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Abstract—This paper deals with an analysis and 

implementation of a control method proposed in the maximum 

power point tracking (MPPT) for photovoltaic systems. The 

Improved Particle Swarm Optimization (IPSO) algorithm is 

developed and implemented in Matlab/Simulink environment. 

Many simulations have been done considering the different 

system responses as the current, voltage and essentially the 

power. The efficiency of the proposed MPPT algorithm have 

been carried out. 

Index Terms—Maximum Power Point Tracking (MPPT); 

Particle Swarm Optimization algorithm (PSO); Photovoltaic 

(PV); optimum duty cycle. 

 

I. INTRODUCTION 

In recent years, solar energy becomes one of the most 

popular areas of renewable energy due to intensive energy 

demand and several advantages related to availability and 

cleanness environment [1], [2]. Photovoltaic (PV) module 

arrays is characterized by nonlinear power–voltage (P–V) 

that depends on variation in atmospheric conditions such as 

insolation and temperature [3]. One of the fundamental 

problems is how to carry out the maximum power point 

tracking (MPPT). Recently, a number of researches 

synthesized different methods to resolve the problems related 

to MPPT controller such as power feedback, incremental 

conductance, short circuit current, open circuit voltage [4], 

ripple correlation control (RCC) and perturb and observe 

methods [5]. These traditional MPPT techniques have low 

equipment requirement and easy structures. Nevertheless, 

they have many problems such as oscillations around the 

operating point and the long time required to achieve MPP. 

So, it is impossible to track PV module’s maximum power 

under rapidly changing environmental conditions which 

causes the reducing of the system efficiency. However, the 

Improved Particle Swarm Optimization (IPSO) was proposed 

and implemented as controller for enhancing the convergence 

speed and achieving the MPPT when temperature and/or 

irradiation change.  

The remainder of this paper is organized as follows; the 

second part represents the fundamental characteristics of the 

PV system. The third section explains the IPSO algorithm. 

Section four represents the different obtained simulation 

results. The five section summarizes and concludes this work. 
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II. CHARACTERISTIC OF THE PHOTOVOLTAIC SYSTEM  

A PV energy system as illustrated in Fig. 1 is composed 

of a PV array and a boost converter feeding resistive load.  

 

 

Fig. 1. Equivalent schematic for PV system 

 

A. PV panel modeling 

The current of the PV panel can be expressed as [7]:  
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The short-circuit current Isc and the junction thermal 

voltage Vt  are defined by (Eq.2 and 3). 
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where np is the number of PV cells connected in parallel; 

ns is the number of the series cells ; I0 is the dark saturation 

current (A) ; A is the diode ideality factor ; q is the charge of 

the electron (C); T is the temperature (K) ; k is the 

Boltzmann’s constant and GSTC is the irradiance under 

Standard Test Conditions (STC).  

To verify the simulations results the BPMSX-120 solar 

panels has been implemented under Matlab/Simulink on 

different environmental conditions. The panel electrical 

parameters are cited in Table 1 [8]. 
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TABLE I: BPMSX-120 ELECTRICAL PARAMETERS 

Maximum power Pmp  120 W 

Voltage at Pmp Vmp 33.7 V 

Current at Pmp Imp 3.56 A 

Short circuit current  IscSTC 3.87 A 

Open circuit voltage VocSTC 42.1 V 

Temperature coefficient of 

IscSTC 

ki 0.065 %/°C 

Temperature coefficient of 

VocSTC 

kv -80 mV/ °C 

The output power and current of the PV panel have a 

nonlinear behavior in function of voltage. The increase in 

solar radiation causes a slight increase in optimal voltage 

(Vmp) and augmentation not only in maximum power point 

(Pmp) but also in optimal current (Imp) as shown in Fig. 1 and 

2.Thus the increase in temperature leads to decrease in Vmp 

and reduction not only in Imp but also in Pmp as demonstrated 

in Fig. 3 and 4. Furthermore, the augmentation in series 

resistance provides the decreasing in Vmp and reduction in Imp 

and Pmp values that are illustrated in Fig. 6 and 7. All these 

figures show the existence of unique MPP on each P-V curve. 

In order to find the maximum power generated by PV array, 

a maximum power point controller must be synthesized.  

 

 
Fig. 2. P–V and I-V curves of the PV panel affected by variable 

irradiance 

 

 

 
Fig. 3. P–V and I-V curves of the PV panel affected by variable 

temperature 

 

 
Fig. 4. P–V and I-V curves of the PV panel affected by variable series 

resistance 
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B. Modeling of DC-DC boost converter and design 

The model of the boost converter as shown in Fig. 1 can be 

expressed as: 
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The DC-DC boost converter is used to achieve the MPP by 

adjusting its duty cycle D (0<D<1). This later is generated by 

an adequate MPPT controller that is PSO algorithm. 

III. IMPROVED PARTICLE SWARM OPTIMIZATION BASED 

MPPT 

      The learning process of particles is based on two rules: 

attracted towards the global best position discovered by 

others (social influence) and drawn towards its local best 

promising position (cognition influence) [9]–[12]. The 

position of each particle will be evaluated by a fitness 

function. In this work, the fitness function Di is defined as 

the actual duty cycle while velocity iD
 shows the 

perturbation in the present duty cycle. The global Gbest and 

local Pbesti best positions are defined by how much power 

generated by a specific operating duty cycle. The highest 

power generated is the best. 

During the searching process (iterative process), the 

velocity and position of each particle is updated based on 

the inertia weight w, random numbers   1 2 , 0..1r r  , 

cognitive component c1 and social component c2, as 

shown in (5) and (6): 
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To illustrate the application of the IPSO algorithm in 

tracking the MPP using the direct control technique, first a 

solution vector of duty cycles with Np particles is 

determined, i.e.  
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In order to complete properly the optimal duty cycle to 

achieve the MPPT, the following flowchart has been applied. 

Determine duty cycle D(i) using 

Eq(7)

Start

Mesure Vpv(i), 

Ipv(i)

Calculate the power

 P(i)=Vpv(i)x Ipv(i)

Record individual best power 

for each particle Pbest,i

Convergence criteria met?

Yes

Initialize PSO parameters and 

fixed the particles numberNp

Find global best power among 

all particles Gbest,i

End

Update particles velocity 

and duty cycle using 

Eq(5) and (6) 

No

 

Fig. 5. Flowchart of IPSO-based MPPT algorithm. 

 

IV. RESULTS AND DISCUSSION 

To approve the effectiveness of IPSO, simulations are 

executed under Matlab/Simulink environment in different 

conditions: change in irradiance (Fig.10.(a)), temperature 

(Fig.11.(a)) and series resistance (Fig.12.(a)) for three 

particles. The application of IPSO algorithm presented in 

Fig.9, guarantee the convergence of the control signals, 

feeding the DC-DC Boost converter, to the optimal duty cycle 

in every variation of irradiance, temperature and series 

resistance as shown in Fig.10. (b), Fig.11. (b) and Fig.12. (b), 

respectively. The fluctuation of the duty cycle is followed by 

not only the oscillation of voltage, as shown in Fig.10. (c), 

Fig.11. (c) and Fig.12. (c), but also the variation of the PV 

power, as illustrated in Fig.10. (d), Fig.11. (d) and Fig.12. (d).   

These figures insisted that the convergence of duty cycle 

leads to stabilize the voltage and the power at one value, Vopt 

and Popt, during every change. For that, IPSO strategy seems 

to be a powerful algorithm to reach the MPP with high 

rapidity and stability. 
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(a) 

 

(b) 

 

(c) 

 

(d) 

Fig. 6. Simulation results under radiation variation: (a) Irradiance 

profile, (b) Duty cycle given by PSO algorithm, (c) Voltage under 

irradiance change and (d) Power under irradiance change. 

 

 

(a) 

 

(b) 
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(c) 

 

(d) 

Fig. 7. Simulation results under temperature variation: (a) Temperature 

profile, (b) Duty cycle under temperature change, (c) Power under 

temperature change and (d) Voltage under temperature change 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Fig. 8. Simulation results under series resistance variation: (a) Series 

resistance profile, (b) Duty cycle under series resistance change,  

(c)Power under series resistance change and (d) Voltage under series 

resistance change. 

 

V. CONCLUSION 

In this paper, an enhanced algorithm for maximize the PV 

system power point via IPSO controller feeding a DC-DC 

boost converter is implemented. Based on successive 

iteration, IPSO converge the particles to the leader swarm 

particle recognized by optimal duty cycle which moves the 
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outputs PV system to the MPP. Furthermore the IPSO 

algorithm guarantee the rapidity and the high accuracy of the 

PV system. To consolidate these performances, the proposed 

IPSO will be tested and validated under shading.  
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