHAMHYECKOr0 BOCCTAHOBHUTEJIS HANIPSIAKEHHUS ¢ MePeKITI0YaeMbIM
KACKaJHbIM NOBBIIIAIONINM Npeodpa3zoBaTesieM ¢ HHIYKTOPOM
Makmmunapasna I., 2Akymon C.IL., *Bumsanpakam B., ‘“IMlanauxymap M.

'MHcTuTyT HHKeHepun U TexHonoruit Bawtypynaniu Haremsapa Pao Bunbsana JIxbotu, Talinapa6an, Mamus
2Hcnamckuii yaupepeutet Hypya, Kaubsakymapu, Unus
SVuupepcurer Kasepu, Tenanrana, Muaus
“Saveetha School of Engineering, SIMATS, Yennau, Unmus
Ab6cmpaxkmubiit. OCHOBHBIMU LEISIMH HCCIENOBAHHS SIBIAIOTCS TOBBIIIEHHE KAdyecTBa J3JIEKTPOIHEPTHU B
crcTeMax, MOJKIIOYEHHBIX K CETH, U CMATYeHHe KoJIeOaHUH HAIPSDKEHHMS ITyTEM HCIIOJIb30BaHHS TNHAMHUUECKOTO
BoccTaHoBuTeNs Hampsbkenust (JIBP), nmuraemoro ot ¢oroanexrpuueckoit (P3) cucremslr. Muterpupys 3 B
KayecTBE OCHOBHOI'O HCTOYHMKa muTaHus, JIBP mocraBiser sHepruio, noiaydaemyro u3 BUD, mis
BOCCTAHOBJICHUsI HAIIPSOKEHUsI, TEM CaMbIM IMOBBINIas 3()(GEKTUBHOCTh U HAJIEKHOCTh CUCTEMBI. DTOT TOAXO
o0ecreynBaeT Mepexo] K yCTOHYMBBIM METOJaM JHEPreTUKH, MUHUMHU3UPYS 3aBHCHUMOCTh OT TPaJUIMOHHOM
ANIEKTPOCETH BO BpEMs MOMeX. DTH 1IeNU ObUIM JOCTUTHYTHI IIyT€M WHTErPALMHM KACcKaJHOTO ITOBBIIIAIONIETO
npeobpazoBatens ¢ kommyTupyeMmbiM HHAYKTopoM (KIIIICKW) mist 5hhekTHBHOTO MOBHIMICHUS HAPSHKCHUS U
UCTIONIB30BaHUs ONTUMU3UPOBAHHOIO MPONOPLHOHANBHO-MHTErpansHoro perymaropa PCO-PI qna Tounoro
perymupoBanwns Berxogaoro curnana. KIIIICKU obecnieunBaeT BRICOKHA M CTAOMIBHBIN KO UIMEHT yCHIICHUS
HaNpsOKEHUsl ¢ yiIydIleHHOW 3(@dexkTHBHOCTRIO MpeoOpa3oBaHMs, YTO HEOOXOAMMO MJIsl MO KaHHA
npomsBogutenbHocTH JIBP mpu komebannsax momHocTn ©3. KackagHas koHQUTYpanns CHIKAeT Harpy3Ky Ha
MIACCHBHBIE MIEMEHTHI, CIIOCOOCTBY I JIy4IIIEMy TEINIOBOMY PETyJIHPOBAHMIO U O0JIee IIUTETBHOMY CPOKY CITY>KOBI
cucTeMsl. braromaps ucnonb30BaHUIO alropuT™Ma onTuMu3anuu «CocHOBas IIMIIKa» MapaMeTpbl KOHTpoJuIepa
TOYHO HACTPAMBAIOTCS AJISI TOCTHIKEHHUS ONTHMAJIBHBIX XapaKTEPUCTHK C TOUYKH 3pEHHS BPEMEHH YCTaHOBJICHUS,
YCTaHOBMBIIEHCA OMIMOKM U TEepeperyiupoBaHHsA. AJITOPHUTM HMHTHUPYET €CTECTBEHHOE PpaclpOoCTpaHEHHE
COCHOBBIX IIHMIIEK, YTO MO3BOJIAET 3()(EKTHBHO HCCIENOBaTh M HCIIOJB30BATh IPOCTPAHCTBO HapaMeTpOB
ynpasneHus. Hanbornee BaxHBIMH pe3yibTaTaMu sBisitoTcst 3apeructpupoBanHbiil KITI 97.9% u cHmwkeHue
ko3¢ ¢unnenra rapmonndeckux uckaxeHuid (THD) no 2.56%, 4ro ObUIO IPOJEMOHCTPHPOBAHO C ITOMOIIBIO
monemupoBarns B MATLAB/Simulink. Kpome Toro, cuctema nmpojeMOHCTpHpOBaia HaJIe)KHYH KOMITICHCAITHIO
HaNpsDKEHUs] KaK IPU CUMMETPUYHBIX, TaK U IIPH ACUMMETPUYHBIX HEUCIPABHOCTAX. [lodydeHHBIE pE3yIbTAThI
MOKAa3bIBAIOT, YTO MpeJularaeMasi CTpaTerusl HCHOIb30BaHUS TUHAMUYECKOTO BOCCTAHOBUTEIS HANPSKEHUS TIPU
pabote ¢ POTOIEKTPUIECKONW CHCTEMON CYIIECTBEHHO MOBBIIIAET CTAOMIBHOCTh M KaueCTBO JICKTPOIHEPTHH,
MOATBEPX/asi MPAKTHYECKYI0 IeJIeCO00Pa3sHOCTh HCIIOJIB30BAaHUA KOMIIGHCATOPOB C HHTETPHPOBAHHBIMHU

BO300HOBJISIEMBIMH HCTOYHUKAMHU SHEPTHH B COBPEMEHHBIX IEKTPOCETAX.
Knioueevle cnoea: KadecTBO DIEKTPOIHEPTHH, YCTPOWCTBO JHMHAMUYECKOW CTaOWMIM3aINH
HaIpsHKEHUS, KOHTPOJIIEP, KACKaHBIN MOBBIIIAIOIINN TPeo0pa3oBaTellb.

. INTRODUCTION to attain improved PQ [4-5]. The utilization of
power converters and non-linear loads leads to
disturbances in PQ, which includes voltage swells
and sags, voltage deviations, disturbances and
harmonics, which in turn causes intense effects on
power distribution systems [6-7]. As these
problems affects the power supply, rectifying
these issues plays a major part. In addition to this,
the consistent power delivery is also affected by
these issues, which leads to equipment damage
and economic losses [8-9]. PQ issues have
significantly produced various losses including
reduced efficiency, loss of equipment, high

In distributed systems, it is highly essential to
improve PQ for achieving improved technical and
economic development in power sectors with
enhanced efficacy [1]. Significantly, consistent
power delivery is the basic necessity for
enhancing the cumulative functioning of the
power system [2]. Therefore, power supply needs
consistent supply without any disturbances to
meet the requirements of the load [3].
Nevertheless, various aspects cause reduced PQ,
thus, it is highly regarded crucial to remove these
unwanted interruptions and disturbance in order
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maintenance, disturbances and energy losses [10].
Henceforth, it highly essential to rectify these
issues, despite this, removing and mitigating PQ
issues possess certain difficulties and complicity.
Therefore, several PQ mitigating devices with
increased performance is considered. One among
these devices are Flexible Alternating Current
Transmission System (FACTS) which enables

seamless connection between the source and the
load [11]. FACTS is further classified into static
Volt-Amps Reactive (VAR) Compensators
(SVC) and Static Synchronous Compensators
(STATCOM) [12] which are utilised for
rectifying PQ problems [13-15]. Table 1
comprises of various PQ rectification approaches
along with their advantages and disadvantages.

Table 1
Various PQ improvement approaches
SQ mitigation Purpose Advantages Disadvantages
evices
Improved Voltage | Cannot handle complicated
Controls  voltage | stability voltage sag conditions
SVC [16] . L .
and reactive power. | Minimises Reduced reactive  power
transmission losses rectification
Introduces reactive | PQ improvement Cannot  handle  voltage

D-STATCOM [17]

power to mitigate
PQ issues

Increases PQ  with
reduced losses

disturbances
Highly complicated

Unified Power
Quality Conditioner
(UPQC) [18]

Corrects  voltage
and current related
to PQ

Enhanced PQ
rectification
Mitigates sag, swell

and harmonics

Increased implementation cost
Highly complicated

Among various FACTS devices DVR plays an
important part is critically identifying and
mitigating PQ issues. DVR introduces specific
phase angle and voltage in series with the
disturbance line to produce load voltage [19].
Moreover, to provide consistent and sustainable
power to achieve enhanced DVR performance.
The standard indicators of the quality of electric
power comprises the reduced THD and assures
the high power factor, replicating effective
exploitation of electric power. It maintains
voltage stability by efficiently compensating
voltage sag and swell.

RES based PV system plays a crucial role,
however, the initial power output produced by PV
is quite low, which makes it highly essential to
utilize power converters.

The cascaded boost converter enhances the
efficiency of the voltage gain, enabling higher
output voltages. However, it increases the current
stress on the switching devices [20]. The
interleaved boost converter effectively power-up
active switches and reduce switching losses.
Nevertheless, it involves more components leads
to high component cost [21].
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Buck-boost converter is utilized for step-up
applications. Yet, extended switch-on durations
lead to increased current ripple and higher
conduction losses [22]. The boost converters are
coupled with the inductors and the transformers
allows increased static gain. Though, it does not
perform well under reduced duty cycles [23].

Table 2
Comparison of Existing Works with proposed
converter.
] Existing Converter Efficiency
V. Seshagiri Rao et al o
[20] 92.4%
Balaji Chandrasekar o
et al [22] 88.1%
Proposed 97.9%

Therefore, to prevail over these limitations,
this system utilizes SICBC which obtains
improved  power  conversion  efficiency
Additionally, to further enhance the converter
performance, optimized control approaches are
considered.

Grey Wolf Optimization (GWO) is used for
tuning the controller parameters. Nonetheless, it
has slower convergence and gets trapped in local
optimum [24]. Particle Swarm optimization
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(PSO) minimizes the error at the controller.
Conversely, it takes long processing time to
achieve  optimal  solution [25]. Whale
Optimization Algorithm (WOA) mimics the
behaviour of hunting whales to solve the
optimization problem. Nevertheless, they are still
prone to higher computational complexity, and
parameter sensitivity [26]. Therefore, here PCO-
Pl controller is used, which offers improved
robustness, reduced losses with increased
convergence. The overall proposed system
utilizing DVR powered using PV system with
enhanced converter and control topology ensures
improved PQ enhancement with optimum
disturbance mitigation. The major outline and
contributions of the proposed system is listed
below,
e To implement DVR which enables
improved mitigation of PQ issues,
providing stable and controlled power
output.
To provide consistent and sustainable
power supply using PV system to meet

Vsabe, Isabe

P ——
SOURCE
INDUCTANCE

the power requirement of the DVR
system.

To utilize SICBC for attaining maximum
and boost output voltage levels from PV
system with improved efficiency.

To deploy a PCO-PI controller for
attaining enhanced control performance
with highly regulated output voltage.

Il. PROPOSED METHODOLOGY

Fig. 1 illustrates the proposed PQ
enhancement system using DVR, where DVR
enhances the quality of power by continuously
monitoring and compensating  voltage
fluctuations. For which, Pl controller compares
the actual load with reference load, later PWM
generator produces required PWM pulses. The
produced PWM pulses are then fed into the
Voltage Source Inverter (VSI), which generates
stable voltage. In addition to this, to offer
consistent power supply to meet the power
necessities of the load, a PV system is coupled to
the developed DVR system.
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Fig. 1. Block diagram of developed system.

Initially, PV produces low output voltage and
SICBC is deployed within PV system to boost the
PV power production process. Additionally,
PCO-PI controller is utilized for regulating the
converter performance. This regulated output
from PV is later fed into VSI for converting DC
to AC power. Then, the inverter output is filter
utilizing the LC filter for removing any further
harmonics. Therefore, the proposed system as a
whole offers highly improvised PQ by attaining
effective compensation of voltage sag and swell
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with reduced THD, thus, assuring enhanced
stability and reliability in grid-connected system.

A. Modelling of DVR

DVR is generally a voltage source converter
that is attached in series with distribution system.
DVR basically operates by introducing suitable
voltage of required magnitude and waveform in
series with the supply via the interjection
transformer during voltage sag and swell
conditions. Here, introduction of reactive and
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active power from DVR to distribution system is
carried out.

DVR circuit diagram is revealed in Fig. 2 and
their corresponding equation is represented using,

VDVR :VL +ZTH IL _VTH (1)

Where, V, specifies magnitude of load voltage,
Z., refers to system impedance, |, denotes load

current and Vi, indicates the system voltage
respectively.

I v zI.INF.

Vs

@ SUPPLY

Vi

I

Fig. 2. Circuit Diagram of DVR.

The load current is attained using,

_R+iQ
VL

()

IL

Here, V, refers to the reference equation which
is later expressed using,

Vows =V, £0+Z3 | £(B=0)+V, 25 (3)
Where, Vprangle is defined asoc, Zy, angle is

given as g, Vi is defined using 5 angle and @
implies the power angle respectively.

,l&

L

6 =tan 4
and the complicated power introduction of
DVR is represented as,

*

SDVR =VDVR I L

()

To further provide consistent and sustainable
power supply to meet the power demands of the
load, RES based PV system is deployed, which
provides continuous and clean energy source.

B. Modelling of SICBC

The SICBC enhances the voltage output from
PV systems [27] by enhancing the voltage
conversion gain.
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Fig. 3. Equivalent circuit of SICBC.

The control of a developed converter has 2
stages, as seen in Fig. 3.

Stage 1

When switch S is active as in Fig. 6, this stage
is started. It is assumed that V,is equivalent to
the voltage at input side. In addition, the half of

output voltage is equivalent to V3 =V,.
Consequently, current flowing via inductor

improves linearly, as depicted in Fig. 5.
Via =Vey Ve +Ve, (8)

1
Veo (to) = EVCl (to) =Vpy 9)
VLl = 4VPV (10)
4V 4DV,
AILIZ Ljv (t1_to):L1—fSPV (11)
Vip =Vey +Ve, =2V, (12)
2V 2DV,
AILZ = L:V (t1 _to) = l—z f:v (13)
Al =2Al, (14)
t -t,=DT (15)
VO
C3 = C4 Vos =Vo —Veu = ? (16)
V
Vos =Vo =Ves = ?O (17)
vV I

C3 = C4 VO(max) x IO :Vin X Iin(max) = %Xo (18)
Ve +Vea =Vs (19)
If C, =C, , their voltage is partial the output
voltage. Fig. 4 illustrates the developed

converter’s switching waveform.
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Stage 2 Vo
When S is inactive, this stage is initiated.  Via = Vev Ve +Ver +Vea ~Vo = Vey ——-
Here, D,is active whereas the diodeD;is (20)
reversed-biased.
Vo), (L-t) Vo |(1-D)
Al =|av,, -2 |x 2y, -2 21
VGSi I I | ) L ( Y ij L [ PV Zj LT, ( )
\; i [
. — ¢ av,, DT :(\%—wpvj(l— DT (22
hsfb— |  — | t

Im, I /\/\
u VLZ = _V01 = _ZVPV (23)

& Ip2 —t

_ -V, (1-D)

—t Al (24)

Ip1 /I |/I — { I-2 f
v,

b2 | I | t Vig =V, =V (25)
I - [

> t The capacitors C;and C, are linked in parallel,
Vs l l l t then

1
\2334 ﬁ {\l t Ves =Ves (26)

t
Ips | | | As voltage difference among capacitors C, and

Ver Ve .. . .
W
Vi Ve C, is identical to input voltage, then

Mode 1: Mode 2: Ve, = Vou (27)

®T) (-D)T “1-D

Fig. 4. Switching waveform of developed Volt-second balance expression for inductor

converter. Liis,
As a consequence, essential path to pass

V,
) . Ve, +Vo, +Ve, )DT =—| V,y +Ve, +Ve, - |(1-D)T
energy stowed in L and L,to capacitors C;,C, and (Vo +Ves Ve ( AR AL j( )

the output is offered by diodes D,,D,and D . (28)
Energy stowed in C,and C,is moved to load, The voltage gain is,

while D, and D, are active whereas D, is Vo 4 : (29)
reverse-biased. Vev  (1-D)

Output voltage of proposed converter is
managed by Pl controller and its parameters are
fine-tuned with the aid of PCO algorithm.

L by g

a1 A s e s s s ] 11

Fig. 5. Stages of developed converter.
C. Modelling of PCO-PI controller
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PI controller is deployed to attain improved
converter performance by adjusting the converter
output. PI controller is composed of proportional
gain (K,) and integral time (T,) and basic
structure of PI controller is presented in Fig. 6.

u()

’an®

CONTROLLER  pLANT OUTPUT

e(t)
PI

INPUT

Fig. 6. Basic structure of Pl controller.

U (t) =K,.e(t)+K,.[e(t)dt (30)

Where, distinction

reference and the actual output, andK; refers to
the integral value. The transfer function is,

Ga (5)= 2k, + 5

e(t)indicates among

CE()

(31)

Where, the complex frequency variable is
indicated by s. This transfer function governs how
the controller processes the error to regulate the
output of converter. Despite this by further tuning
these two constants, the performance of PI
controller is enhanced. For which, here, PCOA is
utilised.

The PCOA solutions are updated when the
optimum solution is found. Therefore, this
population and evolutionary based approach is
utilized for solving the optimization problems.
Firstly, PCOA consists of 2 populations namely
pine trees and their corresponding cones.

The criteria for this optimization comprises
reducing overshoot, settling time and steady-state
error. The assumptions includes the system is
initially stable with linear characteristics, the
voltage deviation is measurable and utilized as a
feedback, cones are randomly initialized around
tree positions, cone dispersal follows probalistic
pollination behaviour to explore local and global
optima and the structure of Pl control is
unchanged and only gains are optimized to assure
voltage regulation under disturbances. In PCOA
initialization process consist of a tree at the centre
for each segment and several cones are produced
around each tree, which is given by,

ub—1Ib
X

LbS =1Ib+(i-1)
tree

(32)
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UbS =ub+(i—1)x (33)

ub—1Ib
Ntree

Where, Iband ub represents the lower and
upper bound,Lbs and ubsare lower and upper
bound of segments. Population of pine cone is
produced as,

CX;; =LbS; +rands.am x(rand xUbS, —rand x LbS, ) (34)

Where, CX is pine cone’s position, randum
refers to random vector with normal distribution
among 0 and 1, rand defines the random number
ranging between 0 and 1, pine tree and cone index
is indicated as iand j. After initialization
process, the position of each tree is similar to the
finest cone.

Exploitation Phase:

While the pine cones grow mature
significantly their weights increase which in turn
causes these pine cones to go down from tree,
which causes dispersal of cone to restricted
region. For attaining this objective function
equation (34) is used,

TX; +w xR x( R x(Ub! ~Lb] =TX, )),
if Controlparameter =0
CX;; +W, xR x(R, x(Ub} —Lb{ ~T pop, ;)

~Thest ;, otherwise

oX e = (35)

Where, CX/[i"represents pine cone’s new
position, CX; implies pine cone’s updated
position, TX; indicates the tree position, Ub!and
Lb! are the upper and super-cube’s lower bound,
T pop,, ., refers to the randomly chosen solution
in memory of PCOA, Thest,; indicates i top

solution of PCOA, W, denotes adaptive weight, r1
is random integer amid 1 and PCOA’s memory
size, Rand R,implies the random number

between 0 and 1.

In PCOA, to attain enhanced balance between
exploration and exploitation phase is utilized
which is given as,

LbS = Lb+(i —1)><”?\|_ L (36)
UbS =Ub + (i 1) 22— LP 37)
Lb =Ib +Radius,, xW (38)
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Ub = ub—Radius,, xW (39)
W= min FES (40)
FES, . 10.5
Radius,, =X, — 10 (41)
Radius, =ub— X, (42)

Where, Radius, and Radius, determines the
shrinking radius, adaptive weight W gets
decreased from 1 to 0.5, X,indicates present
finest  position, FES represents  present
generation and FES_,, implies maximum number
of generations. Fig. 7 depicts flowchart of PCOA.

7~ N\
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N
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i OF TREE
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EVYALUATE
TREE AND
CONES

FES=1

H

DISPERSING PINE
CONE BY GRAVITY

USING EQN(4)

POLLINATION

ALGORITHM 1

}

RETURN
BEST
SOLUTION

~
ASSIGN PINE

TREE'S CONES IN

EACH SEGMENT

UPDATE
CONES
POSITIONS

—

H

EVALUATE
CONES
POSITION

(" DISPERSING PINE )
CONE BY ANIMALS
USING i
ALGORITHM 2

~

l 3

UPDATE TREE &
CONES SWARM

(" UPDATE

BOUNDARY

s CONDITIONS

USING EQN(7) | |
&(8)

UPDATE BOUNDARY
CONDITIONS OF
SEGMENTS USING
EQN(5) & (6)

UPDATE BEST
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Fig. 7. PCOA Flowchart.

Exploitation Phase:
Hence PCOA replicates two different methods
to attain this process, which is expressed using,

CX[5" =CX |, +0.5x@,, x(Tbest; ~CX, ;)

(43)
+0.5x @, x(Thest; —CX 5, )

Here, @represents the possibilities of
successful pollination of pine cones, which is
determined using,

77*Zai‘]
g =1-e (44)

B _a

dy;  d’,
o=t R 45
A (45)

Where, &, ; denotes impact of ith cone on j’

cone, d, ;is Euclidian Distance amongi® and j"
cone, o, pand p refers to the constant which
defines the pollination process. Therefore, the
entire system utilizing the proposed topologies
enables enhanced PQ  mitigation and
improvement.
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I11. RESULTS AND DISCUSSION

The developed research is validated using
MATLAB/Simulink tool. And the depicted
results are discussed in detail and elaborated in
this section along with their comparative analysis.
Table 1 indicates the specification of parameters
for developed research.

Fig. 8 represents the waveform of AC source
in voltage swell condition. It is observed that
source voltage is acquired with voltage swell,
which arises in 0.2—0.4swith an amplitude of
475V . Likewise, in the source current, voltage
swell occurs is less than time period of 0.1sand
then sustained at 40A with aid of control
approach.

Characteristics of solar panel is indicated in
Fig.9. An input voltage is maintained at 60V in the
entire system. Also, an input current is changed in
the beginning and settled at 20Awith small
distortions. Subsequently, an output voltage is
slowly improved and settled at 801V . Likewise, an
output current is changed randomly and sustained
at 11Awith little fluctuations in the entire system.

Fig. 10 displays the waveform of actual and
reference voltage. Before DVR injection, an
actual voltage is sustained a reduced stable value
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with fluctuations. Then, the reference voltage is  Consequently, the current of load is arbitrarily

sustained a constant value with no oscillations. varied due to voltage swell and with the aid of 30A
Waveform of load is indicated in Fig. 11.  with no oscillations.

Voltage of load is varied in an initial time and

sustained at 400V with no oscillations.

Table 3
Specification of parameters
Parameter ‘ Specification
PV system
Total Power 10000 W
Panel’s peak power 250 W
Open circuit Voltage 22.6V
Short circuit Voltage 12V
Maximum Peak Current 835A
Maximum Peak Voltage 29 95V
Noof cellsinseriesconnection, 2
Noof cellsin parallel connection, 16
Switched inductor cascaded boost converter
L,L, 4.7mH
C,.C,,C,,C, 22 uF
o 2200uF
Switching Frequency 10kHz

Case 1: Voltage Swell Condition with Step Magnitude +0.2

THREE PHASE AC SOURCE VOLTAGE WAVEFORM THREE PHASE AC SOURCE CURRENT WAVEFORM
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Fig. 8. Waveform of AC source current and voltage.
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Fig. 9. Characteristics of solar panel.
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REFERENCE VOLTAGE AFTER DVR INJECTION
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Fig. 10. Waveform of actual and reference voltage.
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Fig. 12. Waveform of power.

Fig. 12 displays the waveform of power. At
first, the real power is randomly changed and
settled at a small value and reactive power is
reduced, denoting the efficacy of overall system
is enhanced. Also, the power factor is maintained
a constant value throughout the system.
Waveform of AC source for voltage and current
is depicted in Fig. 13. The source voltage has the
voltage sag from 0.2-0.4sand it sustained at
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400V with the help of DVR. Although a voltage
sag existed between 0.2—-0.4s, the source current
is sustained at40A. Fig. 14 presents the behaviour
of solar panel. An input voltage to the converter is
sustained at60v in the entire system. Meanwhile,
an input current has initial variations and then it
maintained with a reduced constant value of 20 A
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Also, an output voltage is varied in the  an output current is randomly changed and settled
beginning and sustained at801v . Subsequently,  at11A.

Case 2: Voltage Sag Condition with Step Magnitude -0.2

THREE PHASE AC SOURCE VOLTAGE WAVEFORM
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Fig. 13. Waveform of AC source current and voltage.
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Fig. 15. Waveform of actual and reference voltage.

The waveform of actual and reference voltage  the reference voltage is maintained a stable value
is presented in Fig. 15. Actual voltage is settled at  in the entire system.
a reduced value with little distortions. Likewise,
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THREE PHASE LOAD VOLTAGE WAVEFORM THREE PHASE LOAD CURRENT WAVEFORM
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Fig. 16. Waveform of load.

The waveform of load is indicated in Fig. 16. Meanwhile, the load current is varied in the
The load voltage is gradually raised and  starting time and settled at 30Athroughout the
maintained at 400V in the entire system.  system.
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Fig. 17. Waveform of power.

Fig. 17 illustrates the waveform of power.  power also maintains a stable value, denoting the
Initially, the real power is arbitrarily varied and  performance of system is enhanced.
sustained at a constant value whereas the reactive

| (50Hz) = 66.17 , THD= 2.56%
T T T
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Fig. 18. Waveform of THD.

The waveform of THD is presented in Fig. 18. Where, fundamental frequency’s RMS voltage
The proposed research attains the lowest THD of s denoted by V; and V,,-+,V, are the second...nt"
2.56 %, ensures the overall power quality is harmonic components.
enhanced. The THD is computed by,

THD = (\/(vz2 FVEHVE 4o+ VE) TV, *100%)
(46)

43



PROBLEMELE ENERGETICII REGIONALE 3 (67) 2025

5

a

h_I—l
g

N

3-Phase AC Supply

i

BUS1

A

0o >»a

C

a
AT
c

RL

Fig. 19. Functional diagram.

The functional diagram in MATLAB is
revealed in Fig. 19. Here, the DVR is incorporated
to mitigate voltage disturbances by injecting the
compensation voltages. Current and voltage
measurements are monitored and processed by
RMS blocks for the analysis.

|C0]\’IPAR]SON OF EFFICIENCY (%) |

=IBC

TQZSBC

Fig. 20. Comparison of efficiency.

MODIFIEDZETA - PROPOSED

The comparison of efficiency for Interleaved
Boost Converter (IBC) [28], Trans Quasi Z
Source (TQZS) boost converter [29], Modified
Zeta [30] and developed converter is seen in Fig.
20. The developed converter has the maximum
efficiency 0f97.9 %, indicating the performance of
system is enhanced. Table 4

Comparison of power factor

Approaches Power factor
Nagarajan et al [31] 0.995
Reddy et al [32] 0.997
Developed work 0.998
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Nagarajan et al Reddy et al Proposed

Fig. 21. Analysis of THD.

Table 4 reveals the analysis of power factor
with previous works. The highest power factor of
0.98 is attained by the developed approach than
others. Fig. 21 depicts an analysis of Total
Harmonic Distortion (THD) for developed
approach with existing works (Nagarajan et al
[31] and Reddy et al [32]). The developed
approach has the lowest THD of 2.56 %,
indicates an enhanced power quality and efficacy.

ANALYSIS OF PI1 CONTROLLERS

SETTLING TIME |

| =RISETIME =PEAK TIME

-
=

e
=
=

w
=
=

o
=
=

PROPOSED

CS-PI

The performance analysis of developed Pl and
CS-PI [33] controller is illustrated in Fig. 22. The
developed approach has the better rise time of
0.02, peak time of 0.05 and settling time of 0.08
than CS-PI controller, representing the stability of
system is improved.
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IV. CONCLUSION

In this research, a PQ improvement approach
is developed by incorporating a DVR with PV
system aided by a SICBC and PCO-PI controller.
The DVR efficiently alleviates the voltage sags
and swells by injecting suitable compensating
voltage, assuring voltage stability and enhanced
power reliability. To offer an uninterrupted power
source for the DVR, a PV system is exploited,
providing clean energy. The SICBC offers high
voltage gain with reduced losses and enhanced
efficacy of 97.9%, improving the energy transfer
from the PV source. Furthermore, the PCO-PI
controller assures the improved control accuracy,
diminished steady-state error and faster dynamic
response. The developed work is applied in
MATLAB/Simulink tool, reveals the reduction in
THD to 2.56%. Thus, the developed approach
demonstrates its practical viability for modern
grid-connected PV applications.

REFERENCES

[1] Faroogi A., Othman M.M. Radzi M.A.M.,
Musirin 1., Noor S.Z.M., Abidin 1.Z. Dynamic
voltage restorer (DVR) enhancement in power
quality mitigation with an adverse impact of
unsymmetrical faults. Energy Reports, 2022, no.
8, pp. 871-882.

Jayatheertha H. J. Lakshminarayana G. Smart
Method for Minimising Transmission Line
Losses. International Journal of Control Theory
and Applications, 2016, ISSN: 0974-5572, vol. 9,
Issue 32, pp. 175-181.

Chiranjivi M., Swarnasri K. A novel optimization-
based power quality enhancement using dynamic
voltage restorer and  distribution  static
compensator. Indonesian Journal of Electrical
Engineering and Computer Science, 2022, vol. 26,
no. 1, pp. 160-171.

Viswanatha Rao J., Lakshminarayana G.
Estimation and moderation of harmonics in
distribution systems. In Intelligent Manufacturing
and Energy Sustainability: Proceedings of
ICIMES 2019, 2020, pp. 353-360. Springer

[2]

(3]

[4]

Singapore.
[5] Moghassemi A, Padmanaban S.,
Ramachandaramurthy ~ V.K., Mitolo M.,

Benbouzid M.A novel solar photovoltaic fed
Trans ZSI-DVR for power quality improvement of
grid-connected PV systems. IEEE Access, 2020,
no. 9, pp. 7263-7279.

Kaushik P.S.K., Lakshminarayana G. Voltage
enhancement using solid state  devices.
International Journal of Engineering Research,
2016, vol. 5, no. 3, pp. 197-202.

Samhitha B., Manohar T.G. Performance analysis
of fuzzy logic controller based DVR for power

(6]

[7]

45

quality enhancement. Int. J. Sci. Res. Sci.

Technol., 2023, vol. 10, no. 1, pp. 462-71.

Babu V., Ahmed K.S., Shuaib Y.M., Manikandan

M. Power quality enhancement using dynamic

voltage restorer (DVR)-based predictive space

vector transformation (PSVT) with proportional
resonant (PR)-controller. IEEE Access, 2021, no.

9, pp. 155380-155392.

Abas N., Dilshad S., Khalid A., Saleem M.S.,

Khan N. Power quality improvement using

dynamic voltage restorer. IEEE Access, 2020, no.

8, pp. 164325-164339.

[10] Mohammed A.B., Ariff M.A.M. The enhancement
of power quality for the distribution system via
dynamic voltage restorer. Int J Pow Elec & Dri
Syst ISSN 2088, 2020, no. 8694, pp. 1589.

[11] Ashok Kumar L., Indragandhi V. Power quality
improvement of grid-connected wind energy
system using FACTS devices. International
Journal of Ambient Energy, 2020, vol. 41, no. 6,
pp. 631-640.

[12] Gadupudi L., Rao G.S., Narayana Divakar R.V.L.,
Malik H., Alsaif F., Alsulamy S., Ustun T.S.
Fuzzy-based fifteen-level VSC for STATCOM
operations with single DC-Link voltage.
Sustainability, 2023, vol. 15, no. 7, pp. 6188.

[13] Gadupudi L.N., Raob G.S. Recent advances of
STATCOM in power transmission lines—A
review. Turkish Journal of Computer and
Mathematics Education, 2021, vol. 12, no. 3, pp.
4621-4626.

[14] Gadupudi L.N. and Rao G. 9-Level VSC based
STATCOM for reactive power management and
voltage stability improvement. J. Green Eng,
2020, no. 10, pp. 10275-10288.

[15]Gadupudi L.N., Rao G.S. 7-Level Transformers
Integrated Voltage Source Converter Based
STATCOM for Voltage Profile Enhancement.
Solid State Technology, 2020, vol. 63, no. 5, pp.
3134-3141.

[16] Absar M.N., Islam M.F., Ahmed A. Power quality
improvement of a proposed grid-connected hybrid
system by load flow analysis using static var
compensator. Heliyon, 2023, vol. 9, no. 7.

[17]Chen J.H., Tan K.H., Lee Y.D. Intelligent
controlled DSTATCOM for power quality
enhancement. Energies, 2022, vol. 15, no. 11, pp.
4017.

[18] Srilakshmi K., Gadameedhi S., Santhosh D.T.,
Yashaswini N., Valluri N., Reddy J.G., Kumar
N.M., Naik D.A. Design and performance analysis
of fuzzy based hybrid controller for grid connected
solar-battery unified power quality conditioner.
Int. J. Renew. Energy Res, 2023, vol. 13, no. 1, pp.
1-13.

[19] Ahmed H., Celik D. Enhanced UPQC control
scheme for power quality improvement in wave
energy driven PMSG system. IEEE Transactions
on Energy Conversion, 2024.

(8]

[9]



PROBLEMELE ENERGETICII REGIONALE 3 (67) 2025

[20]Rao V.S., Sundaramoorthy K. Performance
analysis of voltage multiplier coupled cascaded
boost converter with solar PV integration for DC
microgrid application. IEEE Transactions on
Industry Applications, 2022, vol. 59, no. 1, pp.
1013-1023.

[21] Krishnaram K., Suresh Padmanabhan T., Alsaif
F., Senthilkumar S. Development of grey wolf
optimization based modified fast terminal sliding
mode controller for three phase interleaved boost
converter fed PV system. Scientific Reports, 2024,
vol. 14, no. 1, pp. 9256.

[22] Chandrasekar B., Nallaperumal C., Padmanaban
S., Bhaskar M.S., Holm-Nielsen J.B., Leonowicz
Z., Masebinu S.0. Non-isolated high-gain triple
port DC-DC buck-boost converter with positive
output voltage for photovoltaic applications. IEEE
Access, 2020, no. 8, pp. 113649-113666.

[23]Cao Y., Bai Y., Mitrovic V., Fan B., Don, D.,
Burgos R., Boroyevich D., Moorthy R.S.K.,
Chinthavali M.A three-level buck—boost converter
with planar coupled inductor and common-mode
noise suppression. IEEE Transactions on Power
Electronics, 2023, vol. 38, no. 9, pp. 10483-
10500.

[24]Ebi I., Othman Z., Sulaiman S.I. Optimal design
of grid-connected photovoltaic system using grey
wolf optimization. Energy Reports, 2022, vol. 8,
pp. 1125-1132.

[25]He H., Lu Z., Guo X., Shi C., Jia D., Chen C.,
Guerrero J.M. Optimized control strategy for
photovoltaic hydrogen generation system with
particle swarm algorithm. Energies, 2022, vol. 15,
no. 4, pp. 1472.

[26]Had, H.A., Kassem A., Amoud H., Nadweh S.,
Ghazaly N.M. Using grey wolf optimization
algorithm and whale optimization algorithm for
optimal sizing of grid-connected bifacial PV

Information about authors.

Gadupudi Lakshminarayana received
his Ph.D. from Acharya Nagarjuna
University, Guntur, India. His research
interests include Power Electronics,
HVDC, and Renewable Source etc. He
can be contacted at email:
lakshminarayana_g@vnrvjiet.in
ORCID: https://orcid.org/0000-0003-
4204-7862

Ajumon Somasekharan Pillai received
M.Sc Electrical Power Engineering with
Business  from University  of
Strathclyde-Glasgow. His  research
interests include energy conversion
systems, smart grids, and power quality.
He can be contacted at email:
ajumon87@gmail.com

ORCID: https://orcid.org/0009-0004-
3343-9295

46

systems. Journal of Robotics and Control
(JRC), 2024, vol. 5, no. 3, pp. 733-745.

[27] Chellakhi A., EI Beid S., Abouelmahjoub Y. An
advanced MPPT scheme for PV systems
application with less output ripple magnitude of
the boost converter. International Journal of
Photoenergy, 2022, vol. 2022, no. 1, pp. 2133294.

[28] Das S.R., Mishra A.K., Ray P.K., Salkuti S.R.,
Kim S.C. Intelligent Controller for Mitigating
Power Quality Issues in Hybrid Fuzzy Based
Microgrid Applications. International Journal of
Intelligent  Systems and  Applications in
Engineering, 2023, vol. 11, no. 2, pp. 719.

[29] Saranya M., Samuel G.G. Energy management in
hybrid photovoltaic—wind system using optimized
neural network. Electrical Engineering, 2024, vol.
106, no. 1, pp. 475-492.

[30] Kumar R., Singh, B. Design and Implementation
of Modified Zeta Converter for Solar Water
Pumping Application. International Journal on
Recent and Innovation Trends in Computing and
Communication, 2023, vol. 11, no. 8s, pp. 01-09.

[31]Nagarajan L., Senthilkumar M. Power quality
improvement in distribution system based on
dynamic voltage restorer using rational energy
transformative optimization algorithm. J. Electr.
Eng. Technol., 2022, vol. 17, no. 1, pp. 121137.

[32]Reddy S.G., Ganapathy S., Manikandan M. Three
phase four switch inverter based DVR for power
quality improvement with optimized CSA
approach. IEEE Access, 2022, no. 10, pp. 72263-
72278.

[33]Sankar Y.R., Sekhar K.C. Hybrid PV/fuel cell
based system wusing integrated SEPIC-Cuk
converter with crow search optimized PI
controller. International Journal of Power
Electronics and Drive Systems (IJPEDS), 2024,
vol. 15, no. 3, 1726-1738.

and Electronics
(Industrial

Electrical

M.Tech Engineering

be contacted at
vishwaprakash0078@gmail.com.
ORCID:

Viswaprakash Babu received the B.Tech in
Engineering,

Management). His research interests include
DVR on Power distribution System. He can
email:

https://orcid.org/0000-0002-9379-

2507

Systems, Electrical Drives,

systems.
pandikumarm.sse@saveetha.com.
ORCID:
https://orcid.org/0000-0002-6013-1892

Pandikumar Maniraj received the degree of
Doctor of Philosophy in Solar Photovoltaic
and Control
(2016) from Anna University, Chennai. His
research interests include solar photovoltaic
He can be contacted at email:


mailto:lakshminarayana_g@vnrvjiet.in
https://orcid.org/0000-0003-4204-7862
https://orcid.org/0000-0003-4204-7862
https://orcid.org/0000-0002-9379-2507
https://orcid.org/0000-0002-9379-2507
mailto:ajumon87@gmail.com
https://orcid.org/0009-0004-3343-9295
https://orcid.org/0009-0004-3343-9295
mailto:pandikumarm.sse@saveetha.com
https://orcid.org/0000-0002-6013-1892

