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Abstract. To respond to the increase in demand for electricity, the use of photovoltaics is growing 
considerably as it produces electrical energy without polluting the environment. In addition, to enhance the 
efficiency of photovoltaic modules, an MPPT algorithm is required to follow the maximum voltage and 
maximum current in the IV curve. This technique can be achieved by using a DC-DC converter. For this 
purpose, various MPPT techniques have been developed. The combination of MPPT and DC-DC converter 
is implemented using Matlab/Simulink and connected to a modelled PV module to validate the simulation.  

1 Introduction 

At present, other research has concentrated on how to 
more effectively extract power from photovoltaic cells 
to raise the efficiency of solar photovoltaic systems. The 
main inconvenience of solar photovoltaic systems is the 
variability of the output voltage with variations in 
insolation and temperature. Maximum Power Point 
Tracking (MPPT) is a process that monitors a Maximum 
Power Point (MPP) of input to the photovoltaic (PV) 
array. The major goal of MPPT techniques is to find 
automatically the voltage VMPP or current IMPP at 
which a photovoltaic installation must work to achieve 
the maximum power MPPP under defined temperature 
and irradiance. It has been observed that in partially 
shaded conditions, the P-V performance of the 
photovoltaic installation becomes more complex and 
carries multiple peaks [1]. There are numerous MPPT 
monitoring techniques in practice, and the comparison 
of most MPPT techniques to the power extracted from 
the PV panel has been proposed in the literature [2-3]. 
The most popular MPPT algorithms are Perturb and 
Observe (P&O) and Incremental conductance (IC) 
algorithm. The author [4-5] compares and assesses the 
percentages of energy extraction with MPPT and with 
no MPPT. The various types of MPPTs have been 
introduced and developed. Fuzzy Logic is one of the 
suitable methods for getting the Maximum Power Point 
(MPP) of a solar panel that has excellent steadiness and 
a high answer rate. At present, the MPPT research [6-7] 
has been documented further because it is more 
efficient, precise and stable. In this paper, we present a 
survey of the basic characteristics of the PV cell and the 
circuit simulation model using Matlab/Simulink 
software. In addition, a very rugged controller using 
fuzzy logic is designed with the DC-DC boost converter 
in the Matlab/Simulink software to enhance the 
efficiency of the solar PV system [8-9]. 
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2 Photovoltaic System 

We take into consideration the PV system contains four 
sequences as shown in Figure 1. The first sequence represents 
the supply energy (photovoltaic panel), the second one is a 
DC-DC converter, the third sequence represents the charge 
and the last one represents the control system.  

Fig. 1. Overview of the PV system  

2.1 Modelling of photovoltaic cell 

Figure 1 shows a single-diode model that is largely 
used compared to other PV module models. In this 
circuit, illustrates the equivalent circuit a PV cell, which was 
developed by [10]. This Figure shows the single diode model. 

The corresponding equations of PV cell are as follows. 

         Ipv =  Iph − Id − Ish (1)

The photocurrent 𝐼𝐼𝑝𝑝ℎ  is given by the following equation: 

          𝐼𝐼𝑝𝑝ℎ =(𝐼𝐼𝑐𝑐𝑐𝑐𝐾𝐾𝐼𝐼 𝐺𝐺𝐺𝐺𝑛𝑛 (2)
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The current 𝐼𝐼𝑠𝑠ℎ  crossing the shunt resistance is expressed 
by: 

                     Ish =  Vpv + IpvRs 
Rp

 (3)

Diode current 𝐼𝐼𝑑𝑑  is given by: 

          𝐼𝐼𝑑𝑑  =  I0 (exp﴾𝑉𝑉𝑝𝑝𝑝𝑝 + 𝐼𝐼𝑝𝑝𝑝𝑝𝑅𝑅𝑠𝑠 
𝛼𝛼𝑉𝑉𝑡𝑡

﴿-1)                          (4) 

 Rsh is the shunt resistance, Ipv is the open-circuit 
current of a solar cell, 𝐼𝐼𝑑𝑑 is the diode saturation current, 
Iph is the current generated by the light which varies 
according to solar radiation and cell temperature, Ish is 
the shunt resistance current flowing through the diode. 
Rsh and circulates between the n and p layers, Rs is the 
series resistance which represents the losses resulting 
from the flow of current through the emitter and the 
highly resistive contacts, Vpv is the terminal voltage of 
a solar cell, respectively. 

 
Fig. 1. Equivalent circuit PV cell  

2.2 Boost Converter  

The voltage of the solar panel is boosted by a step-up 
converter. It consists of an inductor, a capacitor, an 
IGBT/MOSFET and a diode. DC-DC converters are 
utilized to transfer the power from the solar panel to the 
load side, guaranteeing that the maximum power has 
been transferred, using MPPT. Regulation is realised by 
pulse width modulation (PWM) and the switching 
device is a MOSFET or IGBT. DC-CD Boost converters 
whose function is to boost the DC voltage. Maximum 
power is attained when the MPPT algorithm changes 
and adjusts the duty cycle of the DC-DC Boost 
converter. The circuit diagram is described Fig2: 

. Simulink model of DC-DC boost converter. 
 

The design value for DC-DC boost converter are, 
inductor(L) value is 3 mH, input and output capacitor 

(C1 and C2) value is 100 µF and switching frequency of 
the converter is 10 kHz. 

2.3 Partial shaded PV Model 

The total 60 solar pv cell is divided in to three 
models and each model has 20 cells. The 20 cell model 
is rated by following parameter, the open circuit voltage 
is 12.64 volts, voltage at maximum power is 10.32 volts, 
short circuit current is 8.62 A and current at maximum 
power point is 8.07 and maximum power point is 
83.2824Watts. This three model is connected in series 
and each model has bypass diode. The Simulink model 
of the three series connected solar PV system is shown 
in Figure 3. 

 
Fig. 3. Three series connected solar PV system

The partial shaded condition of solar PV model is 
created by making irradiance of each model at different 
value such as 1000 W/m2 is fixed for panel 1, 300 W/m2 
for panel 2 and 600 W/m2 for panel 3. The IV and PV 
characteristics of the partial shaded conditions are 
shown in Figure 4: 

 
. The IV and PV characteristics of the partial 

shaded conditions 

3 MPP technique 

We understand that photovoltaic solar modules have 
changing parameters when the operating temperature 
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3 MPP technique 

We understand that photovoltaic solar modules have 
changing parameters when the operating temperature 

and radiation vary. The parameters for which a 
fluctuation is noted are maximum power, maximum 
voltage, open circuit voltage, maximum power current 
and short-circuit current. MPPT suggested algorithm 
applied to the DC-DC converter to extract the maximum 
power available at the under-variation of the solar PV 
module output in operating temperature and irradiance. 

3.1 Perturb & Observe  

 The P&O method is based on disturbances applied to 
the reference voltage or current signal, and is one of the 
most widely used methods for MPPT [11- 12]. 
The flowchart in Figure 5 shows the P&O algorithm 
such that, to calculate the power value P(k), the current 
Ipv and voltage Vpv must be measured. If the power 
value P(k) is higher than the previously measured P(k-
1), the PPM is approximated. The disturbance will 
continue in the same direction. If the power value P(k) 
is lower than the previously measured P(k-1), MPP is 
away, so the disturbance will be reversed in the inverse 
direction. 

Fig.5.Flowchart of the "P&O" algorithm 

3.2 Particale swarm optimization 

PSO, as a new swarm intelligence optimization 
algorithm, firstly proposed by Kennedy and Eberhart  
[13], has been developing rapidly in recent 20 years. It 
is modelled according to the behaviour of bird flocks. Its 
advantages are simple realization and fast convergence, 
and it is well applied to find the global optimal solution 
in a nonlinear, discontinuous, non-differentiable curve. 
In this algorithm, several cooperative particles are used 
in an n dimensional space. Each particle owns its 
position Pi (distributed randomly) and velocity Vi (Vi = 
0 in initiation). The position of a particle is influenced 
by its best position so far, Pbest, and the best position of 
all particles so far, Gbest. Velocity and position of 
particles are calculated by [14.15.16]: 

 
 𝑣𝑣𝑖𝑖

𝑘𝑘+1
 = 𝜔𝜔𝑣𝑣𝑖𝑖

𝑘𝑘 + 𝑐𝑐1𝑟𝑟1(𝑃𝑃𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑖𝑖 - 𝑃𝑃𝑖𝑖
𝑘𝑘) + 𝑐𝑐2𝑟𝑟2(𝐺𝐺𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑖𝑖 - 𝑃𝑃𝑖𝑖

𝑘𝑘)     (5) 

                𝑃𝑃𝑖𝑖
𝑘𝑘+1

 = 𝑃𝑃𝑖𝑖
𝑘𝑘

 +  𝑣𝑣𝑖𝑖
𝑘𝑘+1

                                                                    (6) 

        
 

 
 
Fig.6. Flowchart of PSO algorithm 

3.3 Grey Wolf Optimizer 

It imitates the pyramid of leadership and the chasing 
method of grey wolves in nature suggested by [17] et al. 
To simulate the leadership hierarchy, four different 
styles of grey wolves are used, such as alpha, beta, delta 
and omega.  When developing GWO, alpha is taken as 
the fittest approach. The second and third best options 
are beta and delta, and the remaining wolves are known 
as omega. By surrounding the target, grey wolves chase 
the prey, and the encircling action is modelled by the 
following equations: 

 
  𝑫𝑫 ⃗⃗  ⃗= │ 𝑪𝑪 ⃗⃗  ⃗.�⃗⃗�𝑿 P (t) - �⃗⃗�𝑿 P (t) │                                                              (7) 

 
  �⃗⃗�𝑿 P (t+1)= �⃗⃗�𝑿 P (t) -𝑨𝑨 ⃗⃗  ⃗.�⃗⃗�𝑫                                       (8) 
 
D, A and C represent coefficient vectors, where t 
denotes the current iteration, Xp is the prey's position 
vector and X implies the grey wolf's position vector. The 
A and C vectors are determined as follows: 
 
   𝑨𝑨 ⃗⃗  ⃗= 𝟐𝟐.  𝒂𝒂 ⃗⃗  ⃗.�⃗�𝒓 1  - 𝒂𝒂 ⃗⃗  ⃗                                             (9) 
     𝑪𝑪 ⃗⃗  ⃗= 𝟐𝟐.�⃗�𝒓 2                                                                                             (10) 

Where components of “a” are linearly decreased from 2 
to 0 over the course of iterations and r1, r2 are random 
vectors in [0, 1]. 
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Fig.7.Flowchart of grey wolf MPPT 

4 Analyse and discussion of the results 

For analysing the tracking performances of PSO and 
GWO−based trackers and compare them with the 
conventional one, P&O technique, extensive MATLAB 
simulation studies under PSC patterns have been 
performed. PV module is chosen to be used in the 
simulation model is illustrate in table. The PV system 
illustrated by Fig. 8 consists of three series-connected 
modules and DC/DC boost converter. The design value 
for DC-DC boost converter are, inductor(L) value is 3 
mH, input and output capacitor (C1 and C2) value is 100 
µF and switching frequency of the converter is 10 kHz. 
The operating scenario of the system shown in Fig. 4 
was based on sensing shaded PVPS voltage and current 
which are fed to MPPT block to search duty cycle at 
which global maximum power can be derived. 

Table. Parameters of the electrical characteristics of the 
single  PV. 

Type panel Style 

Voltage at 
maximum power  10.32V 

Current at 
maximum power 8.07A 

Open – Circuit 
Voltage 12.64 V 

Short – Circuit 
Current 8.62 A 

Maximum Power 
at STC 104W 

 
 
 
 
 
 
 

 
 
Fig.8. PV system under MATLAB/Simulink 
 
Three different MPPT techniques were employed as a 
controller feeding the converter with an appropriate duty 
cycle to study and compare the dynamic response of the 
PVPS during PSC. 
The simulation details (power, voltage, and duty cycle 
of the boost converter) of PVPS with different MPPT 
techniques under the shading model are illustrated in 
Figure 9, 10, 11,12,13,14, As indicated in Figure 15, 16, 
17, the PSO and GWO,P&O trackers start the 
initialization by setting the duty cycles of the boost 
converter to 0, 0.7 respectively, to guarantee that the 
search space covers the whole P-V curve. Then the duty 
cycle values are changed. Then the duty cycle values are 
changed. This process continues until the termination 
criterion is reached. GWO, PSO and P&O converge to 
the global PPM with a tracking time of 0.9 s, 1 s and  
1.4 s respectively. 
 
 
 
 

 
Fig.9.P&O-based tracker MPPT 
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Fig.10. PSO-based tracker 
 

                                                               
Fig.12. PSO-based tracker  

 

           
Fig.14. P&O-based tracker  

 

Fig.11. GWO-based tracker  
 

 
Fig.13. GWO-based tracker 

 

 
Fig.15. P&O-based tracker 

 

    
Fig.16. PSO-based tracker  
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Fig.17. GWO-based tracker 
 

5 Conclusion 

 The performance of two global MPPT based on meta-
heuristic optimization algorithms is evaluated. Such 
algorithms include; PSO and GWO techniques. The presented 
algorithms aim to improve the efficiency of partially shaded 
PVPS. The proposed algorithms target the improvement of the 
efficiency of partially shaded photovoltaic systems. 
From this result we can be deduced that the two technique 
MPPT control gives good results compared to control P&O in 
terms of response time and the point of maximum power 
(PPM). When parameters like output voltage, power are 
compared. 
The entire photovoltaic system was simulated on the based on 
Meta-heuristic (PSO,GWO) MPPT algorithm and the results 
of the simulation were verified. It is clearly shown that the PV 
system achieves good efficiency when a bio-inspired 
techniques MPPT controller is used in the system. In the 
future, the model designed can be implemented in hardware 
using microcontrollers. 
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