
Bulletin of Electrical Engineering and Informatics 

Vol. 11, No. 3, June 2022, pp. 1687~1695 

ISSN: 2302-9285, DOI: 10.11591/eei.v11i3.3680      1687  

 

Journal homepage: http://beei.org 

Studying and analyzing the performance of photovoltaic system 

by using fuzzy logic controller 
 

 

Uzba H. Salman1, Shahir Fleyeh Nawaf2, Mohammad Omar Salih2 
1Department of Electronic, Aldor Technical Inistitiuit, Northern Technical University, Mosul, Iraq 

2Department of Electrical Engineering, College of Engineering, Tikrit University, Tikrit, Iraq  

 

 

Article Info  ABSTRACT  

Article history: 

Received Feb 8, 2022 

Revised Apr 11, 2022 

Accepted May 21, 2022 

 

 The main objective of this paper is to implement a circuit-based simulation 

model of a photovoltaic (PV) cell in order to investigate the electrical 

behavior of the practical cell with respect to some changes in weather 

parameters such as irradiation and temperature. The research focuses on 

using a simulation model to achieve the maximum power of solar energy by 

using the maximum power point tracking (MPPT) controller. The circuit 

simulation model consists mainly of three subsystems: PV cells: DC/DC 

converter; and MPPT controller-based logic fuzzy control. Dynamic analysis 

of the system is carried out and the results are recorded. The maximum 

power control function is achieved with the appropriate power control of the 

power inverter. Fuzzy logic controller has been used to perform MPPT 

functions to get maximum power from the PV panel. The proposed circuit 

was implemented in MATLAB/Simulink and the results show that the 

output sequence is non-linear and almost constant current to the open circuit 

voltage and the power has maximum motion to voltage for certain 

environmental conditions. 
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1. INTRODUCTION 

After centuries of using fossil fuel power the global image is changing, and renewable sources are 

increasingly considered to be one of the key factors for the future development of the earth. The main source 

of energy is still fossil fuels that give 85-90% energy [1]. Oil is the most significant of 35%, while coal and 

natural gas are equally represented. Almost 8% of the energy comes from nuclear power plants, and only 

3.3% of energy comes from renewable sources [2]. Since we will have to meet all of our energy needs in 

renewable energy sources in the future, we need to invent a way to turn renewable resources into useful 

energy and thereby ensure the further advancement of mankind [3]. Therefore, the use of renewable energy 

sources has an increasing role in world energy production. Nature supplies us daily, free of charge, with large 

quantities of sun and wind. On the other hand, there is less and less oil, coal and other exploited assets on our 

planet, whose cost is parallel to that fact [4]. In addition, over the last few years, man is increasingly apparent 

that excessive utilization of fossil fuels has significantly and most probably irreparably damaged the living 

environment, not only himself, but also all species on earth. The conclusion is that by using the sun and the 

wind we save the material to achieve the same goal we would achieve by using traditional means at a much 

higher cost [5]. In order to overcome this obstacle as soon as possible, new technologies, management 

methods and other elements that would contribute to the lower cost of energy produced are intensively 

https://creativecommons.org/licenses/by-sa/4.0/


                ISSN: 2302-9285 

Bulletin of Electr Eng & Inf, Vol. 11, No. 3, June 2022: 1687-1695 

 

1688 

explored. Less than one sunny hour is enough to cover the total energy need of nearly 7 billion people living 

on this planet [6]. 

There are some studies on the design of solar system which conducted by some researchers such as 

Bong Yann Kai. The survey shows that a new design that has some economic advantages of the photovoltaic 

(PV) system in the residential sector in Malaysia [7]. According to the new renewable energy policy, the 10th 

Malaysian Plan will be implemented in 2011. This designed renewable energy generator can be installed in 

homes with a dedicated network boot system [2]. 

Regarding the application of solar energy, this job is to conquer unique space and street lighting [8]. 

One of the oldest investigations was Park Albuquerque and the Recreation Department of New Mexico [9]. 

The system design uses two PV panels of 50 W with a 35 W sodium lamp. Standard systems will last six 

hours at night and are designed to use conventional conversion due to the maximum design of the racing 

force in the development phase. The results of the study showed the potential of solar energy to illuminate 

street lights and laid the foundations for future plans [10].  

In this study, it had been shown how to build alternative energy systems, connect them to a traditional 

electricity network, and increase the volume or amount of energy resources to meet load needs [11]. The 

influence of alternative energy on the traditional electrical network is also considered to improve the stability of 

the system [12]. However, most design rules are based on a "need for implementation" strategy instead of 

reliability. Alternative alternatives, diseases and some results for assessing the reliability of energy systems [9]. 

Jasvir Singh studies is based on the research and design of a network. These systems are connected 

to a wider network. The PV system connects to the user's network using a high-quality converter that 

converts DC power from the AC solar panel to meet the electrical requirements of the network [13]. The 

solar energy generated by the system during the day is immediately used or sold to electric power companies. 

In the evening, when the system cannot provide power in case of an emergency, electricity can be charged 

from the network [14]. 

 

 

2. CIRCUIT CONFIGURATION  

The PV system consists of a PV panel, a DC/DC converter, a regulator and a load. Figure 1 shows 

PV. The PV system consists of a PV panel model, a DC/DC converter and PV panel monitoring controller. 

Figure 2 shows the PV system implemented in the MATLAB/Simulink software package [15]. 
 

 

 
 

Figure 1. Block diagram of the PV model 
 

 
 

Figure 2. PV model implemented in MATLAB/Simulink 
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3. CONTROL STRATEGY  

The input parameters in the model are the solar allowance Gt, the temperature of the cell Tc and the 

current of the Ipv panel, while the output parameters of the panel control voltage and the power of the panel 

Ppv [16]. During the simulation, 3 PV panels were used in the series. The simulation parameters were taken 

from the real SOLVIS SV215 PV panel, and are shown in Table 1. 

 

 

Table 1. Parameters of the PV panel SOLVIS SV215 [17] 
Parameter description Symbol Value 

Reference solar allowance Gt, Ref. 1000 (W/m2) 

Solar allowance Gt Variable 

Reference temperature of PV cells Tc, Ref. 298 K 
Temperature PV cells Tc Variable K 

Reference current of PV panel Ipv, Ref. 7.97 A 

Reference current of saturation diode I0, Ref. 1.76 E-7 A 
Reference voltage PV panel Voc, Ref. 35.4 V 

Temperature dependence coefficient (Ipv) KI 0.0049 

Temperature dependency coefficient (Voc) KV - 0.12 
Serial resistance Rs 0.3 Ω 

Parallel parasitic resistance Rp 400 Ω 

Ideal diode factor a 1.35 
PV number of cells connected in series ns 60 

Number of serial assemblies Ns 3 

Number of panels connected in parallel Np 1 
Semiconductor energy Eg 1.14 eV 

Boltzmann constant q C Elemental K 1.3806 X 10 -23 J/K 

 

 

3.1.  DC converter  

The rotor drive role is that, together with the power-limiting power regulator, ensures the operation 

of the PV panel at the maximum power point [18]. Figure 3 shows the general buck-boost converter scheme. 

The DC converter can be obtained by means of a cascade connection of two basic DC inverters: downstream 

and upstream. When the switch is turned on, the source transmits the energy coils and the diode is loosely 

polarized [19]. When the switch is off the energy accumulated in the coil is shedding the expense. In this 

analysis, we assume that the output capacitor is large enough that the output voltage can be considered 

constant.  
 

 

 
 

Figure 3. DC/DC converter 

 

 

The mathematical formulas describing descending-ascending DC converter without loss in elements 

are given by the following equations [20]: 

 

𝐶
𝑑𝑣𝑐

𝑑𝑡
= (1 − 𝑝)𝑖𝐿 −

𝑣𝑐

𝑅
− 𝑖𝑜 (1) 

 

𝐿
𝑑𝑖𝐿

𝑑𝑡
= 𝑢𝑣𝐼𝑁 − (1 − 𝑝)𝑣𝑐  (2) 

 

When considering resistors and inductors: 

 

𝐶 =
𝑑𝑣𝑐

𝑑𝑡
= (1 − 𝑝)𝑖𝐿 −

𝑣𝑜

𝑅
− 𝑖𝑜 (3) 

 

𝐿 =
𝑑𝑖𝐿

𝑑𝑡
= 𝑝𝑣𝐼𝑁 − (1 − 𝑝)𝑣𝑜 − 𝑅𝐿𝑖𝐿 (4) 
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𝑣𝑜 =
𝑅𝑣𝑐

𝑅+𝑅𝑐
+

𝑅𝑅𝑐

𝑅+𝑅𝑐
((1 − 𝑝)𝑖𝐿 − 𝑖𝑜) (5) 

 

For downlink (RL and RC), the mathematical formulas describing the DC direct current converter from 

Figure 3 are as [20]: 

 
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
= −

𝐷

1−𝐷
 (6) 

 

Where D is the duty cycle. 

In this work, the non-inverting DC converter had been used whose scheme is shown in Figure 4.  

 

 

 
 

Figure 4. Non-inverting DC converter 

 

 

 In Table 2 the selected parameters are displayed for the needs of our DC converter. From the given 

parameters it is necessary to calculate the inductance L and the C-capacity. Output current and resistance we 

can calculate the load using the relation [21]:  

 

𝐼𝑜𝑢𝑡 =
𝑃𝑜𝑢𝑡

𝑉𝑜𝑢𝑡
 (7) 

 

𝑅𝑜𝑢𝑡 =
𝑉𝑜𝑢𝑡

𝐼𝑜𝑢𝑡
 (8) 

 

 
Table 2. Calculation of DC inverter parameters 

Parameter description Symbol Value 

Output current Iout 8.83 A 

Load resistance Rout 6.32 Ω 
Input current Iin 8.34 A 

Conductor factor D 0.45 

Coil current IL 15.7 A 
Inductance L 526 μH 

Capacity C 675 μF 

 

 

Since the input voltage ranges from 60 V to 100 V, the following parameters are solved in 2 cases, 

when Vin=60 V and when Vin=100 V.  

 

𝐼𝑖𝑛 =
𝑃𝑜𝑢𝑡
𝑉𝑖𝑛

 (9) 

 

𝐷 =
𝑉𝑜𝑢𝑡

𝑉𝑜𝑢𝑡+𝑉𝑖𝑛
 (10) 

 

𝐼𝐿 =
𝐼𝑖𝑛

𝐷
 (11) 

 

Inductance L and capacity C can be calculated using the following equations [21]: 
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𝐿 =
𝑉𝑖𝑛.𝐷

∆𝐼𝐿 .𝑓
 (12) 

 

𝐶 =
𝐼𝑜𝑢𝑡.𝐷

∆𝑉𝑐.𝑓
 (13) 

 

Where ΔIL is the permissible coil current wavelength (20%) and ΔVC is the permitted voltage wavelength 

(0.5%) 

 

 

3.2.  MPPT controller 

The goal of the maximum power point tracking (MPPT) controller is to bring the PV system to the 

maximum power point of the power and maintain it in the system regardless of the disturbance of the panel 

temperature changes, change the allowance or change the system load [22]. In Figure 5, the PU characteristic 

is shown with the point of maximum power. The maximum power point is at the extreme point where  

the derivation is . On the left side, the derivative characteristics are positive, while on the right side it is 

negative [23]. 

 

 

 
 

Figure 5. PU characteristic with the point of maximum power 

 

 
Since the point of maximum power lies in the extreme point where it is valid [24]: 

 
𝑑𝑃

𝑑𝑈
= 𝑜 (14) 

 

The expression (14) can be expressed as:  

 
𝑑𝑃

𝑑𝑈
=

𝑑(𝑈.𝐼)

𝑑𝑈
= 𝐼.

𝑑𝑈

𝑑𝑈
+𝑈.

𝑑𝐼

𝑑𝑈
= 𝐼 +𝑈

𝑑𝐼

𝑑𝑈
 (15) 

 
𝑑𝑃

𝑑𝑈
= 0⟹ −

𝐼

𝑈
=

𝑑𝐼

𝑑𝑈
 (16) 

 

When the condition in (16) is met then the maximum power is achieved.  

 
3.2.1. Realization of fuzzy controller for maximum power point  

Monitoring regulator performance can be seen in Figure 6. The entry into the fuzzy regulator is a 

condition in (16), and output is a change of the driving factor. The condition in (16) tells us which side the 

characteristics are, and the point of maximum power regulates depending on the distance from the centre of 

the fuzzy logic [25]. The fuzzy controller for monitoring the maximum power point in MATLAB/Simulink is 

shown in Figure 6. When designing a fuzzy controller, 7 functions of membership function (triangular shape) 
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were used. Affinity function is defined for how much of the current power point deviates from the maximum 

power point as shown in Figure 7.  

 

 

 
 

Figure 6. Fuzzy MPPT controller implemented in MATLAB/Simulink 
 

 

 
 

Figure 7. Functions of fuzzy MPPT controller 

 

 

4. RESULTS AND DISCUSION 

The following figures illustrates the responses obtained by simulating a fuzzy controller for 

monitoring the maximum power point: 

a. In Figures 8 and 9, the responses to change of allowance are shown in the first case from 600 W/m2 to 

700 W/m2 and in the second case from 600 W/m2 to 500 W/m2, in both cases the temperature Tc is 

constant and is equals to Tc=25 °C.  

b. Figures 10 and 11 show changes in temperature, in the first case at 20 °C to 25 °C and in the other case at 

30 °C to 25 °C, in both cases the allowance Gt is constant and is Gt=700 W/m2. On the responses light 

blue is the maximum possible power that can be extracted from the PV system for the given amount and 

temperature.  

c. On the responses, we see that the power of the PV panel and the output power from the DC converter do 

not achieve the maximum amount of power available, but achieve the amount of power that is very close 

to maximum power.  

d. There is an uneven error in the input power, the regulator sometimes used to, and sometimes enter the 

area when it is. This depends on the workstation since the area is defined as a fuzzy set and the system is 

nonlinear. 
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Figure. 8 Response to change of allowance from 600 

W/m2 to 700 W/m2 

Figure 9. Response to change of allowance from  

600 W/m2 to 500 W/m2 

 

 

     

 

 

 

 

 

 

 

 

 

 

 
Figure 10. Response to change of allowance from 600 

W/m2 to 500 W/m2 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Response to temperature change with 30 

°C at 25 °C 52 9 

 

 

5. CONCLUSION 
In this work a PV panel simulation and a controller for maximum power point monitoring at its 

current-voltage characteristics was conducted. It was designed to use the fuzzy logic controller to bring the 

PV system to the maximum power point of the power and maintain it in the system regardless of the 

disturbance of the panel temperature changes, change the allowance or change the system load. The operation 

of the PV model has been simulated by using the MATLAB/Simulink environment, which shows that the 

power of the PV panel and the output power of the inverter do not achieve the maximum amount of power 

available, but achieve the value of power that is very close to maximum power. The simulation results show 

the non-linearity of the output array. The IV characteristic shows an almost constant current to open a series 

of voltages and the characteristics of PV indicate that the power has increased relative to the voltage for 

certain environmental conditions. With changes in radiation cells, the actual changes are changing linearly 

because the voltage changes in the cells differ in the logarithmic, which is clear from the simulation 

equations. The proposed model can be used for research activities in the application of solar energy with a 

maximum power monitoring scheme for the PV system. 
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