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A super-efficient low-cost DC/DC converter with a suitable maximum power 

tracking (MPPT) algorithm is used to regulate the PV scheme's terminal voltage 

at ideal levels under various solar radiation conditions. A buck converter is a DC-

to-DC power converter that steps down the input voltage to the output for low 

load values using an MPPT algorithm. This study discusses several approaches 

to buck converter design for effective MPPT. Two factors that affect the output 

produced by solar panels are sun irradiation and solar panel temperature. MPPT 

is frequently used to boost solar cells' power production. A comparison is made 

between the performance of a solar PV array-based buck converter with adaptive 

perturb and observe (P&O) and without P&O at different input voltages. The 

voltage deviation and power deviation are found to less with adaptive P&O in 

comparison to without P&O method under variable solar irradiations. 
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1. Introduction 

One of the most fundamental needs of humanity today is electricity. In addition to increasing 

power output, solar energy conversion reduces pollution from fossil fuels. Temperature, load 

impedance, and sun irradiation all have an impact on solar panel output power. Temperature 

and solar irradiation are dynamic. Solar photovoltaic modules transform solar radiation into 

electrical power, but they have two main issues: they are inefficient and their power output is 

weather-dependent. PV cells' V-I and P-V characteristics are also non-linear and temperature-

dependent. There is a risk of overcharging when a battery is connected directly to the P-V 

module, which shortens the battery's lifespan. Typically, charge controllers are employed to 

prevent overcharging. In the past, charge controllers did not run PV modules at MPP, which 

led to decreased efficiency. PV modules must be run at MPP in order to maximize power 

production and efficiency. To enhance the performance of the solar panel, a dc-dc converter 

is employed. Using a semiconductor switching element, the dc-dc converter is a small, light, 

and extremely effective dc power source. Within the range of typical working settings, it can 

respond to changes in voltage level promptly and accurately, returning to its usual functioning 

state. To change a system, it includes a switching power source that can turn the components 

on and off at a predetermined rate.  

A controller is used to manage the ON/OFF operation of the aforementioned switching power 

supply, and a DC input value results in a DC output voltage. A synopsis of notable 

developments in MPPT-based buck converter design is given in the section that follows.  

Produced a battery charger using a buck converter [1] that relies on a PV system and enhanced 

its efficiency by controlling the buck converter's switch using the P&O technique. The buck 

converter's switching duty cycle was modified to reflect the current and voltage produced by 

the PV module, which were identified and processed using the P&O algorithm. 

Following the calculation of Vk and Ik power, the output power was contrasted to the previous 

source of power, and the difference, or P(k)-P(k-1), was used to determine if the duty cycle 

needed to increase or reduce. Additionally, the output power and battery charging efficiency 

of a buck converter with P&O algorithm and a buck converter LM2596 without P&O 

algorithm were compared. The results showed that the power created in the P&O-aligned buck 

converter was greater than the power developed in the P&O-aligned one. The outcomes of 

both tests demonstrated that the P&O algorithm can minimize charging time and maximize 

the performance of the buck converter. 

The PV panel's uniform shading or partial shading from clouds, tall buildings, trees, and 

precipitation may be the reason of the rapid MPP shift. However, the MPPT problem is 

nonlinear, and significantly nonlinear in both scenarios, given a time-bounded solution. 

Because of the highly changeable ambient conditions, the P-V profile varies after every brief 

interval [11]. 

The goal of this research is to provide a unique approach to maximum power point tracking 

(MPPT) that employs fewer sensors in order to reduce the hardware costs of photovoltaic (PV) 

systems. The approach aims to deliver efficient MPPT under various environmental conditions 

by utilizing a modified SEPIC converter and an MPPT algorithm based on model predictive 

control (MPC). By utilizing a single voltage sensor in conjunction with a current sensor to 
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achieve the objective, the proposed method significantly reduces the hardware requirements 

in comparison to traditional MPPT techniques.  

The redesigned SEPIC converter regulates the voltage and current flows of the PV system. 

The maximum power point is monitored and the converter's performance changes over time 

using the MPC-based MPPT algorithm. The application employs a MPC technique, that 

utilizes a predictive model of the PV system, to calculate and optimize the power output. 

Depending on the available sensor data, the program predicts the PV system's efficiency, 

enabling accurate MPPT [17–18].  

 

2. Structure of proposed model 
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Figure 1 Structure of solar based buck converter 

The structure of the proposed model is shown in Figure 1 in which output of the solar 

photovoltaic is fed to the DC load via buck converter. The scheme is valid for lower value of 

DC load. It begins with the maximum power extraction from SPV which also helps for the 

switching of the boost converter. The maximum power point traction (MPPT) has been 

assessed with perturb and observ(P&O) method which will be discussed in next section. 

 

3. Modified P&O algorithm 

This work proposes the adaptive (P&O) MPPT technique for (PV) systems. Reducing the 

quantity of pollution is the aim. the drawbacks of traditional P&O, such as track heading 

separation, steady flow oscillation, and the challenge of part shadow identification. An 

intelligent oscillation detection system. A dynamic boundary condition problem and a strategy 

are used to solve the first two problems. The problem of output voltage unsteadiness due to 

load and supply voltage fluctuations is being addressed by [7], while an intelligent forecasting 

approach is being created to guarantee that the global maximum is always accurate. 

Additionally, this work describes the design and modeling of a buck converter employing 

P&O with MATLAB and SIMULINK. It was determined that the fuzzy controller's steady 

state deviation is at its lowest. The reference voltage and the buck converter's output voltage 

were compared in this suggested setup. The fuzzy logic controller evaluated the replaced 

findings, producing an adaptive PWM pulse that we delivered to the buck converter's power 
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switch to ensure the suggested PWM produced the intended output. 

Dealt with the problem of the P&O [5] algorithm's slow track in the presence of changing 

ambient factors and sun radiation, which causes it to oscillate around MPP. This research 

presented a novel hybrid MPPT technique, which combined two methods—one using 

Fractional Open Circuit Voltage (FOCV) and the other using P&O—to address inherent flaws 

in the P&O algorithm. Simulations using MATLAB showed a considerable improvement in 

acquiring MPP when exposed to a shift in irradiation. 

Suggested a novel MPPT technique for solar [2] systems based on fractional short circuit 

current, which outperformed the conventional P&O approach in response to environmental 

variations. Instead of using a set starting operational point, this solution mimics MPP by using 

P&O with a tiny step size. The short-circuit current technique is used to calculate the PV 

system's initial operating point, which is then identified using the P&O algorithm. The two-

step procedure eliminates the need for time-based measurements by producing low-power 

oscillations close to MPP and determining the best time to isolate the PV panel. Figure 2 

depicts the construction of the redesigned MPPT.  

The output voltage of buck converter is (Vo) which is mathematically related with input 

voltage (Vi) which is shown in Equation 1 

Vo= αVi           

            (1) 

Now this output voltage is compared with its reference value which gives ∆V which is shown 

in Equation 2 

∆V = Vo – Vref            

       (2) 

With respect to ∆V, its corresponding ∆P is measured and further steps are shown in Figure 

2. 
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Figure 2 Modified P&O Algorithm flowchart [16] 
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4. Performance analysis  

The input voltage given to DC-DC buck converter is shown in Figure 3 and the irradiance 

voltage shown by Figure 4. 
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Figure 3 Input voltage given to Buck converter 

       voltage

(V)

                   

             160

                      

140

                   130

                     

120

100

                  0
 

1 2 3 4 5 Time(sec)  

Figure 4 Voltage at the irradiations of 25 W/m2 
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Figure 5 Voltage at the irradiations of 50 W/m2 
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Table 1 voltage deviation comparison with adaptive P&O method and without P&O method 
Irradiations (W/m2) With adaptive P&O method Without P&O method 

25 3.2 4.6 

50 4.3 5.4 

70 5.1 6.2 

90 5.5 6.9 

 

Figure 6 Graphical comparison of voltage deviation with adaptive P&O and without P&O 

method 

Table 1 lists the voltage deviation (%) for the various sets of irradiations of 25 W/m2 (Figure 

4), 50 W/m2 (Figure 5), 70 W/m2, and 90 W/m2 with adaptive P&O and without P&O. Figure 

6 displays the graph analysis of this voltage deviation. 

Table 2 Power deviation comparison with adaptive P&O method and without P&O method 
Irradiations (W/m2) With adaptive P&O method Without P&O method 

25 5.5 6.7 

50 5.8 7.2 

70 6.1 7.8 

90 6.7 8.3 

Table 2 displays the power deviation (%) under different irradiations of 25, 50, 70, and 90 

W/m2 with adaptive P&O and without P&O. Figure 7 discusses the graph analysis of this data. 

 

Figure 7 Graphical comparison of power deviation with adaptive P&O method and without 
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P&O method 

Adaptive P&O is reported to have lower voltage and power deviations under varying solar 

irradiation than the without P&O approach. 

 

5. Conclusion 

An extremely effective low-cost DC/DC converter with an appropriate maximum power 

tracking (MPPT) algorithm is used to regulate the terminal voltage of the PV system at ideal 

values under diverse solar radiation scenarios in order to maximize the PV system's power 

production. A buck converter is a DC to DC power converter that utilizes an MPPT algorithm 

to reduce the voltage from its inputs and outputs. In this study, many ways for constructing 

buck converters for successful MPPT are presented. The output provided by solar panels is 

influenced by two factors: sun irradiation and solar panel temperature. 

To boost the power output of solar cells, maximum power point tracking (MPPT) is often 

utilized. The performance of a buck converter based on a solar PV array is examined at various 

input voltages, both with and without P&O. 

 

 

References 
1. Al-Nema. M. A, Mr. Shamil and Al-Layla, “Analysis,Design and implementation of modified 

single phase inverter,”IEEE Trans. Power Electronics., vol.19, pp. 1184-1194, 2007. 

2. C. Kashif Ishaque, Zainal, Md Amjad ,S. Mekhilef, “An improved particaleswarm 

optimization(PSO)-Based mppt for pv with reduced steady-state oscillation,”IEEE Trans. Power 

Electronics.,vol.27,no.8,pp.68-76 2012. 

3. V. Salas, E. olias, A. Barrado, A. Lazaro, “Review of the maximum power point tracking 

algorithms for stand-alone photovoltaic system,” IEEE Trans. Power Electronics.,vol. 90, no.11, 

pp.1555- 1578, 2006.  

4. G. Eason, B. Noble, I. N. Sneddon, “On certain integrals of Lipschitz-Hankel type involving 

products of bessel functions,” Phil. Trans. Roy. Soc., vol. A247, pp. 529-551, 1955. 

5. Esram T, Chapman P. L, “Comparison of photovoltaic array maximum power point tracking 

techniques,” IEEE Trans. Energy Conversion., vol.22, no2,pp 439-449. 2007.  

6. Bo-Ruei Peng, Kun-Che Ho, Yi-Hua Liu, “A novel and fast MPPT method suitable for both fast 

changing and partially shaded conditions,”IEEE Trans .Industrial Electronics., vol. 65, pp. 3240- 

3251, 2018. 

7. Hong Li, Wenzhe Su, Fang Ren, Changlin Ji, Jinhu Lü, “Three-point bidirectional perturbation 

MPPT method in PV system,”in proc 43rd Annu. IEEE Industrial Electronics Society Conf ., 

vol.3,pp. 7986- 7991, 2017.  

8. M. H. A. Majid, A M. R. Arshad, “Cooperative underwater acoustic source searching based on 

adaptive PSO algorithm,” Underwater system technology: in proc 7th Annu. IEEE Theory and 

Applications (USYS) International Conf., pp. 1-6, 2017. 

9. Moh. Zaenal Efendi, Farid Dwi Murdianto, Rangga Eka Setiawan, “Modeling and simulation of 

MPPT sepie converter using modified PSO to overcome partial shading impact on DC microgrid 

system,”IEEE Trans. Engineering Technology and Applications (IESETA) International 

Electronics Symposium ., pp. 27-32, 2017.  

10. E. Malarvizhi, J. Kamala, A. Sivasubramanian, “Evaluation of particle swarm optimization 

algorithm in photovoltaic applications,” in proc 7th Annu. Intelligent Systems and Control 



                             Adaptive P&O Algorithm for the Controlling… Sampath Kumar V et al. 2646  

  

Nanotechnology Perceptions Vol. 20 No.7 (2024) 

(ISCO) International Conf ., vol.7,pp. 1-6, 2016. 

11. Kumar, Kanhaiya, Gautam Singh, Pushpak Jain, Razia Begum, and Amit Kumar Sharma. "An 

Empirical Investigation into the Efficacy of Solar Panel Cooling through the Utilization of 

PCM." Nanotechnology Perceptions (2024): 1-9.  

12. Kumar, K., Varshney, L., Varshney, G. et al. Control strategies for energy enhancement of 

discontinuous GPS tracking PV system under varying weather conditions. Electr Eng (2024). 

https://doi.org/10.1007/s00202-023-02216-4. 

13. Kanhaiya Kumar, Lokesh Varshney, A. Ambikapathy, Raunak Singh, Yasharth Rai, Sarthak 

Sikriwal, Rajkishor Prajapati; Soft computing based solar follower using Raspberry pi 4B. AIP 

Conf. Proc. 22 March 2024; 2816 (1): 090004. https://doi.org/10.1063/5.0177498 

14. Raj, Aditya, Sonali Gupta, Gaurav Singh, Aditya Parashar, and Kanhaiya Kumar. "The use of 

IOT kind of SAM and RS." In 2024 4th International Conference on Advance Computing and 

Innovative Technologies in Engineering (ICACITE), pp. 639-643. IEEE, 2024. 

15. Giri, Pulkit, Manika Manwal, Pranav Chaudhary, Pragati Tiwari, and Kanhaiya Kumar. "IP & 

IoT Based Waterbody Surveillance (Monitoring) Process Implementation for Floods Alert 

System." In 2024 4th International Conference on Advance Computing and Innovative 

Technologies in Engineering (ICACITE), pp. 723-728. IEEE, 2024. 

16. Ahmed, J., & Salam, Z. (2018). An Enhanced Adaptive P&O MPPT for Fast and Efficient 

Tracking Under Varying Environmental Conditions. IEEE Transactions on Sustainable Energy, 

9(3), 1487–1496. doi:10.1109/tste.2018.2791968 

17. Omar Abdel-Rahim,Mamdouh L. Alghaythi, Meshari S. Alshammari,Dina S. M. Osheba, 

Enhancing Photovoltaic Conversion Efficiency With Model Predictive Control-Based Sensor-

Reduced Maximum Power Point Tracking in Modified SEPIC Converters, IEEE Access, vol.11, 

pp. 100769 – 100780, 2023 

18. Gonzalo, A. Marugán and F. Márquez, "Survey of maintenance management for photovoltaic 

power systems", Renew. Sustain. Energy Rev., vol. 134, pp. 110347-110352, Dec. 2020 
 


