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 This paper presents the meta-heuristic and conventional 

optimizations techniques for the grid connected photovoltaic solar 

system. The perturb and observe (P&O) and particle swarm 

optimization (PSO) algorithms are proposed to track the maximum 

power point (MPP) of the photovoltaic solar system (PVSS). The 

regularization of the current supplied into the grid is ensured by the 

proportional integral (PI) corrector whose parameters are generated 

by the genetic algorithm (GA). The results of these two MPPT 

methods are compared and showed that the PSO is more efficient 

than the P&O. The use of GA algorithm to determine PI parameters 

allowed to obtain 0.89% of total distortion harmonic (THD). 

Keywords: 

Renewable energy 

PV-Grid system 

Optimization algorithm 

Proportional integral 
This is an open access article under the CC BY-SA license. 

 

Corresponding Author: 

Mamadou Traore 

Research Team Energetic System and Efficiency, Department of Physics  

Alioune Diop University of Bambey 

Bambey, Senegal 

Email: mamadou.traore@uadb.edu.sn 

 

 

1. INTRODUCTION  

Due to the environmental and economic context, the renewable energy plays an important role in the 

production and distribution global energy. This manifests itself through reduced greenhouse, gas emission, 

improved energy quality, better system efficiency and reliable service. Photovoltaic system (PV) is one of the 

types of renewables energy. But, the main problems of the PV system are the intermittence of its source and the 

dependence of its characteristics on climatic conditions and the quality of the energy injected into the grid.  

Hence, several researchers have carried out some works to overcome its challenges by using 

optimizations techniques. There are many methods of power optimization. For example, in order to minimize 

power losses, an incremental conductance (IC) based variable step size Neuro-Fuzzy (NF) control is early 

proposed [1]. This method reduces consequently the power losses. Using a terminal sliding mode controller 

combined to PSO [2], it is shown that the PSO-TSMC offers the best results. With the PSO and GA 

algorithms, the PID and N-DPID MPPT controllers permitted a goog optimization’s achievement [3]. The 

PSO provides a flexible response under fast-changing weather conditions. An artificial bee colony (ABC) 

integrated PO as MPPT algorithm is alos used for optimizing the duty cycle of a boost converter [4]. This 

proposed method allows for higher performance and greater precision. An approach based on a novel salp 

swarm optimization (SSO) demonstrated considerable success and reliability [5]. The Bat-P&O, Bat-Beta, 

and Bat-IC MPPT are also studied and compared betwwen them [6]. It is noted that the Bat-Beta command 
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performs better under all test conditions. A new proportional integral (PI) fractional order incremental (FOI) 

technique optimized by salp swarm algorithm (SSA) is developed in order to operate the PV system at the 

estimated PPM [7]. As a result, the authors remarked that their algorithm offers a better tracking capability 

than the others. A variable-weather-parameter (VWP) command is proposed [8]. And the simulation results 

showed that the applied approach is applicable for the tracking of the MPP. Considering a new Harris Hawk 

optimization [9], it is shown that the most important advantages of this approach is to allow quickly of the 

maximum power point. Proposing an asymmetrical interval type-2 fuzzy logic control (IT-2 AFLC) [10], P. 

Verma et al. [10] concluded that this technique has the maximum output power in all shading scenarios. The 

possibility of extracting the MPPT of each PV panel is demonstrated in a novel feedforward technique [11]. 

To optimize the PV energy production, the P&O and InC commands are improved [12]. The simulation 

results showed that IC MPPT control technique is more effective than P&O. A modified P&O algorithm 

study proved that the used method [13] is faster than P&O conventional and efficiency is increased.  

In the literature, many techniques are proposed to achieve better performance of the PV-grid system. 

A coordinated control [14] is used to reduce the output variation. In [15], with a nonlinear command, the 

THD reaches 2.44%. To optimize the Proportional and the Proportional Integral controllers, an algorithm 

[16] permitted to reduce by 27% the THD. A modified droop controller [17] leaded to the control of the 

reactive power injection of the inverter in the situation where the voltages of each customer are less than 

10.02% of the nominal voltage. By another method of control [18], it is shown that it possible to minimize 

the high frequency of the grid. The voltage control is also applied [19].  This approach keeps constant the dc 

link voltage. A predictive method reduces the THD to 1.26% [20]. A novel Space Vector Modulation (SVM) 

whose aim is to reduce the THD is improved by Najafi et al. [21]. The results validated that the SVM 

allowed to obtain 1.76% of THD. Roselyn et al. [22], used a fuzzy logic command which operates 

significantly to impove the grid current. Another voltage control method [23] showed a THD which does not 

exceed 3.5%. Applying hysteresis controller, Ganesan et al. [24] obtained an increase by 2.5% of the THD. 

In another hand, many techniques of control are used to control the output current [25]. All of them 

concluded that the cascade control gave a lower THD. Thus, our research is developped to use two meta-

heuristics techniques to optimize the PV power and impove the performance of a single-phase inverter 

connected to grid.  

Therefore, in this work, a comparative review of the P&O and the PSO is proposed. The both 

algorithms are used to extract the MPP of the PV under several variations of solar irradiation and the 

temperature. The objective of this comparative study is to choose the best efficiency to extract the MPP. On the 

AC side, the genetic algorithm under MATLAB is used to optimize the PI parameters. As we know, there are 

several methods to determine the parameters of a corrector: Ziegler-Nichols, Naslin, placement of the poles, etc. 

Each of them fixes at least theoretically one variable of the transfer function of the corrector. This is the 

difference with the proposed method (GA-PI). Hence, the principal objective of this work is to extract the MPP 

of the PV system and to inject into the grid a good quality of energy with a zero reactive power and a low THD. 
 

 

2. DESCRIPTION OF THE STUDIED SYSTEM 

The Figure 1 represents the studied system. It consists of a photovoltaic generator, a DC/ DC boost 

converter and a single-phase converter, low voltage electrical grid. And the systems for the optimisation of 

the power of the photovoltaic panel and the regulation of the output current of the single-phase inverter are 

illustrated. 
 

 

 
 

Figure 1. Studied system 
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2.1.  PV panels 

There are several models of PV panels. The most popular model in power electronics is the single 

diode model as shown in Figure 2 (a) [26]. This is because it has a good compromise between precision and 

simplicity. The PV panel parameters is represented by (1). Figure 2 (b) shows the number of panels, the 

connection’s types and PV parameters (open and short-circuit voltage and current respectively and maximum 

power). 

 

𝐼𝑝𝑣 = 𝐼𝑝ℎ − 𝐼𝑠 [𝑒
𝑉𝑝𝑣+𝐼𝑝𝑣.𝑅𝑠    

𝑛.𝑘.𝑇
  −  1] −

𝑉𝑝𝑣+ 𝐼𝑝𝑣.𝑅𝑠

𝑅𝑠ℎ
   (1) 

 

 

 
(a) 

 

 
(b) 

 

Figure 2. There figures are; (a) The electrical equivalent circuit of PV cell, (b) Typical PV characteristics at 

1000 W/m² and 25C  
 

 

Where Id is the diode saturation current, Ipv is the photo-current, Rsh is the shunt resistance and Rs 

is the series resistance, k is the Boltzmann’s constant; T is the ambient temperature, n is the the diode factor 

of the junction. Table 1 represents the PV panel parameters used in thiswork. 
 

 

Table 1. PV panel parameters 
Parameter  Name  Value 

Pmax  Maximum Power  43.2 W 

Vmax  Maximum Voltage   16 V 

Imax  Maximum Current  2.7 A 
VOC  Voltage of the open circuit  20 V 

ISC  Current of the Short-circuit  3 A 

Rs  Series resistance  0.57373 Ω 
Rsh  Shunt resistance  103.3843 Ω 

a  Ideality factor  0.89649 

Is Saturation current  9.4498 *10-11 

 

 

2.2.  Boost converter 

The boost converter is an electronic component which can convert the low voltage to high voltage. 

Its electrical circuit is represented by Figure 3. The boost converter is used in this work to provide a control 

signal that is generated by the P&O and PSO controls to the system to run at the maximum point and produce 

PV energy. 
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Figure 3. Boost converter 

 

 

3. PROPOSED METHODS 

3.1.  Algorithm of particle swarm optimization 

The PSO is an optimisation method that is able to reach a global best solution. It is a powerful and 

efficient method for the solution of complex optimisation questions. It has been modelled after the behaviour 

of birds. The Figure 4 illustrates the PSO approach. 

 

 

 
 

Figure 4. PSO algorithm 

 

 

The PSO uses a population of agent, called particle. The latter is the solution to the problem. The (2) 

and (3) are used to update the position and velocity. 

 

𝑉𝑖
𝑘+1 = 𝑤. 𝑉𝑖

𝑘 + 𝑟1. 𝑐1(𝑃𝑏𝑒𝑠𝑡,𝑖 − 𝑥𝑖
𝑘) + 𝑟2. 𝑐2(𝐺𝑏𝑒𝑠𝑡 − 𝑥𝑖

𝑘) (2) 

 

𝑥𝑖
𝑘+1 = 𝑥𝑖

𝑘 + 𝑉𝑖
𝑘+1 (3) 

 

Where k is the number of iteration, it is the number of particle, xi and Vi the position in the search space and 

velocity, respectively, w is the inertia of particles, Pbest,i  and Gbest are the best and the global best position of 

the particle, c1 and c2 are two constants called acceleration coefficients and r1 and r2 are random numbers. In 

this paper, equation 1 represents the objective function. 

 

3.2.   Perturb and observe (P&O) algorithm 

This method allows the system to be disturbed and the impact on the power produced by the GPV to 

be observed. The system continues to increment the operating voltage until the power generation starts to 

decrease. Figure 5 provides the P&O algorithm flowchart. 
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Figure 5. Command P&O flowchart 
 
 

3.3.  Genetic algorithm (AG) 

The GA are inspired by the process of evolution present in the natural world, such as selection, 

mutation inheritance and recombination to solve a problem. In the GA approach, set of gens are represented 

by the chromosome or individual. Each chromosome represents a solution or the given problem. The GA is 

used in this paper to determine the optimal parameters (Kp et Ki) of the PI controller. As shown (4) gives PI 

transfer function: 

 

𝐹𝑃𝐼(S) = 𝐾𝑝 +
𝐾𝑖

𝑆
 (4) 

 

The transfer function of single-phase DC/AC inverter out put current is given by (5): 

 

𝐹𝑖𝑛𝑣(𝑆) =
𝑉0

𝐿.𝑆
  (5) 

 

The feedback control of the inverter out put current is represented in Figure 6. 
 

 

 
 

Figure 6. Unity feedback control system 
 

 

𝑒(𝑠) is the error between inverter current and the reference. 

 

𝑒(𝑡) = 𝑖𝑟𝑒𝑓(t)- 𝑖𝑜𝑛(t)  (6) 

 

V(t) is inverter input expressed as: 

 

V(t) =  𝐾𝑝e(t) + 𝐾𝑖 ∫ e(t)  (7) 



Int J Pow Elec & Dri Syst ISSN: 2088-8694  

 

A comparative study of meta-heuristic and conventional optimization techniques of … (Mamadou Traore) 

 

2497 

The fitness function is given by (8). 

 

Fitness function=∫((e(t) )2 + (V(t) )2)dt (8) 

 

The optimization of the PI controller parameters by using the genetic algoithm, is made as follow under 

MATLAB; i) define the function (file name); ii) define the transfert function: tf(‘S’); iii) define the transfert 

function of the studied system: (5); iv) define the parameters of the controller: 𝐾𝑝 et 𝐾𝑖; v) define the transfert 

function of the controller: (4); vi) define the error: (6); and vii) define the cost function: (8). Table 2 

represents the GA parameters. 

 

 

Table 2. GA parameter 
GA parameters Methodes Values 

Lower bounds [ Kp, Ki]  [0 0] 

Upper bounds [ Kp, Ki]  [500 500] 

Population type Double vector 60 
Selection  Stochastic uniform  

Mutation Uniform  

Crossover  Arithmetic Crossover  

 

 

4. RESULTS AND DISCUSSION 

The studied system is implemented under MATLAB/Simulink Software. Simulations are first 

done under standard temperature condition (STC). Figure 7 shows the maximum power point of the PV when 

the temperature and solar irradiation are at 1000 W/m² and 25 degrees Celsius (STC), respectively. The 

maximum power tracked are 846.14 W and 836.87 W with PSO and P&O respectively. Hence, the efficiency 

is 97.9% and 96.8% with PSOthe P&O, respectively. It can be noted that the meta-heuristic command (PSO) 

is more efficiency to extract the maximum power than the conventional method (P&O). 

To evaluate the efficiency of the proposed algorithms, the solar irradiation and the temperature have 

been variated as shown in Figure 8. The solar irradiation (W/m²) is variated from 800 to 500, from 500 to 800 

and from 800 to 600. And the temperature (in degree Celsius) is also variated from 25 to 37 and from 37 to 

22. Figure 9 illustrates the photovoltaic output generated by the two MPPT algorithms. The all used methods 

converge to the MPP but the PSO is faster to attain the MPP than P&O as shown in Figure 9 (a) and gives 

less oscillations at the maximum point in Figure 9 (b). So PSO is better than P&O to track the maximum 

point power. 

Figures 10 and11 show the current supplied to the electrical network (EN) and its reference and the 

voltage of the EN. Figure 10 illustrates the voltage of the EN and the current supplied into the EN with the 

proposed method. It is noted that there is no phase shift between the EN voltage and current. This means that 

the reactive power is zero. The system produces a good quality of energy with active power only. 

 

 

 
 

Figure 7. PV Power obtained with PSO and P&O 

algorithms (standard test conditions) 

 
 

Figure 8. Variation of solar irradiation and 

temperatur 
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(a) (b) 

 

Figure 9. PV Power obtained with PSO and P&O algorithms under variables weathers 

 

 

  

 

Figure 10. Current injected into the grid corrected by 

AGs-PI and the grid voltage 

 

Figure 11. Injected current and this reference 

 

 

The PI controller optimized by the genetic algorithm gives 0.89% of the total harmonic distortion 

(THD) less than 1.97% obtained in [22]. This value of THD satisfies the standard value given by NF C  

15-100 and IEEE 519 (T HD <5%) [15], [27], [28]. Figure 12 (a) shows the deference between the proposed 

method and PI Classique. In Figure 12 (b), it is noted clearly that the GA-PI is better than the PI method 

witch parameters are determined by Ziegler method and the adaptive neural network used in [22]. 

 

 

  

(a) (b) 

 

Figure 12. These figures are; (a) injected current and this reference controlled by GA-PI and PI Classique, (b) 

Zoom of Figure 12 (a) 

 

 

5. CONCLUSION 

A comparative study between a meta-heuristic algorithm PSO and a conventional MPPT command 

P&O has been executed in this document. Both algorithms are applied for PV power generation. Another 

meta-heuristic, the genetic algorithm is used in this work to optimize the PI parameters. The results of the 

simulations showed that the PSO is more efficient to extract the PV maximum power and fast than P&O. The 
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proposed method gave a low total harmonic distortion (0.89%) and it is better than the conventional methods 

(Ziegler-Nicolson, and Naslin) used to determine the parameters of the correctors. 
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