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

Vol. 8 Issue 12, December - 2023 

www.imjst.org 
IMJSTP29120976 6903 

Real-Time Control of Solar PV System by 
Adaptive Extremum Seeking Technique  

Uyime U. Festus1 
Dept. of Electrical and 

Electronic Engineering, 
Akwa Ibom State University, 

Mkapt Enin, Akwa Ibom 
State, Nigeria 

yimsybaby@gmail.com 
 

Ubong S. Ukommi2 
Dept. of Electrical and 

Electronic Engineering, 
Akwa Ibom State University, 

Mkapt Enin, Akwa Ibom 
State, Nigeria 

uukommi@yahoo.com 
 

 
Emmanuel A. Ubom3 
Dept. of Electrical and 

Electronic Engineering, 
Akwa Ibom State University, 

Mkapt Enin, Akwa Ibom 
State, Nigeria 

emmanuelubom@aksu.edu.ng 

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. 
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