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Abstract of a thesis presented to the Senate of Universiti Putra Malaysia in 

fulfillment of the requirement for the degree of Master of Science 

COMBINATION OF PERTURB AND OBSERVE WITH ONLINE 
SEQUENTIAL EXTREME LEARNING MACHINE FOR PHOTOVOLTAIC 

SYSTEM MAXIMUM POWER POINT TRACKING  

By

YASIR SABAH DIRA 

March 2018 

Chairman :  Mohammad Hamiruce Marhaban, PhD
Faculty :  Engineering 

Photovoltaic energy is one of the most renowned sources of renewable energy. Its 

major drawback, however, is the low efficiency of ultra-violet to electrical energy 

conversion. Irradiance and temperature are the major factors that determine its 

ability to achieve maximum power output. Maximum power point tracking (MPPT) 

is developed in photovoltaic systems to maintain the maximum power output 

produced by its source. A boost DC-DC converter with maximum power point 

tracking algorithm aids in operating at the desired voltage level. From different 

MPPT techniques previously proposed, the online sequential extreme learning 

machine algorithm and conventional perturb and observe are combined together as a 

proposed MPPT algorithm. This combination is capable of extracting energy at the 

maximum operating level of a photovoltaic module. 

The simulation work covers modelling of the photovoltaic module, and the boost 

DC-DC converter and power LED light as a load, with maximum power point 

tracking algorithm to form a photovoltaic system. This system was evaluated under 

the actual environmental data based on location and dynamic MPPT efficiency tests. 

For comparison purpose, the conventional extreme learning machine and modified 

P&O were modelled as well.  

Several factors will be triggered on the solar module performance, and the PV 

module will be degraded over time. In this thesis, the proposed method will be 

emulated under the degradation of maximum output PV current. The diode ideality 

factor was chosen to evaluate the PV output current degradation.  
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System elements are individually modelled in MATLAB/M-File and then connected 

to assess performance under different environmental conditions. The simulated 

results of the complete PV system show that the performances of the PV module 

using the proposed MPPT technique provide better output power when compared 

with the conventional ELM and modified P&O. It yields not only a reduction in 

convergence time to track the maximum power point but also significant output 

power when subjected to slow and rapid solar irradiance changes. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Master Sains 

GABUNGAN KACAUAN DAN PERHATIAN DENGAN MESIN 
PEMBELAJARAN EKSTREM TURUTAN DALAM TALIAN UNTUK 

SISTEM JEJAK TITIK KUASA MAKSIMUM FOTOVOLTAIK  

Oleh  

YASIR SABAH DIRA 

Mac 2018 

Pengerusi : Mohammad Hamiruce Marhaban, PhD 
Fakulti : Kejuruteraan 

Tenaga fotovoltan merupakan salah satu sumber tenaga boleh pulih yang paling 

terkenal. Walau bagaimanapun, kekurangan utamanya  adalah kecekapan rendah 

ultra violet kepada penukaran tenaga elektrik. Kesinaran dan suhu adalah faktor 

utama yang menentukan keupayaannya untuk mencapai output kuasa maksima. 

Penjejakan titik kuasa maksimum (MPPT) dibangunkan dalam sistem fotovoltan 

untuk mengekalkan output kuasa maksimum yang dihasilkan oleh sumbernya. 

Rangsangan penukar DC-DC dengan algoritma pengesanan titik kuasa maksimum 

dalam beroperasi pada tahap voltan yang dikehendaki. Daripada teknik MPPT 

berbeza yang dicadangkan sebelum ini, algoritma mesin pembelajaran secara 

beransur-ansur dalam talian dan perturb konvensional dan pemerhatian digabungkan 

bersama sebagai cadangan algoritma MPPT. Gabungan ini mampu mengekstrak 

tenaga pada tahap operasi maksimum modul fotovoltan.  

Kerja simulasi merangkumi pemodelan modul fotovoltan, dan merangsang penukar 

DC-DC dan kuasa LED cahaya sebagai beban, dengan algoritma pengesanan titik 

kuasa maksimum untuk membentuk sistem fotovoltan. Sistem ini dinilai di bawah 

data persekitaran sebenar berdasarkan lokasi dan ujian kecekapan MPPT dinamik. 

Untuk tujuan perbandingan, mesin pembelajaran konvensional maksimum dan P&O 

yang diubah suai juga dimodelkan.  

Beberapa faktor akan dicetuskan pada prestasi modul solar, dan modul PV akan 

degradasi dari masa ke semasa. Dalam tesis ini, kaedah yang dicadangkan akan 

dicontohi di bawah degradasi output maksimum PV semasa. Faktor kesamaan diod 

dipilih untuk menilai keluaran semasa output PV.  
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Elemen-elemen sistem dimodelkan secara individu dalam MATLAB/M-File dan 

kemudian disambungkan untuk menilai prestasi di bawah keadaan persekitaran yang 

berbeza. Hasil simulasi sistem PV yang lengkap menunjukkan bahawa prestasi 

modul PV menggunakan teknik MPPT yang dicadangkan memberikan kuasa output 

yang lebih baik jika dibandingkan dengan ELM konvensional dan P&O yang diubah 

suai. Ia bukan sahaja menghasilkan pengurangan masa penumpuan untuk menjejaki 

titik kuasa maksimum tetapi juga kuasa output yang ketara apabila tertakluk kepada 

perubahan sinar matahari yang perlahan dan pantas. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Background 

The rapidly growing demand for power and its limitation regarding available sources 

to harness energy has now become a key problem for industries. Conventional 

energy sources do not suffice to match with the rising demand for power. A key 

concern at this age is the search for alternative energy sources. Renewable energy 

has now gradually gained much popularity, and is constantly being used globally 

along with conventional systems to address the issue of energy demand. Just few 

years back, the use of alternative renewable sources such as solar, wind, water and 

geothermal energy became more common (Eltawil & Zhao, 2010). 

The most widely used renewable energy source is solar energy due to ease of its 

availability everywhere, which allows proper utilisation. Environmentally, 

photovoltaic systems are noiseless and produce negligible pollution. Economically, 

these systems do not require much maintenance and can sustain for a long time (over 

20 years). These photovoltaic systems are known for their flexibility; they can not 

only be installed on rooftops but also in rural areas that have limited availability of 

grid. However, currently, these systems are very costly and do not deliver much 

efficiency. 

In a photovoltaic system, electrical energy is generated by each solar cell directly 

from the sun in the form of solar energy. Although relatively low voltage is produced 

individually, a fair amount of power can be generated by combining numerous solar 

cells together in parallel or series to form a photovoltaic module. It is thus crucial to 

harness maximum power from a PV system. At a particular operating point known 

as the maximum power point (MPP), a certain maximum power is supplied by each 

PV cell. It is thus beneficial when the PV system operates at its maximum power 

point to maximise the PV generated power (Illanes, De Francisco, Torres, De Blas, 

& Appelbaum, 2003) (Ahmed & Salam, 2016) (Jie Wang, 2013) (Maghami, Hizam, 

& Gomes, 2014). 

PV energy is categorised under nonlinear source of energy as it relies on 

environmental conditions. However, with numerous research studies, the PV 

technology has now become more feasible and delivers better performance (Salam, 

2014). 

A typical PV system is geared with either DC–AC or DC–DC converters, which 

employs the maximum power point tracking (MPPT). Amongst DC–DC converters, 

buck, boost and buck-boost DC–DC converters are the most common configurations, 
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and they are built to deliver specific conversions of DC voltage. In this study, a boost 

DC–DC converter was selected since it can be employed to carry out step up of the 

PV output voltage. There are basically three types of PV systems: grid connected, 

standalone and hybrid. The standalone PV system makes use of a DC–DC converter 

limited to specific load for systems like water pump, DC motor, lighting and many 

more applications. The grid connected PV system employs DC–DC converters and 

DC–AC converters that are directly connected to the power grid system. In case of 

the hybrid PV system, it is generally combined with other types of electrical energy 

sources like wind system, diesel generator and others (Kashif Ishaque Z. S., 2013).

In this study, a standalone PV system has been designed specifically as presented in 

Figure 1.1. The boost DC–DC converter is used to increase PV’s output voltage to 
supply voltage to the load that can be power LED, resistor or battery. A controller is 

included in this PV system to apply MPPT algorithm by keeping in mind 

environmental conditions (sun irradiance and temperature). An elaborate detail of 

this algorithm is shown in the later section. The DC–DC converter is controlled by 

production of the duty cycle. In recent years, various MPPT methods have been put 

forward concerning PV power systems, which help in locating MPP and improve the 

efficiency of the system. The most popularly employed MPPT algorithm amongst 

other techniques is the perturb and observe algorithm due to its ease of 

implementation and simple structure. There are two major drawbacks associated 

with this technique. The first and the important one is when the irradiation changes 

quickly, it easily loses track of MPP. The other drawback is oscillations of the 

current and voltage around MPP. 

To resolve these drawbacks, in recent years, certain solutions addressing these issues 

have been published. Considering the rapid changes in irradiation conditions, in 

(Eltawil & Zhao, 2010), the enhanced P&O method, also known as “dP-P&O”, uses 
an additional measurement without perturbation in the current and voltage.  

With regards to the oscillations around MPP in steady state, in (Illanes, De 

Francisco, Torres, De Blas, & Appelbaum, 2003), a variable perturbation step is 

employed for the P&O algorithm to decrease the surrounding oscillation. This 

modified P&O method can also help in finding out whether the operating point is far 

from or near to MPP and adjust the perturbation’s size accordingly. Neural networks 

are another MPPT method, where NN’s performance relies on the functions of the 
hidden layer and how well the training of the neural network was.  

The main drawback of this MPPT technique is the need for specific data for the 

training process for every PV module and locations, since the PV module’s 
characteristics differ with change in model and the atmospheric conditions, which 

again relies on the location. Since these characteristics change with time, periodic 

training should be conducted for the neural network. 
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Figure 1.1 : Block diagram of standalone MPPT-PV system

1.2 Motivation and Problem Statement 

Two negative problems can be associated with the PV systems’ power generation. 
These issues are related to PV modules’ amount of generated power, which changes 
continuously with differing atmospheric conditions. The P–V and I–V characteristics, 

which are nonlinear in nature, can also influence the conversion efficiency and these 

change based on solar radiation and cell temperature. However, a unique point can 

be associated with the P–V and I–V curves, also known as the maximum power point 

(MPP). At this point, maximum efficiency is achieved by the PV module, which is 

also its maximum power. Therefore, various research studies have been focusing on 

maximising the power conversion to enable an increase in the overall efficiency. 

The conventional MPPT methods have gained much popularity owing to their 

structural simplicity and ease of implementation. However, these methods suffer 

from some drawbacks involving P&O algorithms, like slow response speed and 

oscillation around the MPP. Numerous works, reviews and analyses have been 

carried out to provide more details on the drawbacks, which are summarised below: 

o Poor tracking, not sufficiently intelligent, and rapid change of the irradiance 

causes drops the efficiency as it deviates from the real maximum power point 

(MPP) (Kashif Ishaque Z. S., 2011).

o Inability to confirm whether the higher new output power value was due to the 

new duty cycle value or the new irradiation amount (Mahmoud A. YOUNIS, 

2012).

o At the optimal operating point, continuous oscillations deviate the average power 

level from the MPP, especially during low irradiance (H S Sudhakar, 2013).

o It goes back and forth near the MPP and is not able to stick exactly (Nguyen, 

2015).

o Slow time response (Nguyen, 2015).
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Many works have been proposed to improve the conventional P&O MPPT method 

in order to eliminate its drawbacks. Modified P&O method was proposed to in order 

to reduce the oscillation around the MPP caused by conventional P&O (Ahmed & 

Salam, 2016). The objective of the modified P&O is to ensure that steady state 

oscillation and the deviation from the tracking locus is minimized. It was obvious 

that the modified P&O algorithm has been achieved a better perfromance than the 

conventional P&O, on other hand, the output of this method has minimized the 

oscillation but at the same time the output power does not meet the maximum 

operating point of solar module, which is lead to reduce the output efficiecny of the 

PV system.

On other hand, soft computing based MPPT such as extreme learning machine (Jie 

Wang, 2013), was proposed, in this method the MPPT technique has a good tracking 

performance with the changing of atmospheric conditions. Since ELM has been 

trained once when the network established. The limitation of this method is the 

network need to train periodically based on the characteristics of PV module which 

is based on the weather conditions. in this manner, the tracking perfromance of ELM 

MPPT does not update while the envirmental conditions changing for time to time.  

Many parameters from the environment affect the solar photovoltaic module such as 

shadow, air pollution and dust which is lead to reduce the energy yield (Maghami, 

Hizam, & Gomes, 2014). In this work, the reduction of maximum output current (I-

max) will be considered, since the maximum output current has a reverse 

proportional with the diode current, when the diode current increases the maximum 

output current of PV module decreased. On other hand, the output current of solar 

module will be decreased when the ideality factor (n) of PV’s diode increased. Thus, 

the diode ideality factor (n) will be used as a parameter to simulate the maximum 

output current’s reduction. This issue was put under consideration in this research to 

evaluate the performance of the proposed method under the maximum PV output 

current degradation.

In this work, the OS-ELM algorithm will be combined with P&O as a MPPT method 

to track the maximum power output of PV module with updating feature to achieve a 

better tracking performance of MPP. The issue of maximum output current 

degradation was put under consideration in this research to evaluate the performance 

of the proposed method under that degradation. Where, the proposed method will be 

updated every time based on the characteristics of solar module and the enviromental 

conditions. 

1.3 Research Objective 

This research focuses on the modeling of a PV system by improving the MPPT 

controller using OS-ELM and P&O, the main objectives of this work can be 

summarized as follows: 
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1. To develop circuit topology of PV boost DC-DC converter. 

2. To design, develop and integrate P&O and OS-ELM MPPT algorithm in the PV 

boost DC-DC converter with varying diode ideality factor. 

3. To compare and evaluate performance of the proposed MPPT method with the 

conventional ELM MPPT algorithm and modified P&O method at various 

environmental conditions. 

4. To test the proposed MPPT technique’s performance under the static and 

dynamic MPPT test and under the degradation of PV output current.   

1.4 Research Scope 

A MPPT-PV stand-alone power system comprises photovoltaic module, power LED 

light as a load and step-up (Boost) switching DC-DC converter, acting as the power 

interface between the PV module and the load. The system will be used to test the 

performance of proposed MPPT technique under the static and dynamic efficiency 

test of MPPT (EN 50530) (Salam, 2014). Two algorithms have been combined 

together designed and simulated in MATLAB software.

The first algorithm is called On-line sequential extreme learning machine which is 

online training algorithm of extreme learning machine, used to predict the voltage at 

maximum power point based on the temperature and sun irradiance. The second 

algorithm is conventional perturb and observe algorithm which is used to measure 

the PV  terminal voltage and current  every specific time and working together with 

OS-ELM which is suitable with the changing of atmospheric conditions. The diode 

ideality factor was chosen as a parameter of solar module to emulate the reduction of 

PV output current. Moreover, a comparison has been carried out between the 

proposed MPPT technique with extreme learning machine and modified P&O MPPT 

techniques under different value of envirmental conditions. 

1.5 Thesis Layout 

This thesis consist of 5 chapters, the introduction, literature review, methodology, 

results and discussion and lastly the conclusion with future recommendations. 

Chapter 1 describes the general background of this research, the overview of the 

thesis, the problem statement as well, proposed solution, and research objectives, 

have been described. 

Chapter 2 presents the critical review of relevant literature for PV system, also the 

techniques of maximum power point tracking (MPPT). 
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Chapter 3 outlines the details and simulation of the proposed method, with all 

procedure of the system. 

Chapter 4 shows and discusses the results obtained by the simulated PV system with 

the proposed method. As well as it is comparative with other MPPT technique. 

Chapter 5 concludes this thesis and draws the recommendations; finally, this chapter 

states the future work direction. 
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