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Background: This project aims to study the influence of shading on a photovoltaic system.   
 
Methods: This study examines two intelligent control algorithms to maximize power output, espe-
cially in shaded conditions. Specifically, we demonstrate how to apply two evolutionary algorithms 
to this control: the "particle swarm optimization method" and the "grey wolf optimization method." 
These algorithms were tested and evaluated.   
 
Results: A comparison is made between a double MPPT system using PSO and GWO, and the best 
solution is identified.   
 
Conclusion: The simulation results focus on a photovoltaic system that powers an electric vehicle 
while moving in realistic scenarios with partial shading conditions. 
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Introduction 
 

instruments gives a 
complete kit of tools that can be directly applied into the field of Elec-
tric 

 
Methods 
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In the GWO, each wolf position corresponds to the duty cycle 
factor applied on the MPPT. Thus, the Gmax represents the global 
best position of all of the wolves and Pmax is the corresponding best 
position of the corresponding wolf. If no partial shading exists, the 
global best wolf best position and the local wolf best position will be 
the same. However, for the partial shading case, there is several 
(Pmax) wolf best positions, and the global best position (Gmax) will 
be related to the max of the best wolf position Gmax = max (Pmax). 

The proposed GWO algorithm aims to compensate for the limita-
tions of conventional maximization algorithms, which cannot find the 
overall maximum, especially during a partial shading phenomenon. 
Regardless of the partial shading profile, this algorithm can find 
the maximum power point on the power-voltage characteristic of a 
photovoltaic system. Towards this goal, the objective function for 
this algorithm is defined as it is in Equation (2). 

 
                                                                        (2)

 
The proposed MPPT algorithm is based on the application of 

GWO to control the duty cycle. The expected consequence is that 
this will turn into decreasing the steady-state oscillations presented 
by the conventional MPP tracking algorithms. Consequently, the 
power loss due to oscillation is reduced, which increases the photo-
voltaic system efficiency. 

 
di(k + 1) = di(k) − A.d                                                                     (3) 

 

 
    (4) 

 

System of PV 
 

A typical PV cell produces less than 2 W at about 0.5 V so that 
cells must be connected in series-parallel on a module to produce 
enough power (13). A PV array, is a group of several PV modules 
electrically connected in series (Ns cells) and in parallel (Np columns) 
to generate the required current and voltage. 
 
The voltage-current characteristic equation of a PV module becomes 
as follows: 
 
                                                                                                      (5) 
 
 

Figure 1 shows the proposed block diagram of the PV system. In 
this model. We include the intelligent MPPT algorithm (based on 
GWO and PSO) (14). The proposed algorithms aim to compensate 
for the limitations of conventional maximization algorithms, which 
cannot find the overall maximum, especially during a partial shading 
phenomenon. Regardless of the partial shading profile, it can find the 
maximum power point on the power-voltage characteristic (Ppv) of a 

photovoltaic system. This characteristic is usually referred to as Ppv = 
f (Vpv) (15). The algorithm is applied to the semiconductor switch of 
the boost converter installed to connect the PV panels to the DC-link. 
Specifically, the duty cycle of this device is adjusted according to the 
output of the Intelligent MPPT algorithm. In our implementation, 
Vout is the voltage that will be used for feeding the battery with the 
required power for its charge (16). 

Results 
 

.  
Considering the size of the PV modules, this system could be 

implemented in electric vehicle application or even an isolated grid 
for feeding some isolating area using a solar energy. Some recharge 
stations can also benefit from this solution and the proposed meth-
od can improve energy yield. 

The simulation bloc can be illustrated as it is Figure 2, all the PV 
cells are connected to 

Discussion 
 

Indeed, to compare the efficiency of MPPT PSO and GWO we 
considered four simula- tion tests so that a wide variety of conditions 
are modelled, Table 2, gives the maximum power, voltage and current 
parameters for each shading condition. During the first test, the irra-
diation was kept constant and uniform for the four modules (1000 W/
m2). The second test is characterized by partial shading on two of the 
four modules of around 40%, represented in Figure 3. The partial 
shading on the two modules is varied in the order of 50% on the first 
and 20% for the second (500 W/m2, 800 W/m2, 1000 W/m2, 1000 W/
m2).  

 
Conclusion 
 

overcome the problems 
of classic MPPT strategies (e.g., perturb and observe and incremen- 

charge in the battery under uniform irradiation. As 
a future work, we would like to analyze how to adapt the algorithm’s 
parameters (which are now constant) to the dynamic lighting 

 

  PSO GWO 
Inertia weight (w) 0.1 – 
Personal Learning Coefficient c1 1.7 – 
Global Learning Coefficient c2 1.5 – 
Constant a – Self-adaption 
Coefficient r1 and r2 – Random numbers in (0,1) 
Number of iterations N 100 100 
Number of particles P 10 10 
Sampling time 0.0001s 0.0001s 
Initial duty cycle 0.4   

  Pmpp (W) Vmpp (V) Impp (A) 

First case of Partial shading 646.3 126.2 5.12 

Second case of Partial shading 637.9 93.04 6.85 
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