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Abstract— This paper presents an efficient and accurate approach of fuzzy logic control (FLC)- particle swarm optimization (PSO) based 

optimized hybrid control algorithm for maximum power point tracking (MPPT) in photo voltaic (PV)- Systems. In PV based power generation 

systems, MPPT plays a key role to track the maximum power from the input source throughout the operations and PSO algorithm enhances 

the optimized operation. According to the proposed approach, FLC is implemented to track MPPT and maximum and for further improvement 

in MPPT is achieved by using PSO optimization technique which gives optimal value by computing duty cycle ratio. The aim of the proposed 

model algorithm is to track the maximum power during environmental conditions variations, reduce the steady state oscillations, and optimized 

operation. 

  

Index Terms— Renewable energy sources (RES), photo voltaic (PV), maximum power point tracking (MPPT), fuzzy logic 

control (FLC), perturb and observe (P&O), optimization techniques, particle swarm optimization (PSO). 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

Photovoltaic (PV) systems are considered as most efficient leading resource because of its simple architecture. [1]- [3]. Maximum 

power point tracking (MPPT) topologies are used widely in renewable energy source based power generation systems. Various 

techniques have been discussed in last decade to address the issue of power tracking and maximizing the power tracking resulting 

in improved performance of the photovoltaic systems. Perturb and observe (P&O) algorithm is one of the popular algorithm used 

to obtain the MPPT as it is simple and fast in execution. For more accuracy fuzzy logic controllers (FLC) were replacing the 

conventional proportional integral (PI) controllers. Various MPPT techniques were reported in literature [4]-[14]. 

 

In optimization techniques, particle swarm optimization (PSO) is more popular. However, to get the optimization of the 

considered system , there are some more methods such as linear programming method (LPM), enumerative method (EM), balanced 

generation and load demand method, genetic algorithm (GA), iterative algorithm (IA), particle swarm optimization (PSO) has been 

reported [14]-[15]. In view of [16]-17], because of simplicity, high convergence rate, minimal storage requirement and ease of use 

with particle swarm optimization (PSO) method became popular. 

 

 Rest of this paper is organized as a brief introduction to importance of PV based systems, role of MPPT algorithms in renewable 

energy systems and sustainable implementation of optimization techniques in renewable energy systems has given in section I. PV 

systems designing aspects, MPPT controlling principles with FLC and optimization of operation with PSO algorithm is given in 

Section. Finally conclusion and scope of the future work is given in Section. III. 

 

II. CONTROL ALGORITHM IMPLEMENTATION OF PROPOSED SYSTEM  

This section deals with the FLC-PSO hybrid based control algorithm for optimized MPPT in PV- systems.  First of all, modeling 

of PV array and its mathematical model is given. In the next stage, P&O – FLC algorithm is given and finally PSO is present to 

obtain the optimal value of maximum power point to the given PV array system. 

Design Aspects of PV- Array System  

In this subsection, PV array modeling is presented. The equivalent circuit of a PV cell is given by Fig.1., the related responses are 

given by equations (1)-(7) [18]-[23]. Nomenclature of the PV array is given by Table. I  

 

 

 
 

Fig.1. Equivalent circuit of a PV cell 
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   For any ideal cell, output current can be expressed using Kirchhoff’s current law. The mathematical expression of cell current is 

given by equation. (1).  

𝐼 =  𝐼𝑝ℎ − 𝐼𝑑 − 𝐼𝑠ℎ (1)  

  

𝐼𝑑 = 𝐼𝑂 [𝑒𝑥𝑝 (
𝑞𝒰𝑑

ℱ𝑘𝒯𝑐

) − 1] (2)  

Whereas 𝒰𝑑 can be computed using Kirchhoff’s voltage law. 

𝒰𝑑 = 𝐼. 𝑅𝑠 + 𝒰 (3)  

𝐼 = 𝐼𝑝ℎ − 𝐼𝑂 [exp (
𝑞(𝒰 + ℛ𝑠 . 𝐼)

𝑘ℱ𝒯𝑐𝒩𝑠

) − 1] −  
(𝐼. ℛ𝑠 + 𝒰)

ℛ𝑝

 (4)  

𝐼 = 𝐼𝑝ℎ − 𝐼𝑂 [exp (
𝑞(𝒰 + ℛ𝑠. 𝐼)

𝑘ℱ𝒯𝑐𝒩𝑠

) − 1] (5)  

𝐼𝑂 = exp [
𝑞ℰ𝑔 (

1

𝒯𝑟
−

1

𝒯𝑐
)

𝑘ℱ
] . 𝐼𝑟𝑜 (

𝒯𝑐

𝒯𝑟

)
3

 (6)  

 

ℰ𝑔is the measurement of band-gap energy of the semiconductor present in the PV cell  and saturation current of the diode is compute 

at 25𝑜 which is denoted by 𝐼𝑟𝑜 and can be computed as presented in Eq. (8). 

 

𝐼𝑟𝑂 =
𝐼𝑠𝑐

[exp (
𝑞𝒰𝑜𝑐

𝑘ℱ𝒯𝑟𝒩𝑠
) − 1]

 (7)  

 

TABLE I 

NOMENCLATURE OF THE PV-ARRAY SYSTEM 

 

Sl. No  Symbol Defined term  

1 𝐼𝑝ℎ photo current 

2 𝐼𝑑 diode current 

3 𝐼𝑠ℎ shunt resistance current  

4 𝐼𝑠𝑐  short-circuit current 

5 𝒦1
 coefficient of short-circuit current 

6 𝒯𝑐
 cell operating temperature 

7 𝒯𝑟
 reference operating temperature 

8 ℛ𝑠
 series resistance 

9 𝑞 denotes electric charge 

10 𝑘 Boltzmann’s constant 

11 ℱ ideal factor of diode 

12 𝐼𝑂 diode saturation current  

13 𝒢 relative irradiance coefficient 

14 𝒰𝑜𝑐 open circuit voltage 

 

P&O- FLC based Maximum Power Point Tracking (MPPT) Implementation 

In the proposed algorithm work, perturb and observe (P&O) algorithm is used to obtain the MPPT as it is simple and fast in 

execution. This algorithm compares previous and present powers and voltages and adjusts the duty cycle accordingly. The flowchart 

of P&O algorithm is shown in Fig.1. [17]. 
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As compared to conventional models of MPPT, FLC gives robust performance. Fuzzy logic based modules does not demand for 

the complete information about model and is shown by Fig.3 [12]. This controller requires voltage and current as inputs and it helps 

to synthesize the MPPT technique by considering temperature and solar irradiation scenario. 

 

 
 

Fig. 2. Perturb and Observe (P& O) algorithm-Flowchart [17] 

 

 

 
Fig.3. Block diagram of FLC [12] 

 

PSO based MPPT Algorithm Implementation to the PV System 

   PSO gives a significant performance where various values of local maxima and minima are present to obtain the maximum power 

points. According to the PSO algorithm, it adapts the search and behavior resulting in best solution in the given search space. During 

this process of searching the best solution, various solutions are generated which are known as particles. Here each particle contains 

fitness and velocity parameters. Fitness value is also known as cost which has to be minimized and velocity directs the movement 

of various particles. Initially, algorithm is initialized using random positions and then better solution search approach is applied. In 

each iteration, velocity and position is adjusted and provides two best solutions. First solution is known as cognitive part where it 

follows best solution from its own solutions and other solution is known as best solution for current swarm. Generalized solution 

steps of PSO are given below: 

 

Step for PSO Implementation: 

 
Step 1-Initialize the parameter such as total number of particle and searching parameter with positions of 
particle and velocity of each particle. 
Step 2- random formulation of particle position and velocity for each particle 
Step 3- fitness computation for each particle 

Step 4- Select the best fitness value as 𝐺𝑏𝑒𝑠𝑡 or global best 
Step 5- for each iteration, update the best solution and position, velocity of each particle 
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Step 6- repeat step 3 and 4 until the best selection is obtained 

Step 7- Select 𝐺𝑏𝑒𝑠𝑡 as optimized parameter for the all iterations 

Step 8- Compute the output duty cycle as the optimized output 

 
In this process of particle swarm optimization, each particle computes best particle in neighboring denoted as 𝑃𝑏𝑒𝑠𝑡 and for overall 

process, the best solution is denoted by𝐺𝑏𝑒𝑠𝑡 . Particle position 𝑥𝑖 can be computed as: 

 

𝑥𝑖
𝑡+1 =  𝑥𝑖

𝑡 + 𝑣𝑖
𝑡+1 (8) 

 

Where  𝑣𝑖denotes the velocity of the particle.  

Velocity can be computed using Eq. (9). 

 

𝑣𝑖
𝑡+1 =  𝑤𝑣𝑖

𝑡 + 𝑐1𝑟1. (𝑃𝑏𝑒𝑠𝑡𝑖 − 𝑥𝑖
𝑡) +  𝑐2𝑟2. (𝑔𝑏𝑒𝑠𝑡𝑖 − 𝑥𝑖

𝑡)  (9) 

 

Where position of 𝑖𝑡ℎ particle is denoted by 𝑥𝑖, velocity is denoted by 𝑣𝑖, total number of iteration denoted by 𝑡, 𝑤 represents the 

weight and 𝑟1, 𝑟2 are two random variable varying in the range of [0,1], 𝑐1, 𝑐2 denotes the cognitive and social coefficients.  

 

III. CONCLUSION 

Hence in this paper an efficient and accurate PSO based FLC-P&O MPPT algorithm has presented. Irrespective of the rating, it can 

be utilized for standalone or grid-connected systems of PV systems. It can be used to hybrid power generation systems. In many 

review research papers the individual merits of MPPT algorithms, PI, FLC and optimization techniques have given. Among those, 

in this paper the best practices as chosen to present the FLC-PSO hybrid based control algorithm for optimized MPPT in PV- 

systems.   
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