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Abstrac-The Perturb and Observe (P&O) maximum power 

point tracking (MPPT) algorithm can be not robust where the 

rapid change in atmospheric conditions, especially it happened 

in irradiance, caused by the heuristic choice for the duty cycle 

perturbation and the duty cycle initialization. In this paper, it is 

shown how to integrate optimization method called Particle 

Swarm optimization (PSO) in P&O to choice the duty cycle 

perturbation and the first initialization condition based in 

maximizing power output. Using a DC-DC converter “Boost” 

associated with the photovoltaic panel; so working to get the 

maximum power that is mean, earn a good yield. The results of 

the simulation performed under the tool Simulink/Matlab 

shows the effectiveness of the integration PSO optimization 

method in P&O. 

Keywords—Photovoltaic systems, Boost, PWM, MPPT, 

P&O, PSO 

 

I. INTRODUCTION 

Maximum power point tracking (MPPT) techniques are 

used in photovoltaic (PV) systems to maximize the PV 

array output power by tracking continuously the 

maximum power point (MPP) which depends on panel’s 

temperature and on irradiance conditions. The issue of 

MPPT has been addressed in different ways in the 

literature [1, 2]. Among the various techniques proposed, 

the Perturb and Observe (P&O) maximum power point 

tracking algorithm is the most commonly used method 

due to its ease of implementation [3]. 

In energy solar domain, many researchers have worked 

to develop MPPT algorithms methods. [4] Has presented 

simulation and hardware to implement an incremental 

conductance method MPPT applied to buck chopper by 

Compared the different MPPT methods, also apply PI 

control for the buck converter completely neglecting using 

Pulse With Modulation (PWM) direct way. [5] Shown 

experimental results on the MPPT when using the 

increment method specified by a variable give good 

results, which could remedy the defect of the fixed step 

length of the incremental conductance method. The step 

length was changed by setting the threshold, and different 

threshold settings influenced the maximum power point 

tracking speed. In 2011, the high performance adaptive 

perturbation and observation method based on power grid 

photovoltaic MPPT presented in [6], The oscillation at the 

point of maximum power for the traditional method 

perturb and observe has improved by adaptive control 

functioning to change that P & O value according to 

climate change in the system, in addition to tracing 

systems output capacity of the sun d an axis and two-axis 

is higher than conventional support systems. 

Two main drawbacks affect P&O based MPPT in 

presence of slowly-varying irradiance and temperature, 

the operating point oscillates around the MPP giving rise 

to the waste of a more or less significant amount of 

available energy and, in addition, in presence of rapidly 

changing atmospheric conditions, the P&O algorithm can 

be confused [l]. In this paper, it is shown that the negative 

effects associated to the second drawback can be greatly 

reduced if the values of the duty-cycle perturbations and 

the initial condition are customized to the optimized 

method of the specific dc-dc converter adopted to realize 

the P&O MPPT. As the system is studied compose a PV 

array, a boost dc-dc converter and a resistor as load. 

The particle swarm optimization (PSO) algorithm is 

inspired by bird group behavior. Because the PSO 

algorithm is easy to implement and efficient, it has been 

widely used in multi objective optimization, pattern 

recognition, signal processing and other fields, and 

because of its faster computing speed and good global 

search capability, it is particularly suitable for large scale 

mathematical optimization problems; in addition, it has 

adaptive capability, and is good at solving optimization 
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problems in dynamic environments [8]. 

In Particle Swarm Optimization PSO algorithm, every 

particle is located in the space of movement by D-

dimensional (number of parameters optimized), and flies 

with a specified speed. Considering that the Swarm has P 

particles, Xi and Vi are the particle of current position, 

particle of current flight speed, respectively, Pi is particle 

of best position over in the current swarm, Gi is swarm’s 

best location global. So the particle’s flight speed and 

direction are determined by its position Xi and velocity Vi 

That follow an optimized fitness function f (x) minimized 

or maximized depending on the lens detailed in section 6 

[8]. 

The remainder of the paper is organized as follows. 

The introduction is presented in section 1. Problem 

overview presented in section2. The photovoltaic 

equivalent circuit model is given in section 3. In the same 

section the simulation and validation of the photovoltaic 

model presented. A typical solar power system and a 

conventional MPPT P&O technique are reviewed in 

Section 4. The optimization method PSO presented in 

Section5. The system configuration of the optimization 

method PSO and adaptive MPPT method are addressed in 

Section6. The simulation results are shown in section7. 

Finally, conclusions are drawn in Section 8. 

 

II. PROBLEM OVERVIEW 

Considering the way MPPT is find voltage Vmpp or 

current IMPP integrated mission planning for PV system 

should work to extract the maximum power output PMPP 

under a certain temperature and irradiance. Majority 

methods of MPPT respond to changes in climate change 

parameters irradiance and temperature, others useful 

specifically if the temperature is almost constant and 

irradiance varying. The Validation of MPPT of a truly 

depends variation the both (irradiance and temperature). 

[9]. in this paper, variation in the irradiance for confuse 

P&O method by integrates PSO in it. 

III. THE PHOTOVOLTAIC EQUIVALENT CIRCUIT 

MODEL 

The actual use of the equivalent circuit can be made by 

the experimental photovoltaic array terminal 

characteristics, as shown in Fig.1: 

 
 

Fig.1. The equivalent circuit model of photovoltaic array 

 

The relation between the output current and voltages 

photovoltaic array can be defined as formula (1): 

 

𝐼𝑝𝑣 = 𝐼𝑝ℎ − 𝐼𝐷 − 
𝑉𝑝𝑣 +𝑅𝑠∙𝐼𝑝𝑣

𝑅𝑝
                                 (1) 

 

The current through diode is given by:     

𝐼𝐷 = 𝐼0 𝑒𝑥𝑝 𝑞 𝑉𝑝𝑣 + 𝐼𝑝𝑣 ∙ 𝑅𝑠 𝐾 ∙ 𝑇  − 1         (2) 

 

Where, 

Ipv  : Solar cell current (A). 

Iph   : Light generated current (A). 

IO  : Diode saturation current (A). 

 q   : Electron charge (1.6×10-19 C). 

K   : Boltzmann constant (1.38×10-23 J/K). 

T   : Cell temperature in Kelvin (K). 

V pv : Solar cell output voltage (V). 

RS   : Solar cell series resistance (Ω). 

Rp   : Solar cell shunt resistance (Ω). 

 

We also defined in the disconnect condition: Ipv = 0, Vpv =VOc 

“open circuit voltage”. In the maximum power point:  Ipv = Im, 

Vpv =Vm. 

𝐼𝑝𝑣 = 𝐼𝑠𝑐

 
 
 
 
 

1 − 𝐶1 ∙ 𝑒𝑥𝑝

 

 
 𝑉𝑝𝑣

𝐶2𝑉𝑜𝑐
 − 1

 

 
 

 
 
 
 
 

      (3) 

𝐶1 =  1 −
𝐼𝑚

𝐼𝑠𝑐
  ∙ 𝑒𝑥𝑝  

−𝑉𝑚
𝐶2𝑉𝑜𝑐
              (4) 

𝐶2 =
 

Vm
Voc
 − 1  

ln  1 −
Im

Isc
  

                (5) 

Formulation of short-circuit current of photovoltaic array 

needs , open circuit voltage, voltage and current of MPP,  then 

computation  C1, C2 calculate  by formula (4), (5) and 

characteristic photovoltaic array I-V curve which determined by 

formula (3). So, characteristic of photovoltaic array in different 

irradiance and temperature can be simulated through the real-

time adjustment of VOc, Isc “short circuit current”, Vm , Im , the 

simulation   performed in Simulink/Matlab tool and the curves I-

V, P-V are  shown in Fig. 2, Fig. 3 and Fig.4, respectively .  

In Fig.2, the model of PV panel as a constant dc source 

created using the subsystem block from Simulink library 

browser, which included all functions of PV panel. The model 

has three inputs irradiance, temperature and voltage input. This 

model generates current. 

Ipv 

Rs 

Rp 

ID 

VD 
Iph Vpv 



  

 

Fig.2. Block diagram of a PV panel 

 

Fig.3 shows Current-Voltage and Power-Voltage 

characteristics of a PV model for constant irradiance. 

 

Fig.3. Influence of the temperature with constant irradiance 

 

Fig.4 shows Current-Voltage and Power-Voltage 

characteristics of a PV model for constant temperature. 

 

Fig.4. Influence of the solar radiation for constant temperature 

 

From Fig.3, Fig.4 proves that our model closely 

representative of reality and this is what allows us to apply 

all control methods for MPPT. Results also allow 

validation of the model. 

 

IV. MPPT BASED PERTURB AND OBSERVE (P&O) 

METHOD 

The DC/DC converter should always operate in the 

maximum power point tracking to maximize the PV 

generator efficiency and consequently increase the 

efficiency of the PV system. The optimum power of PV 

generator fluctuates instantaneously with the climatic 

conditions (irradiance, temperature).  

Simply, The MPPT algorithm based on the derivation 

of the power over the voltage equals zero in the maximum 

bridge. Several methods work this principle and make 

comparison among them is Perturb and Observe (P&O). 

The perturbation and observation (P&O) is a widely 

used approach in the search for MPPT because it is simple 

and requires only measures voltage and current of the PV 

module Vpv and Ipv respectively, it can detect the point of 

maximum power even during variations in irradiance and 

temperature. 

The method P&O function with disturbance voltage Vpv 

respectively; it can track the maximum power point even 

when there are variations in irradiance and temperature. 

The following shortened flowchart shows the algorithm 

of the P&O method. At each cycle, Vpv (k) and Ipv (k) are 

measured to calculate Ppv(k).   Ppv(k-1) value calculated in 

the previous cycle by Vpv (k-1) and Ipv (k-1), where the 

duty cycle D is desired output to use in Pulse With 

Modulation “PWM” to control the boost. So the P&O 

generate the best duty cycle [12]. 

 Fig.5 shows the P&O MPPT Implemented by driver 

circuit, where PWM calculated and generated the duty 

cycle D sent to the switch S through it. 

 
Fig.5. PWM implementation 

 

The program flow chart P&O is shown in Fig.6. 
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Fig.6. P&O flow chart 
 

The question proposed is how to choose the 

initialization of duty cycle D, also the duty cycle 

perturbation ∆D? 

Some researchers have demonstrated the choice of duty 

cycle perturbation ∆D as [3] where depends system 

parameters. Also [10] select the duty cycle perturbation 

∆D by: 

∆𝐷 𝑘 =∝∙ 𝛽 𝑃 𝐾 − 𝑃 𝐾 − 1                   (6) 

Where α is the constant value to control the movement 

toward the MPP and the accuracy of convergence for 

MPPT, β is the sign of step dependent on perturbation 

direction. So, in this paper the answer to the previous 

questions is having an optimization method PSO able to 

find the initialization duty cycle D, also the duty cycle 

perturbation ∆D from the system presented in the next 

section. 

V. PARTICLE SWARM OPTIMIZATION 

PSO determines the optimal solution of particles by 

several iterations. The optimal solution in each iteration 

can be identified, and is called Pbest. When all of the 

particles have been found, Gbest can be determined, and the 

principal factors influencing particles looking for the 

optimal solution are the velocity updating and position 

updating of particles. The velocity updating equation is 

expressed as formula (7), and the position updating is 

expressed as formula (8). The program flow chart is 

shown in Fig.7. 

 

𝑉𝑖 𝑡 = 𝑊 + 𝑉𝑖 𝑡 − 1 + 𝑅𝑎𝑛𝑑1 ∙ 𝑅1 ∙  𝑃𝑏𝑒𝑠𝑡 − 𝑋𝑖 +
𝑅𝑎𝑛𝑑2 ∙ 𝑅2 ∙  𝐺𝑏𝑒𝑠𝑡 − 𝑋𝑖         (7) 

 

𝑋𝑖 𝑡 = 𝑋𝑖 𝑡 − 1 + 𝑉𝑖 𝑡          (8) 

 
Where Vi is the velocity of each particle, i is the 

number of particles, W is the Inertia Weight, Rand1 and 

Rand2 are learning constants, R1, R2 are random number 

between 0 and 1, Pbest is the optimal solution for each 

particle up to now, Gbest is the optimal solution for all 

particles up to now, and Xi is the position of each particle 

[8]. 

 

Fig.7. PSO flow chart 
 

VI. PSO AND P&O MPPT 

In order to keep the output of the solar panel at its 

maximum power point, this paper uses the MPPT 

algorithm of the P&O method, but the duty cycle 

perturbation of the traditional P&O method and the first 

duty cycle are fixed. Therefore, the maximum power point 

can be reached rapidly when the step is large. However, 

there is oscillation in the steady state, so that the output 

power decreases. This oscillation is very low when a small 

the duty cycle perturbation is used in the steady state, and 

the maximum power point is reached after a longer time. 

Therefore, this paper uses PSO optimization method for 

adjust the duty cycle perturbation e and the initialization. 

Thus, the maximum power point can be reached faster 

compared with the P&O method for the duty cycle 

perturbation and the first initialization are fixed heuristic 

choice. 

The pseudo code that describes the integrate PSO in 

P&O is the following [11]: 

Initialization (creation of the initial swarm) 

For i=1 to number of swarm “iteration’’ 

      For j=1 to number of particles 

      Create the member ship function for the particle j 

      Run the simulation of the PV 

      Evaluate finesse 



  

     End j  

Rank the particles on their fitness function 

Update new swarm by comparison the position of the 

particles 

End i 

The block diagram (Fig.8) shows the strategy 

optimization of P&O parameters “the duty cycle 

perturbation, the duty cycle initialization”: 

 

Fig.8. Distributed PSO and P&O MPPT concept 

 

PSO speed to suit for a better solution in the 

calculation, it is calculated to make a minimizing 

objective function mean square error (MSE calculated by 

the following formula: 

 

𝑀𝑆𝐸 =
1

𝑛𝑇
 𝑒 𝑘 2𝑛

𝑖=1                        (9) 

Where: n is the total number of samples and T the 

sampling time, e(k) is the difference between the value of 

the out power and the value of the PV power. The goal is 

to extract the maximum power. 

VII. SIMULATION AND RESULTS 

To demonstrate the performance of the proposed 

controller, MATLAB/Simulink was used for simulation. 

An example, a boost has been studied where TABLE.I 

showed the “PSO” parameters: 

TABLE.I PSO PARAMETERS 

Size of the swarm Rand1 Rand2 W 

20 0.0001 0.0001 0.5 

 

The models shown in Fig.9 were simulated. Simulation 

and results for boost converters have been recorded to 

make sure that comparison of the circuit can be obtained 

accurately. The voltage and the power are the main points 

of comparison to take into account. The temperature fixed 

to 25°C and the irradiance is varying illustrated in Fig.10.  

 
Fig.9. Simulink model of boost converter using PSO P&O 

MPPT 

The simulation result at constant temperature (T=25°C) 

with changes in the Irradiance (400 to 600w/m²): 

 

Fig.10. Changing irradiance curve 

 

Fig.11 illustrates the out voltage compared with PV 

voltage panel. 

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
300

350

400

450

500

550

600

650

700

Time(s)

Ir
ra

d
ia

n
c

e
(w

/m
2
)



  

 

Fig.11. PV voltage and out voltage 
 

Fig.12 illustrates the power out compared with       

power PV panel. 

 

                     Fig.12. PV power and out power 
 

It can be seen from results that the output of the PV 

panels clearly changes due to the change of the used 

converter as that variation of the converter affect of the 

output of the PV panel. 

Output values of the solar panel do not provide same 

input voltage value to controller. This is because the 

Switch controller that varies the value of duty cycle will 

change the input value that sense by the controller PSO 

and P&O MPPT. 

This system show that PSO and P&O MPPT controller 

will work best with boost. 

 

VIII. CONCLUSION 

In this paper PSO method working to find the optimal 

choice of the duty-cycle perturbation and the firs 

initialization for duty cycle to be adopted when using the 

P&O MPPT algorithm has been carried out. 

PSO and P&O MPPT method is implemented with 

MATLAB-SIMULINK for simulation. The MPPT method 

simulated in this paper is able to improve the dynamic and 

steady state performance of the PV system 

simultaneously. As an example, a boost been studied. 

 

REFERENCES 

[1] Parimita Mohanty, G.Bhuvaneswari, R .Balasubramanian, Navdeep 
Kaur Dhaliwal, “MATLAB based modeling to study the 

performance of different MPPT techniques used for solar PV 

system under various operating conditions”,  Renewable and 
Sustainable Energy Reviews, vol 38, 581-593. doi: 

10.1016/j.solener.2014.06.001. 

[2] Hegazy Rezk, Ali M. Eltamaly, “A comprehensive comparison of 

different MPPT techniques for photovoltaic systems” , Solar 

Energy, vol 112, 1 – 11. doi: 10.1016/j.egypro.2014.11.010. 

[3] N. Femia, G. Petrone, G. Spagnuolo, M. Vitelli, “Optimizing Duty 

cycle Perturbation of P&O MPPT Technique”, Proceedings of 

PESC. Aachen (Germanv). June 20-25.2004. 

[4] Safari A, Mekhilef S. Simulation and hardware, “Implementation 

of incremental conductance MPPT with direct control method 
using Cuk converter”, IEEE Trans Ind Electron 2011; 58:1154–61. 

[5] Mei Q, Shan M, Liu L, Guerrero JM, “A novel improved variable 

step-size a novel improved variable step-size method for PV 
systems”,  IEEE Trans Ind Electron 2011;58:2427–34. 

[6] Abdelsalam AK, Massoud AM, Ahmed S, Enjeti P, “High-
performance adaptive perturb and observe MPPT technique for 

photovoltaic-based micro grids”,  IEEE Trans Power Electron 

2011;26:1010–21. 

[7] Jui-Ho Chen, Her-Terng Yau, Tzu-Hsiang Hung, “Design and 

implementation of FPGA-based Taguchi-chaos-PSO sun tracking 

systems”, Mechatronics, vol 25, 55-64. 
doi:10.1016/j.mechatronics.2014.12.004. 

[8] Chaoyi Zhang, Muqing Wu, Linlin Luan “An optimal PSO 
distributed precoding algorithm in QRD-based multi-relay system”, 

Future Generation Computer Systems, vol 29, 107-113, 

doi:10.1016/j.future.2012.04.003. 

[9] Ahmed M. Atallah, Almoataz Y. Abdelaziz, and Raihan S. Jumaah 

“Implementation Of Perturb And Observe Mppt Of Pv System 
With Direct Control Method Using Buck And Buckboost 

Converters”, Emerging Trends in Electrical, Electronics & 

Instrumentation Engineering: An international Journal (EEIEJ), 
Vol. 1, No. 1, February 2014. 

[10]  Noppadol Khaehintung, Theerayod Wiangtong, Phaophak Sirisuk, 

“FPGA Implementation of MPPT Using Variable Step-Size P&O 
Algorithm for PV Applications”, 0-7803-9740-X/06/$20.00 e2006 

IEEE. 

[11]  M. Bechouat, Y. Soufi, S. Kahla, B.Guendouz, M. Sedraoui 

“Maximum Power Point Tracking For Photovoltaic Systems: A 

Comparison Between GAs and PSO Approaches”, 2ème 
Conférence Internationale des Energies Renouvelables CIER-2014 

Proceedings of Engineering and Technology – PET Copyright - 

IPCO 2015. 

 

 

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
0

50

100

150

200

Time(s)

V
o

u
t(

V
o

lt
)

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
0

10

20

30

Time(s)

V
p

v
(V

o
lt

)

Variang

Irradiance

Variang

Irradiance

Control

Robestness

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
0

20

40

60

80

100

Time(s)

P
p

v
(W

a
tt

)

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
0

20

40

60

80

Time(s)

P
o

u
t(

W
a
tt

)

Control

Robustness

Varing

Irradiance

Varing

Irradiance


