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Abstract. Grid-connected PV systems remain essential to supply energy demands as the globe shifts its
focus to renewable energy sources (RESSs). Although there are many advantages to this integration, there
are also a number of issues with power quality and stability at the connection points. The aim of the
study is to tackle photovoltaic (PV) energy systems voltage instability poor dynamic response and to
increase conversion efficiency in conventional control and converter configurations. The main
objectives of the study were achieved by solving the following problems: (i) improving the DC-DC
stage's voltage conversion capabilities, (ii) delivering stable DC-link voltage regulation under varied
irradiance conditions, and (iii) optimizing the control system's dynamic and steady-state performance.
To address these challenges, an intelligent power conversion system has been developed by combining
a novel coupled inductor SEPIC (CIS) converter with an Osprey optimized algorithm-based
proportional-integral (OOA-PI) controller. The most important result is that the proposed CIS-SEPIC
converter and an OOA-PI Controller ensure to step up DC voltage output from the PV array while
maintaining voltage stability. This controlled regulated DC output is supplied for a three-phase voltage
source inverter (3¢ -VSI) that transforms the DC power into AC power suitable for driving the

connected load. The significance of the obtained results lies in improving the quality of electrical energy
and reducing its losses. The system has been designed and tested using MATLAB/Simulink, offering
better voltage regulation, faster transient response with low harmonic distortion AC output, and
improved converter efficiency of 96% compared to the conventional method.
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Rezumat. Sistemele fotovoltaice conectate la retea raméan esentiale pentru satisfacerea cererii de energie, pe masura
ce lumea isi indreaptd atentia cétre sursele regenerabile de energie (SRE). Desi aceasta integrare prezintd
numeroase avantaje, exista si o serie de probleme legate de calitatea si stabilitatea energiei electrice la punctele de
conectare. Scopul principal al studiului este de a aborda provocarile sistemelor de energie fotovoltaica (PV),
inclusiv instabilitatea tensiunii, rdspunsul dinamic slab si eficienta redusd a conversiei in configuratiile
conventionale de control si convertizoare. Aceste obiective au fost atinse prin integrarea unui sistem inteligent de
conversie a energiei, utilizind un convertizor SEPIC cu inductor cuplat (CIS) si un controler proportional-integral
(OOA-PI) bazat pe algoritmul optimizat Vultur pescar (Osprey). Cele mai importante rezultate consta in faptul ce
convertorul CIS propus permite cresterea tensiunii de iesire de curent constant (CC) din panoul fotovoltaic,
mentinand n acelasi timp stabilitatea tensiunii. OOA folosit regleaza in mod optim parametrii controlerului PI,
asigurand o tensiune DC-link controlatd cu precizie, reducand eroarea in stare stationard si imbunatatind
semnificativ raspunsul dinamic. Aceastd iesire CC controlata si reglata este furnizata unui invertor trifazic cu sursa
de tensiune  (VSI) care transforma energia CC in energie CA adecvata pentru alimentarea sarcinii conectate.

Semnificatia rezultatelor obtinute consta in demonstrarea faptului ca sistemul a fost proiectat si testat utilizand
MATLAB/Simulink, oferind o mai bund reglare a tensiunii, un raspuns tranzitoriu mai rapid cu o distorsune
armonica redusa a iesirii de current alternativ.

Cuvinte-cheie: fotovoltaic, convertor SEPIC cu inductor cuplat, algoritm de optimizare Osprey, invertor de
tensiune trifazata, proportional-integral.
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Metasppuctudeckas ontumusanus I[IH-perynsitopa B npeodpa3oBaTelie TOKA ¢ CONPAKEHHBIM
HHIYKTOPOM JJ1s (GOTOITeKTPHYECKUX MPHIIOKEHUH
'Kappa Cantommu B., 2Ilapsatu P.B.JL.H.C. 2, Tapmua X.I'., 2Bamcu K.M., Annaxu M.K.
! 'noGanbHbIit yHuBepcuret ['onaBapu, Pajxamannpu, Unaus.
2HnsxenepHo-TexHoIOrM4eCKMi MHCTUTYT [onasapu (A), Pamxamanapu. Unnus

Annomayusn. TlonximodeHHbIe K ceTH (OTOIIEKTPUUECKHE CHUCTEMBI, HO-TPEXHEMY, UTPAIOT BAXKHYIO POJIb B
o0ecrieueHNN SHEPTeTHIECKNX NOTPEOHOCTEH, MOCKOIBKY MHp BCe OOJIbIIe OPHEHTUPYETCSI Ha BO30OHOBIISIEMbIE
ucrounuku sHeprun (BUD). HecMoTpst Ha MHOTOYHCIICHHBIC IPEUMYTIIECTBA TAKOH MHTETPAINH, CYIIECTBYET PS
po0OJIeM, CBSI3aHHBIX C KA9ECTBOM M CTAOMIIBHOCTBIO JIEKTPOIHEPTUH B TOUKAaX MOAKIIOUeHNs. OCHOBHAS LIENb
HCCIIEIOBAaHUA — PEIUTh Mpobimemsl  (orosnekTpudeckux (PV) »HepreTHdecKMx CHCTEM, BKIIOYas
HECTAOMIFHOCTD HAIIPSDKEHUS, IUIOXYI0 JMHAMIYECKYIO PEaKIHI0 H HA3KYIO 3((EeKTHBHOCTH PEOOpa3OBaHUs B
TPaAWUIMOHHBIX KOH(QUTYpalUsIX YHpaBIeHHA W IpeoOpasoBareneil. OTH meaM ObBUIM JOCTUTHYTHI 3a CUET
MHTETPALH HHTEICKTy aTbHOW CHCTEMBI TPe00pa30BaHusI SHEPTHUH C HCIIOJIb30BAHUEM HOBOTO ITPE0Opa30BaTEs
HanpsoKeHus co cBsi3anHbIM nHAyKTOpoM (ITHCU) u ITU — koHTpoIiepa, ONTUMH3HPOBAHHOTO 10 MeToxy CKOTIBI.
HawnGosee BakHBIMHM pe3yJibTaTaMu SIBJSIFOTCS TO, YTO MpejyiaraeMblii mpeoOpasosarens [THCU mossomser
TIOBBICUTD BBIXOJJHOH MOCTOSIHHBIA TOK OT (DOTOIJIEKTPUUECKON OaTaper, COXpaHssi CTAOMIBHOCTh HAIIPSKEHUS.
Vcrionb3yeMblii alrOPUTM ONTUMH3AIMN ONITUMAIILHO HACTpauBaeT mapameTpsl [1M-koHTpOsuiepa, obecnednBas
TOYHOE YIIpaBJICHHE HANpsDKEHHEM B IENH IOCTOSIHHOTO TOKAa, yMEHbINas MOCTOSHHYIO IOTPENIHOCTh U
3HAYUTENBHO YIydlllasg AUHAMHUYECKYIO PEeaKLUio. DTOT PEeryIUpyeMBblil BBIXOA MOCTOSHHOTO TOKA IMOAAeTCs Ha
TpexdazHbIil HHBEPTOP HANPSKEHHUS, KOTOPBIN MPeoOpa3yeT NOCTOSIHHBIN TOK B IEPEMEHHbIH, HOAXOAAIINN I
MUTaHKS TTOJKITIOUYCHHON HArpy3KH. 3HAYEHHE TTOJIyYSHHBIX PE3yIbTaTOB 3aKII0YaeTCsA B TOM, UYTO cucTeMa Oblia
paspaborana u mnporectUpoBaHa ¢ wucnons3oBanueM MATLAB/Simulink, 4ro obecneunBaeT IydIIyrO
PETYINPOBKY HANpPsDKEHHSA, Oosee OBICTPYIO MEPEXOJHYI0 XapaKTEPUCTUKY ¢ HU3KUM yPOBHEM TapMOHHYECKHX
UCKa KEHUI MEPEMEHHOT0 TOKA.

Knrouesvie cnoea: dotosnextpuueckue cuctemsbl, npeodpazosatenb I[THCH co CBs3aHHBIM HHIYKTOPOM,
anroput™ ontumuzaiuu Ocnpu, NPONOPIMOHATLHO-UHTErPANIbHBIA MpeoOpazoBarelib, Tpex(da3Hblii HHBEPTOP
HalpsHKEHUsL.

I. INTRODUCTION

The increasing global energy demand, along  However, the power output of PV system is
with the diminishing of conventional energy  inherently variable, primarily driven by the
derivatives and their harmful environmental  factors such as solar radiation, temperature, etc.
effects, is pushing the world towards a potential  To ensure that PV systems deliver stable and
energy crisis within the next few decades. The  usable voltage levels, the low fluctuating DC
burning of fossil fuels emits NO, CO,, and NO,  output from solar modules need to be stepped up,
gases which greatly contributes to global warming ~ a DC-DC converters is essential [6-7].
and environmental pollution [1-2]. These Various existing converters are developed in
challenges have hastened the global transition  the previous studies as shown in Tablel. In
from fossil fuels to renewable energy sources  addition, when controlling these converters, Pl
(RES) for energy generation. controller are typically used for their ease of

The amount of renewable energy systems  implementation, low cost and consistent
installed around the world is accelerating rapidly ~ performance that minimizes steady-state error and
due to the potential for reducing greenhouse gas  oscillations in the system response [8].
emissions, air quality improvement, and energy However, a Pl controller requires proper
security [3]. tuning of its parameters, and there is a risk of poor

Among the various RES solar energy  dynamic response or system instability if
considered as the most viable option, due to its  improperly tuned. Therefore, optimization
abundant availability, cleanliness, zero emission  methods applied to find optimal Pl gains that
and ecological friendly [4]. allow for reliable system operation that yields

PV systems convert solar radiation into  improved power regulation under changing
electricity directly and play a significant role in  environmental factors [9-10]. Table 2 illustrates
sustainability development in energy [5]. the existing study of optimized PI controllers.
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Table 1
Literature survey of existing converter.
Author / Year Converter Pros & Cons
Pros: Lower voltage stress on semiconductor switch, diodes and
Nafis Subhani Improve_d capacitor. Uninterrupted source current and common ground
et al (2023) Quadratic features
[11] Boost converter | Cons: The dual-switch configuration necessitates the use of two
(1QB) separate control power supply. Increasing system costs for
budget applications.
Hioh  Step-U Pros: This converter boost up the input voltage, which
Omar  Abdel- g P-tp impressive for higher powering voltage system from PV
. DC-DC
Rahim et al converter modules.
(2020) [12] Cons: Operating at high duty cycles and switching frequencies
(HSUDC) . e . -
lead to increased switching losses, reducing efficiency.
Non-Inverting | Pros: Higher gain of voltage at lower duty cycle, involves
Arshad High Gain DC- | minimal voltage stress on switch and diodes
Mahmood et al | DC Boost Cons: Efficiency drops at higher output power due to switching
(2021) [13] converters and conduction losses, Limited to medium power applications
(NIHGDCB) : P PP '
Ultra High | Pros: It uses switched inductor and capacitor to boost voltage
Shahrukh Khan Gain DC-DC | without transformer, Low voltage stress.
et al (2021) —— . -
[14] Boost converter | Cons: Efficiency degrades at very low input due to conduction
(UHGDCB) loss.
. Pros: Supports step up and step down modes, Maintain
l;/laorr'z;g hi?d;z? SEPIC continuous input current and suitable for wide rage PV voltage
Converter Cons: High control complexity and reduced efficiency at high

(2022) [15]

duty cycles.

Table 2
Literature survey of existing optimized PI controller.
Author / Year ppnilze] L Pros & Cons
Controller
Pros: this controller minimising voltage regulator error,
Particle Swarm | improve performance of power quality, decrease DC link
M.F. Roslan et L e . .
al (2020) [16] Optimization voltage oscillation, and reduptlon the harmonl_cs. _ _
(PSO-PI) Cons: The absence of real-time hardware validation, limits the
assessment of real-time performance and practical applicability.
Genetic Pros: Significantly reduces steady-state error, Global search

D Sivamani et
al (2021) [17]

Algorithm (GA-
PI)

capability avoids local minima, enhanced dynamic responses.

Cons: Requires significant computation time for optimal tuning,
especially for large search spaces

G. Vasumathi
et al (2023)
[18]

Gray Wolf
Optimization
(GWO-PI)

Pros: Achieve global optimum without getting stuck in local
minima, faster convergence with fewer iteration

Cons: Real time implementation resource intensive depending
on hardware and higher resource complexity.

Hazem Hassan
Ellithy et al
(2024) [19]

Marine Predator
Algorithm
(MPA-PI)

Pros: enhance steady state accuracy of the inverter output under
grid fault conditions. It offer strong global search ability and fast
convergence in optimization

Cons: Validation is only simulation based; no hardware
implementation is reported. Its structure make a computational
burden in real time applications.

Nagwa F.
Ibrahim et al
(2023) [20]

Acrtificial Rabbit
Optimization
(ARO-PI)

Pros: Minimizes integral of squared error to obtain optimal PI
controller, Maintain continuous operation in PV system during
voltage sags and faults.

Cons: ARO increases the computational burden during tuning.
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Given the limitations of traditional converters
and optimized PI controllers, this work proposes
an OOA-PI controller integrated with a CIS
converter for enhancing voltage regulation and
system performance. The major contributions of
this research include:

PV system is used to create stand-alone
DC power, which is converter solar
energy into DC voltage.

CIS converter is implemented to step up
the low DC voltage into higher DC
voltage present at the PV source.

An OOA-PI controller is employed to
control the converter, providing optimal
parameters for improved response and
reduced steady-state error.

A 3¢ -VSI is implemented to convert the

regulated DC voltage into AC to
efficiently supply power to a load.

COUPLED INDUCTOR SEPIC CONVERTER

-

Il. PROPOSED SYSTEM DESCRIPTION

The proposed system, illustrated as Fig. 1,
effectively deliver an AC load using a PV source.
The PV system deliver an unregulated DC output
in an array of voltage V,, and a currentl . The

unregulated DC power supplied to the CIS
converter, which synergistically steps up the low
PV voltage to a higher DC voltage. Due to the
relatively unstable voltage of the PV structure, a
PI controller embedded within the CIS converter
allow to control the output voltage. The PI
controller tuned adaptively, using OOA, which
dynamically adjusts the K, and K; gains to

achieve optimal performance in the transient and
steady state through irradiation and load changes.

H AC
! | LOAD

Ly " oLs Do
1
il oo —Ppt
: Lmag
Vovlpy |
SJK} ¥D Com=
PV :
SYSTEM |:
................................... T

PWM
GENERATOR

4

OSPREY OPTIMIZED PI
CONTROLLER

pf‘(ﬂf

vdc(ref)_@_

Vact

Vac(ren

Vacgacey

Fig. 1. Proposed block of PV system using CIS converter and OOA-PI controller.

The measured DC voltage output then
supplied to a 3¢ -VSI, which perform DC-AC

transformation and output the necessary voltage
indicated by the AC load. However, in order to
keep the voltage stable and correct signal, a
second Pl controller is implemented in the
inverter stage.

The hierarchical control system manages the
power delivery system from a solar PV source, to
supply the demand of AC loads while maintaining
stability and performance of large fluctuations in
solar input or load variations.
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111. PROPOSED METHODOLOGY

A. PV System

A PV module contains of multiple solar cells
linked in parallel and in series. The single-diode
model in Fig. 2 includes a photo current source, a
diode, and a series resistance, where all three
elements of the model include temperature and
irradiance effects. The photo current generated by
sunlight is modeled using the source, while the
diode serves in this model as a half-wave rectifier.
The output current of the PV device, therefore,
described bellow:

)

Ipv :Iph_
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Here, 1,1, andI,denotes PV current,
photocurrent, and diode current. The Shockley

equation, which written as follow, is used to
determine the diode current |1, :

o

q(VPV +IPVR )

KT,
=z A ..
. ! L, | Lo,
V % \ 4 § Ro v
-

Fig. 2. Circuit diagram of PV model.
The PV cell output current is signified as

below,
V I,,R
I, =1 exp[Mj_l (3)
Ky Ty
Here, I,andV,, represents diode reverse

saturation current and terminal voltage. R and R,
denotes series and parallel resistance. ,K,,and T,

stands ideality factor, Boltzmann constant and
temperature of cell. Charge of electron denoted by
g . Due to changes in irradiance and temperature,

the PV system produces low and variable DC
voltage. This requires a converter to increase the
voltage for stable and efficient delivery, which is
discussed below.

B. Coupled Inductor Sepic Converter

The CIS converter is a coupled inductor
providing a greater voltage gain, lower input
current ripple and higher efficiencies. The most
important part of the converter in Fig. 3, contains
leakage inductancel,, primary windingL,,

magnetizing inductancel , , the secondary

winding L as well as the series coupling capacitor
C , thediode D and D,, the output capacitance C,

the load resistor, and a power switch S. The
converter works by transferring energy from the
input to output by stepping up or stepping down
the input voltage, providing higher efficient
connections.
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Fig. 3. Proposed CIS converter.

Mode 1: When switch S is ON and diode D,
is reverse-biased as presented in Fig. 4 (a), the
input voltage charges both leakage inductance L,
and magnetizing inductanceL . At the same

time, capacitor C discharges the energy that it is
storing into the load through diode D, and
capacitor C, continues to provide current to the
load powered continuously without interruption.
During this period, the current travels from the
input over the L, andL, , then through the

closed switch S, while a parallel path includes:

current from capacitor C through diode D to load
resistor R, .

Vi =V, (4)
V,

Lmag ®)

Mode2: When switch S in the OFF position
and diode D, conducting as presented in Fig.
4(b), the energy in magnetizing inductance L,
and leakage inductance is released through the
output. The energy does flow through the
secondary winding L, , coupling capacitor C , and
diode D, , while the input voltage goes directly to
the output through the coupling winding. The path
of energy during this stage begins at the input and
discharging inductance through the secondary
winding, before passing through capacitor C and
diode D, and finally supplying power to load

resistorr, .

=V,

n

Vie =V, =Ve (6)
VLmag n°VC (7)
When,
L 5
n-1 ®)
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(a) Mode 1

LI —

5

(b) Mode 2

Fig. 4. Modes of operation (a) Mode 1 (b) Mode 2.

Using inductor voltage-current relations:

== 9
= (©)
During Mode 1:

dL - Vin (10)
dt L,
di
oW
I-mag
During Mode 2:
diLmag _V¢ (12)
dt Lo,
ding __n—Vc (13)
dt Ly,
MODE1 : MODE 2
S t
C,Co -
Lkl l‘mug t
D t
DO

t

Fig. 5. Switching waveform of proposed converter.

Applying volt-second balance over, L, :
VLk(on) -D +VLk(Oﬁ) -(1— D) =0 (14)
Vin'D+(Vin_VC)'(1_D)=O (15)
(16)

Vin

V. =
€~ 1-p

Output voltage:

V, =Ve +nV, =V «(1+n) (17)
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V,,o(1+n)
1-D

Vo=

; (18)

Figure 5 displays timing waveform of
proposed converter, showing the gate signal,
inductor voltage, and diode conduction periods.
This converter attains a higher voltage gain and
less switch and diode voltage stress and better
efficiency by using coupled inductor and
optimized energy transfer.

C. OSPREY optimized PI controller

The CIS Converter is controlled via a closed-
loop feedback system with a PI controller, using
the parameter's values which tuned from the
proposed OOA. The PI controller has inherent
problems such as peak overshoot and steady-state
error. These problems are effectively reduced
when the PI controller gains, such as proportional
gain K, and integral gainK; are optimized using
Osprey-based metaheuristic algorithm. The PI
controller gains be described as:

u=k,e+k [y e(r)dr =k, (e+1/T, [, e(r)dr)

(19)

Here, k,andk  signifies proportional and
internal gain constant, and e(r)denotes error

from real fixed point. Integral time constant
denoted by T.

ERROR

00A
TECHNIQUE

K| K

Pl
CONTROLLER | [

Fig. 6. PI controller diagram.

of)
OUTPUT
—

REFERENCE
INPUT 1(t

CONTROL
OBJECTIVE

J

The conventional PI block illustrates in Fig. 6.
Moreover, an optimization algorithm is
incorporated in P1 controller to determine selected
gain values for optimum accuracy and stability.

Inspiration of OOA
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The OOA resembles the intelligent hunting
and prey-handling behavior of the osprey, known
for its remarkable prey-targeting abilities with
excellent vision in locating, tracking, and seizing
its prey. The aim to model this natural ability of
to locate, predict, and successfully seize has been
fashioned into an optimization strategy. In this
work, the intelligent foraging behavior of the
osprey is modeled mathematically to develop
the OOA, which is implemented to tune the PI
controller gains, as illustrates in Fig. 7. This
proposed algorithm mimics the decision making
abilities of the osprey in an efficient manner of
decision making with respect to targeting, while
exhibiting improved control performance by
reducing overshoot and steady state error in
dynamic conditions.

Mathematical modelling

The mathematical modelling of proposed
OOA is presented for the optimal tuning of Pl
controller gains K, andK;. The mathematical

modelling consists of the initialization of the
algorithm and processes of exploration and
exploitation that find their foundations in natural
osprey behavior.

Initialization

The OOA is a population-based metaheuristic
algorithm in which individual ospreys, the
animals, represent potential solutions, or a
candidate set of Pl controller gains K,  andK;.

The population of ospreys is randomly generated
within the defined boundary for each gain
parameter. Consequently, each osprey represents
a candidate solution for problematic, which
mathematically modeled with a vector. Ospreys
collectively form OOA population and
collectively model the ospreys using a matrix
according to (20). At initialization of OOA,
positions randomly in search space by using (21).

X X X X |
X=X Xio 0 Xy o X (20)
XN Nxm_XN,l XN,j XN,m_Nxm

% =Ib;+1;-(ub, ~Ib; ),i=12,..N;j=12,.,m
(21)

Here, X denotes population matrix signifies
ospreys location, X; denotes candidate solution
i—th osprey, and x; stands j—th dimension.

Nandm stands total amount of ospreys and
problematic variables, r; ;stands random numbers
in the range [0,1].ub,andlb; denotes lower and

upper bounds of j—th problematic variable.

These evaluated objective function values (F)
used for tuning the PI controller parameters which
are represented in the form of vector as below:

F, CF(X,) ]
F=|F = F(.Xi) (22)
F.N Nx1 _F(;(N )_le

Here, F stands gained function value for
i—th osprey.

Phase 1: Position estimation and prey search
strategy (exploration)

Phase 1 of OOA simulates the natural hunting
behavior of ospreys. Ospreys are truly remarkable
animals capable of using their extraordinary sense
of vision to evaluate the location of fish deep
underwater. Typically, an osprey skirts the area
over a body of water, and upon spotting fish, dive
and catch them. This behavior is replicated with
OOA for tuning PI gains to account for major
positional changes in the search space, allowing
for more exploration by the algorithm and
avoiding local optima. Each osprey has a set of the
other ospreys with better objective values that
impose as a fish target. Each fish set for i—th
osprey is defined as:

FP = {X, ke {1.2,.,NJAF, <F}U{Xy} (23)

Where FP signifies better solutions i-th
osprey, and X, denotes best solution. The new
position x; ,1for each dimension j is calculated
as:

X:} =X ;0 '(SFi,j -1 'Xi,j) (24)

X110, < X7 <uby;
X =1 Ib,x7<lb;; (25)
P1
ub;, %} > ub;.

P1 P1 .

Xi — i ’Fi < I:i' (26)
X, ,else,

Here x represents new position of i —th
osprey j—th dimension, the objective function
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value denoted by F™. SF, ; denotes selected fish
for i-th osprey j-th dimension, rstands
random numbers in the range [0,1].

INITIALIZE THE POPULATION OF
OSPREY & PI CONTROLLER GAIN

RANDOMLY GENERATE INITIAL
VALUES FOR k,;, & k; WITHIN

SPEC [FIED BOUNDS

EVALUATE OBJECTIVE FUNCTION

!

CALCULATE PERFORMANCE
INDICES

!

ASSIGN FITNESS VALUES TO EACH
OSPRE1

[ |
[ J
[ )
[ )
[ )

STOPPTN(.
CRITERIA
MET?

PHASE 1
EXPLORATION

l

PHASE 2
EXPLOITATION

[

REEVALUATE
OBJECTIVE FUNCTION

]
]
]_

YES

OUTPUT OPTIMIZED
k,. k;

[ ]

END

[

Fig. 7. Flowchart of OOA-PI controller.

Phase 2: Carrying the fish to the suitable position
(exploitation)

In second phase of OOA [23], the osprey acts
like carrying the identified safe location, local
movement that increases the capacity for
exploitation within the algorithm by allowing the
algorithm to fine-tune the (KpandK;)
parameters of Pl around better solutions. For
every candidate solution (osprey), a new position
is randomly generated within the predefined
boundaries. This new suitable position is
evaluated to the objective function. If the new
suitable position produces better controller
performance (reduction in overshoot, reduced
settling time, etc.) then the old gains (K, and K, )

are replaced by the new suitable position gains.

I, +r-(ub; - b, )
J J ]
X[ =%+ ¢ (27)
x by <x7F <ub;
xF=4 by, x,Pf <lb;; (28)
ub,, x’ >ub

jrog

Table 3 signifies parameter specification of
PV system and proposed converter.
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P2 P2 .
Xiz{Xi FT < Fy (29)
X;, else,
Here x77 denotes new position of i-th

osprey j—th dimension, the objective function
value represented by F°2. The OOA-PI controller

to adaptively tune the control parameters of the
converter to regulate the PV generated DC
voltage precisely. The optimized and stable DC
output is fed into a VSI and converted to a high-
quality AC supply to the load. The output of the
inverter then feeds into an LC filter capable of
reducing high-frequency switching harmonics,
thus generating a smooth sinusoidal waveform to
supply the connected AC load. The system ensure
continuous, reliable power transmission from PV
source to the load in dynamic environmental
conditions.

IV. RESULT AND DISCUSSION

In this work, a CIS converter with an OOA-PI
controller is developed to effectively harvest PV
energy and supply it to an AC load.

The developed system is modeled in
MATLAB and evaluated constant condition and

varying condition to assess its overall
performance.
Under constant input, the output power

remains stable, making it difficult to examine the
converter dynamic performance, thus utilizing
varying input, the converter response and control
efficacy explicitly demonstrate and validated.

Table 3
Parameter Specifications.

Parameters | Specifications
PV system
Open Circuit Voltage 37.25v
Short Circuit Voltage 8.95v
Series Connected PV sell 17
Parallel Connected PV sell 4
Maximum Power Voltage 29.95v
Rated Power 15kW
CIS converter
Switching Frequency 10KHz
L, &L 4.7mH
L &Ly 45mH
C 22 uF
C, 2200uF
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Condition 1: Constant temperature and intensity.
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Fig. 8. Solar panel waveform under condition 1.

Figure 8 displays PV panel temperature and  constant, which delivers with a clear observation
intensity under condition 1. The temperature  of the converter's behavior, where validate the
constant at35°C , and solar intensity continue the  effectiveness of the control strategy without
constant at 1000w /m2 through the simulation  interference from external variables.
time. In this constant conditions, the PV output is
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Fig. 9. Output waveform of PV panel under condition 1.
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Fig. 10. Output waveform of converter under condition 1.
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Figure 9 shows waveforms for the PV panel
output under condition 1; there is the output
voltage waveform which is constant at 500V
showing a stable DC input from the PV array,
with the input current waveform smoothly settling
to a steady-state value of 25A, presenting stable
controlled input. The stability of the input current

THREE PHASE LOAD VOLTAGE WAVEFORM

400

200

is primarily due to the constant PV conditions,
and the natural settling of the converter after the
initial transitory response.
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Fig. 11. Three phase load waveforms under condition 1.
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Fig. 12. Real and Reactive power waveform.

The converter's output performance under
condition 1 is displayed in Fig. 10. Output voltage
rise quickly and stabilize at600v , which
illustrates voltage gain of the converter is
achieved. Output current rises up to 20A settling
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to a steady value smoothly. Both voltage and
current waveforms show a slight ripple and
fluctuations due to start-up condition at the
beginning, however due to the use of the OOA-PI
controller, the transients are minimized quickly,
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and the converter and inverter reaches steady-
state rapidly.

Figure 11 shows the AC load waveforms under
condition 1. The 3¢ load voltage waveform

shows balanced sinusoidal output voltage ranging
at+350v , settling the inverter operating as
expected. The load current waveform initially has
small disturbances, but quickly settles and
continuously deliver clean sinusoidal current at
+20A.

Condition 2. Temperature and Intensity Variations
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Real and Reactive power waveform under
condition 1 displayed in Fig. 12. The real power
waveform during the simulation observed to rise
up suddenly at the beginning, and to activate to
nominally level out confirming stable active
power supplied to the load. Reactive power
waveform notably remains to zero for the duration
of the simulation, signifying that almost all of the
power transferred is real and able to be delivered
to the load. This result demonstrates respectable
conditions for energy conversion from PV source
to AC load and is aligned with the goal of reliable
and quality power delivery.
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Fig. 13. Solar panel waveform under condition 2.

Figure 13 shows the varying temparature and
intensity wavefoem under condition 2. The PV
temperature increasing from 25°Cto30°C at 0.3 s
and irradiance rising from 800W / m2to1000W / m?
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at 0.4s. These wvariations emulate realistic
changes in environmental conditions, which is
leads to the PV output voltage and current
fluctuate, creating a dynamic input scenario for
the converter.
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Fig. 14. Input waveform of proposed converter under condition 2.

Figure 14 shows the input waveform of PV
panel under changing condition 2. The input
voltage starts at 380V and rises at 500V after the
irradiance is increased. The input current begins
to rise and fluctuate and eventually settles after

around 0.4 s at 21A as more irradiance increases
the power output of PV. These signals show the
PV response to changing weather conditions,
indicating the converter need to operate over a
wide range.
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Fig. 15. Output waveform of converter under condition 2.

Converter output waveforms under condition
2 as displayed in Fig. 15. Even with variable
input, the output quickly steadies at600v , and
output current stabilizes at 20A with minimal
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ripple. This settles the OOA-PI controller quickly
alter the duty cycle to regulate DC output voltage,
even when PV conditions change.
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Fig. 16. Three phase load waveforms under condition 2.

The 3¢ load waveform under condition 2 is

presented in Fig. 16. The inverter continues
producing balanced 3¢ sinusoidal voltage

ranging at+400vV . The load current has a clean
sinusoidal profile, indicating that the system is
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continuously supplying the load with high quality
AC power regardless of the input varying
conditions; this means that the load variation
conditions doesn’t affect the effectiveness of the
converter and inverter.
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Fig. 17. Real and Reactive power waveform.
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the experiment have been proven not to affect the
performance of the system, as the converter and
optimal controller performed as intended for
providing efficient and reliable PV-to-AC power
to the load regardless of the irradiance.

Figure 18 shows a comparison of efficiencies
(%) among several converters, where the 1QB
converter [11] has 90%, HSUDC converter [12]
has 93%, NIHGDCB converter [13] has 95%,
UHGDCB converter [14] has 95.40%, and the
proposed converter has a maximum efficiency of
96%. The proposed converter convert more input
power to useful output power with minimal power
loss resulting in better energy utilization, less
heat, higher reliability of the system, and lower
operating costs.
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Fig. 19. Evaluation of Voltage Gain.

Real and reactive power waveform under
condition 2 is shown in Fig. 17. The real power
increases in direct proportion to the irradiance,
and ultimately settles into a steady value that
corresponds to the higher energy input from the
PV array. While this occurs, the reactive power
remains near zero, indicating a better power
factor, significance that most of the supplied
power is effectively used by the load.
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Fig. 20. Evaluation of Voltage Stress.

Voltage gain against duty cycle for 1QB [11],
NIHGDCB [13], UHGDCB [14], and the
proposed converter compares in Fig. 19. As duty
cycle approaches, the proposed converter shows a
greater voltage gain of over than listed existing
converters. This greater gain exhibits the
proposed converter's capability to attain a greater
voltage output at lower duty cycles, which extract
more efficient operation.

Figure 20 illustrates switch and diode voltage
stress as functions of voltage gain for four
converters. The IQB, NIHGDCCB and UHGDCB
converter shows the highest switch voltage stress
as gain continues to increase. The proposed
converter had the lowest switch stress, and most
constant stress level across all gain levels, which
is indicative of better stress management over the
other converters. In the diode stress, the 1QB,
NIHGDCCB and UHGDCB converter had the
highest diode voltage stress. The proposed
converter consistently low diode voltage stress,
improve durability for the converter, lower losses,
and promote effective operation at higher gains.

Table 4.
Evaluation of Optimized PI controller
performance.
Optimized | Settling | Rise Peak
Pl time time time
Controller | (t,) (t) (t,)
PSO-GJ [21] | 0.3912s | 0.2197s | 1.0546s
GWO [22] 0.518s | 0.071s | 0.812s
PROPOSED 0.07s 0.01s 0.03s

Table 4 comparative performance analysis of
optimized PI controller such as PSO-Golden
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Jackal (GJ) [21], GWO [22] and proposed OOA-
Pl controller in terms of key dynamic response
characteristics: (t,), (t,),and(t,). The proposed

controller outperformed the others listed
controller with settling time of 0.07 s, rise time of
0.01 s, and peak time of 0.03 s.

V. CONCLUSION

This work presents an efficient PV energy
conversion system with a CIS converter and an
OOA-PI controller. With the help of CIS
converter increasing the DC power produced by
the PV panel even changing weather conditions.
The design enables efficient transfer of energy
with lower stress and high voltage gain, ensuring
the highest efficiency of 96%. The OOA-PI
controller achieves excellent performance by
optimally tuning the PI gains for the controller to
attain a very fast-responding system. The
controller achieved a settling time of 0.07 s, a rise
time of 0.01 s, and a peak time of 0.03 s with very
little overshoot and stable under constant and
changing load and reference conditions. The
system modeled and validated in
MATLAB/Simulink with the best accuracy
through simulation of the converter behavior,
controller dynamics, and real-time performance
with different working conditions. The results of
the proposed method ensure reliable, efficient,
and high-quality power delivery for PV
applications.
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