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Abstract 

The connection between a photovoltaic array and a load is still an interest subject of research. The impedance matching between 

a PV array and a load is a technological problem that basically means the maximum power transfer from a PV panel to a load. 

Although there are many works devoted to the problem of the maximum power point tracking (MPPT) in a PV array, only few 

of them deal with the nature of the power interface while most of them focus on different types of tracking algorithms. The 

problem is addressed in this study by a systemic approach from a power interface point of view in order to obtain high levels of 

efficiency, reliability and flexibility. Moreover, the simulations and experimental results prove that the proposed system gives a 

fast response and is suitable for rapidly changing weather conditions. In steady state, the tracking of the maximum power point 

with the proposed system is very effective or efficient and the quality of the signals is substantially improved. In addition, the 

output power fluctuation is also reduced, which is a major problem in all MPPT maximum power point trackers and especially 

the traditional ones, and reducing the output power fluctuation is a goal. adapting it to the load. 
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1. Introduction 

It is universally accepted that energy plays a central role in 

the development and economic growth of a country. Without 

energy, the world could not have reached the current level of 

development. Indeed, man, machines and nature all need it; 

therefore, the production of this energy is a challenge of great 

importance for the present and the future. 

In the 21st century, debates on the planet's energy future 

have intensified given the ever-increasing needs in the field 

and the consequences that this may have in the medium and 

long term. Demographic change and industrial development 

suggest a considerable increase in energy consumption. At this 

rate, fossil fuel reserves will only be able to meet needs for a 

few more decades. Deposits of energy resources of fossil 

origin, even if they offer a short- and medium-term solution, 

pose real environmental problems linked to the treatment of 

radioactive waste and the dismantling of obsolete nuclear 

power plants. The still high price of oil, the ever more worry-

ing degree of pollution, particularly greenhouse gas emissions, 

contrast with the new sustainable development provisions and 

make alternative and renewable energy sources increasingly 
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attractive to which it is hard to give up. 

By renewable energy, we mean energy from the sun, wind, 

heat from the earth, water or even biomass. Unlike fossil fuels, 

renewable energies are clean energies with unlimited and eas-

ily exploitable resources. These different sources offer inex-

haustible and easily exploitable energy [4, 12]. 

Solar panels generate electricity from sunlight, but the 

amount of energy they produce varies depending on factors 

such as temperature, shade and the angle of incidence of the 

sun. MPPT technology adjusts the electrical operating point of 

photovoltaic panels to ensure operation at the maximum 

power point, regardless of weather conditions. The power gen-

erated by GPV is an irregular energy source with major prob-

lems: low efficiency and non-linear output due to the intermit-

tent nature of solar photovoltaic systems, such as variation in 

sunlight and temperature [1, 7-10]. 

Thanks to the MPPT algorithm, the maximum power is ob-

tained by the direct and indirect methods. Direct methods use 

the measured voltage and current of the PV array. We can cite: 

the disturbance and observation method (P&O), the incremen-

tal conductance method (IC), fuzzy logic (FL), artificial intel-

ligence (AI), sliding mode control (SMC) [8]. These methods 

have the advantage of being autonomous with regard to PV 

characteristics such as temperature and radiation level during 

monitoring of the maximum power point. The indirect method 

influences the curve fitting, switching table utilization, open 

circuit voltage (VOC) and short circuit current (Icc) [9]. Indi-

rect techniques in the literature include artificial neural net-

works (ANN) and particle swarm optimization of a fuzzy 

logic controller (PSO-FLC) [1, 3]. 

In this work, different MPPT control strategies are studied 

and developed for the photovoltaic system to improve their 

efficiency. The MPPT P&O method algorithm encounters a 

serious problem such as oscillations at the maximum power 

point due to continuous disturbances which reduce its effi-

ciency. In addition, it is very sensitive to changes in atmos-

pheric conditions. To solve these problems, we improve the 

performance of the MPPT P&O controller by adding a propor-

tional-integral (P.I) corrector. 

This work will take place according to the following struc-

ture: an introduction, a presentation of the system, a method-

ology, modeling, simulation with its results and a conclusion. 

2. Presentation of the PV System 

An elementary solar cell is generally based on a simple PN 

junction. The qualitative and quantitative study of the solar 

cell is based on the simple Shockley model of a diode under 

darkness and under illumination. This model is sufficient to 

study the transport mechanisms of the cell and extract these 

main physical parameters [2, 6, 9]. 

When a PN junction made from light-sensitive materials is 

illuminated, it has the particularity of being able to function as 

an energy generator. This static behavior can be described by 

the electrical equation defining the behavior of a classic diode 

[5, 11]. Thus, the static electrical regime of a photovoltaic cell 

made up of a silicon PN junction can be described via the fol-

lowing equation: 

 
Figure 1. Equivalent electrical diagram of a photovoltaic cell. 

 
Figure 2. Current-voltage characteristic of a cell. 

Icell = Iph(G, T) − I0(𝑇) [exp (
q(V+I𝑅𝑠 

nkT
) − 1] −

V+I 𝑅𝑠

Rshunt
   

(1) 

Photo-generated current: 

Iph(G, T) = (
𝐺

𝐺𝑟𝑒𝑓
)[𝐼𝑠𝑐,𝑟𝑒𝑓 + 𝛼1(𝑇 −  𝑇𝑟𝑒𝑓)]       (2) 

Diode saturation current: 

IO(T) = 𝐼0,𝑟𝑒𝑓 (
𝑇

𝑇𝑟𝑒𝑓
)

3

𝑒𝑥𝑝 [
𝑞𝐸𝑔

𝑛𝑘
(

1

𝑇𝑟𝑒𝑓
−  

1

𝑇
)]       (3) 

The gain of the PI controller by the Laplace transform: 

GPI(s) = 𝐾𝑝 +  
𝐾𝑖

𝑠
              (4) 

The PI controller tuning parameters according to the Ziegler 

– Nichols method: 

Kp = 0,45𝐾𝑢  and Ki =
1,2𝐾𝑝

𝑇𝑢
 =  

0,54𝐾𝑢

𝑇𝑢
     (5) 

An important parameter is often used based on the I(V) 
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characteristic to qualify the quality of a cell or PV generator: 

it is the factor form or fill factor (FF). It is illustrated in Figure 

3. This coefficient represents the ratio between the maximum 

power that the cell denoted Pmax can deliver and the power 

formed by the rectangle Icc * Vco. The greater the value of 

this factor, the greater the usable power. The best cells will 

therefore have been the subject of technological compromises 

to achieve the ideal characteristics as closely as possible [13, 

15]. 

 
Figure 3. Concept of FF form factor for a photoelectric cell. 

FF =
Pm

Vco×Icc
=

Vm×Im

Vco×Icc
            (6) 

Pm = Vm × Im             (7) 

The most efficient cells are made with monocrystalline sil-

icon, but the greatest quantity are made with multicrystalline 

obtained, most often, by molding in a silicon nitride or silica 

crucible. A charge of silicon made up of scrap from the pro-

duction of crystals intended for the electronic component in-

dustry is melted, then gradually recrystallized by cooling the 

bottom of the crucible. The ensuing crystal growth is direc-

tional, the grains go from the bottom to the top of the ingot, 

deforming relatively little. This progressive solidification, 

which maintains contact with a solid phase and a liquid phase, 

develops a segregation of the impurities contained in the 

charge, which are drained towards the top of the molded ingot. 

Depending on the technology, the photovoltaic cell can be 

monocrystalline, polycrystalline or amorphous. 

3. Methodology 

Firstly, we use the MPPT P&O to determine the maximum 

power point in the operation of the photovoltaic system, using 

the disturbance observation method. Then we improve the 

system by using a proportional-integral (P.I) corrector. 

Models: 

A PV module or field is characterized by its short circuit 

current Isc and its open circuit voltage. 

Icc = Iph − Isat [exp (e
(Icc∗Rser)

nKT
) − 1] −

(Icc∗Rser)

Rshu
   (8) 

For most cells, we can neglect the term 

Isat [exp (e
(Icc∗Rser)

nKT
) − 1] in front Iph. The approximate ex-

pression for the short-circuit current is then: 

Icc ≈
Iph

(1+
Rser
Rshu

)
              (9) 

The open circuit voltage is the voltage Vco for which the 

current delivered by the photovoltaic generator is zero. (This 

is the maximum voltage of a solar cell or photovoltaic gener-

ator). 

0 = Icc − Isat [exp (e
Vpv

nKT
) − 1] −

Vpv

Rshu
     (10) 

In the ideal case, its value is slightly lower than: 

Vco = VT ln [
Ipv

Isat
+ 1]            (11) 

With VT the thermal tension. 

Photovoltaic modules are characterized by 2 main parame-

ters: the current-voltage characteristic and the power-voltage 

characteristic. 

 
Figure 4. Current – voltage characteristic of a PV module. 
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Figure 5. Power – voltage characteristic of a PV module. 

Solar panels, although they are increasingly efficient, have 

yields that remain quite low [7, 12, 14, 16]. This is why we 

must exploit the maximum power they can generate while 

minimizing energy losses. 

 
Figure 6. Block diagram of a MPPT search algorithm. 

MPPT controls based on output current maximization are 

mainly used when the load is a battery. In all systems using 

output parameters, a power approximation (Pmax) is made 

through the converter efficiency. The better the conversion 

stage, the more valid this approximation is. However, all sys-

tems with a single sensor are inaccurate. Most of these sys-

tems were originally designed for space. 

MPPT controls ultimately presenting a good compromise of 

static and dynamic efficiency but also robustness are based on 

a continuous evaluation of the power and a comparison with 

the state at the previous moment. 

 
Figure 7. Operating principle of an MPPT command. 

Also, the GPV can have its power curve modified at any 

time and therefore its maximum power point (MPP) as illus-

trated in the following figure. The operating point (P1) is on 

the rising part of the power curve (A) before the change in 

illumination. Following the variation in illumination, the op-

erating point goes from P1 to P2 which is on the power curve 

(B). By comparing the power P2 and P1, we deduce a negative 

derivative, so we reverse the direction of pursuit thinking that 

we have exceeded the MPP, here the MPPT command mo-

mentarily loses the MPP. In addition, the change in the direc-

tion of pursuit moves the point of operation even further away 

from the MPP. 

 
Figure 8. Change in lighting and consequence on the curves of 

power of a GPV as well as source-load adaptation. 

3.1. Method MPPT P&O 

This method consists of disturbing one of the input param-

eters of the static converter (generally the voltage Vpv), and 

observing the impact of this change on the output power of the 

system, therefore all algorithms which contain an action of 

command associated with a search action are grouped under 

this name. 

To explain the principle of this extremal control, starting 

from a control with a small duty cycle and at each cycle, by 

adjusting α regularly, Vpv and Ipv are measured in order to 

calculate P(K), the value obtained is compared with the value 

P(K-1) calculated in the previous cycle, according to this com-

parison, Vpv is adjusted either in the same direction as in the 

previous cycle or in an opposite direction. In this way, the 

power will then increase, return to the maximum, then de-

crease; upon detection of a reduction in power, the direction 

of the command is reversed again... Finally, the system oscil-

lates around the maximum. 

This oscillation allows the control system to check that the 

maximum has not moved and if necessary to follow it but it 
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causes a loss of efficiency which increases with the incremen-

tal step of the disturbance, the average operating point being 

below the maximum. If this increment step is large, the MPPT 

algorithm responds quickly to sudden changes in operating 

conditions. The yield of this technique is approximately 85%. 

The following figure represents the P&O method algorithm. 

The major disadvantage of this technique lies in the case of 

rapid change in atmospheric conditions. 

 
Figure 9. P&O method algorithm. 

The following block diagram is used to perform the simulation in MATLAB Simulink. 

 
Figure 10. MPPT P&O modeling block. 
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3.2. Method MPPT P&O + P.I. 

The purpose of our work is to carry out a comparative study 

between two systems. One equipped with a classic MPPT con-

troller which uses the P&O method (disturbance and observa-

tion) and the other equipped with an improved MPPT control-

ler, which in addition to the P&O method, will be equipped 

with a P.I corrector (proportional - integral). These different 

studies will be carried out in a MATLAB/Simulink environ-

ment. 

The simulation results of these comparison operations will 

be presented and analyzed at the end of this chapter. The dif-

ferent comparisons will be made at the output of the system 

and will make it possible to deduce which system is effective 

and efficient. We used the following control parameters in the 

commands: 

Table 1. Control parameters. 

Parameters Symbols Values 

Series resistance Rs 0,221 Ω 

Resistance in parallel Rsh 450 Ω 

Illumination intensity G 1000 W/m2 

Rated temperature Tn 298 K 

The bandgap energy of the semiconductor Eg0 1,1 eV 

Boltzmann constant K 1,38.10-23 J/K 

Electronic charge q 1,6.10-19 Coulomb 

The diode ideality factor n 1,3 

The following block diagram allows you to simulate the system in a Matlab Simulink environment using an improved MPPT 

P&O +P.I. regulator. 

 
Figure 11. MPPT modeling block (P&O + PI). 

The comparative study of the two systems is carried out through the functional blocks in the Matlab/Simulink environment. 
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Figure 12. Comparative modeling block of the 2 methods. 

Also, a spectral analysis by the F.F.T method of all the comparison signals is carried out. Thus, the most efficient and effective 

system will be determined. 

4. Simulation and Results 

The comparative study of the two systems provides the following results: 

4.1. Comparative Battery Voltage Curves 

 
Figure 13. Battery voltages compared. 

4.2. Comparative Curves of the States of Charge 

 
Figure 14. State of charge of batteries compared. 
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4.3. Comparative Battery Current Curves 

 
Figure 15. Comparative graphs of battery currents. 

The spectral analysis by F.F.T, carried out in MATLAB Simulink, gives the following results: 

4.4. State of Charge 

 
Figure 16. THD_SOC_MPPT P&O. 

 
Figure 17. THD_SOC_MPPT P&O+P.I. 
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4.5. Voltage Battery 

 
Figure 18. THD_VB_MPPT P&O. 

 
Figure 19. THD_VB_MPPT P&O+P.I. 

4.6. Current Battery 

 
Figure 20. THD_IB_MPPT P&O. 
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Figure 21. THD_IB_MPPT P&O+P.I. 

Also, from the spectral analysis carried out by the F.F.T in 

Matlab Simulink, we created the following table: 

Table 2. Comparatives parameters. 

 
SOC 

THD (%) 
VB THD (%) 

IB THD 

(%) 

MPPT_P&O 322.22 1340.77 3357.31 

MPPT_P&O + P.I 307.97 785.35 1724.53 

4.7. Results Interpretation 

A comparative analysis of the simulation results obtained 

shows that: 

1) The oscillations around the MPPT for the P&O algo-

rithm are much greater than with a P.I regulator inte-

grated into the system; 

2) The tracking time of the P.I regulator is faster than that 

of the P&O algorithm; 

3) With the integrated P.I regulator, we have good tracking 

of the MPPT during rapid variations in illumination; 

4) At constant illumination, the charging time of the storage 

system is faster with the P.I corrector than with the sim-

ple P&O algorithm; 

5) The quality of the signals with the P.I corrector is always 

better than with the simple MPPT P&O regulator. 

 

5. Conclusion 

In this article, we presented a comparative study of the per-

formance of a photovoltaic system between two MPPT control 

methods: MPPT P&O and MPPT P&O + P.I. 

The simulation results show that the use of MPPT control 

makes it possible to considerably improve the efficiency of 

photovoltaic installations, as do the results obtained when in-

serting a proportional – integral regulator into an MPPT regu-

lator. P&O, showed very good system response, superior sig-

nal quality as well as high performance. 

Thus, the qualitative and quantitative performances of the 

system are all improved. 

Abbreviations 

PV Photovoltaic 

Si Silicium 

GPV Photovoltaic Generator 

MPP Maximum Power Point 

FF Factor Form 

MPPT Maximum Power Point Tracking 

CA Alternating Current 

CC Direct Current 
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