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 This study introduces an innovative approach to maximum power point 

tracking (MPPT) in photovoltaic systems using a hybrid algorithm that 

combines perturb and observe (P&O) with fuzzy logic. The novelty of this 

work lies in the choice of input variables for the fuzzy controller, specifically 

dV and dP, which addresses significant challenges such as slow response to 

environmental condition variations and limited responsiveness under low 

solar irradiation. This method of MPPT is modified to make it particularly 

suitable for extracting peak power from photovoltaic systems. To evaluate the 

effectiveness of this approach, a simulation was conducted using 

MATLAB/Simulink software on a system comprising a photovoltaic panel 

connected to the new controller. Simulation results indicate that the suggested 

hybrid algorithm surpasses traditional methods like perturb and observe 

(P&O) and fuzzy logic (FL) in several ways. It notably excels in response time 

and tracking efficiency, achieving a remarkable success rate of 99.7% in 

pinpointing the maximum power point. These outcomes could significantly 

boost the performance of photovoltaic systems and, consequently, further the 

adoption of renewable energy while lessening environmental impacts. 
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1. INTRODUCTION 

The global energy context is characterized by the reliance on fossil fuels, which in 2022 accounted 

for 79% of the global total final energy consumption (TFEC), as can be seen in Figure 1, and more than 60% 

of gross global electricity production [1], [2]. This consumption of non-renewables energies has caused a 

potential economic disruption, major pollution problems and the release of greenhouse gases responsible for 

climate change [3], [4]. Today, buildings accounted for 40% of energy consumption, highlighting the necessity 

for renewable energy sources [5]. The demand for renewable energy is driven by these environmental 

degradations [3], [6], [7], which constituted around 13% of worldwide TFEC and contributed to about 29.9% 

of global electricity production in the year 2022 [1], [2], [8]. 

Photovoltaic energy is emerging as among the most interesting alternative energy sources of the 

future; it is clean, environmentally friendly and maintenance-free [3], [9]. Solar radiation is the primary driver 

of physical, biological, hydrological, and agricultural operations, and the capacity of solar energy is unlimited. 

This energy is available in almost all localities [10]. The performance of photovoltaic energy on  

temperature and irradiation, which complicates the function of tracking the maximum power point or MPP, 

with an energy loss of up to 25% [11], [12]. For this reason, several research have been conducted to improve 
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the overall system effectiveness [13]-[16]. these researches focus on using electronic systems to collect and 

convert the maximum amount of solar energy, specifically through the use of a maximum power point tracking 

regulator [17]-[19]. 
 

 

 
 

Figure 1. Total final energy consumption (TFEC) 2012-2022 
 
 

In this context, a new maximum power point tracking (MPPT) algorithm is implemented 

incorporating an optimized duty cycle, from the fusion of two methods: fuzzy logic and the Perturb and Observe 

methods. This research specifically explores the influence of this combination of techniques on the efficiency 

of photovoltaic panels. The design of the fuzzy MPPT algorithm primarily relies on selecting input and output 

parameters suited to the specific module. The main output parameter is the duty cycle, which adjusts the power 

of the converter. For input variables, various configurations are possible, including 
𝑑𝑃

𝑑𝑉
 and its variation, as well 

as combinations such as 
𝑑𝑃

𝑑𝑉
 with dP, dP with dV, and dP with dI. 

The novelty of this study lies in the selection of specific input variables for the fuzzy controller, 

namely dV and dP. While successful hybrid perturb & observe (P&O)-fuzzy logic (FL) techniques have 

achieved improved results, they have not utilized these proposed input variables. These variables, representing 

adjustments in power and voltage according on the P-V curve, provide a direct and rapid method to optimizing 

system performance. This choice was made to address key challenges associated with traditional systems, such 

as slow response to changes in environmental conditions and limited effectiveness under variable or low solar 

irradiation. To address these limitations, the fuzzy logic algorithm was combined with the conventional P&O 

controller, which is simple and reliable, but also it may exhibit excessive oscillations around the MPP under 

low irradiation [20]-[22]. By mixing these two algorithms, the aim was to leverage the advantages of both 

methods in developing a more effective, reactive, and stable MPPT tracking solution, capable of dynamically 

adapting to variable environmental conditions [23]. 

There are several ways to combine P&O and fuzzy logic techniques for MPPT systems, each offering 

unique advantages and improvements over conventional methods. According to article [24], an optimized 

P&O-fuzzy method for an MPPT controller significantly outperforms traditional techniques, providing a fast 

response time of 0.015 seconds markedly faster than the 0.04 seconds typical of P&O and 0.02 seconds for 

fuzzy logic (FL). Additionally, this method exhibits no overshoot and maintains low oscillation times of 0.02 

seconds (compared to 0.12 seconds for P&O and 0.45 seconds for FL), ensuring greater stability even in the 

presence of noise within the PV module. This combination leverages the simplicity and widespread use of P&O 

with the responsive capabilities of fuzzy logic, resulting in a robust and efficient MPPT system. These findings 

are corroborated by [3], which introduced a modified MPPT perturb & observe controller that integrates a 
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fuzzy logic controller with variable step sizes. This approach addresses the limitations of fixed step size P&O 

methods, such as slow convergence and considerable fluctuations around the MPP. The incorporation of fuzzy 

logic allows for dynamic adjustment of the step size, leading to faster response times and reduced steady-state 

oscillations, thus boosting the system's overall efficiency and dependability. Moreover [11], proposes a novel 

concept that fine-tunes the fuzzy logic controller’s membership functions based on a P&O algorithm. This 

method effectively combines the advantages of both techniques, leading to highly efficient results. The system 

demonstrated an impressive yield of approximately 99.6% under varying weather conditions, showcasing its 

ability to accurately track the MPP with minimal fluctuations and no divergence, even during rapid changes in 

irradiance. The method's ability to balance response speed, stability, and efficiency makes it a standout among 

MPPT techniques, particularly for grid-connected PV systems [11], [25]-[28]. 

The initial photovoltaic system incorporating MPPT technology was unveiled in 1968 specifically for 

a space application [29]-[31]. Following that, research has intensified to improve MPPT techniques, with 

significant progress in terms of reliability, accuracy, ease of use, tracking speed and efficiency, using search 

algorithms, model-based approaches, and more sophisticated electronic devices. Technological advances have 

contributed to the widespread adoption of MPPT in a variety of applications, from small stand-alone systems 

to large grid-connected solar installations. Typically, the ideal MPPT algorithm demonstrates swift response 

and minimal fluctuations around the maximum power point, enabling it to effectively adapt to sudden 

variations in output power [29], [32]. 
 
 

2. METHOD 

The core focus of this work is to study the impact of combining P&O and fuzzy logic techniques on 

the performance of photovoltaic panels in order to optimizing the effectiveness of converting solar energy into 

electrical power, which is generally very low around 9 to 17% [33]. The PV module was set up by connecting 

the suggested photovoltaic module to a boost DC DC converter creating a unit. To assess and compare its 

performance the new model underwent simulation using MATLAB Simulink software, alongside the P&O and 

FL methods, as in Figure 2. 
 
 

 
 

Figure 2. Proposed system modeling on MATLAB/Simulink 
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The fundamental operation of the new model, as presented in Figure 3, is composed of four stages: 

˗ P< 
6

10
 MPP: During this initial phase, the system implements an alternation of the duty cycle between the 

two MPPT algorithms, P&O, and FL. This alternation makes it possible to determine the best optimization 

method depending on the operating conditions. The MPP is calculated for the PV panel based on its specific 

characteristics, including the I-V curve, as well as the simulation values of temperature and irradiation. 

˗ 
6

10
 MPP P< 

9

10
 MPP: in this transition stage, the model favors the use of the P&O method. This decision is 

based on the demonstrated efficiency in calculating the maximum power point which is better than the FL 

method. 

˗ 
9

10
 MPPP>MPP: When the generated power is greater than or equal to 90% of the maximum power, the 

model switches to using the FL method. This method is chosen because it has the advantage of not 

exhibiting fluctuating behavior around the MPP, unlike the P&O technique. 

˗ P=MPP: once the MPP is reached, the same duty cycle is used. 

Thus, the model adapts its optimization strategy based on proximity to the MPP, using P&O for the 

transition and FL for optimization when the MPP is almost reached, while keeping stability when the MPP is 

maintained. Table 1 provides a set of parameters used in building a photovoltaic (PV) module model in 

MATLAB-Simulink. These parameters are essential to characterize and validate the performance of the PV 

module in terms of its current, voltage and power characteristics. Figures 4(a) and 4(b) shows graphs of the P-

V and I-V characteristics of the selected photovoltaic system for three diverse irradiation levels. It’s noted that 

the maximum power increases as the solar radiance increases. Similarly, the current also increases as the light 

intensity continues to increase [24], [34]. 
 

 

 
 

Figure 3. Workflow chart of the proposed model 
 

 

Table 1. PV panel parameters 
Item Value Item Value 

Maximum power (Pmpp)  213.15 W Open-circuit voltage (Voc)  36.3 V 
Voltage at maximum power point Vmp  29 V Temperature coefficient of Voc (%/°C) -0.36099 

Current at maximum power point Imp  7.35 A Temperature coefficient of Isc (%/°C) 0.102 

Short-circuit current (Isc)  7.84 A   
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(a) 

 

(b) 

 
 

Figure 4. PV panel characteristics: (a) P-V characteristic and (b) I-V characteristics 

 

 

2.1. Alternation stage 

Since the two methods P&O and FL do not perform well under low irradiation, the approach involves 

maximizing the responsiveness of both methods by alternating between them. Consequently, a strategic 

exchange of duty cycles between the two conventional MPPT algorithms P&O and FL is applied as mentioned 

in Figure 5. The following sections will provide descriptions of MPPT methods applied: P&O and FL. 

 

 

 
 

Figure 5. Alternation stage in MATLAB/Simulink 

 

 

2.2. P&O stage 

The perturb and observe or P&O technic is commonly utilized as the primary MPPT method because 

of its straightforward implementation. However, it has certain constraints, such as variations around the MPP 

and sluggish response time caused by variations in solar irradiance [35]. The P&O technic operates by 

continuously measuring the output power of the photovoltaic array and monitoring the changes in both PV 

current and voltage. Periodically, the algorithm compares the current power value with the prior value to 

determine whether to adjust the PV array voltage or current (based on the control strategy) in the same or 

opposite direction, depending on whether an augmentation or reduction in output power is observed [12], [36]-
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[39]. The algorithm was simulated on MATLAB software, as displayed in Figure 6 while its flow is presented 

in Figure 7. However, once the MPP is attained, the system tends to oscillate around it. This problem has been 

corrected in this new method, by opting for the duty cycle of the fuzzy logic method only in order to minimize 

these oscillations. 

 

 

 
 

Figure 6. P&O algorithm in MATLAB/Simulink 

 

 

 
 

Figure 7. Characteristic of P&O method used 

 

2.3. Fuzzy logic stage 

The fundamental principle of a fuzzy controller is presented in Figure 8, which involves converting 

crisp inputs into fuzzy inputs through the application of membership functions and their respective degrees of 

membership (known as fuzzification). The inference engine generates a fuzzy output by taking into account 

the degrees of the membership functions describe in Figures 9(a)-9(c), and the rule base in Table 2, employing 

methods such as implication and aggregation. To obtain a precise output, the fuzzy output is transformed into 

a crisp output using various approaches, like the center of area method (known as defuzzification) [12]. The 

input variables, 𝑑𝑉 and 𝑑𝑃 are defined by (1) and (2), respectively: 

 

𝑑𝑉 = 𝑉(𝑘) − 𝑉(𝑘 − 1) (1) 

 

𝑑𝑃 = 𝑃(𝑘) − 𝑃(𝑘 − 1) (2) 

 

The fuzzy logic control for searching the MPP was designed and tested in Simulink software, as revealed in 

Figure 10. This system utilizes two inputs, dP and dV at the sampling time k. The output of the fuzzy logic 

regulator corresponds to the duty cycle D [40], [41].  
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Figure 8. Block schematic of fuzzy MPPT algorithm 
 

 

(a) 

 

(b) 

 

(c) 

 
 

Figure 9. Membership functions for (a) input of dPpv, (b) input of dVpv, and (c) output of dD 
 

 

Table 2. Fuzzy rules 
Input variable (dV) Output Variable (dP) 

 

 

 
dV 

NB NS Z PS PB 

NB NS Z PS PB 

NS NS Z PS PS 
Z Z Z Z Z 

PS PS Z NS NS 

PB PS Z NS NB 
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2.4. Return stage 

After achieving the maximum power point, it is often advantageous to continue using the same duty 

cycle that was employed just before reaching the MPP, as revealed in Figure 11. This is because at the MPP, 

the PV system operates at its peak power output. Also, any significant deviation from the current operating 

conditions could result in a drop in power production. 
 

 

 
 

Figure 10. FL algorithm in MATLAB/Simulink 

 

 

 
 

Figure 11. Return stage in MATLAB/Simulink 
 

 

3. RESULTS AND DISCUSSION  

Simulation experiments were performed using the suggested hybrid P&O-fuzzy technic, followed by 

conventional P&O control and fuzzy logic technics, with the aim of evaluating and comparing them. When 

evaluating the effectiveness of each MPPT regulator, most importance is given to time response, stability, 

overshot and oscillations. To assess the efficiency of the photovoltaic system, several test scenarios were 

simulated to compare the traditional P&O controller, the fuzzy regulator to the proposed hybrid controller. 

Three scenarios were created representing abrupt variations of solar radiation levels and the operational 

temperature of the photovoltaic module. 
 

3.1. Scenario 1: Temperature of 25 °C and incremental change in solar irradiation 

In this case, the performance of the regulators was evaluated at an operating temperature of 25 °C 

using incremental variations in solar irradiance. An irradiance signal was employed, with increases of  

200 W/m², starting at 400 W/m² and reaching 800 W/m². Irradiance variations were applied every 0.02 seconds, 

for a total simulation time of 0.12 seconds, as in Figure 12. 

Figure 13 illustrates the output power for different increases in signal irradiance. In general, the 

following can be observed: i) When irradiation = 400 W/m²: the hybrid controller gives the best performance, 

followed by the P&O controller and the fuzzy controller regarding response time and stability; this is reflected 

by the fact that the chosen fuzzy controller does not give good precision during low irradiation [23]; ii) When 

irradiation = 600 W/m²: the hybrid controller remains the most efficient, with no apparent oscillations and with 

remarkable speed; and iii) When irradiation = 800 W/m²: the performance of the three controllers is generally 

satisfactory, although there are slight fluctuations in the curve of the P&O controller and a slight response delay 

in the case of the FL controller. 
 

 

 
 

Figure 12. Incremental change in solar irradiation 
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Figure 13. Output power of the PV module for incremental variation in solar irradiance 
 

 

3.2. Scenario 2: Temperature = 25 °C decremental change in solar irradiation 

This scenario deals with the behavior of MPPT controllers with a decrease in irradiation that varies 

between 800, 600, and 400 W/m², as seen in Figure 14, while maintaining a fixed temperature of 25 °C. The 

maximum power point (MPP) obtained for the irradiance levels of 800 W/m², 600 W/m², and 400 W/m² are 

687.2 W, 518 W, and 345 W respectively, in accordance with the values presented in Figure 15. However, it's 

worth emphasizing that: i) The FL controller exhibits slow behavior and poor tracking accuracy at all irradiation 

levels compared to other controllers tested, with the appearance of significant fluctuations around the maximum 

power point for the P&O controller; ii) Regarding the P&O controller, the response time indicated in the curve 

is notably higher than that of the FL algorithm, the latter presents a very remarkable stability compared to the 

P&O; and iii) The proposed hybrid P&O-FL algorithm generates the best results. 
 

 

 
 

Figure 14. Decremental change in solar irradiation 
 

 

 
 

Figure 15. Output power of the PV module for decremental variation in solar irradiation 
 

 

3.3. Scenario 3: Solar irradiation of 800 W/m² incremental change in temperature 

This last scenario evaluates the effectiveness of the MPPT algorithms in the presence of a  

gradual temperature variation, while maintaining a fixed value of irradiation at 800 W/m². The signal shown in 

Figure 16 was used, with temperature increases every 0.04 seconds, covering the range from 0 °C to 50 °C, over a 

test period of 0.12 seconds. Figure 17 illustrates the generated power and emphasizes the power losses linked to 

the FL controller. Nevertheless, in this particular scenario, sudden temperature fluctuations notably affect the 
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performance of the P&O controller. Conversely, fuzzy and hybrid regulators maintain a consistent power output 

that adapts to temperature changes in the operational photovoltaic module. This implies that the fuzzy regulator is 

not significantly impacted by temperature fluctuations but appears to be more responsive to variations in irradiation. 

In summary, the findings discussed in the preceding sections provide clear evidence of the outstanding 

performance of the suggested hybrid approach in effectively tracking the maximum power point of the 

photovoltaic module achieving an impressive efficiency of 99.7%. The core objective of this hybrid method is 

to strategically leverage the unique advantages of both fuzzy logic and perturb and observe controllers. The 

choice of combining these two techniques was made with careful consideration, particularly to optimize 

response time and system stability. 

The algorithm proposed in this paper demonstrates better performance compared to the one presented 

in [24]. It achieves a response time of less than 0.01 seconds (versus 0.015 seconds in [24]), eliminates 

overshoot, and maintains very low oscillation times; all under 0.02 seconds; as observed in [24]. When 

evaluating the efficacy of this approach, it becomes evident that it successfully addresses several shortcomings 

associated with using either the methods P&O, or FL with input variables dP and dV. By harnessing the 

strengths of FL and P&O while mitigating their respective weaknesses, this hybrid approach offers a well-

balanced solution for maximizing the power output of the photovoltaic system. Its exceptional efficiency in 

following the maximum power point underscores its potential for practical applications in renewable energy 

systems, promising more reliable and efficient energy generation. 
 
 

 
 

Figure 16. Incremental change in temperature 
 
 

 
 

Figure 17. Output power of the PV module for incremental variation in temperature 
 

 

4. CONCLUSION  

This paper introduces a novel FL-P&O hybrid controller tailored for the precise tracking of the 

maximum power point in PV modules. The study conducts a comprehensive performance comparison between 

this hybrid controller and conventional fuzzy and P&O controllers. The entirety of the PV system, 

encompassing the PV module itself, the boost converter, and the newly proposed FL, P&O, and hybrid 

controllers, has been meticulously modeled within the MATLAB/Simulink environment. To assess the PV 

system's behavior under various conditions, three distinct test scenarios were carefully designed, each 

incorporating variations in temperature and solar irradiance. 

The research findings clearly demonstrate the outstanding performance of the proposed hybrid 

controller, particularly when faced with sudden fluctuations in temperature and radiation impacting the PV 

module. Remarkably, the hybrid controller achieves an efficiency rate of 99.7%. In contrast, both the fuzzy 

logic and P&O controllers exhibit significant shortcomings, such as prolonged response times and considerable 

deviations from the MPP. 
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Moreover, the study highlights the robustness of the hybrid controller in responding to solar irradiance 

variations, consistently extracting the maximum available power based on the PV module's electrical 

characteristics. Conversely, the fuzzy logic controller shows a relatively slow response in these conditions, 

while the P&O controller displays pronounced instability, especially during abrupt irradiance changes. Finally, 

the study unveils the immense potential of the FL-P&O hybrid controller as a superior choice for MPP tracking 

in PV systems. Its exceptional performance, particularly in scenarios involving temperature fluctuations, 

establishes it as a promising solution for enhancing the efficiency and reliability of renewable energy 

generation. Future research should include experimental validation with physical hardware to confirm the 

practical applicability of the FL-P&O hybrid controller, as well as further investigations into its performance 

under a wider range of challenging environmental conditions. 
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