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ABSTRACT 

The study focuses on optimizing photovoltaic (P-V) systems by enhancing the Maximum Power Point 

Tracking (MPPT) algorithms, particularly the Perturb and Observe (PNO) method. Challenges like slow 

convergence, oscillations, and inefficiencies under fluctuating environmental conditions are addressed 

through the introduction of the Optimum Gained Power Threshold (OGPT) concept. The OGPT 

dynamically adjusts perturbation steps based on real-time environmental changes, improving stability, 

convergence speed, and efficiency. Simulation and experimental validation demonstrated significant 

enhancements, with the OGPT-based PNO algorithm outperforming traditional methods such as Genetic 

Algorithms (GA) and Incremental Conductance (INC). Periodical efficiency estimation revealed 

consistent energy output improvements across seasonal and daily cycles, confirming the algorithm's 

practical viability for residential and large-scale applications. This paper reducing power losses and 

ensuring stable operation, this advancement contributes to more efficient and cost-effective solar energy 

systems, supporting the global transition to renewable energy. Future research may explore extreme 

weather adaptability, AI integration, and dynamic P-V system applications for further optimization. 

Keywords: Maximum Power Point Tracking (MPPT), Optimum Gained Power Threshold (OGPT), 

Photovoltaic (P-V) Systems. 

1. Introduction 

Advancements in Photovoltaic (P-V) Systems and the Role of MPPT Algorithms 

The rising global demand for sustainable energy solutions has brought photovoltaic (P-V) systems into 

focus as one of the most efficient and renewable energy technologies. These systems directly convert 

sunlight into electricity using semiconductor materials, finding applications in residential, industrial, and 

large-scale solar farms. Despite their promise, the efficiency of P-V systems is often compromised by 

environmental factors such as fluctuating solar irradiance, temperature variations, and shading. These 

challenges necessitate the use of Maximum Power Point Tracking (MPPT) techniques to ensure that P-V 

systems operate at their peak efficiency under changing conditions. Among various MPPT techniques, 

the Perturb and Observe (PNO) algorithm is a popular choice due to its simplicity and low computational 

requirements. However, the PNO algorithm has limitations, including oscillations around the Maximum 

Power Point (MPP), slow convergence speed, and instability under rapidly changing environmental 

conditions. Addressing these challenges is crucial for optimizing P-V systems, making them more reliable 

and efficient for widespread adoption. 

 

Enhancing the PNO Algorithm Using the OGPT Concept 

To overcome the limitations of traditional PNO algorithms, this research introduces the Optimum Gained 

Power Threshold (OGPT) concept. The OGPT enhances the PNO algorithm by improving its 
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responsiveness and stability under dynamic conditions, enabling faster convergence to the MPP. Unlike 

the conventional PNO algorithm, which uses fixed step sizes for perturbation, the OGPT method 

dynamically adjusts these step sizes based on real-time environmental changes. This adaptability 

minimizes oscillations around the MPP and reduces power losses, particularly under conditions like 

partial shading or fluctuating irradiance. By integrating the OGPT concept, the enhanced PNO algorithm 

ensures more accurate adjustments to the reference voltage, leading to better tracking of the MPP and 

improved overall system efficiency. The methodology involves both simulation and experimental 

validation to assess the algorithm’s performance under various scenarios. Simulation tools like 

MATLAB/Simulink model the environmental conditions and test the algorithm's behaviour, while real-

world experiments validate its practical applicability. The results demonstrate that the OGPT-based PNO 

algorithm significantly outperforms traditional MPPT methods, offering a more robust solution for 

optimizing solar energy systems. 

Comparative Analysis of MPPT Techniques 

This study also includes a comprehensive review of existing MPPT techniques to contextualize the 

advancements brought by the OGPT-enhanced PNO algorithm. Techniques such as Constant Voltage 

(CV), Incremental Conductance (INC), and traditional PNO methods are analysed for their strengths and 

weaknesses. The CV method, for instance, maintains a fixed reference voltage but fails to adapt to 

dynamic conditions, resulting in suboptimal performance. The INC algorithm improves upon CV by 

considering the derivative of power with respect to voltage, allowing for more precise tracking of the 

MPP. However, it is computationally intensive and less efficient under rapidly changing environmental 

conditions. Traditional PNO algorithms strike a balance between simplicity and performance but are 

hindered by oscillations and slow convergence rates. In contrast, the OGPT-enhanced PNO algorithm 

combines the simplicity of PNO with dynamic adaptability, offering faster and more stable convergence 

to the MPP. By addressing the limitations of existing methods, the OGPT concept contributes to 

advancing the efficiency and reliability of MPPT techniques, making P-V systems more competitive with 

conventional energy sources. 

Implications for Solar Energy Optimization 

The findings of this research have significant implications for the optimization of solar energy systems, 

particularly in addressing the challenges of efficiency and reliability. The enhanced PNO algorithm with 

the OGPT concept demonstrates a clear improvement in the performance of P-V systems, making them 

more viable for both residential and large-scale applications. By reducing power losses and ensuring stable 

operation under varying environmental conditions, the algorithm contributes to maximizing the energy 

output of solar installations. This advancement not only supports the transition to renewable energy but 

also enhances the economic feasibility of P-V systems by improving their cost-effectiveness. 

Furthermore, the research methodology, which integrates simulation and real-world testing, provides a 

robust framework for evaluating and validating new MPPT techniques. As the demand for sustainable 

energy continues to grow, innovations like the OGPT-enhanced PNO algorithm play a vital role in 

advancing solar energy technologies, paving the way for a more sustainable and energy-efficient future. 

 

 

 

 

 



Vol 4, Issue 7, July 2024                    www.ijesti.com                               E-ISSN: 2582-9734 

International Journal of Engineering, Science, Technology and Innovation (IJESTI)                                                               
 

 

                  https://doi.org/10.31426/ijesti.2024.4.7.4515                                                              36 

2. Implementation Phase 

 

 

 

Objective: Enhance P-V cell efficiency, optimize regulated output power, and evaluate annual efficiency 

performance. 

3. Research Methodology 

The research methodology employed in this study is crucial in ensuring a systematic and effective 

approach to optimizing P-V (photovoltaic) cell systems, particularly through the development of an 

enhanced Optimum Gained Power Threshold (OGPT) algorithm. As solar energy continues to be an 

important renewable resource, maximizing the efficiency of P-V systems has become essential not only 

for improving energy output but also for enhancing their cost-effectiveness. This research focuses on 

improving the Maximum Power Point Tracking (MPPT) algorithm, which is the core mechanism 

responsible for adjusting the operating point of the P-V system to achieve maximum energy harvest. P-V 

cells are highly sensitive to environmental conditions, including temperature fluctuations, variations in 

solar irradiance, and partial shading. These factors affect the performance of solar systems, making it vital 

for the MPPT algorithms to dynamically adjust to maintain optimal power generation. The goal of this 

study is to address the limitations of existing MPPT methods, particularly their slow convergence speed 

and inefficiency under rapidly changing conditions, by proposing a new enhanced OGPT algorithm. The 

methodology combines both simulation and experimental approaches to thoroughly test and validate the 

proposed improvements. Through the use of tools like MATLAB/Simulink, simulations are conducted to 

model varying environmental conditions, while real-time experimental data are gathered to ensure the 

algorithm’s practical applicability. This dual-method approach aims to provide a comprehensive 

evaluation of the system’s performance, ensuring that the enhanced algorithm offers both theoretical and 

practical benefits for P-V system optimization. 



Vol 4, Issue 7, July 2024                    www.ijesti.com                               E-ISSN: 2582-9734 

International Journal of Engineering, Science, Technology and Innovation (IJESTI)                                                               
 

 

                  https://doi.org/10.31426/ijesti.2024.4.7.4515                                                              37 

The enhanced OGPT algorithm proposed in this study builds on the limitations of traditional MPPT 

techniques, particularly the Perturb and Observe (PNO) and Incremental Conductance (INC) methods. 

PNO is widely recognized for its simplicity and ease of implementation. It works by perturbing the 

operating voltage of the P-V system and observing the resulting changes in power output. However, the 

PNO method suffers from issues like oscillations around the maximum power point, particularly under 

rapidly changing environmental conditions, such as partial shading or fluctuating irradiance. These 

oscillations lead to inefficiencies, as the system takes longer to converge to the optimal power point. On 

the other hand, the INC method improves accuracy by measuring both current and voltage and 

determining the direction of the maximum power point based on the derivative of the power with respect 

to voltage. While INC is more precise, it is computationally complex, requiring more resources and 

resulting in slower convergence when compared to simpler techniques like PNO. This research aims to 

bridge the gap between the two methods by developing an enhanced MMPT algorithm that can adjust the 

perturbation step size dynamically based on real-time environmental changes, particularly irradiance and 

temperature fluctuations. By making these dynamic adjustments, the algorithm reduces oscillations and 

accelerates the system’s ability to converge to the optimum power point. This enhancement is especially 

useful in situations with partial shading or rapidly changing sunlight, where conventional methods often 

struggle to maintain optimal performance. 

One of the key innovations of the enhanced OGPT algorithm is its incorporation of artificial intelligence 

(AI) techniques, specifically neural networks, to predict the optimum power point. AI techniques have the 

potential to greatly enhance the efficiency of MPPT algorithms by enabling the system to learn from past 

performance and make more accurate predictions regarding the optimum operating point under varying 

environmental conditions. Neural networks, trained using historical data, can be employed to predict the 

future power output based on changes in temperature, irradiance, and other environmental variables. This 

predictive capability reduces the need for continuous perturbation, which can be computationally 

expensive and inefficient. Instead, the algorithm can use the predictions made by the neural network to 

adjust the operating point more efficiently, further improving the performance of the P-V system. By 

combining the advantages of AI with dynamic adjustments to the step size, the enhanced algorithm not 

only reduces oscillations and accelerates convergence but also improves the system’s ability to operate 

under diverse and unpredictable environmental conditions, such as partial shading and rapid irradiance 

changes. This integration of AI with traditional MPPT techniques represents a significant advancement 

in the field of solar energy optimization. 

The methodology for evaluating the effectiveness of the enhanced OGPT algorithm includes a 

combination of simulation and experimental validation. In the simulation phase, tools like 

MATLAB/Simulink are used to model various environmental conditions that affect P-V systems, 

including changes in irradiance, temperature, and shading. The simulation allows for the testing of the 

algorithm under controlled conditions, providing insight into its potential performance in real-world 

scenarios. After simulations, real-time experimental validation is conducted to ensure the practical 

applicability of the proposed algorithm. In the experimental setup, P-V systems are subjected to real-

world environmental conditions, and the enhanced algorithm is implemented and tested for its ability to 

track the maximum power point and optimize energy output. Data from these experiments are collected 

and analysed to assess the periodical efficiency of the system, ensuring that the enhanced algorithm 

consistently delivers improved performance over time. Performance metrics, such as energy yield, 

efficiency, and convergence speed, are used to evaluate the success of the algorithm. Additionally, the 

algorithm’s robustness is tested by introducing varying environmental factors such as rapid changes in 
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irradiance, temperature, and shading, to determine how well the system can adapt to these changes. The 

research design also includes a comparative analysis of the enhanced OGPT algorithm with conventional 

MPPT techniques, such as PNO and INC, to highlight the improvements in system efficiency and dynamic 

performance. This thorough evaluation methodology ensures that the enhanced algorithm is validated 

both in theoretical simulations and practical experiments, contributing to the overall goal of optimizing 

P-V systems for improved solar energy production. 

Optimization of P-V-Cell Systems through Enhanced Optimum Gained Power Threshold (OGPT) 

Algorithms 

The optimization of photovoltaic (P-V) cell systems is a critical area of research aimed at enhancing their 

efficiency and reliability in generating renewable energy. This study introduces an enhanced Optimum 

Gained Power Threshold (OGPT) algorithm to address the limitations of traditional Maximum Power 

Point Tracking (MPPT) techniques. Among these, the widely used Perturb and Observe (PNO) and 

Incremental Conductance (INC) algorithms exhibit challenges such as slow convergence and instability 

under dynamic environmental conditions like variable irradiance and partial shading. By integrating the 

OGPT concept, the enhanced algorithm dynamically adjusts the system's tracking parameters in response 

to real-time changes, thereby reducing oscillations around the Maximum Power Point (MPP) and 

improving tracking speed. The research methodology combines theoretical analysis, simulation through 

tools like MATLAB/Simulink, and real-world experimental validation, ensuring the practical 

applicability of the proposed solution. Key performance metrics, including power output, tracking 

accuracy, and overall efficiency, are analysed to quantify the algorithm's improvements, demonstrating 

its potential to overcome the shortcomings of traditional methods. 

The findings of this study significantly contribute to advancing P-V technology by enabling more efficient 

and stable energy production, even under challenging environmental conditions. The OGPT-enhanced 

algorithm offers a robust framework for improving the adaptability and responsiveness of MPPT systems, 

which is crucial for maximizing the energy yield of solar installations. Through simulation and 

experimental validation, the research underscores the enhanced algorithm's capability to optimize P-V 

systems for various scales of application, from residential setups to industrial solar farms. Through 

addressing critical challenges in renewable energy generation, this work aligns with the global drive for 

sustainable energy solutions, reducing dependency on conventional energy sources and paving the way 

for widespread adoption of solar energy technologies. The advancements presented in this research not 

only enhance the viability of P-V systems but also contribute to the broader goal of a more sustainable 

and energy-efficient future. 

Simulation and Results 

This chapter discusses the implementation of the Perturb and Observe (PO) algorithm for optimizing the 

power output of Photovoltaic (P-V) arrays, focusing on the optimization of tilt and azimuth angles. The 

algorithm begins by initializing a population of candidate solutions, evaluating their fitness based on 

power output, and updating the population through mutation and crossover operations. The selection 

process chooses the best solutions based on fitness values, and the algorithm terminates once a stopping 

criterion is met, providing the optimal solution. The design of experiments for simulation involves 

defining variables such as tilt and azimuth angles, solar irradiance, and temperature. The simulation uses 

a mathematical model to evaluate the power output for each combination of these variables. The results 

are analysed to identify the most efficient configuration and validated through real-world testing of the P-
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V array. Outcomes include a comparison of optimized and non-optimized solutions, sensitivity analysis, 

and the performance of the PO algorithm under various conditions. The analysis highlights the advantages 

of the PO algorithm over other optimization techniques, such as genetic algorithms and particle swarm 

optimization, due to its simplicity and efficiency. Finally, sensitivity analysis examines the effects of small 

changes in variables like tilt and irradiance on the optimized P-V array’s performance, providing insights 

into the variables that most influence power output and optimizing the system further. 

Estimation of Periodical Efficiency 

The estimation of periodical efficiency is critical for evaluating the performance of a P-V-Cell system 

over time. It helps assess how effectively the system converts solar energy into electrical energy under 

varying environmental conditions and load demands. Periodical efficiency is defined as the ratio of 

electrical power output to solar energy input over a specific time interval, such as hourly, daily, monthly, 

or seasonally. This efficiency fluctuates due to factors like solar irradiance, temperature, shading, and the 

performance of the MMPT algorithm. Key factors affecting periodical efficiency include solar irradiance, 

which directly impacts energy generation; temperature, where higher temperatures reduce efficiency due 

to the negative temperature coefficient of PV cells; shading, which can cause local power maxima and 

reduce overall output; and the performance of the MMPT algorithm, which optimizes power tracking 

under dynamic conditions. System losses, such as those from wiring and inverters, also affect the overall 

efficiency. Efficiency is estimated over different time intervals: hourly for peak sunlight or cloudy 

conditions, daily for broader performance insights, and monthly or seasonally for long-term evaluation. 

Key metrics include energy yield, solar input, performance ratio, and capacity factor. These metrics help 

understand how much solar energy is converted and identify areas for system optimization, ensuring better 

performance and increased energy yield. 

Validation of results is a crucial phase in optimizing P-V-Cell systems and Optimum Gained Power 

Threshold (OGPT) algorithms, ensuring accuracy and real-world applicability. This process involves 

simulation and experimental validation to verify the enhanced MMPT algorithm's performance. 

Simulation validation begins with model calibration and consistency checks, ensuring parameters like 

irradiance levels and temperature align with empirical data. The enhanced MMPT algorithm is then 

compared with standard methods like Perturb and Observe (PNO) and Incremental Conductance (INC), 

assessing key metrics such as power output and tracking efficiency. Experimental validation follows, 

involving physical experiments with real P-V systems under controlled conditions. Data on power output, 

efficiency, and tracking performance is collected and compared with simulation results to ensure 

alignment. Statistical analysis, including mean absolute error (MAE) and root mean square error (RMSE), 

quantifies discrepancies. The final step involves comparative analysis, where the enhanced MMPT 

algorithm is compared to traditional algorithms, considering efficiency improvements, tracking accuracy, 

and cost-benefit analysis. Long-term performance is also evaluated to ensure durability and reliability. 

This validation process comprehensively confirms the algorithm's effectiveness, ensuring the 

enhancements are applicable, efficient, and provide significant real-world benefits over traditional 

methods. 
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The study summarizes key outcomes through detailed comparisons of Maximum Power Point Tracking 

(MMPT) techniques, emphasizing the effectiveness, efficiency, and simplicity of the Perturb and Observe 

(PO) algorithm. Tables and figures highlight its superior performance over methods like genetic 

algorithms and particle swarm optimization, showcasing faster convergence and robustness. Graphs 

illustrate dynamic MPP tracking under varying irradiance and temperature, while MATLAB Simulink 

models demonstrate real-time performance improvements. The IV curve analysis and optimization 
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processes confirm the PO algorithm’s adaptability and efficiency in achieving optimal P-V system 

performance, making it a preferred choice for enhancing solar energy systems in practical applications. 

Findings from Simulation Implementation of the Perturb-N-Observe-T (PO) Method (PNO) 

Algorithm for P-V Array Optimization 

Summary of Results MMPT Technique: The PNO algorithm demonstrates significant improvements 

in optimizing power output for P-V arrays, with higher efficiency and faster convergence compared to 

other MMPT techniques such as Genetic Algorithms (GA) and Particle Swarm Optimization (PSO). This 

confirms its practical applicability in real-world conditions where speed, simplicity, and robustness are 

crucial. 

Comparison of PNO with Other MMPT Techniques: The figure highlights the superior performance 

of the PNO algorithm in terms of convergence speed and efficiency when compared to other techniques 

like GA, PSO, and Simulated Annealing. The PNO algorithm requires fewer iterations to reach an optimal 

solution, making it more suitable for real-time P-V system optimization. 

 

4. Conclusion and Summary 

Overview of the Study: The research, titled "Optimization of PV Cell Through Enhanced MMPT 

Algorithm and Estimation of Periodical Efficiency of System," aimed to improve the efficiency of 

photovoltaic (P-V) systems by enhancing the Maximum Power Point Tracking (MMPT) algorithms. The 

study specifically focused on optimizing the performance of P-V cells using an enhanced Optimum 

Gained Power Threshold (OGPT) technique, particularly under varying environmental conditions such as 

irradiance and temperature. The study's primary goal was to address the limitations of the traditional 

Perturb-N-Observe (PNO) algorithm, such as slow convergence and instability under dynamic conditions, 

and to develop a more efficient method for real-world applications. Through detailed simulations and real-

world validation, the study demonstrated how the improved PNO algorithm could significantly enhance 

the performance of solar energy systems. 

Key Contributions and Findings: The study made several important contributions to the field of P-V 

system optimization. First, the enhancement of the PNO algorithm allowed for improved convergence 

speed and accuracy, particularly in environments with fluctuating irradiance. This modification 

minimized the errors typically associated with the identification of the MMPT-OGPT under rapid 
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environmental changes. Second, the study designed a comprehensive simulation framework to validate 

the enhanced algorithm, considering peripheral parameters such as temperature and irradiance. The 

validation showed that the enhanced PNO algorithm was more efficient than other MMPT techniques, 

such as Genetic Algorithms (GA), Particle Swarm Optimization (PSO), and Fuzzy Logic. Furthermore, 

the study introduced the concept of periodical efficiency estimation, which provided valuable insights 

into how the system’s efficiency varied across different seasons and daily cycles. The results indicated 

that the enhanced PNO algorithm consistently delivered high efficiency and power output, making it 

suitable for both residential and large-scale solar installations. 

Practical Implications and Future Directions: The practical implications of this study are significant 

for the solar energy sector. The enhanced PNO algorithm increases the overall energy harvest of P-V 

systems, improving their economic viability and making them more competitive with other forms of 

energy production. The simplicity of the algorithm ensures it is cost-effective and scalable, making it 

suitable for both small residential systems and large solar farms. Additionally, its adaptability to various 

environmental conditions ensures consistent performance, even under suboptimal weather conditions. The 

study also suggested areas for future research, including testing the algorithm under extreme weather 

conditions, applying it to dynamic P-V systems with tracking mechanisms, and exploring its integration 

with AI-based techniques such as reinforcement learning. These advancements could further improve the 

algorithm’s robustness and efficiency, leading to even greater optimization of solar power systems 

worldwide. 
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