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Abstract: This article studies the behavior of a photovoltaic system under uncertain climatic conditions. The 

perturb and observe method is widely used in photovoltaic systems, but it encounters stability difficulties around 

maximum power points. The search for the maximum power point using the perturb and observe algorithms 

based on PSO is proposed using a PI controller. The proposed method enables the controller to follow the MPP 

perfectly, with less deviation from its trajectory. This method is applied to controlling the duty cycle of a boost 

converter. A test under variations in irradiance and temperature demonstrated the robustness of the method 

applied and its performance in terms of voltage and power stability. Simulation results obtained with 

MATLA/Simulink software show that MPPT-based PSO control can be used to improve the performance and 

efficiency of a photovoltaic system in domestic loads or industrial applications. 

Keywords: Maximum Power Point Tracking, PV system, Partial shading, Power quality 

 

1. Introduction 

Nowadays, the optimization and efficiency of 

energy systems have become major issues for the 

development of any part of the planet [1]. This is why 

several methods are used. Among these methods, 

there are those that use empirical approaches and 

others that use advanced techniques such as 

algorithms.  
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Most of the advanced methods or techniques are 

based on human behavior or animal behavior. Other 

methods are also based on the behavior of plants or 

any other living species. The work in [2], heuristic 

methods based on PSO algorithms, is inspired by the 

behavior of bees in the evolution and search for 

solutions [3]. This is also the case in the work by [4], 

where a method based on the behavior of biological 

cells is employed. Several methods focus on the search 

for solutions using particles used as money in the 

search for solutions [5]. This is how algorithms are 

used because they integrate several particles or agents 

in the search for solutions in a specific space [6]; In the 

exploration space, we can generate as many particles 

and to multiply or expand the field of research of this 

investigation [7]. These techniques of algorithms based 

on particle swarms prove appropriate for the search 

for solutions in complex systems.  

       Although the P&O method appears to have a fast 

response time, it remains limited because it does not 

respond effectively to sudden changes in 

environmental conditions such as temperature or 

sunlight [8]. This method suffers from overshoots and 

oscillations. In this sense, it is necessary to find 
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methods that can adapt to varying environmental 

conditions without the risk of overshoot or oscillation, 

which is what allows us to demonstrate the robust 

performance of the algorithms. The Incremental 

Conductance (InC) method seems better suited to 

solve oscillation problems; but however, it is 

considered an old algorithm. Therefore, the P&O and 

InC algorithms are combined to capture the maximum 

power under partial shading conditions of 

photovoltaic systems [9].  

Regarding the energy system based on renewable 

energies, where there is a variation in input 

parameters such as sunshine or temperature, the 

perturbed and observed method is much more 

commonly used by most scientific works. This justifies 

the fact that this method is based on perturbations or 

variations in time and space of the input variables of a 

continuous system. However, the P&O method is 

limited when there is a bus that changes the behavior 

of the system. This is how the work in [10], proposes 

the incremental method of conductance, while the 

work in [11], proposes the use of genetic algorithms. 

Besides these research works, we also have the work 

in [12], which proposes the use of BOA for the search 

for solutions in photovoltaic systems when it comes to 

improving performance [13]. The work in [14] shows 

that the use of TLBO in the photovoltaic system can 

improve yields, so a study is carried out on a solar 

system for powering the moves in a locality of Egypt 

was carried out using this method. An efficiency of 

75% was evaluated using Teaching–Teaching-

Learning-Based Optimization (TLBO) [15], however, 

the consideration of climatic parameters was not done 

on the one hand and on the other hand, the response 

time or the size of the particles was not highlighted. 

The work in [16] also specifies that genetic algorithms 

can be used for the search for solutions in complex 

systems. Similarly, in the work [17], the method of 

genetic algorithms is used to optimize the energy 

system of a hybrid PV wind system. In this work, the 

method used is also inspired by PSO algorithms to 

find solutions in an energy system consisting of 

photovoltaic generators [18]. 

Some algorithms are suitable for solving complex 

problems, but require a very long computation time, 

which makes them unusable in the management of 

energy systems that require fast computation or 

response time. In most algorithms used for optimizing 

energy systems, it is the duration of the response time 

that is important [19]. Some algorithms are used 

because they are simple to implement. Some 

calculation methods require data processing capacity 

while others require less storage space or information 

processing. The perturbed-observed method is much 

more commonly used because it is simple to 

implement. However, it uses direct data, which makes 

it limited when systems become complex. Photovoltaic 

systems are based on the generation of a current from 

a direct voltage source [20]. This is why the voltage 

and current are considered at the input of a 

photovoltaic generator. In order to effectively meet 

user specifications, it is advisable to use methods that 

limit the delay in processing information. This 

requirement results from the fact that there are several 

faults in electrical installations: for example, we have 

switching delay, very long response time, amplitude 

or frequency overshoot [21]. These are the hazards that 

make the energy system very energy-intensive. These 

defects reduce the efficiency of the installations. 

Among the most used methods in optimization 

systems, there is the TLBO, which is used in the work 

[16], for the optimization of a hybrid PV wind system. 

The same is true of genetic algorithms, which are used 

in the work in [22], for the improvement of the 

efficiency of the photovoltaic system. Regarding the 

work in [23], the modified PSO are used for the 

stability of distributed generation systems [24]. The 

photovoltaic system constitutes the main distributed 

generation, which is purely renewable in the same 

way as the wind system [25]. However, these systems 

also require recent and efficient methods. That is why 

we must use intelligent methods or those that 

integrate artificial intelligence. Among the variation 

parameters in the photovoltaic system, there are 

temperature, sunshine, and series resistance, which is 

also sometimes considered as variables. But in this 

work, we will focus on the effects of temperature 

variation and partial shading of solar cells. The study 

of partial shading is highlighted in this article. The 

same applies to the robustness of the PI controller [26], 

for controlling the duty cycle of the DC/DC converter 

[27]. The proposed method is a combination of the 

P&O algorithm with the PSO method. This approach 

will be compared to some used methods, such as the 

TLBO and GA algorithms [28]. 
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2. Connected PV System and Partial Shading 

The DC/DC converters are used for shaping DC 

signals in power generation.  Some are used based on 

their performance in adapting to the sudden change in 

behavior of the input source, while others are used 

because they allow the highest possible voltage level 

to be raised [29]. Thus, the boost converter is the most 

widely used in the photovoltaic energy conversion 

system. This section is devoted to the study and 

modeling of the boost converter, which is used as an 

adaptation stage for the DC source from the 

photovoltaic generator. Fig. 1 depicts this illustration. 

 

Fig. 1: Model of PV generator with one diode. 
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The term I0 represents the diode’s reverse saturation or 

leakage current, which is a key parameter influencing 

the photovoltaic (PV) cell’s performance [30-31]. The 

ideality factor, denoted as it, usually falls between 1 

and 2 and offers insight into the recombination 

mechanisms within the diode. The symbol Ns 

indicates the total count of cells connected in series 

within the PV module, directly impacting the overall 

voltage produced. Additionally, the diode ideality 

constant n is a dimensionless value that helps describe 

the diode’s behavior under varying conditions. The 

Boltzmann constant k (1.3806503 × 10−23−23 J/K) is a 

fundamental physical constant linking the average 

kinetic energy of gas particles with temperature, 

playing a crucial role in particle statistical mechanics 

[32]. The cell temperature T, measured in Kelvin, 

critically affects the thermal motion of charge carriers, 

which in turn influences the PV cell’s current and 

voltage characteristics are presented in Equations (1) – 

(3). The electron charge q (1.60217646 × 10−19−19 C) is 

the fundamental electric charge of an electron and is 

essential for electrical calculations in semiconductor 

devices. Equation (4) details the current produced by 

the PV cell based on incident light while incorporating 

all these parameters [33]. This light-induced current is 

vital for converting solar energy into electrical power, 

as it directly converts the absorbed photons into a 

usable electric current. The relationships among these 

variables determine the PV cell’s efficiency and 

effectiveness in solar energy harvesting [34]. 

Accurately understanding and calculating these 

factors is crucial for optimizing PV system design and 

ensuring maximum energy output and reliability [35]. 
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The term IPV,n corresponds to the current produced by 

the photovoltaic (PV) cell under standard conditions, 

specifically at 25 °C and 1000 W/m² irradiance. The 

nominal temperature, Tn, expressed in Kelvin, is vital 

for analyzing the thermal characteristics of the PV cell 

[36]. The variable G stands for the actual solar 

irradiance received on the panel surface (in W/m²), 

which directly affects the electrical output, while Gn 

indicates the nominal irradiance value under standard 

test conditions. Equation (5) defines the diode’s 

saturation current, I0, which is a key parameter 

influencing the current-voltage behavior of the diode. 

This saturation current significantly impacts the PV 

cell’s operational efficiency and performance across 

different environmental circumstances [37]. A 

thorough understanding of these factors is essential 

for accurately forecasting and optimizing the energy 

production of PV systems, thereby promoting efficient 

functionality under varying real-world conditions. 
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The characteristics of the PV cells used in this work are 

given in the Table. 1 [38]. 
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Table. 1: Characteristics of the PV cells 
Parameters Mono Crystalline 

Model SA-100 

Maximum power (MP) 100 W 

Maximum power voltage (MPV) 17.6 V 

Maximum power current (MPC) 5.71 A 

Open circuit voltage (OCV) 21 V 

Short circuit current (SCC) 6.4 A 

Number of cells (Ncells) 36 

Dimensions (D) 1200 × 540 × 30 (mm) 

The representation of the overall system is given in 

Fig. 2. This figure highlights the different components 

or stages of adaptation of photovoltaic energy. We 

have the photovoltaic source which is followed by a 

DC/DC converter. The DC converter is connected 

through a DC bus where the energy is taken, in order 

to be converted into alternating voltage for the load 

supply. The power is routed to the receiver via LC 

filtering [39]. 

 
Fig. 2: Configuration of the system

3. Boost chopper energy control  

A DC-to-DC converter has been implemented in 

this research, with its duty cycle actively managed by 

a Maximum Power Point Tracking (MPPT) system. 

The system utilizes a boost chopper [40], presented in 

Fig. 3, for energy conversion from the photovoltaic 

cells. The regulation of the chopper's duty cycle via the 

MPPT controller allows for the highest achievable 

power output. The characteristics of the chopper, 

shown in Fig. 3, are mathematically defined by 

Equations (6) and (7) [41]. These formulas provide the 

basis for the correct functioning of this power 

conversion stage, ensuring both maximum power 

extraction and simplified control of the duty cycle 

under optimal operating scenarios. 
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+
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+

-

DiodeL
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Fig. 3: Electrical circuit of the Boost converter 

The selection of component values for the boost 

converter powered by a photovoltaic source was 

carried out according to standard engineering 

principles to ensure dependable operation, high 

efficiency, and a swift dynamic response even under 

varying conditions caused by partial shading. 

Specifically, the inductor and capacitor values were 

chosen based on these considerations: The inductance 

was sized to maintain continuous conduction mode 

throughout the full operating range, which reduces 

current ripple and improves overall efficiency. The 

minimum required inductance, denoted as Lmin, was 

calculated using the formula below (6) [42]. 

 

                          (6) 

In this context, Vin represents the voltage of the 

photovoltaic array, while Vout is the output voltage. 

The parameter ΔIL refers to the target peak-to-peak 

ripple current in the inductor, typically set to about 

25% of the average input current. The switching 

frequency is denoted by fs [43]. The output capacitor 

was selected to ensure that the voltage ripple remains 

within 1–2% of the output voltage Vout. The necessary 

capacitance value was determined using the following 

calculation (7). 
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                                                       (7) 

where  is the output current, D is the duty cycle, 

and is the allowable voltage ripple. Based on 

these calculations and considering practical 

component availability and system dynamic 

requirements, the final component values were 

determined and used in the simulations. 

4. Optimization of the power flow 

The Maximum Power Point Tracking (MPPT) 

algorithm is a method used to optimize and capture 

the highest possible power from a given input signal. 

In this study, the approach implemented is a modified 

Perturb and Observe (P&O) model, with its process 

flow illustrated in Fig. 4 and Fig. 5. Fig. 3 presents a 

schematic of the MPPT chopper control system. The 

control system receives inputs such as the 

photocurrent generated and the voltage output from 

the solar panel. The DC is regulated to produce the 

desired chopper output voltage, which is supplied 

from the DC bus. The boost chopper is favored for its 

straightforward implementation, while the MPPT 

control helps increase the output voltage level 

efficiently. At the DC bus stage, energy can be 

conveniently stored in battery banks as a steady 

supply. DC loads can be powered directly from the 

DC bus, whereas AC loads require conversion through 

a DC-to-AC inverter. The configuration of boost 

converter input parameters is depicted in Fig. 4. This 

method uses direct photovoltaic array current and 

voltage data. The MPPT method, based on the perturb 

and observe method, is based on this approach. 

 
Fig. 4: Flowchart of MPPT algorithm using PV 

generator 

 
Fig. 5: Flowchart of the perturb and observe PV Algorithm 
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Fig. 6: Technique of duty cycle control 

The method used is represented by the task flowchart 

shown in Fig. 5. This figure shows the various stages 

of duty cycle control you have dear voltage step-up. 

Thanks to the PI controller, the PSO-based P&O 

method stabilizes the output voltage of the DC 

converter after the power from the photovoltaic 

generator has been extracted. It is this voltage level 

that is injected via a DC bus, where an energy storage 

system can also be installed. As depicted in Fig. 5, the 

various steps of extracting the maximum power, the 

duty cycle is adjusted using the observed perturbation 

algorithms. The voltage level is adapted in the event of 

sudden variations of the input parameters in the solar 

system. 

5. Adaptive Control of the DC/DC Converter 

The proposed method uses the task flowchart, 

which presents the technique of evolving the 

sequences of tasks or generation processes and 

searching for optimal solutions. This technique is 

represented in Fig. 5. The different stages of the duty 

cycle control of the voltage boost chopper are also 

presented. Thanks to the PI controller, the Perturb and 

observe method, based on the PSO, allows stabilizing 

the output voltage of the DC converter after extracting 

the power from the photovoltaic generator. It is this 

voltage level that is injected through a continuous bus 

where an energy storage system that can also be 

installed. The boost converter is represented using 

Equation (8). 

 
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The DC-AC converter can be modelled using Equation 

(9) [44]. 
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dV
i C i i
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The voltages at the output of the inverter are written 

as follows (10) [44]: 
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 (10) 

Where 1 , 2 , and 3 are the switching function. 

6. Strategy of voltage control 

In renewable energy systems, regulating the bus 

voltage is vital for maximizing the efficiency of MPPT, 

as it directly impacts how effectively energy from 

sources like wind turbines or solar panels is delivered 

to the load. The closed-loop current of the DC-DC 

converter is obtained from Equation (11) [44], by 

applying the Laplace transform to derive the transfer 

function. This transfer function is then used to design 

the PI controller in the following form. The expression 

of the proportional integral control is given as, 

 
 

1

1
F s
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
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The proportional-integral (PI) controller [44]output is 

a combination of two terms: proportional control and 

integral control. It is mathematically expressed as, 
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A standard PI controller needs to be placed before the 

converter to keep the DC bus voltage at the optimal 

level required by the load. In the Laplace domain, the 

closed-loop transfer function that includes this PI 

controller and the characteristic polynomial is 

expressed as follows (12) and (13) [45]. 

2

p i

DC

p iDC ref

DC DC

DC

K s K

V C

K KV
s s

C C






 

    (12) 

2( )
p i

DC DC

K K
P s s s

C C
          (13) 

Where, Ki is the integral control and Kp is the 

proportional control. To find the expressions of the PI 

regulator, we impose two complex conjugate poles on 

the characteristic closed-loop polynomial (14): 

 1,2 1S j  [46]. 

Where: 

2 2( ) 2 2P s s s     (14) 

The identification of the two equations (15) and 

Equation (16) term by term allows us to write: 

2p DCK C    (15) 

and 
22i DCK C    (16) 

7. Optimization of the photovoltaic system using the 

PSO strategy 

Particle swarm optimization is formulated 

around particles that are defined according to their 

position Xi, their velocity Vi and their best position gbest. 

These particles are generated randomly in time and 

space, in order to locate the best position that 

corresponds to an ideal solution. These algorithms 

have operational and usage constraints. Most of the 

work on renewable energy uses PSO because it is 

faster compared to some algorithms such as the 

genetic algorithm or Whale Optimization Algorithm 

(WOA) [47]. Equation (17) represents the particle 

position, while equation (18) represents the particle 

velocity [47]. 
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8. Results and discussion 

8.1 Effects of partial shading on the type of 

connection 

   The modeling results allow us to choose the type of 

solar cell combination. We can see that the series 

combination shown in Fig. 7 and extracts power better 

than the parallel combination shown in Fig. 8. 

Fig. 7: Effects of the connection on the characteristics current/voltage 
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Fig. 8: Effects of shading on the characteristics power/voltage 

Fig. 9: Effects of the connection on the characteristics power/current 

We observe a power of 45 kW for a voltage of 15 volts 

when the cells are connected in series, while a power 

of 12 volts is observed for a voltage of 15 W when the 

solar cells are connected in parallel. And these values 

have an influence on the quality of the energy 

produced, as depicted in Fig. 9. 

8.2 Characteristics of the PV generator 

The shading effects allow to obtain the 

characteristics of the photovoltaic generator for a 

sudden variation of the sunshine (GL) and for a gentle 

variation of the teaching (Gh), as depicted in Fig. 10. 

For the sudden variation we obtain a current of 7.9 A, 

while for a gentle shading we obtain a current of 1.5 A 

for a voltage of 30.4 V in the series connection 

scenario. For the parallel connection scenario, we 

obtain the current voltage values of 7.9 A, 38.2 V for 

the GL and 1.8 A, 37.5 V for the Gh. These 

characteristics show that the series association 

presents a robustness in case of sudden variation 

compared to the parallel association, but however 

does not deliver a better voltage compared to the 

parallel connection. 

8.3 Effects of partial shading on the type of 

connection and on the power profile  

In the same sense, an observation is made on the 

variation of the teaching in order to have an idea on 

the feasibility and the performance of the system as 

well as the proposed method. Thus, we observe in Fig. 

10, the different variations of the irradiance which 

correspond to the power produced in the cases of 

partial shading scenarios of sudden or soft nature. We 

note that power peaks are observed for the variations 

of the teaching and the temperature but the PSO 

algorithm was able to stabilize the output voltage of 

the DC converter. The P&O method is not sufficient to 

produce such a performance because the conditions of 
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the evaluation are such that there is a sudden variation 

of the input elements of the converter. And it is shown 

that the P&O method is failing in the extraction of the 

maximum power when there is a sudden variation of 

the temperature or the sunshine [21]. It is then that the 

PSO algorithms are combined with the P&O method 

to have such a result. Also from Fig. 11 it is possible to 

clearly show that the proposed method exhibits 

robustness and reliability as well as feasibility in cases 

of little known weather conditions. The PV power and 

irradience are shown in Fig. 12.  

 

 
Fig. 10: characteristics power/current using four scenarios 

Fig. 11: Effects of the connection on the load voltage  

 
Fig.12: Effects of the connection on the PV voltage 
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8.4 Effects of partial shading on the maximum power 

points 

The irradiances were varied and adjusted to see 

the behavior of the characteristics of the photovoltaic 

generator at the output of the continuous converter as 

depicted in Fig. 13. For the variations of 950W/m2, 

850W/m2, 700W/m2, 600 W/m2, 700 W/m2, 800 W/m2, 

we obtain respectively the power values of 0.368kW, 

0.3661 kW, 0.361 kW, 0.360 kW, 0.361 kW, 0.3611 kW, 

and 0.36 91 kW. The partial shading effects of 700 

W/m2 made it possible to deliver a current of 8 amps 

for a power of 448 watts, a current of 7 amps for a 

power of 400 watts, a current of 6.5 amps for a power 

of 250.5 watts, a current of 4 amps for a power of 240 

watts and finally a current of 1.5 amps for a power of 

60 watts. These values make it possible to stabilize the 

voltage around 30V for a scenario of a resistive load of 

120.45Ω, under the evaluation conditions. 

Fig. 13: Effects of the shading on the maximum voltage tracked 

8.5 Performance of the PI controller 

The disturbance effects are observed in Fig. 14. 

This figure shows that the genetic algorithms and the 

TLBO algorithms and method do not react quickly to 

reach saturation from the instant at t=3. Peaks are 

observed during this instant for these algorithms 

while the PSO algorithms follow a constant saturation. 

During the entire instant of evolution, we notice a 

slight improvement and increase for the PSO 

algorithms, which are largely above the algorithms 

whose values are respectively 341.02kW and 242.005 

for the TLBO and the GA. At t equal to 3 seconds the 

TLBO and GA algorithms, produce respectively 

157kW and 157.032kW. At t=0.3s, the TLBO produces a 

power of 247.7 and the GA provides 247.1 kW while 

the PSO algorithms produce a power of 248.03kW. 

  
Fig. 14: Dynamic response of the system based PSO algorithms 
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Peaks are observed at t=3s. A voltage drop 

variation is observed in the interval from 1.5s to 3s. 

The maximum power is reached 1.5s up to 3s. These 

results show according to this approach the 

superiority of PSO algorithms over GA and TLBO, 

whatever the level of variation of sunlight or 

temperature. The power profiles are presented in 

Fig.15. The robustness of each algorithm is shown by 

the ability to extract more power and stabilize the 

power level. It is observed that the proposed PSO 

improves the power level better compared to genetic 

algorithms which in turn is better compared to the 

TLBO method. The variation in the capacities of each 

generated power is a consequence of disturbance of 

the sunshine or the temperature at the solar cells. For 

variations in sunshine or in the presence of partial 

shading, genetic algorithms and TLBO algorithms are 

less robust compared to PSO algorithms. PSO 

algorithms have the ability to converge quickly to the 

solutions. We obtain a value of 90 kW for the PSO and 

57 kW for the GA and a value of 47 kW for the TLBO. 

Furthermore, it is noted that the PSO algorithms are 

robust to transient disturbances. During the time 

instants ranging from 0 to 4s to 6 and from 0 to 7s, we 

observe strong disturbances. These fluctuations in 

power cause enormous power losses. This justifies the 

fact that when the delay is very large, voltage drops 

sometimes lead to blackouts if the distributed 

generation systems do not operate in islanding. 

Moreover, when the response time is fast, power 

losses are limited and the stability of the system is also 

improved. 

Fig. 15: Performances of the PSO algorithms 

Fig. 16:  Stabilization of the DC/DC converter  
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8.6 Effects of partial shading on the DC/DC converter 

The regulation of the voltage level by controlling 

the duty cycle of the boost converter made it possible 

to have the power voltage profile as well as the 

operating interval of the duty cycle. A voltage of 100 

volts is supplied to the load for a duty cycle that varies 

from 0.54 to 0.55. A power is delivered at 200 watts, 

which corresponds to a maximum power extracted at 

28 volts for a reference that is constant of 21 volts. The 

voltage level regulation as well as the stabilization of 

the voltage level and obtained. The regulated and 

stabilized voltage is well above the reference. This Fig. 

16 is obtained thanks to the combination of PSO 

algorithms based on the perturbed-observed method, 

which consists of searching for the maximum power 

for variations of the input parameters. The advantage 

of the MPPT perturb and observe control lies in the 

fact that it quickly approaches the reference power, 

while the particularity of the PSO algorithms lies in 

the fact that they are fast and allow for convergence 

towards the solutions as quickly as possible compared 

to algorithms such as the genetic algorithm or the 

TLBO method. The stabilization and the voltage level 

regulation obtained in Fig. 16 allow to demonstrate the 

robustness of the proposed method as well as its 

reliability in extracting the maximum power from a 

photovoltaic generator. 

9. Conclusion 

The study of meteorological data such as 

temperature and solar irradiance has enabled us to 

assess the robustness of the P&O PSO algorithms. 

Solar cell shading effects demonstrate the stability and 

performance of the proposed approach to photovoltaic 

system optimization. After varying temperature and 

sunshine, the proposed method showed superiority 

over certain algorithms such as TLBO or the genetic 

algorithm. This method is also compared with the 

traditional approach, which is based on the use of 

direct data from the input parameters of a 

photovoltaic system. The system's ability to respond to 

sudden oscillations and reduce power overshoots 

demonstrates the reliability and robustness of the 

method used. A study of the algorithm's performance 

shows that the P&O based-PSO method is better at 

extracting power from a photovoltaic array. 
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