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Abstract 

Enhancing efficiency in photovoltaic (PV) power production is a significant engineering 

challenge, particularly under varying weather and climatic conditions. PV systems offer a green 

and inexhaustible source of energy; actually, their performance is highly affected by climate 

variables like as solar sunlight, cell temperature, and partially cloudy conditions. The Maximum 

Power Point Tracking (MPPT) algorithm commonly utilizes Perturb and Observe (P&O) 

technique. However, when a large perturbation step is utilized, the algorithm method may 

oscillate around the peak maximum power point. Conversely, using a small step size enhances 

tracking accuracy but significantly slows the response time, limiting the system's ability to 

promptly reach the true MPP under rapidly changing environmental conditions. For solving these 

issues, a better approach is proposed that uses adaptive step sizes within. This improved 

algorithm dynamically adjusts the duty cycle of the boost converter's, allowing for more efficient 

and precise tracking of the MPP with changing climate conditions. A microcontroller is required 

for the hardware implementation of MPPT. This microcontroller is a component of a robust 

circuit, namely a solar charge controller. The off-grid PV electricity system is simulation based 

on MATLAB/Simulink R2024a. The adapted P&O algorithm produces a smoother output and 

achieves higher efficiency than the traditional fixed-step P&O. 

Keywords: Photovoltaic, P&O algorithm system, Adaptive step size 

1. Introduction 

In recent years, the usage of Renewable Energy Sources (RES) in power generation systems 

has rapidly increased, spurred by shortages and environmental problems connected with 

conventional fuels [1], [2]. Thus, various RES, such as wind energy, solar energy (both thermal 

and photovoltaic), biomass, and hydroelectric power, etc., are being utilized to mitigate the 

effects of global warming caused by gas emissions. Solar PV is a promising renewable energy 

source for several reasons, silent operation, abundant, long-life time, clean energy, and requiring 

minimal maintenance [3]. Currently, photovoltaic arrays (PVAs) are among the most commonly 

used and viable green sources of electricity worldwide [4]. 

However, a output power provided by PV panel is fundamentally variable due to its non-

linear properties, which are influenced by factors like as sunlight, ambient temperature, and the 

type of the connected load. To extract the greatest available power under variable conditions, the 

PV system must be optimized for efficient operation at its greatest MPP, which can be achieved 

by implementing MPPT techniques [5]. These strategies are classed according to their utilization 
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of real-time voltage and current measurements, as well as direct and indirect tracking the MPP 

method.  

The traditional indirect method determines a solar array's MPP using either fractional open-

circuit voltage method or a predetermined proportion of the short-circuit current [6], [7], [8]. A 

look-up table method is produced in advance that correlates with environmental factors such as 

light intensity and temperature to the optimal voltage or duty cycle to control the maximum 

power output [9]. Fuzzy logic consists of inputs, fuzzification, and outputs. These are used in 

controllers designed to adjust the duty cycle of the boost converter, ensuring that the PV system 

operates closer to the MPP [10]. AI-based techniques make use of algorithms that are able to 

learn from data and instantly adjust to changes.  These techniques provide more advanced ways 

to monitor the MPP in PV systems, such as Artificial Neural Networks (ANN), Genetic 

Algorithms (GA), and Particle Swarm Optimization (PSO) [11]-[14].  

Direct approaches, for example, the Perturb & Observe, and Incremental Conductance 

(INC) technique, operate by regularly altering the operating voltage of the solar system to 

iteratively approach the optimal power point within a steadily closer search range. Additionally, 

P&O method has been frequently employed due to its easy implementation on inexpensive 

digital controllers, generally good performance, and straightforward structure. The drawback of 

the traditional fixed-step P&O algorithm is the oscillation around the MPP under changing 

sunlight conditions. Numerous methods have been developed to adapt the P&O method via 

dynamic steps in order to handle the issue oscillation around the MPP.  

Several recent studies have developed strategies in which data is sent via IoT devices to 

cloud platforms or local controllers, using various strategies for optimizing, like Cuckoo Search 

(CS), Artificial Bee Colony (ABC), and Grey Wolf (GW) Optimizatio [15]. 

In this paper, an adaptive dynamic step-size P&O MPPT algorithm is proposed, which 

calculates the slope of the power–voltage curve to adjust the step size accordingly, enabling 

more accurate tracking of the PV system's maximum power point. The proposed approach can 

effectively improve efficiency and MPPT response simultaneously, in contrast to the 

conventional fixed step size strategy. 

2. Model for PV Cell 

The electrical behavior of photovoltaic cells is commonly represented by a mathematical 

model known as the single-diode, illustrated in Fig. 1. 

 

Figure 1: Single-diode PV cell model  
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The mathematical of the open-circuit voltage is as follows: - 

    
   

 
   

    

  
    (4) 

The mathematical of the short-circuit current     is as follows: - 

          

 
   (5) 

Where             
  

 
 the thermal voltage (=25 mv at 25

o
C), T represented absolute 

Temperature of p-n junction, in Kelvin (K), Electron charge            , in Coulombs (C), 

and K Boltz man constant,                   . 

Figure 2 shows the properties of a PV array as expressed by (I-V) and (P-V) graphs with 

different radiation intensity, which were evaluated at setting temperature of      and intensity 

level of (    
 

       
 

      
 

      
 

              
 

  ) . However, Fig. 3 presents the 

results of simulations conducted to examine the non-linear characteristics of the solar cell's 

output in terms of I–V and P–V curves with respect to cell temperature that have been 

investigated in steps (                             ). The MPP point varies when one of 

these two parameters’ changes.  As a result, voltage and current should be adjusted to attain the 

optimal operating point. 

 
 

  

Figure 2: The effects of radiation on the solar panels' characteristics. 
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Figure 3: The impact of temperature on the characteristics of solar panels 

3. PV Boost Converter  

A DC voltage booster circuit is link among PV array and the direct current load in stand-

alone solar power plants. The adjustment of PV-array uncontrolled DC voltage to appropriate 

DC value. In order to maximize power extraction, the load needs to be tuned to match the solar 

panel's voltage and current. 

Figure 4 demonstrates an ideal block structure for the simulated PV-system used for 

obtaining MPPT strategies. It consists of the following main components: a PV module, a DC-

DC converter, a P&O MPPT algorithm, a (PWM) signal, and output load resistance. In an MPPT 

system, a boost DC-DC converter is positioned between the DC-load and the specific 

photovoltaic module, adjusting the unregulated DC voltage from the PV cell to a DC-wanted 

level. The reference voltage signal is provided by P&O method, and duty cycle (D) of the gate 

pulse is adjusted in response to the error signal to control the DC-DC switching transistor. The 

duty cycle is provided by [16], [17]: 

       
  

  
 

 

(6) 

The      depends on the     and duty cycle. 

 

    
   

      
 

 

(7) 

These equations for inductors and capacitors can be derived from the lossless. 
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Where      and      are the output voltage and current ripples, respectively, and       is 

the switching frequency. Table 1 lists the key electrical parameters of the system's boost 

converter. These component values have been carefully selected to ensure that the boost 

converter operates smoothly and efficiently within the proposed system. 

Table 1: Schedule for setting the parameter components of the boost converter 

Parameter of boost Values 

Capacitance (C1)       

Capacitance (C2)            

Inductance (L)            

D.C Load (RL)     

 

 

Figure 4: A block schematic for off-grid PV systems 
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4.  MPPT Algorithm Implementation 

4.1 Traditional P&O Technique 

In photovoltaic systems, one of the most popular optimum MPPT strategies is the 

classical P&O method. It functions by varying the solar panel’s operating voltage through 

adjustments, or by making small changes, and monitoring that result variation in optimal 

power      . The method reverses the direction of the perturbation if the power decreases after 

the perturbation, and continues changing the voltage in the same direction if the power increases. 

The P&O method approaches the tracking MPP, where the solar panel generates its maximum 

power output, by iteratively repeating this process. Despite being straightforward to use, the 

classic P&O technique may be slower or less accurate when temperature and irradiance fluctuate 

rapidly, and it may experience oscillations around the MPP under steady-state conditions. Figure 

5 depicts the flow diagram of the classical P&O technique, which details the step-by-step logic 

required to track the MPP in a photovoltaic system. To determine the PV module’s power change 

(ΔP), the method begins by measuring the potential difference      and current     , then 

compares them with the potential difference        and current       from previous 

iteration. The method keeps changing the voltage        in the same way, either by raising or 

decreasing it, if the power has improved. The direction of the voltage perturbation        is 

reversed if the power falls. The four operational scenarios with different step sizes to extract the 

MPP, are represented in Table 2. 

Table 2: Provides a summary of procedure based on the voltage change 

ΔP ΔV            

increase increase            

decrease decrease            

increase decrease            

decrease increase            
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Figure 5: Flow diagram of the classical P&O technique. 

4.2 Proposed Enhancement of P&O 

Improving the accuracy and dynamic performance of MPPT in photovoltaic systems 

during quickly changing climates is the goal of the suggested adaptive dynamic steps to the 

perturb and observe algorithm. During rapid variations in temperature or sunlight, traditional 

P&O techniques may not be successful to track actual MPP due to steady-state oscillations 

around the MPP. The improved method reduces oscillations and accelerates convergence by 

using an adaptive perturbation step that changes according to the rate of power change. The 

proposed technique employs a dynamic selection mechanism based on real-time analysis of slope 

variations in the (P-V) characteristic curve. Furthermore, it is easier to differentiate between 

actual MPP swings and environmental fluctuations when a decision process based on both 

voltage and power trends is included. These modifications result in increased energy harvesting 

efficiency, improved system stability, and overall enhancement of PV system performance, such 

as the slope of the (P–V) curve. To enhance the efficiency of MPPT in PV systems, a dynamic 

size approach based on a slope variation can be employed. The algorithm sets a larger size to 

guarantee quick tracking when the PV system (slope is large) |
  

  
| operating far from the MPP. 

Conversely, a smaller size is chosen to reduce oscillations and enhance steady-state performance 
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when the process is close to MPP and slope |
  

  
| is to be low. On the other hand, when slope of 

the (P-V) curve is very small (≈ 0), PV system is considered to have reached its MPP. At this 

stage, there is minimal variation in output power with respect to voltage, indicating that the 

system is operating at or near its highest efficiency. Consequently, no further adjustment to the 

operating voltage is required. The step size is adjusted based on this slope. Indeed, a dynamic 

step-size function can be defined: 

 

     |
  

  
|  

 

(10) 

Where: 

 

 

   

{
 
 

 
                                                |

  

  
|     

                                    |
  

  
|      

                                                |
  

  
|     

 

 

(11

) 

Where the slope thresholds th1 and th2 are determined via simulations. In P&O with 

variable step, the voltage update rule is: 

 

                 |
  

  
|     

 

(12) 

In the context of MPPT algorithms, particularly those based on the P&O method, the 

function      |
  

  
| plays a critical role in determining whether the operating voltage should shift 

either to the left (reduction) or to the right (raise). Figure 6 illustrates (P–V) curve of a PV 

system, highlighting slope at different operating points. 
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Figure 6: P–V curve illustrating the operational slope thresholds direction. 

5. Results of simulations  

Figure 7 illustrates the MATLAB simulation R2024a model of the PV system, which has 

been created and compared to the classic P&O algorithm in order to verify the performance of 

the AP&O algorithm presented in this work. 

The study uses a pattern that simulates a 5-second period with two scenarios: sudden and 

gradual shading conditions, which are commonly used in PV system testing to evaluate the 

dynamic response of MPPT an algorithm. 

 The first scenario, which involves a gradual change in sunlight is illustrated in Fig. (8-a), 

and depicts the variation in solar sunlight over time. Initially, from (0 to 1.5) seconds, the 

illumination stays constant at 1000 W/m². On the other hand, from )1.5 to 2(seconds, a smooth 

transition in irradiance is observed, reaching a minimum value and staying at 600 W/m². After 3 

seconds, the sunlight gradually increases back to 1000 W/m² and remains steady. Fig. )8-b) 

shows the current      and voltage      overtime at the MPP tracking, and Fig. (8-c) shows the 

      of solar PV under test.  

In the second scenario, with a sharply change in sunlight, illustrated in Fig. (9-a), the 

irradiance initially remains constant at 1000 W/m² from (0 to 1.5) seconds. Then, it drops sharply 

to 600 W/m² and remains steady from (1.5 to 2) seconds. After this, there is another fall that lasts 

for time (2 to 3) seconds and reaches a minimum of about 200 W/m².  The irradiance then rises 

in two periods, reaching 500 W/m² in around 3 seconds and 600 W/m² in 3.5 seconds, and 
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remains there until the end of the period at 5 seconds. Figure (9-b) shows the current      and 

voltage      overtime at the MPP tracking, and Fig. (9-c) shows the       of solar PV under 

test. Table 3 presents the performance characteristics of a user-defined photovoltaic (PV) solar 

module operating under different levels of solar sunlight at a constant T=25°C. 

Finally, based on the first and second scenarios, the       is compared over a 5-second 

period utilizing both classic and adaptive P&O MPPT algorithms, as illustrated in Figs. (8-d) and 

(9-d). The adaptive P&O, on the other hand, responds more efficiently and quickly, with fewer 

oscillations than the conventional P&O, which exhibits greater fluctuations. Table 4 illustrates a 

comparison between the proposed MPPT approach and other applications in earlier studies. 

Table 3: Characteristics of a “user-defined” PV solar module under varied sun 

illumination at an average temperature of 25°C. 

Illumination 

levels (    ) 

                                      

E1=1000 74.4 8.52 62.4 8.03 501.072 

E2=600 72.779 5.152 61.954 4.803 297.595 

E3=500 72.274 4.294 61.798 3.988 246.45 

E4=200 69.528 1.718 59.984 1.595 95.674 

Table 4: Evaluates the proposed MPPT technique with different uses in previous research 

studies. 

ref. Model of PV panal MPPT Technique Efficiency %  

[18], (2021) Kyocera KC200GT- 

200 W 

Hybrid 

FLC and P&O 

Algorithm 

98.5% 

[19], (2022) Mono-CL-100W Deep ANN 99.77% 

[20], (2021) Bifacial LG340N1T-

V5- 340 W 

Inverter 

simulation 

98.58% 

Proposed 

Method 

User-defined-500W Conventional 

P&O 

97.8% 

User-defined-500W Adaptive P&O 

 

99.2% 
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Figure 7: Simulink the operation for propose P&O technique photovoltaic array. 

  

(a) 
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(b) 

 
 

(c) 
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(d) 

Figure 8: Graphs for first scenarios (a) change irradiances with time (b) current and 

voltage of PV- panel (c) Power P_pv with time (d) load power with time use P&O 

(conventional and adaptive) 
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(a) 

 

(b)  
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(c) 

 

(d)  

Figure 9: Graphs for second scenarios (a) change irradiances with time (b) current and 

voltage of PV- panel (c) Power P_pv with time (d) load power with time use P&O 

(conventional and adaptive) 
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6. Conclusions 

A solution for increasing the efficiency through adaptive P&O-based MPPT optimization 

has been presented. It minimizes the likelihood of divergence from the MPP locus and reduces 

the steady state oscillation until it becomes very small by dynamically adjusting the perturbation 

size. In comparison to traditional MPP techniques, thorough simulation results clearly show the 

behavior of the algorithm and ensure an overall efficiency of 99.2% regardless of environmental 

changes. Moreover, its benefits include a simple algorithmic structure, fast response, and 

minimal computation. 
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الاضطراب  في الأنظًت انكهروضىئيت انًستقهت ين خلال تحسين خىارزييت تعسيس كفاءة تتبع انقذرة

 وانًراقبت

 سعذ يهذي هادي

 قسى انهنذست انكهربائيت / كهيت انهنذست / جايعت بابم

Saadmahdi34@yahoo.com 

 انخلاصت :

ًّٛب فٙ ظم حغٛشاث انطقس ٔانظشٔف PVالأَظًت انكٓشٔضٕئٛت )ٚؼُذ حؼضٚض كفبءة إَخبج انطبقت فٙ  ( حسذًٚب ُْذسًٛب كبٛشًا، لا س

انًُبخٛت انًخخهفت. حٕفّش الأَظًت انكٓشٔضٕئٛت يصذسًا َظٛفًب ٔغٛش قببم نهُضٕة يٍ انطبقت، إلا أٌ أداءْب ٚخأثش بشكم كبٛش 

حؼخًذ خٕاسصيٛت حخبغ َقطت انقذسة  انغبئًت خضئًٛب. نشًسنخهٛت، ٔاببنؼٕايم انًُبخٛت يثم شذة الإشؼبع انشًسٙ، ٔدسخت زشاسة ا

(. ٔيغ رنك، فؼُذ اسخخذاو خطٕة اضطشاة كبٛشة، قذ P&O( بشكم شبئغ ػهٗ حقُٛت الاضطشاة ٔانًشاقبت )MPPTانؼظًٗ )

دقت انخخبغ نكُّ ٚبطئ حؤد٘ انطشٚقت إنٗ حزبزة زٕل َقطت انقذسة انؼظًٗ. ٔػهٗ انُقٛض، فئٌ اسخخذاو خطٕة صغٛشة ٚسسٍ 

ٔقج الاسخدببت بشكم يهسٕظ، يًب ٚسذ يٍ قذسة انُظبو ػهٗ انٕصٕل بسشػت إنٗ َقطت انقذسة انؼظًٗ انسقٛقٛت فٙ ظم 

ٔنًؼبندت ْزِ انًشكلاث، حى اقخشاذ َٓح يسسٍّ ٚؼخًذ ػهٗ اسخخذاو خطٕاث اضطشاة حكٛفٛت. حقٕو ْزِ  انخغٛشاث انبٛئٛت.

( بشكم دُٚبيٛكٙ، يًب ٚسًر بخخبغ أكثش كفبءة Boost Converterانشفغ ) يغٛشانخشغٛم  َبضتبط انخٕاسصيٛت انًسسُّت بض

حسُخخذو ٔزذة حسكى دقٛقت فٙ حُفٛز خٕاسصيٛت حخبغ َقطت انقذسة  ٔدقت نُقطت انقذسة انؼظًٗ حسج انظشٔف انًُبخٛت انًخغٛشة.

، ْٔٙ ٔزذة انخسكى فٙ شسٍ انطبقت دائشة انخسكىا يٍ ٔحؼُذ ْزِ انٕزذة خضءً . ( ػهٗ يسخٕٖ انبشيدٛبثMPPTانؼظًٗ )

َظبو حٕنٛذ انكٓشببء  فٙ   R2024aإصذاس  MATLAB/Simulinkببسخخذاو بشَبيح  انذائشة انًقخشزت يسبكبةحى انشًسٛت. 

داءً أكثش ( أP&Oانًؼخًذة نخقُٛت الاضطشاة ٔانًشاقبت ) نًسسُتانكٓشٔضٕئٙ انًسخقم ػٍ انشبكت. ٔقذ أظٓشث انخٕاسصيٛت ا

 سلاست ٔكفبءة أػهٗ يقبسَتً ببنخٕاسصيٛت انخقهٛذٚت راث انخطٕة انثببخت.

 زدى انخطٕة  حكٛف (،P&Oالأَظًت انكٓشٔضٕئٛت، خٕاسصيٛت الاضطشاة ٔانًشاقبت ) اث انذانت:هًانك
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