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Abstract— Solar energy is considered a long-
term cost-effective alternative source of energy. It 
can be found in many households, most 
especially as the cost of environmentally 
unfriendly fossil fuels continues to rise. 
Unfortunately, the inability of photovoltaic (PV) 
panels to generate sufficient power at all times 
due to inadequate irradiance tracking and 
changes in temperature have become a significant 
setback to its utilization. An attempt to improve on 
this limitation has led to the development of the 
Maximum Power Point Tracking (MPPT) 
mechanism which seeks to balance the 
impedances in order to facilitate maximum power 
transfer between the cells and the load at different 
irradiative conditions. This study embarked on the 
analyses of the existing MPPT models and 
modified the Extremum Seeking Control (ESC) 
MPPT algorithm to achieve maximum power 
generation from the panels. With data obtained 
from the Nigerian Meteorological Department, the 
work analysed the performances of existing ESC 
and the artificial intelligence-based methods using 
Fuzzy Logic and Artificial Neural Networks (ANN) 
when connected to loads with lots of cycle limits. 
The results showed that the existing ESC had a 
power output of 200kW, the Fuzzy logic model had 
249.4kW, and the ANN model delivered 269.6kW 
while the modified ESC MPPT provided a better 
power output of 290kW on the same PV and load 
ratings. It is therefore highly recommended for 
further studies and implementation. 

Keywords— Extremum Seeking Control, 
Maximum Power Point Tracking, Photovoltaic 
Cells, PV impedance matching, PV power transfer 
algorithm. 

I.  INTRODUCTION 

Renewable energy emanates from natural 
resources that can be replenished, such as rain, wind, 
tides, sunlight, biomass and geothermal heat. They are 
inexhaustible unlike the dwindling conventional crude 
oil and other fossil fuels. The use of solar energy to 
generate power is said to have started when a British 
astronomer John Herschel [1] used solar collector to 
cook in his expedition in Africa. With good design and 

production of solar photovoltaic cells, incident 
radiations are converted to electrical energy which is 
the most usable form of energy. Previous studies show 
that only about 30% to 40% of energy incident on the 
photovoltaic cells are converted to electric energy [2, 
3]. Hence, a maximum power point tracking (MPPT) 
algorithm became necessary to maximize the 
efficiency of the conversion of energy incidence on the 
solar panel. Extremum seeking control (ESC) is a 
control technique for real time optimization of dynamic 
systems; it is a simple objective type of controller and 
is not usually deployed for multivariate objective 
functions. ESC controller usually seeks to enhance up 
to extreme an objective function (usually plants output) 
by adjusting the manipulated variables (plant inputs). 
Hence, ESC provides an ideal solution for various 
applications that needs its objective function to be 
maximized or minimized. ESC is proven to provide 
stable and accurate responses in control system 
applications [4]. Researchers and authors have 
reported on the utilization of conventional MPPT 
algorithm and their achieved improvements such as in 
[5] where MPPT algorithm contributed an increase of 
8-10% in conversion of incidence energy to electrical 
energy. As the Clean Development Mechanisms 
(CDMs) [6] are being adopted by organizations all 
across the globe due not only to the rapidly decreasing 
reserves of fossil fuels which has seriously increased 
the cost, but mainly to environmental pollution 
associated with their combustion, against which 
renewable energy sources are known to be much 
cleaner and produce energy without the harmful 
effects of pollution [7]. More so, a lot of applications 
today require solar energy sources mostly in the rural 
areas of Nigeria, such as powering rural broadband 
solutions [8] and as backup power supply to public 
facilities [9-11] and since there is enough sunlight in 
Nigeria, this work is considered necessary. This study 
therefore seeks to improve on the extremum seeking 
controller’s ability to track and leverage on solar 
energy harvesting variables to maximize the power 
output and ensure maximum amount of electricity 
conversion from solar energy that are incidence on the 
photovoltaic cell. 



IM

I

pow
Th
wit
tra
an 
tec
pow
con
vol
clim
me
ne
cho
ea
the
cha
tec

vol
vol
rep

[1]

cur

MJSTP2912097

II. RESEAR

From the M
wer output 
evenin’s imp
th the load 
cking the Ma

impedanc
chniques hav
wer points 
nductance 
ltage metho
mbing metho
ethod as wel
ural network
oice which d
se of implem

e algorithm ta
art for the c
chniques in th

 

The increm
ltage and c
ltage and cu
presented by

Fig. 1: Maxim

At MPP the
[15].  

 

 

Where P is 
rrent. The lef

76 

RCH BACKG

Maximum Po
of a circui

pedance of 
 impedance
aximum Pow

ce matching
ve been us

in PVs; s
method, th

od, the per
od, the frac
l as the Artif

ks and fuzzy 
depends on f
mentation as 
akes to track
classification 
he PV system

ental conduc
current sens
urrent of the
y equation (1

mum power po

e slope of th

    

the power, V
ft hand side 

GROUND 

wer Transfe
t is maximi
the source 

e. Hence o
wer Point (M
g problem 

sed to track 
such as th
e fractiona

rturb and o
ctional short 
ficial Intellige
logic method

factors such 
well as the t

k the MPP.  F
of common

m. 

ctance meth
sors to sen
e PV array a
). 

oint tracking me

e PV curve 

 

V is the volta
of equation 

w

r Theorem, 
ised when 
circuit match
ur problem 
PP) reduces

[12]. So
the maxim

he incremen
l open circ

observe or 
circuit curr

ence (AI) driv
ds  [13, 14], 
as the cost a
time complex

Fig. 1 shows 
nly used MP

od deploys t
nse the out
and analytic

ethods 

is said to be

 (1)

age and I is 
1 represent 

Inte

www.imjst.or

the 
the 
hes 

of 
s to 
ome 
mum 

ntal 
cuit 
hill 

rent 
ven 
the 

and 
xity 
the 

PPT 

two 
tput 
ally 

e 0 

) 

the 
the 

ins
wh
rea
de
the
se
rel

dif
ter
cir
flow
be
irra
eq

ma
cir
ch
ha
de
dif
me
tem
co

ch
se
arr
sm
MP
dir
us
inc
thi
ca
an

an
of 

ernational Multi

rg 

stantaneous 
hen equals th
ached, incre

ecreasing on 
e basic equa
nsing (voltag
iable.  

 

 

 

 

 

 

 

 

 

 

 

[1] 

 

 

The fraction
fference in 
rminals of a
rcuit and in th
w and is su

etween 𝑉 a
adiance and
uation 2. 

𝑉 𝑘𝑉

Where 𝑘 is 
aximum pow
rcuit voltage
aracteristics 

as to be c
etermining 𝑉
fferent irrad
ethod incu
mporary los
nsidered an 

Perturb & 
eapest and 
nsor known 
ray voltage. T

mall although
PP rather on
rections so th
e of wait fu

crease the tim
s algorithm 
nnot accoun
d may result

The fraction
 offline meth
time to me

Table 1: Bas

MODE

𝑑𝑃
𝑑𝑉

𝑑
𝑑

lingual Journal 

conductance
he conductan
easing on t
the Right sid

ations of the 
ge and curre

nal open circu
electrical 

a device wh
he absence o
upported by 
and 𝑉 of th
d temperatur

   

a constant o
wer point vo
e. Since k
of the PV a

computed b
and 𝑉  fo

iance and 
rs some 
s of power
offline metho

Observe (
simplest me
as the volta

The time com
h the perturb
n getting clo
he setup of a
unction is r
me complexit
depends on

nt for rapid c
t to calculatin

nal open circ
hod where th
easure the 

sic incrementa

EL 

𝑑𝑃
𝑑𝑉

0 

𝑑𝑃
𝑑𝑉

0 

𝑑𝑃
𝑑𝑉

0 

𝑉𝐼
𝑉

𝐼 𝑉

of Science and T

Vol. 8 Issue 

e of the sola
nce of the so
the left of 
de of the MP
method in T

ent) makes th

uit voltage (F
potentials 

hen disconne
of external lo
the near lin

he PV array
re levels [1

 

of proportiona
oltage and 𝑉
k is depen
array being 
beforehand 
or the speci

temperature
disadvantag

r [15] which
od.  

(P&O) is sa
ethod as it 

age sensor to
mplexity of P
rbing does n
osed continu
an appropria
required, bu
ty of the algo

n perturbation
changes of 

ng wrong MP

cuit current 
he PV is iso
irradiance. 

al conductance

M
OUT

at M

left 

righ

𝑉 ∗
𝑑𝐼
𝑑𝑉

 
 

 

Technology (IMJ
ISSN: 2528-9

12, December - 2

6

ar panel, wh
olar then MPP

the MPP a
PP as shown

Table 1 [1]. D
his method v

FOCV) uses 
between 

ected from 
oad and curr
ear relations
, under vary
] as shown

 (2)

ality, 𝑉  is 
𝑉  is the op
ndent on 
used, it usu
by empiric
fic PV array
e levels. T
ges, includ
h is why it

aid to be 
uses only o

o sense the 
P&O algorithm
not stop at 
es on the b

ate error limi
t this will a

orithm. Howe
n and theref
irradiation le

PP [17].  

(FOCC) is a
lated at inte
They are v

e models [1] 

MPP 
TCOME 

MPP 

of MPP 

ht of MPP 

JST) 
9810 
2023 

6904 

hich 
P is 
and 
n in 

Dual 
very 

the 
two 
the 

rent 
ship 
ying 
n in 

) 

the 
pen 
the 
ally 

cally 
y at 
This 
ding 
t is 

the 
one 
PV 

m is 
the 

both 
t or 

also 
ever 
fore 
evel 

also 
rval 
very 



IM

sim
go
me
de
com
fra
atm
(IM
circ
eq

con
fuz
rul
Fig

the
the
Th
cris
usi
use
Fu
cyc

ma
spe
pow
dra
an
tem
Us
sig
MP
ext
sol
obj
ma
min
pro

MJSTP2912097

mple to deplo
od accuracy
easurements
ployed for m
mplexity of t
ctional ISC r

mospheric co
MPP) is app
cuit current 
uation 3.  

𝐼 𝑘 𝐼

The Fuzzy
ntrol using 
zzy logic ba
e-base, infe
g. 2. 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Block 

The fuzzific
e crisp inputs
e rule base a
e defuzzifica
sp output. T
ing Mamdan
es the centre
zzy logic co
cle. 

Neural netw
aking and c
ecification o
wer point un
aws inferenc
d ISC, atm

mperature, o
sing several r
gnal, the pow
PP [14, 17]. 
tremum seek
lution for ma
jective to b
aximization 
nimization o
oduced by a 

 

76 

oy and easi
y. To prevent
s, additiona
measuremen
the system 
results from 
onditions, ma
roximately li
(ISC) of the 

   

y logic met
fuzzy logic. 

ased MPPT 
rence and d

Diagram of Fu

cation block 
s to fuzzy inp
and are app
ation reconve
The fuzzy in
ni’s method [
e of gravity to
ntroller (FLC

works are fa
can be depl
of the refere
nder differen
ces from the
mospheric d
r any combi
reference sig
wer converte

This work c
king control  
any applicat

be maximize
of output 
of energy 
system [7]. 

ly converge 
t the regular 
al sensors 
t which then
[14]. Similar
the fact that

aximum pow
nearly relate
PV array [1

          

thod takes 
The main 
controller a

defuzzificatio

uzzy Logic [14

handles the
puts. The rule
plied in the i
erts the fuzz
nference is 
[19], and the
o compute th

C) with a cha

ast and prec
oyed for the
ence voltage
t atmospher

e input varia
data like i
nation of the
gnals such as
r is driven to
concentrates
(ESC) meth

tions that re
ed or minim

power or 
consumed 

w

to a MPP w
outages dur

are usu
n increases 
r to the FOC
t, under vary

wer point curr
ed to the sh
18] as stated

 (3)

decisions a
components
re fuzzificati

on as shown

4] 

e conversion
es are formed
nference blo

zy output to 
carried out 

e defuzzificat
he output of t
ange in the d

cise in decis
e tracking a
e of maxim
ric conditions
ables like V
irradiance a

ese paramete
s the duty cy
o operate at 
s on the use
od that an id

equire a cert
mized, such 

production 
or emissio

 

Inte

www.imjst.or

with 
ring 
ally 
the 

CV, 
ying 
rent 
hort 
d in 

) 

and 
s in 
ion, 
n in 

n of 
d in 
ock. 
the 
by 

tion 
this 

duty 

sion 
and 

mum 
s. It 
OC 
and 
ers. 
ycle 
the 

e of 
deal 
tain 
as 
or 

ons 

I

A.

of 
Me
ph
Ma
an
im
ou
sys
eff
MP
co
ou
res

B.

go
pa
wa
we
a f
res
cu
dro
wa

ernational Multi

rg 

III. METHOD

Research P

Sun irradia
Uyo, Akwa I
eteorological 
otovoltaic 
atLab/Simulin
d current out
plemented in
tcome obtai
stem witho
ficiency of the
PPT algorith
ntrol to be 
tput. The fl
search proce

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Resea

 

Photovoltai

The data us
otten from th
anel specifica
as assumed 
ere absent, c
fixed value o
sistance wa
rrent. The se
op at the out
as consider

lingual Journal 

OLOGY 

Procedure  

nce data an
bom State w
Department

cells w
nk and the p
tput obtained
n the PVC m
ned and com
ut ESC. F
e ESC utilize
ms to obtain
utilized in 

ow diagram
edure was sh

arch Procedure

c cell modeli

sed in the mo
he meteorolo
ations and is 
that series lo
urrent source
of radiation a
as used to 
eries resistan
tput, the PV 
ed sensitive

of Science and T

Vol. 8 Issue 

nd atmosphe
was obtained 
t in Uyo. The
were imp
power output
d. ESC MPPT
model in SIM
mpared with
Finally, the 
ed was comp
n the best M
ensuring m

m for the su
hown in Fig. 3

re Flow Chart 

ing Units 

odeling of th
ogical unit a

s as presente
oss and leak
e were assum
and tempera

represent 
nce represen
power conve

ve to chan

Technology (IMJ
ISSN: 2528-9

12, December - 2

6

eric temperat
from the sta

e models for 
lemented 
t, voltage out
T algorithm w

MULINK with 
 the solar P
power out

pared with ot
MPPT algorit

maximum pow
ummary of 
3. 

e PV cells w
and from so
ed in Table 2
kages to grou
med constan
ature and sh
shunt leaka

nted the volta
ersion efficie
ges in se

JST) 
9810 
2023 

6905 

ture 
te’s 
the 

in 
tput 
was 
the 

PVC 
tput 
ther 
thm 
wer 
the 

were 
olar 
2. It 
und 
nt at 
hunt 
age 
age 
ncy 
ries 



IM

res
res
eq
loa
cel

wa

cur
dis

 

rep
Gr 

MJSTP2912097

sistance and
sistance and
ual to the loa

ad voltage. F
ll. 

 

 

 

 

 

 

Fig. 4: Circuit

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Kirchho
as given as e

𝐼  𝐼

Where 𝐼  
rrent source

ssipated curre

Then the ov

𝐼  𝐼  

  

Where Tc r
presents the
represents t

Table 2: Dat
D

SPEC
Irradianc
incidence

Cell te

Solar

Refere

Refere

Short c
temperat

Open c
temperat

Series

Short c

Interna

Internal

Maxim
V

Maxim
c

Maximum

Maxim
v

76 

d insensitive
d the cell cur
ad current an
Fig. 4 shows 

t Model of PV 

off’s current
equation (4); 

 𝐼  𝐼   

is the curren
e, 𝐼  is the s
ent. 

verall cell cur

𝛼 𝑇

  

represents th
 reference t
the referenc

ta Utilized for P
DATA 

CIFICATION 
e at norm
e 
emperature 

r Spectrum 

ence current 

ence voltage 

circuit current
ture coefficie
circuit current
ture coefficie
s resistance 

circuit current

al resistance 

l capacitance

mum power 
Voltage 
mum power 
current 
m power ratin

mum system 
voltage 

e to change
rrent to the e
nd cell voltag
the circuit m

Cell 

t law for no

 

nt of the PV
shunt curren

rrent 𝐼  is g

 𝑇  

 

he module te
temperature 
ce solar irrad

PV Modeling 
VAL

mal 1000

25

1

3

17

t 
ent 

3x10-

t 
ent 

-73x10

0.47

t 3

1o

e 1x1

17

7.2

ng 300

60

w

s in the sh
external load
ge equals to 
model of the 

n-ideal PV 

 (4)

V cell, 𝐼  is 
nt and 𝐼  is 

iven in (5); 

1 𝐼   

 (5)

emperature, 
of the modu

diance, G is 

LUES 

0Wm2 

5oC 

.52 

.5A 

7.1V 
3mA/oC 

0-3mW/oC 

7ohm 

.8A 

ohm 

10-2F 

7.3V 

23A 

0kW 

00V 

Inte

www.imjst.or

hunt 
d is 
the 
PV 

cell 

) 

the 
the 

) 

Tcr 
ule, 
the 

ac
is 
an

an
the
giv

we

se
pa

the

ou
pa

C.

ES
var
opt
inj
hig
sig
a 
fun
ES

𝑦

Wh
sig
fre
upd
Th
𝑦 
Wh
fre
the
pas
app

ernational Multi

rg 

tual solar irra
the tempera
d Ir is the ref

The change

∆𝐼 𝐼

 

The cell volt

𝑉   𝛽

Where 𝛽 re
 open circuit

e reference v
ven as; 

∆𝑉 𝑉

The output 
ere given as;

𝑉  𝑁 𝑉

𝐼  𝑁 𝐼

Where 𝑁
ries and 𝑁

arallel. 

The power o

𝑃  𝑉 𝐼

The voltage
e PV cell was

𝑉  

Where Vm

tput; IL is t
arameter. The

Extremum S

SC MPPT was
riable of the
timum value.
ection of a m

gh frequency 
gnal causes the
high pass fil
nction to prod
SC control sys

𝑓 𝑣 𝑎𝑠

here a is the a
gnal, y is the o
equency of th
dating gain. 

he developed E
𝑓 𝑢 𝑓

here a is the
equency of the
e high pass fil
ss filter. K is
plied to the 

lingual Journal 

adiance, Isc i
ature coeffic
ference curre

e in current ∆

𝐼   𝛼

 

tage 𝑉 is g

𝑇 𝑇 𝑅

presents the
voltage, 𝑅  

voltage. Hen

𝑉  𝛽 𝑇

voltage Vm 

  

  

is the numb
are the num

output Pm wa

 

e drop Vd in b
s shown in eq

  

is the voltag
the load cu
e PV cell was

Seeking Con

s used to itera
 PV system 
. The ESC M

minute dither s
for optimum

e output to osc
lter and the 

duce a gradien
tem model is 

𝑖𝑛 𝜔 𝑡   

amplitude, 𝜔
output of the h
he high pass 

ESC MPPT is 
𝑣 𝑎 sin 𝑤
 amplitude o

e dither signal,
lters, 𝑤 , is th
the gradient 

PV system to

of Science and T

Vol. 8 Issue 

is the short c
cient at shor
ent.  

∆𝐼 is given as

𝑇  𝑇

 

given as; 

𝑅 ∆𝐼 𝑉   

e temperatur
is the series 
ce, the chan

𝑇 𝑇 𝑅

 and the ou

 

 

ber of pane
mber of pane

as given as; 

 

between the 
quation 12. 

 

ge output, Im
urrent and 𝛾
s implemente

ntrol (ESC) 

atively adjust
to obtain th

MPPT algori
signal sin 𝜔

m input estima
cillate which 
output modu

nt approximat
shown in equ

 

 is the freque
high pass filte

filter, and k

 shown in equ
𝑡   

of the dither 
, 𝑤  is the cut

he cutoff frequ
update gain. 

o obtain the 

Technology (IMJ
ISSN: 2528-9

12, December - 2

6

circuit curren
t circuit curr

s; 

 1 𝐼

 (6)

 (7)

re coefficient
resistance V

nge in voltage

∆𝐼   (8)

utput current

 (9)

 (10

el connected
els connected

 (1

silicon layers

 (12

m is the curr
𝛾  is a const
ed in Simulin

t the manipula
he output at 
ithm utilizes 
𝑡  with relativ
ation. The dit
is passed thro
ulated by di
tion. The exist
uation 13. 

  (13

ency of the dit
er, 𝜔 is the cu
k is the grad

uation 14. 
  (14

signal, 𝑤  is 
t off frequency
uency of the 
This model w
optimum po

JST) 
9810 
2023 

6906 

nt, 𝛼 
rent 

  

) 

) 

t of 
Vr is 
e is 

) 

t Im 

) 

0) 

d in 
d in 

1) 

s of 

2) 

rent 
tant 

nk  

ated 
its 

the 
vely 
ther 

ough 
ther 
ting 

3) 

ther 
utoff 
dient 

4) 
the 

y of 
low 
was 

ower 



IM

out
wit
the
mo
 
 
 
 
 
 

Fig

Fig

IV

the

MJSTP2912097

tput. The outc
th fuzzy logic
e simulation o
odified design 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

g. 5: Existing E

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

g. 6: Modified E

 

V. RESULT

From meteo
e sunshine h

76 

come was com
c and neural n
of the existing

simulation.  

ESC MPPT Mo

ESC MPPT M

TS 

orological da
hours is show

mpared to the 
network system
g ESC while F

odel 

Model 

ata, the temp
wn in Fig. 7 w

w

PV system tu
ms. Fig. 5 sho
Fig. 6 shows 

perature agai
with the high

Inte

www.imjst.or

uned 
ows 
the 

inst 
hest 

tem
p.m
p.m

Fig

Fig

A.

Fig
and

ernational Multi

rg 

mperature of
m. and the s
m. time (peak

g. 7: Temper

g. 8: Sun Irra

PV System 
without MP

 

 

 

 

 

 

 

 

 

 

 

 

g. 9: Current a
d MPPT 

lingual Journal 

f 34 𝐶 attaine
sun irradianc
k sunshine h

rature agains

adiance again

Output with 
PT   

and Power O

of Science and T

Vol. 8 Issue 

ed at sunshi
ce was at it

hour) as show

st Time 

nst Time of th

and without 

Output of PV C

Technology (IMJ
ISSN: 2528-9

12, December - 2

6

ne hour of 2
ts peak at 1
wn in Fig. 8.

he Day 

Load and 

Cell without L

JST) 
9810 
2023 

6907 

2:00 
:00 

 

 

Load 



IM

Fig

Fig

sho
cou
in 
dis
no
en
As
in r

B. 

con
see
Fig
wa

MJSTP2912097

 

 

 

 

 

 

 

 

 

 

 

 

g. 10: PVC Cur

 

 

 

 

 

 

 

 

 

 

 

g. 11: PVC Pow

The PV out
own in Fig. 
uld constitute
Fig. 10 and 

sturbances a
rmalizes as
hancement n
ide from imp
reduction of 

 

PV Outputs
with Existing

The current
nnected to 
eking contro
g. 13 respec
as 30 A and t

 

76 

rrent with Load

wer Output wit

tput without 
9. The cycle

e issues with
11 with cyc

at startup 
s voltage in
normalizes a
proving the p
limit cycles.  

s with and wit
g MPPT  

t signal and
a load wit

ol (ESC) MPP
ctively. The 
the power of 

d and without 

th Load and w

load and w
e limit prese
h the PVC sy
cle sinusoida
voltages we
ncreases. H
and reduces 
power gener

thout Load w

 power outp
th the exis
PT is shown
maximum c
200 kW. 

w

MPPT. 

without MPPT.

without MPPT
ence in the c
ystem as sho
al as a result
ere seen, t
Hence, volta

the limit cyc
rated, ESC a

when Deploye

put of the P
sting extrem
n in Fig. 12 a
urrent obtain

 

Inte

www.imjst.or

T is 
cell 

own 
t of 
this 
age 
cle. 
aids 

yed 

PVC 
mum 
and 
ned 

Fig
Loa

Fig
Co

C.

im
Fu
Ne

Fig
Co

ernational Multi

rg 

g. 12: PVC Cu
ad  

g. 13: PVC 
onnected to a L

Load conne
intelligent M

Using AI 
proved outc

uzzy logic 
etwork (ANN)

g. 14: Fuzzy
onnected PVC

lingual Journal 

urrent with ES

Power Out
Load 

ected PVC O
MPPT   

enabled MP
ome as sho
tracked MP
) MPPT show

y Logic MPP

of Science and T

Vol. 8 Issue 

SC-MPPT whe

tput with ES

Outputs with a

PPT techniq
own in Fig. 1
PPT and A
wn in Fig. 16 

PT Current 

Technology (IMJ
ISSN: 2528-9

12, December - 2

6

n Connected 

SC-MPPT w

artificial 

ques gave 
14 and 15 w
Artificial Neu

and 17. 

signal of L

JST) 
9810 
2023 

6908 

 

to a 

 

when 

an 
with 
ural 

 

Load 



IM

Fig
Co

Fig
PV

D. 

con
see
to 
19
pow

MJSTP2912097

g. 15: Power 
nnected PVC 

Fig. 16: ANN 

g. 17: Power O
VC 

Load Conne
MPPT    

The current
nnected to 
eking contro
achieve bett
. An output 
wer output im

76 

Output with 

N MPPT Curren

Output with A

ected PVC O

t signal and
a load wit

l (ESC) The 
ter outputs a
current of 4

mproved to 2

Fuzzy Logic

nt of Load Con

NN MPPT of 

Outputs with 

 power outp
th the exis
existing ESC
s shown in F

40 A was po
290 kW.  

w

MPPT of L

nnected PVC

 

Load Connec

Modified ES

put of the P
sting extrem
C was modif
Fig. 18 and F
ossible with 

Inte

www.imjst.or

 

oad 

 

cted 

SC 

PVC 
mum 

fied 
Fig. 
the 

Fig
Cu

Fig
Ou

E.

ou
Ta

ernational Multi

rg 

g. 18: Modifie
urrent. 

g. 19: Modified
utput. 

 

Load Conne
MPPT   

The maxim
tput obtaine

able 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3: 
Power 
Algorithm

MPPT
algorithm

Existing 
ESC 

Fuzzy Lo

ANN

Modified 
ESC 

lingual Journal 

ed ESC MPP

d ESC MPPT o

ected PVC O

um current s
d with the v

Values of M
Outputs o

ms 

T 
m 

Maxim
curren

30.

ogic 31.

35.

40.

of Science and T

Vol. 8 Issue 

PT of Load 

of Load Conne

Outputs with 

signal and m
various MPP

Maximum Cu
of Various

mum 
nt (A) 

Ma
pow

.00 

.22 

.00 

.00 

 

Technology (IMJ
ISSN: 2528-9

12, December - 2

6

Connected P

ected PVC Po

Modified ES

maximum pow
T are shown

urrent and 
s MPPT 

aximum 
wer (kW) 

200.0 

249.4 

269.6 

290.0 

JST) 
9810 
2023 

6909 

 

PVC 

 

ower 

SC 

wer 
n in 



IM

alg
tra
of 
the
20

Fig
var

Fig
Ou

ES
sig
an
the
sim

V

exi
en
loa
ma

MJSTP2912097

Table 3 s
gorithm had 
cking efficie
290 kW. Th

e PVC with lo
. 

g. 20: Compa
rious MPPT 

g. 21: Compa
utput with Vario

The outcom
SC MPPT a
gnal tracking
d convention

e PVC at va
milar results a

V. CONCLUS

The primary
isting extrem
sure a high e

ad connecte
aximum po

76 

hows that 
the most e

ncy having t
he comparati
oad with var

arative Analys

rative Analysi
ous MPPT 

me in Fig. 2
algorithm had
 when com
nal MPPT m
rious MPPT 
are seen for t

SION 

y aim of thi
mum seeking
efficient pow

ed PVC. Th
ower and 

the modifie
efficient curr
the highest p
ive plot of c
ious MPPT i

sis of the C

is of the PVC

20 shows tha
d a better o
pared with o

models. The p
is as shown

the power ou

s study was
g control MPP
wer and curre

is was ach
current va

w

d ESC MP
ent and pow
power outco
urrent signa
s shown in F

Current Signal

C Optimal Po

at the modif
optimal curr
other intellig
power signa
n in Fig. 21,
utput. 

s to modify 
PT algorithm
ent tracking i
ieved with 

alues obtain

Inte

www.imjst.or

PPT 
wer 

ome 
l of 
Fig. 

 

l of 

ower 

fied 
rent 
gent 
al of 
 as 

the 
m to 

n a 
the 
ned 

co
inf
ne
Sim
we
im
pre
wh
the
an
ob
tha
an
ES
ap
be
fol
31
W 
30

Po
Th
Re
pp

Int
A 
Co

“C
po
rev
En

Mo
Int
Sy

Ha
Co
Cu
Ele

us
Int
Hu

Re
Alg
Jo
(IJ

Uk
Ca
Bro

ernational Multi

rg 

mpared to t
ference syst
etwork (ANN)
mulink and t
ere carried 
plemented 
esented, the
hen loads we
e introduction
d maximum

btained. From
at the artifici
d current tra

SC MPPT. H
pplied to the s
etter outcom
lowed by th
3300W, Fuz
and existing

02200 W. 

REFERENCE

[1] P. Bh
owerPoint T
he-Art in Pho
enewable an
p. 224–241, 2

[2] A. M
telligence Te
Review”, Sc

ombustion Sc

[3] A. R. 
lassification 

oint tracking 
view”, Scien
nergy Review

[4] N. Pan
odeling of 
ternational 
ystems (ICEE

[5] S. Aza
ardware 
onductance M
uk Converte
ectronic, vol.

[6] R. Ebe
ing particle s
ternational S
uman Scienc

[7] M. D. 
eview of Imp
gorithms for
urnal of el
EET), vol. 1,

[8] E. A. 
kommi, “Spe
ase for A Lig
oadband En

lingual Journal 

he intelligen
tem (fuzzy 
). The mode
the generatio

out in M
in SIMULI

ere appears 
ere connected
n of MPPT, t
m current a
m the compa
al intelligent 
acking when
ence, the ES
system. The 
e with a p

he ANN wit
zy logic with 
g ESC with 

S 

atnagar and
racking Con
otovoltaic Ap
d Sustainab

2013.  

Mellit and 
echniques fo
cience Direc
cience, Vol. 3

Reisi, M. H
and compa
techniques 
ce Direct, R

ws Vol. 19 pp

ndiarajan an
Photovoltaic
Conference

ES), pp. 3-5, 

adeh and S.
Implementa

MPPT with D
er", IEEE T
 58 no.4 pp. 

erhart and J. 
swarm theory
Symposium 

ce, pp. 39-43

Goudar, B. 
proved maxi
r Photovolta
lectrical Eng
, pp 85-107, 

Ubom, A. 
ectrum Occu
ghtly License
nhancement”

of Science and T

Vol. 8 Issue 

nt MPPT wh
logic) and 

el of the PV
on of the M

MATLAB env
INKS. From
to be a hig

d to the PVC
the cycle lim
and power 

arative analys
t MPPT had 
n compared 
SC MPPT wa

modified ES
power outpu
th the maxi
 maximum p
maximum p

d R.K. Nem
ntrol Techni
pplications”, 
ble Energy R

S. Kalogi
or Photovolta
ct, Progress 
34, pp. 574–

H. Moradi a
arison of m
for photovo

Renewable a
p. 433–443, 2

nd R. Muthu
c Module w
e on Elec

2011. 

. Mekhilef, "
ation of 
Direct Contro
Transactions
 1154-1161, 

Kennedy, "A
y, “Proceedi

on Micro 
3, 1995. 

P. Patil and
mum Peak 

aic Systems
gineering a
2010. 

C. Akpano
upancy in R
ed Spectrum 
”, Internatio

Technology (IMJ
ISSN: 2528-9

12, December - 2

6

ich were; fu
artificial neu

VC was done
PPT algorith
vironment a

m the res
gh cycling l

C. However, w
its were clea

tracked w
sis, it was se
a better pow
to the exist

as modified a
SC MPPT ha
ut of 33420
mum power

power of 3087
power output

ma, “Maxim
ques: State
Science Dire

Reviews Vol. 

irou, “Artifi
aic Applicatio

in Energy a
–632, 2008. 

nd S. Jama
maximum pow

ltaic system
and Sustaina
2013. 

, “Mathemat
with Simulin
ctrical Ene

"Simulation a
Incremen

ol Method us
s on Indust

2011. 

A new optim
ngs of the S

Machine a

d V. Kumar 
Power track

s”, Internatio
and technolo

obong and 
Rural Nigeria

Band for Ru
onal Journal

JST) 
9810 
2023 

6910 

zzy 
ural 
e in 
hms 
and 
ults 
imit 
with 
ared 
were 
een 
wer 
ting 
and 

ad a 
0W 
r of 
700 
t of 

mum 
-of-

rect, 
23, 

cial 
ons: 
and 

asb, 
wer 

m: A 
able 

tical 
nk”, 
ergy 

and 
ntal 
sing 
trial 

izer 
ixth 
and 

 “A 
king 
onal 
ogy 

U. 
a: A 
ural 
l of 



International Multilingual Journal of Science and Technology (IMJST) 
ISSN: 2528-9810 

Vol. 8 Issue 12, December - 2023 

www.imjst.org 
IMJSTP29120976 6911 

Computer Science & Information Technology (IJCSIT) 
Vol 11, No 4, August 2019, pp. 81 -99 

[9] A. T. Umoette, M. U. Festus and E. A. Ubom. 
Development of Site Specific Optimal Tilt Angle Model 
for Fixed Tilted Plane PV Installation ın Akwa Ibom 
State, Nigeria. Science Journal of Energy 
Engineering. Vol. 4, No. 6, 2016, pp. 50-55. DOI: 
10.11648/j.sjee.20160406.11. 

[10] U. Ukommi, E. Ubom and Ikpaya Ikpaya, 
“Ground Station Design for Satellite Communication 
and Space Technology Development”, American 
Journal of Engineering Research, ISSN: 2320-0936, 
Vol. 10, Issue 8, August 2021, pp. 12-19. 

[11] A. T. Umoette, U. J. Paul and E. A. Ubom, ‘’ 
Energy Audit and Standalone Solar Power Generation 
Design for Akwa Ibom State University Main 
Campus’’, International Multilingual Journal of Science 
and Technology (IMJST), Vol. 8 , Issue 6, June 2023, 
pp. 6366 – 6375. 

[12] S. Seravana, “Photovoltaic Modeling and 
Power Analytics 2nd International Conference on 
Innovations in Engineering and Technology (ICCET) 
Conference proceedings, 2015. 

[13] M. A. G. de Brito, L. Galotto, L. P. Sampaio, 
G. d. A. e Melo and C. A. Canesin, "Evaluation of the 
Main MPPT Techniques for Photovoltaic 

Applications," IEEE Transactions on Industrial 
Electronics, vol. 60, no. 3, pp. 1156-1167, 2013. 

[14] D. S. Selvan, F. K. J. Mohammed, V. Umayal 
and M. Indumathy, “Simulation of Fuzzy Logic control 
based MPPT Technique for Photovoltaic System”,2nd 
International Conference on Innovations in 
Engineering and Technology (ICCET ) Conference 
proceedings, 2014. 

[15] D. Hohm and M. Ropp, “Comparative study of 
maximum power point tracking algorithms” Progress 
in photovoltaic Research and Applications, vol. 11, 
pp47–62, 2003. 

[16] M. S. Ramkumar, and M. S. Krishnan, “Power 
Management of a Hybrid Solar -Wind Energy 
System”, International Journal of Engineering 
Research & Technology (IJERT) Vol. 3, no. 2, 2014. 

[17] S. Selvan. D. Harikrishnan. V. Umayal and V. 
Indumathy, “Performance Analysis of Slide Mode 
Control Based MPPT Controller for Photovoltaic 
Applications”, International Conference on Advances 
in Engineering and Technology, 2014. 

[18] Z. Salam, J. Ahmed, and B. S. Merugu, “The 
application of soft computing methods for MPPT of PV 
system: A technological and status review”, Science 
Direct, Applied Energy, vol. 107, pp135–148, 2013. 

 
 


