
i 

 

 

 

 

 

 

MAXIMUM POWER POINT TRACKING TECHNIQUE UNDER  

PARTIAL SHADING CONDITION FOR PHOTOVOLTAIC SYSTEMS 

 

 

 

 

 

ROZANA BINTI ALIK 

 

 

 

 

 

 

 

A thesis submitted in fulfilment of the 

requirements for the award of the degree of 

Master of Philosophy 

 

 

 

 

Faculty of Electrical Engineering 

Universiti Teknologi Malaysia 

 

 

 

 

DECEMBER 2017



iii 

 

 

 

 

 

 

 

 

 

 

 

 

 

To my family for their ever loving support over the years. 

To my friends for their never ending motivational and support. 

 

 

 

 

 

 

 



iv 

 

ACKNOWLEDGEMENTS 

 Alhamdulillah, first and foremost, I would wish to convey my deep gratitude 

to my supervisor, Associate Prof.  Dr.  Awang bin Jusoh for his patiently guiding until 

the completion of this research.   

 

 

 Special thanks for parents (Alik bin Patang and Siti Patimang binti Allang) as 

well as my siblings (Rohani, Siti Nurbayati, Kasmah, Ros, Rini, Rozalia and Mohd 

Syamsul) who have been tolerant and support me all these three years.  Thanks for 

their encouragement, passion and emotional supports that they had passed on to me.  I 

will not able to finish this thesis without them. 

 

 

 Last but not least, I would wish to express my earnest gratitude for lab mates 

(Dr Julia, Saleem, Razman, Izni, Huda, Himadry, Mazlina and Megat), my housemates 

(Fatihah Mohd Zaid & Dr Ain), my colleagues (Atika, Naqibah, Farhanah, Baizura), 

my best friend (Rohaizad Raffe Ahmad) and all of my friends (Ridhwan Reyaz, 

Syahmeer Nasir, Syafiqah Said and etc) for their information, ideas and help for this 

project become abundant.  Not to forget, Shahnor Suzaini and Mr Zulkifli from UTEM 

who always give idea and helps for my hardware implementation.  

 

 

 I never been so grateful for having all of them as my supporters to complete 

this research.  Thank you very much again. 

 

 

 

 

 



v 

 

ABSTRACT 

Maximum Power Point Tracking (MPPT) technique extracts the maximum 

available power from the photovoltaic array (PV). Perturb and Observe (P&O) is the 

most preferable type of MPPT algorithm due to its simplicity, accuracy and low cost. 

However, when partial shading condition occurs, it produces multiple local maximum 

power points (MPPs) on the PV characteristics curve.  This causes confusion for the 

conventional P&O algorithm to track the true MPP. This thesis studies the impact of 

partial shading on the PV system and to improve the P&O algorithm by adding a 

checking algorithm into the variable step size. This checking algorithm determines the 

global maximum power by first comparing all existing peak points before the P&O 

algorithm identifies the voltage at MPP to calculate the duty cycle of the boost 

converter. The PV power and voltage rating used for this research are 42 W and 17 V, 

respectively. The boost converter can double the PV output voltage. The simulation 

results have proven that the proposed algorithm is able to track the global MPP with a 

tracking efficiency of 99.96%. This has been verified by hardware implementation of 

the proposed algorithm using Arduino Mega 2560. The proposed MPPT algorithm also 

provides better stability with less percentage error on the PV output voltage and power 

compared to using the conventional P&O MPPT algorithm.  
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ABSTRAK 

Teknik Penjejakan Titik Kuasa Maksimum (MPPT) boleh mendapatkan kuasa 

maksimum dari tatasusun fotovolta (PV).  Algoritma Usik dan Perhati (P&O) adalah 

satu teknik yang sangat berkesan memandangkan ianya mudah, tepat dan kos rendah.  

Walau bagaimanapun, apabila keadaan separa teduh berlaku, ianya menghasilkan 

lebih dari satu titik kuasa maksimum (MPP) pada lengkungan ciri PV. Ini akan 

menyebabkan kekeliruan kepada teknik algoritma konvensional P&O untuk mengesan 

titik sebenar MPP.  Tesis ini mengkaji kesan PSC kepada sistem PV dan 

menambahbaik algoritma P&O MPPT dengan menambah algoritma semakan ke 

dalam saiz langkah yang berubah.  Algoritma semakan ini menentukan kuasa 

maksimum global dengan membandingkan semua puncak maksimum yang wujud 

sebelum algoritma P&O bertindak untuk mengesan voltan pada MPP bagi mengira 

kitar tugas untuk penukar galak.  Kadar kuasa dan voltan PV yang digunakan untuk 

kajian ini ialah masing-masing 42 W dan 17 V.  Penukar galak boleh menggandakan 

voltan output PV.  Keputusan simulasi telah membuktikan algoritma yang 

dicadangkan mampu mengesan MPP global dengan kadar keberkesanan sebanyak 

99.96%.  Ini ditentusahkan dengan keputusan ujian perkakasan menggunakan Arduino 

Mega 2560.  Algoritma MPPT yang dicadangkan juga lebih stabil dengan dengan 

peratusan ralat yang lebih rendah pada voltan output PV berbanding penggunaan 

algoritma konvensional P&O MPPT. 
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CHAPTER 1 

INTRODUCTION 

 

 

 

 

1.1 Background of Study 

 

 

In the last two decades, the electricity demand from the people all over the 

world has introduced renewable energies into the industry.  Among all types of the 

renewable energies, solar is one of the most popular energy that has been used by the 

people until this day. 

 

 

The energy is harvest through the Photovoltaic (PV) System which converts 

the solar energy to the electrical power. With the sun as the source, it said to be the 

most promising renewable energy. However, the installation cost for solar PV is quite 

high and the conversion efficiency is very low which in the range of 12% ~ 20% [1].  

Plus, the output power is highly depending on the solar irradiation and the panel 

temperature.  The irradiation level will affect the level of output power and the high 

temperature would contribute to high power loss [2, 3].  This had made the solar energy 

to become the unattractive choice for the electricity user.  Therefore, many studies 

have been done by the researchers focusing on improving the solar PV’s efficiency. 

 

 

One of the control technique use to extract the utmost available power from the 

PV array is Maximum Power Point Tracking (MPPT) [4].  MPPT is valid for any PV 

configuration – PV module, PV panel or PV array, but most of the MPPT 

implementation is in array level.  MPPT is placed between the solar PV and DC-DC 

converter as shown in Figure 1.1. 
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Figure 1.1: Configuration of Maximum Power Point Tracking (MPPT) system 

 

 

 

 

Figure 1.1 shows a standard MPPT system whereby irradiance, G and 

temperature T act as the stimulant towards the PV outputs. The PV voltage, VPV and 

PV current, IPV used as the inputs for the MPPT algorithm to produce optimum duty 

cycle for the DC-DC converter. There were several MPPT techniques that have been 

proposed and implemented such as Perturb and Observe (P&O) algorithm, Incremental 

Conductance (IncCond) and Fractional Open Circuit Voltage [4].  

 

 

All techniques differ in terms of complexity, accuracy, and speed.  Every 

technique has its own control variable: voltage, current, or duty cycle [5].  Most of the 

researchers were normally using a P&O algorithm since it was much simpler and cost-

effective compared to the other methods [6].  Yet, it also had steady-state oscillation 

problem and unable to track the true Maximum Power Point (MPP) under partial 

shading condition (PSC) [7-11]. 

. 
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1.2 Problem Statement 

 

 

Perturb and Observe (P&O) is a most preferable type of MPPT algorithm due 

to the simplicity, better accuracy and low cost.  P&O algorithm is using power and 

voltage as the control variable.  The idea of the P&O algorithm is basically perturbing 

or shifting the solar PV operating point based on the sign of the PV power last 

increment.  As the PV power is increasing, the perturbation will be in the same 

direction and once the it starts to decrease, the perturbation is reverse [12].  

 

 

Figure 1.2 illustrates the working principle of the P&O algorithm in tracking 

the MPP.  The initial tracking point could be any point on the PV curve depends on 

the set up algorithm.  It will increase continuously with the given step size until the 

sign of increment starts to be in negative, the tracking will reverse its direction.  It will 

be keep oscillating at that area with a constant step size until the end of operation and 

thus become the critical weakness for P&O MPPT algorithm.  Hence, an accurate MPP 

is difficult to obtain due to the oscillation problem and eventually contribute to power 

losses.  Larger step size would give faster response, but higher power loss.  In contrast, 

smaller step size would contribute to the low power loss but slower response [13].  

Nevertheless, these problems can be solved by having a variable step size of P&O 

algorithm [14]. 

 

 

Another major drawback of the conventional P&O MPPT algorithm is its 

inability to extract the maximum power from the partially shaded of solar PV [15].  

Figure 1.3 depicts the characteristic of the PV curve when the solar PV in partial 

shading condition (PSC).  Two peak-points occurred on the PV curve; local and global 

MPP respectively.  The MPPT algorithm extract the real peak-point, global MPP while 

local MPP is another peak-point existed due to the PSC.  The number of peak-points 

appeared on the PV curve is depending on the number of bypass diode used in the solar 

PV [16].  These multiple peak-points had caused confusion to the P&O MPPT due to 

the PV’s non-linear characteristic. When the same tracking process occurred again, but 

this time the algorithm is oscillating and trapped at the local MPP.  Consequently, the 

solar PV would yield lower power outputs for the system.  The process of perturbing 
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and observing cannot continue because of the algorithm itself; whenever, the power 

starts to decrease, the perturbation will be in reverse direction.   

 

 

 

Figure 1.2: PV curve under constant irradiation with P&O MPPT 

 

 

 

Figure 1.3: PV curve under partial shading condition with P&O MPPT algorithm 
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The partial shading on PV system cause some of the solar cells unable to 

receive any sunlight and the shaded cells become reverse biased by the other cells 

exhibiting high resistance.  Consequently, the non-uniform temperature would occur 

over the whole cell area [15].  

 

 

PSC could also contribute to the enormous power dissipation in a small area 

due to the breakdown in localize region in the cell p-n junction.  Besides, PSC becomes 

a major problem for large PV array since it will alter the PV parameters such as short 

circuit current, open circuit voltage, fill factors and some other aspects [17]. 

 

 

Concisely, the conventional P&O MPPT algorithm establish two major issues; 

steady state oscillation problem and unable to track true MPP under PSC.  These 

problems give impact on the maximum available power extracted by the MPPT.  

Therefore, the tracking algorithm should be modified so that it can be work efficiently 

under any irradiation level.  

 

 

Many researchers had come out with various modifications on the algorithm to 

overcome these two issues [18].  Thus, this work will proposes an improved modified 

P&O algorithm with much simpler and lower cost compares to the others. 

 

 

1.3 Objectives 

 

 

The objectives of this project are:- 

1. To modify and improve the tracking efficiency of the conventional Perturb and 

Observe algorithm under partial shading condition. 

2. To analyze the stability and the response of the MPPT system under partial 

shading condition. 
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1.4 Scope of Research 

 

 

The work in the thesis basically proposes a better way to overcome the 

drawbacks of conventional Perturb and Observe (P&O) Maximum Power Point 

Tracking (MPPT) especially during partial shading condition (PSC).  An MPPT 

system with the solar module, MPPT algorithm and boost converter are modeled using 

MATLAB/ Simulink and implemented using Arduino Mega 2560.  A total of 36 solar 

cells are arranged in a series configuration for the solar module with 42 W PV power 

and 17 V PV voltage rating.  The solar simulator has been designed as displayed in 

Appendix A for the hardware implementation purpose.  In this work, the boost 

converter operates in open loop condition with the boosted voltage set at 32 V, twice 

the input voltage with the assumption that the maximum input voltage is 16 V.  This 

research will only focus on the irradiation factor.  The temperature factor is neglected 

because the change in ambient temperature does not significantly affect the PV cell 

and the dynamic response [19-22]. 

 

 

1.5 Structure of Thesis 

 

 

The thesis is organized as follows: 

 

 

Chapter 1 discusses the general idea of the project and briefly introducing the 

background of the study, the objective, the scope of the project and the methodology 

that will be taken.   

 

 

Chapter 2 reviews more on the parts of MPPT system: solar PV, DC-DC 

converter and MPPT algorithms.  Several MPPT algorithms are elaborated thoroughly 

as well as the explanation on the effects of having partial shading condition towards 

the solar PV.   

 

 

Chapter 3 would cross on the method used for this research.  The methodology 

includes the simulation works using MATLAB/ Simulink and hardware 

implementation.   
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Chapter 4 depicts all results obtained from the MPPT system tested under 

different types of P&O algorithms and the tracking efficiency.   Furthermore, detail 

discussion on the obtained results are discussed and explained. 

 

 

Chapter 5 provides the conclusion and some recommendation for the future 

researchers to have a better idea.  Besides, this section also highlights this research 

contribution in solar PV field.   
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