
The performance control optimization of a 

photovoltaic generator using the MPPT controller  
Youssef NAJIH #1, Mustapha ADAR#2, Caouthar BAHANNI#3, Zakaria KHAOUCH#4, Mustapha ZEKRAOUI#5, Mustapha 

MABROUKI#6 

# Industrial Engineering Laboratory. Sultan Moulay Slimane University, Faculty of Science and Technology, PO Box 523, Beni 

Mellal Morocco 
1youssef.najih@gmail.com 

 
Abstract— In this study, we present an approach for optimizing and improving the control performance of a photovoltaic generator. A 

modelling was established for the whole photovoltaic system and it was developed under MATLAB/Simulink. An adaptation of the 

optimal power was performed by the maximum power point tracking (MPPT) method based on the Perturb and Observe (P&O) 

method. The results obtained by the simulation under different operating conditions (temperature, irradiation and serial resistance) 

show the good performance of P&O control of the MPPT of the photovoltaic system. 
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I. INTRODUCTION 

Energy production is a major challenge for the coming years, as the energy needs of the industrialised countries are constantly 

increasing, and developing countries will need more and more energy to carry out their development successfully. Solar energy 

is an energy source whose availability varies considerably during the day. Its optimal use requires taking into account the types 

of charges (batteries, lamps, etc.). In this perspective, some authors [1-6] use a boost converter to maximize production and use 

it optimally. 

The boost converter is also known as a step-up converter. It is generally used in the conversion of a low input voltage into a 

high output voltage [7-10]. The power delivered by a photovoltaic generator depends strongly on the level of sunshine, the 

temperature of the cells, the shade and also on the nature of the load being supplied. It is therefore very unpredictable. The 

maximum power point (MPP) corresponding to a certain operating point of VMPP coordinates for voltage and IMPP for current. 

Since the position of the MPP depends on the level of sunlight and the temperature of the cells, it is never constant over time. For 

the module to provide its maximum available power, it requires a permanent adaptation of the load with the photovoltaic generator. 

This adaptation can be achieved by inserting a DC-DC converter controlled by a "Maximum Power Point Tracking" tracking 

mechanism [11-13]. 

 

A MPPT (Maximum Power Point Tracker) converter must therefore be used in order to monitor these changes. An MPPT 

converter is a power conversion system with an appropriate control algorithm to extract the maximum power that the photovoltaic 

generator can provide.  

In this work, we describe the modelling of photovoltaic cells and the boost converter. We will establish a power conversion 

system (MPPT) with an appropriate control algorithm to extract the maximum power that the photovoltaic generator can provide. 

We then perform a MATLAB/Simulink simulation to give the results and their analyses. 

 

II. MODELLING OF THE PHOTOVOLTAIC INSTALLATION 

A. MPPT commands of DC-DC converters 

In general, and depending on the type of electronic implementation, MPPT commands can be classified as analog, digital or 

mixed. However, it is more interesting to classify them according to the type of research they perform and the input parameters 

of the MPPT control. Although there are a large number of scientific publications that present MPPT orders more or less complex 

[11-13]. 

Figure 1 shows the synoptic diagram of our photovoltaic system, with an MPPT module whose inputs are the voltage and 

output current of the module [14]. In most cases, the power supplied by the solar module is maximized. These methods are based 

on iterative search algorithms to find the point of the solar module so that the power generated is maximum without 

system interruption. The power extracted from the module is calculated from the current measurements I and the voltage V of 

the module and the multiplication of these two quantities: 𝑃𝑝𝑣 =  𝐼𝑝𝑣 ∗  𝑉𝑝𝑣 
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B. Modelling a PV field 

The PV field consists of modules connected in series and in parallel to obtain the desired power. Each module itself is composed 

of cells. For the modelling of the PV field, we will therefore start from the basic element which is the cell. Nowadays, there are 

several electrical models of the cell [7]: there is the model with one diode, two diodes and three diodes. The single diode model 

offers a good compromise between simplicity and precision: it seems very suitable for our study. This model consists of photo-

current, diode, parallel resistance, and series resistance as shown in Figure 2.  

The equation of the voltage-current characteristic of the solar cell is given by equation (1):  

𝐼 =  𝐼𝐿 −  𝐼0 (exp (
𝑉 + 𝑅𝑠𝐼

𝑉𝑡𝑎
) − 1) − 

𝑉 +  𝑅𝑠𝐼

𝑅𝑝

        (1) 

Where 𝐼𝐿  is the photo-current, 𝐼0 the saturation current, 𝑅𝑠 the serial resistance of the cell, 𝑅𝑝 the parallel resistance of the cell, 

has the ideal factor of the diode and 𝑉𝑡 is the thermal voltage. The equation of the voltage-current characteristic of the PV field is 

given by the following equation: 

𝐼 =  𝑁𝑝𝑝𝐼𝐿 −  𝑁𝑝𝑝𝐼0 (exp (

𝑉 + (
𝑅𝑠𝑁𝑠𝑠

𝑁𝑝𝑝
) 𝐼

𝑉𝑡𝑎
) − 1) −  

𝑉 + (
𝑅𝑠𝑁𝑠𝑠

𝑁𝑝𝑝
) 𝐼

𝑅𝑝𝑁𝑠𝑠

𝑁𝑝𝑝

         (2) 

Where 𝑁𝑝𝑝 and 𝑁𝑆𝑆 are respectively the number of parallel and serial modules. 

 

Fig. 2:  Real model of a photovoltaic cell 

 

Fig. 1: Synoptic diagram of a photovoltaic system 
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The photovoltaic panel used in this study and these parameters are represented in Table 1: 

 

                                                                  Table 1: PV module SP 75 
Temperature at standard conditions, T 25° C 

Lighting at standard conditions, E 1000 W/m
2

 

Open circuit voltage, Vco 21.7 A 

Short-circuit current, Icc 4.8 A 

Maximum power, Pm 75 W 

Voltage at the point of maximum power, Vm 17.2 V 

Current at the point of maximum power, Im 3.5 A 

 

C. Boost converter modelling 

The boost converter can often be found in the literature under the name of parallel chopper. Figure 3 shows the principle 

diagram of the converter [13]. Its typical application is to convert its input voltage to a higher output voltage, where the conversion 

ratio changes with the switch duty cycle. 

D. Perturbation and Observation (P&O) Method 

The P&O method is a widely used approach in MPPT research because it is simple and requires only voltage and current 

measurements of the VPV and IPV photovoltaic panel respectively, it can detect the maximum power point even during variations 

in illumination and temperature [11]. As its name suggests, the P&O method works with the disturbance of the VPV voltage and 

the observation of the impact of this change on the output power of the photovoltaic panel. 

Figure 4 shows the algorithm of the P&O method. At each cycle, Vpv and Ipv are measured to calculate Ppv (k). This value of Ppv 

(k) is compared to the value of Ppv (k-1) calculated in the previous cycle. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3:  Boost converter model 
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III. SIMULATION RESULTS 

A. Simulation of the boost converter  

To simulate the behaviour of the static converter, we used Simulink and the SimPowerSystems package. The converter 

simulation model Boost is illustrated in Figure 5. The components used in this model are ideal 

(voltage drop across the zero diode, equivalent series resistance of the inductance and zero capacitor, no switching losses in 

semiconductors). The Current measurement block allows the current to be visualized through the inductance. The simulation 

parameters are:  R = 30 Ω, C = 0.002 µF, L = 0.01, Vin = 100 v and Vd = 0.5v. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Flowchart of the MPPT method "perturbation-observation"[14] 
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The results obtained during the simulation of the boost chopper are shown in Figure (6), These results show that the output 

voltage of the boost chopper is higher than the input voltage. So, the boost chopper does its job correctly. The simulation results 

showed that the voltage remained stable after t=0.03 second. 

B. Simulation of the "P&O" MPPT Method 

For the photovoltaic system to be optimized and operate at the maximum power point, it is necessary to integrate a MPPT 

whose role is to detect this point and oblige the system to operate precisely on the latter whose operation is optimal. Figure 7 

shows the Simulink model of the MPPT method.  

Fig. 5: Simulation model of the Boost converter. 

Fig. 6: Simulation model of the MPPT. 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

VOLUME VI, ISSUE V, MAY/2019

ISSN NO: 2394-8442

PAGE NO:13



 

1) Search for the optimal operating point (MPPT) 

 

Figures (7 and 8) show the characteristics of the electrical quantities current and power as a function of voltage. We can see 

that if the power increases, we approach the maximum power point and the variation in the duty cycle is maintained in the same 

direction. On the contrary, if the power decreases, we move away from the maximum power point 'MPP'. 

Fig. 6: characteristic of the Boost converter voltage. 

Fig. 7: Characteristic Current -Voltage I(V). 
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2) Influence of irradiation and temperature 
 

Temperature is a very important parameter in the performance of photovoltaic generators. Figures 9 and 10 present the results 

of the simulation of voltage and power characteristics as a function of irradiation and temperature. We observe that the voltage 

changes very little with irradiation and systematically decreases with increasing temperature. In addition, the simulation results 

show as a first approximation that the optimal operation of the photovoltaic generator corresponds to a constant optimal voltage 

operation. It can also be said that the maximum power is very sensitive to irradiation. This power decreases slightly with 

temperature, especially for high irradiation. 

 

Fig. 8: Characteristic Power-Voltage P(V). 

Fig. 9: Voltage-Irradiation characteristics at different temperatures. 
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IV. CONCLUSION  

In this paper, we have studied the behaviour of the Boost converter which is a power converter (DC/DC) controlled by an 

MPPT algorithm. We used the MPPT research principle to explore the different quantities that help to find the optimal operating 

point for a photovoltaic generator. Then, we established a theoretical analysis shows that the optimal choice by the P&O method 

presented is particularly appropriate where rapid variations in irradiation occur due to climatic conditions. The simulation results 

showed that the P&O method provides good behaviour and better performance. 
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