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This paper presents a study of Deterministic Particle Swarm Optimization (DPSO) in 
maximum power point tracking. DPSO is applied to a standalone PV system with a boost 
converter. This method is implemented primary to solve the problem in conventional 
techniques such as Perturb and Observe (P&O) and Incremental Conductance (IC) in 
failure to detect optimum point under certain condition, fixed step-size and high 
steady-state oscillation. Deterministic method is applied to conventional Particle 
Swarm Optimization (PSO) and takes advantage over guiding the behaviour of the 
particles through experience. The velocity of the particle is predicted and evaluated 
until the optimum point is achieved. A standalone photovoltaic (PV) system is 
constructed with MATLAB Simulink and DPSO is deployed and tested by simulation. The 
effectiveness of DPSO is evaluated under uniform condition at standard test condition 
(STC), medium and low irradiance. The results show that the DPSO successfully 
converge at optimum point with low steady-state oscillation, and it has high efficiency.   
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1. Introduction 
 

Moving toward green technology and net zero carbon emissions has made this call imperative 
not only for governments but also from the industries. Producing a reliable and sustainable energy is 
the major concern in this context. Out of all the renewable energy sources such as wind, biomass, 
bioenergy and geothermal, photovoltaic (PV) is seen as one of the most potential candidates 
[6,23,25,26]. Solar energy has advantages due to its availability, environmentally friendly, low 
maintenance cost and low operational cost [7,23,24]. However, the main challenge of solar energy is 
due to its dependency on environmental conditions [11]. The intensity of the solar radiation changes 
with environment and temperature. Thus, it has a major effect on the energy harvested [17,18]. As 
the solution to the aforementioned problem, a maximum power point tracking controller is 
embedded to the PV system [16,17,22]. 
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 Various maximum power point tracking (MPPT) techniques are proposed by researchers to tackle 
the issues. Conventional techniques such as Perturb and Observe (P&O) and Incremental 
Conductance (IC) come with great merits in simplicity and widely used in applications [17,18]. 
However, these techniques suffer from low efficiency and high steady-state oscillation [6,8,20,24]. 
Moreover, these algorithms also fail to work under partial shading and caused massive losses to the 
PV system [4,24]. Hence, due to the above restrictions have challenge the researchers moving 
towards more robust control techniques for photovoltaic system. 

Soft computing, artificial intelligence and bio-inspired are among the proposed techniques to 
alleviate the problems in conventional MPPT controllers [14,23]. Soft computing technique come 
with great merit in solving complex problem and has high accuracy in distinguishing the MPP [18,22]. 
However, the main challenge in this technique is in determining the control parameters such as initial 
state, size of particles, searching space and control parameters [4,13]. Inappropriate selection of 
these parameters cause failure to detect the real optimum and cause massive losses to the PV system 
[13,24]. For example, PSO has tendency to misguide the particles to inaccurate optimum point if 
selection of the initial parameters is assigned too far away from the searching area [6,7,12]. This only 
can be solved by increasing the number of particles in the search area and increasing the number of 
populations [4,5]. However, the only feasible solution is by increasing the number of particles in 
which it will prolong the convergence speed [10,15]. The trade-off between these two factors needed 
to be considered wisely. Otherwise, it might not practical in MPPT as long time period might not able 
to accommodate with the rapid changes of environment [9,10].  

Many years of research have been done to analysis and solve the nonlinear equations which 
involve in real life model applications [1-3]. Applications of soft computing, artificial intelligence and 
bio-inspired techniques clearly have advantages in solving these nonlinear equations especially 
involving MPPT research. According to the previous studies [19,21], these techniques have a great 
capability in tracking the MPP in uniform irradiance conditions. However, in partial shading 
conditions, the multiple MPP occurs and most algorithms such as P&O, IC including PSO have 
tendencies to fail tracking the best MPP due to many factors such as restrictions, unsuitable 
parameters and trapping in local MPP instead of searching global MPP. Thus, an innovative algorithm 
like DPSO is required to solve these problems and efficiently tracking MPP in any conditions. 

This paper proposed a study on the performance of Deterministic Particle Swarm Optimization 
(DPSO) in improving the performance of conventional MPPT techniques. The main key in this paper 
is on the determination of the velocity is done based on the previous history. The purpose of this 
paper is for verification for DPSO in MPPT application. The technique has few advantages in term of 
initial position of particles and the next decision of the particle movement is decided based on the 
previous history. Significantly, reduce the tendency of immature convergence. The remaining 
sections of the paper are arranged as follows. Section 2 presented on the methodology, while Section 
3 describes on the results. Finally, section 4 discusses on the conclusion. 
 
2. Methodology  

 
A standalone photovoltaic system as shown in Figure 1 is constructed under MATLAB Simulink. 

The specifications of the PV module are as shown in Table 1. Boost converter with following 
specifications: switching frequency, fsw = 20 kHz, inductor L= 270 uH and capacitors Cin = Cout = 220 
uF are used in the simulation.  PV voltage and PV current are fed into voltage and current sensors as 
the main inputs to the MPPT controller. The output from the controller which in duty cycle is fed to 
MOSFET at the optimum power, Pmpp.  
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Fig. 1. A standalone photovoltaic system with boost converter 

 
Table 1 
PV module specifications 
Parameter Value at 1000 W/m2 

at 25 oC 
Pmax 50W 
Voc 22.2V 
IMPP 2.7A 
VMPP 18.2V 
ISC 3A 
ISC % Temp 0.06 
VOC % Temp -0.34 

 
The flow chart for the DPSO is as shown in Figure 2. Firstly, all the parameters for the MPPT 

algorithm such as voltage, current, power, particles number and DPSO parameters are initialized. The 
boundaries are set in between Dmin and Dmax. The boundaries are set between 0.1 until 0.75 as it is 
limited by the boost converter. The duty cycle, Di at respective power is stored, in which i is the 
number of particles. Next the power at respective duty cycle is calculated and stored at the assigned 
array. If during first initialization, the particle reached the optimum, thus it will guide all the particles 
moved to the respective optimum point. The process continues until all the particles reached the 
same optimum point. However, if during first initialization the particles did not reach the 
convergence, the process continues until the optimum point is reached. The movement of the 
particle is guiding as in Eq. (1). 
 

                                                                                                                                        (1) 
 
Eq. (2) is for updating velocity. 
 

𝑣!(𝑘 + 1) = 𝑤𝑣!(𝑘 + 1) + {𝐺"#$% + 𝑃"#$%! − 2𝑥!(𝑘)}                                                                                       (2) 
 
Best particle in only update if new best particle, Pbest(new) is more than Pbest(old) to achieve maximum 

optimization. However, if no new power is detected then no updated on the power. The power will 
hold the previous power, Pbest(old). Then, best particle is compared with the global best particle, Gbest. 
The global best particle, Gbest is only updated if new global best particle, Gbest(new) is found. All the 
process continues until all the particle reached convergence towards maximum optimization. 
 

)1k(V)k(D)1k(D iii ++=+
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Fig. 2. Flowchart of Deterministic Particle 
Swarm Optimization (DPSO) 

3. Results  
 
The effectiveness of DPSO is tested under uniform irradiance at 1000 W/m2(STC), medium 

irradiance at 600 W/m2 and low irradiance at 200 W/m2 at 25 0C. The PV current and PV voltage is 
investigated under STC, medium and low irradiance. Figure 3 (a), (b) and (c) show the PV voltage, PV 
current and PV power for DPSO under 1000 W/m2, 600 W/m2 and 200 W/m2. Based on the result, 
the tracked PV power by DPSO is 49.20 W with tracking speed of 4.20 s under 1000 W/m2. Based on 
the waveform obtained, there is no steady-state oscillation observed. The simulation results show 
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the tracking efficiency of 98.56 %. Under 600 W/m2 the tracked output PV power is 29.84 W and 
settling time of 5.02 s with 99.47 % of tracking efficiency. Meanwhile, under 200 W/m2 the optimum 
power tracked by DPSO is 9.39 W with settling time of 0.25 s with tracking efficiency of 93.90 %. 

 

  
(i) Vpv (ii) Ipv 

 
(iii) Ppv 

(a) 

  
(i) Vpv (ii) Ipv 

 
(iii) Ppv 

(b) 
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(i) Vpv (ii) Ipv 

 
(iii) Ppv 

(c) 
Fig. 3. MPPT DPSO tracking under (a) 1000 W/m2 (b) 600 W/m2 and (c) 200 W/m2 irradiance 

 
Figure 4 shows simulations result at the output of the boost converter. Based on the simulation 

results, the output power at the load is 47.28 W under 1000 W/m2 irradiance. There is no steady-
state oscillation observed once the optimum point is tracked by the DPSO. The tracking time is at 
4.20 s. The efficiency at the output converter is at 94.56 %. The output power at the load under 600 
W/m2 is 29.84 W with settling time of 5.02 s and efficiency is at 99.47 %. Meanwhile for irradiance 
under 200 W/m2, the output power at load is 9.00 W with settling time of 0.25 s and efficiency at 
90.00 %. Based on the results obtained from simulation results, there is no steady-state oscillations 
observed after all the particles reached the convergence due to no velocity difference once all the 
particles reached the optimum point.  

 

  
(i) (ii) 
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(iii) 

Fig. 4. Output power at load under (i) 1000 W/m2 (b) 600 W/m2 and (c) 200 W/m2 irradiance 
 

4. Conclusions 
 
A Deterministic Particle Swarm Optimization is presented in this paper. Deterministic approach is 

embedded to conventional PSO to enhance the searching criteria. This method is done to solve the 
issue of steady-state oscillation and low tracking efficiency. The ability to hold the previous memory 
helps to expediate the search process. The efficiency of the DPSO in a standalone pv system is 
investigated under STC, medium and low irradiance. It is observed that efficiency of the tracking is 
improved, and almost zero steady-state oscillation is observed. This is due to the characteristics of 
DPSO in which once all the particles reached the convergence, there is no longer perturbation, leads 
to zero steady-state oscillation. Furthermore, by adding another state of checking in the technique, 
another checking process is done by comparing it with the previous history. The previous memory is 
hold until no other best point is found. The effectiveness of the DPSO is verified MATLAB Simulink. 
The simulation results show excellent performance of DPSO in term of tracking speed in the range of 
0.25s until 4.50 s, almost zero steady-state oscillations and average overall tracking efficiency of 
93.90 % to 99.47 %. 

 
Acknowledgement 
This research was funded by a grant from Ministry of Higher Education of Malaysia 
FRGS/1/2022/TK08/UNIMAP/02/47.  
 
References 
[1] Ahmad, Hijaz, and Tufail A. Khan. "Variational iteration algorithm-I with an auxiliary parameter for wave-like 

vibration equations." Journal of Low Frequency Noise, Vibration and Active Control 38, no. 3-4 (2019): 1113-1124. 
https://doi.org/10.1177/1461348418823126 

[2] Ahmad, Hijaz, Tufail A. Khan, and Clemente Cesarano. "Numerical solutions of coupled Burgers’ 
equations." Axioms 8, no. 4 (2019): 119. https://doi.org/10.3390/axioms8040119 

[3] Ahmad, Hijaz, Dilber Uzun Ozsahin, Umar Farooq, Mohamed Abdelsabour Fahmy, M. Daher Albalwi, and Hanaa 
Abu-Zinadah. "Comparative analysis of new approximate analytical method and Mohand variational transform 
method for the solution of wave-like equations with variable coefficients." Results in Physics (2023): 106623. 
https://doi.org/10.1016/j.rinp.2023.106623 

[4] Baba, Ali Omar, Guangyu Liu, and Xiaohui Chen. "Classification and evaluation review of maximum power point 
tracking methods." Sustainable Futures 2 (2020): 100020. https://doi.org/10.1016/j.sftr.2020.100020 

[5] Bahrami, Milad, Roghayeh Gavagsaz-Ghoachani, Majid Zandi, Matheepot Phattanasak, Gaël Maranzanaa, Babak 
Nahid-Mobarakeh, Serge Pierfederici, and Farid Meibody-Tabar. "Hybrid maximum power point tracking algorithm 
with improved dynamic performance." Renewable energy 130 (2019): 982-991. 
https://doi.org/10.1016/j.renene.2018.07.020 

https://doi.org/10.1177/1461348418823126
https://doi.org/10.3390/axioms8040119
https://doi.org/10.1016/j.rinp.2023.106623
https://doi.org/10.1016/j.sftr.2020.100020
https://doi.org/10.1016/j.renene.2018.07.020


Journal of Advanced Research in Applied Sciences and Engineering Technology 
Volume 49, Issue 1 (2025) 108-116 

115 
 

[6] Charin, Chanuri, Dahaman Ishak, Muhammad Ammirrul Atiqi Mohd Zainuri, and Baharuddin Ismail. "Modified levy 
flight optimization for a maximum power point tracking algorithm under partial shading." Applied Sciences 11, no. 
3 (2021): 992. https://doi.org/10.3390/app11030992 

[7] Charin, Chanuri, Dahaman Ishak, Muhammad Ammirrul Atiqi Mohd Zainuri, Baharuddin Ismail, and Mohamad 
Kamarol Mohd Jamil. "A hybrid of bio-inspired algorithm based on Levy flight and particle swarm optimizations for 
photovoltaic system under partial shading conditions." Solar Energy 217 (2021): 1-14. 
https://doi.org/10.1016/j.solener.2021.01.049 

[8] Chellakhi, Abdelkhalek, Said El Beid, and Younes Abouelmahjoub. "An improved adaptable step-size P&O MPPT 
approach for standalone photovoltaic systems with battery station." Simulation Modelling Practice and Theory 121 
(2022): 102655. https://doi.org/10.1016/j.simpat.2022.102655 

[9] Eltamaly, Ali M. "A novel musical chairs algorithm applied for MPPT of PV systems." Renewable and Sustainable 
Energy Reviews 146 (2021): 111135. https://doi.org/10.1016/j.rser.2021.111135 

[10] Eltamaly, Ali M., M. S. Al-Saud, Ahmed G. Abokhalil, and Hassan MH Farh. "Simulation and experimental validation 
of fast adaptive particle swarm optimization strategy for photovoltaic global peak tracker under dynamic partial 
shading." Renewable and Sustainable Energy Reviews 124 (2020): 109719. 
https://doi.org/10.1016/j.rser.2020.109719 

[11] Fathy, Ahmed, Ahmed Ben Atitallah, Dalia Yousri, Hegazy Rezk, and Mujahed Al-Dhaifallah. "A new implementation 
of the MPPT based raspberry Pi embedded board for partially shaded photovoltaic system." Energy Reports 8 
(2022): 5603-5619. https://doi.org/10.1016/j.egyr.2022.04.035 

[12] Haklı, Hüseyin, and Harun Uğuz. "A novel particle swarm optimization algorithm with Levy flight." Applied Soft 
Computing 23 (2014): 333-345. https://doi.org/10.1016/j.asoc.2014.06.034 

[13] Hashemzadeh, Seyed Majid. "A new model-based technique for fast and accurate tracking of global maximum 
power point in photovoltaic arrays under partial shading conditions." Renewable energy 139 (2019): 1061-1076. 
https://doi.org/10.1016/j.renene.2019.03.019 

[14] Hassan, Aakash, Octavian Bass, and Mohammad AS Masoum. "An improved genetic algorithm based fractional 
open circuit voltage MPPT for solar PV systems." Energy Reports 9 (2023): 1535-1548. 
https://doi.org/10.1016/j.egyr.2022.12.088 

[15] Ishaque, Kashif, Zainal Salam, Muhammad Amjad, and Saad Mekhilef. "An improved particle swarm optimization 
(PSO)–based MPPT for PV with reduced steady-state oscillation." IEEE transactions on Power Electronics 27, no. 8 
(2012): 3627-3638. https://doi.org/10.1109/TPEL.2012.2185713 

[16] Kanagaraj, N., and Mohammed Al-Ansi. "Maximum Power Extraction Control Algorithm for Hybrid Renewable 
Energy System." Computer Systems Science & Engineering 45, no. 1 (2023). 
https://doi.org/10.32604/csse.2023.029457 

[17] Kishore, DJ Krishna, M. R. Mohamed, K. Sudhakar, and K. Peddakapu. "Swarm intelligence-based MPPT design for 
PV systems under diverse partial shading conditions." Energy 265 (2023): 126366. 
https://doi.org/10.1016/j.energy.2022.126366 

[18] Manna, Saibal, Deepak Kumar Singh, Ashok Kumar Akella, Hossam Kotb, Kareem M. AboRas, Hossam M. Zawbaa, 
and Salah Kamel. "Design and implementation of a new adaptive MPPT controller for solar PV systems." Energy 
Reports 9 (2023): 1818-1829. https://doi.org/10.1016/j.egyr.2022.12.152 

[19] Mashkoor, Sufia, Preeti Verma, and Mohd Tariq. "Design and Analysis of a Solar PV system for a Remote Village 
using MPPT Algorithm Based on Optimization Techniques." In 2022 2nd International Conference on Emerging 
Frontiers in Electrical and Electronic Technologies (ICEFEET), pp. 1-6. IEEE, 2022. 
https://doi.org/10.1109/ICEFEET51821.2022.9848311 

[20] Mo, Shixun, Qintao Ye, Kunping Jiang, Xiaofeng Mo, and Gengyu Shen. "An improved MPPT method for photovoltaic 
systems based on mayfly optimization algorithm." Energy Reports 8 (2022): 141-150. 
https://doi.org/10.1016/j.egyr.2022.02.160 

[21] Naseem, M., Mohammed Aslam Husain, J. Dinesh Kumar, Md Waseem Ahmad, Ahmad Faiz Minai, and Akhlaque 
Ahmad Khan. "Particle Swarm Optimization based Maximum Power Point Tracking Technique for Solar PV System 
under Partially Shaded conditions." In 2021 International Conference on Control, Automation, Power and Signal 
Processing (CAPS), pp. 1-6. IEEE, 2021. https://doi.org/10.1109/CAPS52117.2021.9730703 

[22] Sagonda, Arnold F., and Komla A. Folly. "A comparative study between deterministic and two meta-heuristic 
algorithms for solar PV MPPT control under partial shading conditions." Systems and Soft Computing 4 (2022): 
200040. https://doi.org/10.1016/j.sasc.2022.200040 

[23] Sarwar, Sajid, Muhammad Annas Hafeez, Muhammad Yaqoob Javed, Aamer Bilal Asghar, and Krzysztof Ejsmont. 
"A horse herd optimization algorithm (HOA)-based MPPT technique under partial and complex partial shading 
conditions." Energies 15, no. 5 (2022): 1880. https://doi.org/10.3390/en15051880 

https://doi.org/10.3390/app11030992
https://doi.org/10.1016/j.solener.2021.01.049
https://doi.org/10.1016/j.simpat.2022.102655
https://doi.org/10.1016/j.rser.2021.111135
https://doi.org/10.1016/j.rser.2020.109719
https://doi.org/10.1016/j.egyr.2022.04.035
https://doi.org/10.1016/j.asoc.2014.06.034
https://doi.org/10.1016/j.renene.2019.03.019
https://doi.org/10.1016/j.egyr.2022.12.088
https://doi.org/10.1109/TPEL.2012.2185713
https://doi.org/10.32604/csse.2023.029457
https://doi.org/10.1016/j.energy.2022.126366
https://doi.org/10.1016/j.egyr.2022.12.152
https://doi.org/10.1109/ICEFEET51821.2022.9848311
https://doi.org/10.1016/j.egyr.2022.02.160
https://doi.org/10.1109/CAPS52117.2021.9730703
https://doi.org/10.1016/j.sasc.2022.200040
https://doi.org/10.3390/en15051880


Journal of Advanced Research in Applied Sciences and Engineering Technology 
Volume 49, Issue 1 (2025) 108-116 

116 
 

[24] Wasim, Muhammad Shahid, Muhammad Amjad, Salman Habib, Muhammad Abbas Abbasi, Abdul Rauf Bhatti, and 
S. M. Muyeen. "A critical review and performance comparisons of swarm-based optimization algorithms in 
maximum power point tracking of photovoltaic systems under partial shading conditions." Energy Reports 8 (2022): 
4871-4898. https://doi.org/10.1016/j.egyr.2022.03.175 

[25] Yadav, Uma, Anju Gupta, and Rajesh kr Ahuja. "Hardware validation of hybrid MPPT technique via Novel ML 
controller and P&O method." Energy Reports 8 (2022): 77-84. https://doi.org/10.1016/j.egyr.2022.10.067 

[26]    Raja Noor Farah Azura Raja Ma’amor Shah, Nur Amira Syahirah Azmar, Mohd Syahriman Mohd Azmi, Nor Suriya 
Abd Karim, Nor Hafizah Md Husin, Norhisam Misron, Nida Sri Utami. “Sustainable Urban Planning: Criteria for 
Efficient Photovoltaic Electric Vehicle Charging Stations Deployment in Malaysia.” Semarak International Journal of 
Electronic System Engineering (2024): 35-45. 

https://doi.org/10.1016/j.egyr.2022.03.175
https://doi.org/10.1016/j.egyr.2022.10.067

