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CONVERTER WITH DUAL-FUZZY LOGIC CONTROL-BASED MAXIMUM
POWER POINT TRACKING

By
TANASELAN RAMALU

May 2016

Chairman : Mohd Amran Mohd Radzi, PhD
Faculty : Engineering

Among renewable energy sources, solar energy used in photovoltaic (PV) system is the
most favorite list in renewable energy researches today. Due to its maintenance free,
ease of implementation and free of pollution, its demand increases rapidly in residential
and industrial applications. However, PV cell appears to have low power efficiency in
the range of 15-30% and its market price is still expensive; these factors are the main
disadvantages. Due to its nonlinear characteristic, a control technique, known as
maximum power point tracking (MPPT), is a must in PV system in order to make sure
that the output power of PV system is always staying at maximum power point (MPP).
In general, MPPT can be divided into conventional and artificial intelligent algorithms.
The most popular conventional algorithms are perturb and observe (P&O) and
incremental conductance (IC). Their main weakness is these algorithms always fail to
track MPP and high oscillation occurs whenever the sunlight (irradiance) changes
frequently. Among artificial intelligent algorithms used in MPPT are neural network,
fuzzy logic control (FLC) and genetic algorithm. In this work, FLC was selected
because it is easy to be implemented and does not require mathematical model in its
design.

Dc-dc converter is used in most PV systems where it is attached with PV together with
MPPT to obtain the maximum power transfer. In this work, single-ended primary-
inductor converter (SEPIC) is preferred due to the need to perform both boost and buck
operations depending on the supplied duty cycle to the converter’s switch. SEPIC also
has explicit advantage over buck-boost converter where the output voltage polarity in
SEPIC is not inverted as output voltage polarity in the buck-boost converter. Dual FLC
MPPT is proposed in this work to support both operations of SEPIC. The first FLC part
is for lower duty cycle (buck) and the second FLC part is for higher duty cycle (boost).
Meanwhile, to realize dual-operation of SEPIC, dual-load approach has been applied
by selecting suitable load resistance, which could achieve MPP with specific irradiance
and duty cycle.



Simulation work has been done by using MATLAB/ Simulink software. The work
scopes under simulation include the PV modelling, SEPIC configuration, designing
dual FLC MPPT and also designing load switching controller. In hardware
configuration, solar simulator is used instead of PV panel. To make sure that both loads
have continuous supply of power, two DC supplies have been attached to respective
loads with additional of two intermediate controllers which are designed to control the
switching of DC supplies and SEPIC converter connections (from PV) to both loads.
Based on both simulation and experimental works, the SEPIC with dual FLC MPPT
has performed with much more stable, faster response time, less oscillation and less
ripples output as compared to P&O algorithm. In addition, through its operation with
dual loads, maximum power has been obtained at lower irradiance by using higher
resistance load, and during high irradiance, lower resistance load is needed in order to
achieve maximum power.
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TANASELAN RAMALU

Mei 2016

Pengerusi : Mohd Amran Mohd Radzi, PhD
Fakulti . Kejuruteraan

Antara sumber tenaga yang boleh diperbaharui, tenaga solar yang digunakan dalam
sistem fotovolta merupakan pilihan utama dalam kajian sumber tenaga yang boleh
diperbaharui. Disebabkan oleh sistem ini tidak perlu penyelenggaraan, mudah
digunakan dan bebas pencemaran, permintaannya meningkat dengan pantas bagi
kegunaan perumahan dan industri. Walau bagaimanapun, sel fotovolta menunjukkan
kecekapan kuasa yang rendah dalam julat 15-30% dan harga pasaran yang masih
mabhal; faktor-faktor ini adalah kelemahan utamanya. Disebabkan cirinya tak linear,
satu teknik kawalan, dikenali sebagai pengesanan titik kuasa maksimum, perlu bagi
sistem fotovolta untuk memastikan kuasa keluaran maximum sentiasa berada pada titik
kuasa maksimum. Umumnya, pengesanan titik kuasa maksimum boleh dibahagikan
kepada algoritma konvensional dan pintar buatan. Algoritma konvensional yang paling
popular adalah usik dan cerap, dan kealiran tambahan. Kelemahan utama kedua-duanya
adalah sentiasa gagal untuk mengesan titik kuasa maksimum dan ayunan tinggi berlaku
apabila cahaya matahari (sinaran) sering berubah. Antara algoritma pintar buatan yang
digunakan dalam pengesanan titik kuasa maksimum adalah rangkaian neural, kawalan
logik kabur dan algoritma genetik. Dalam kerja ini, kawalan logik kabur dipilih kerana
ia mudah untuk dilaksanakan dan tidak memerlukan model matematik dalam reka
bentuknya.

Penukar dc-dc digunakan dalam kebanyakan sistem fotovolta di mana ia dipasang
dengan fotovolta bersama-sama dengan pengesanan titik kuasa maksimum untuk
mendapatkan pemindahan kuasa maksimum. Dalam kerja ini, penukar galangan utama
tunggal terakhir menjadi pilihan kerana keperluan untuk melaksanakan kedua-dua
operasi lekuk dan galak yang bergantung kepada kitar tugas yang dibekalkan kepada
suis penukar ini. Penukar ini juga mempunyai kelebihan yang jelas berbanding penukar
lekuk-galak di mana kekutuban voltan keluaran dalam penukar ini tidak terbalik seperti
kekutuban voltan keluaran dalam penukar lekuk-galak. Pengesanan titik kuasa
maksimum dwi kawalan logik kabur dicadangkan dalam kerja ini untuk menyokong
kedua-dua operasi penukar galangan utama tunggal terakhir. Bahagian kawalan logik
kabur pertama adalah untuk kitar tugas yang lebih rendah (lekuk) dan bahagian kedua
adalah untuk kitar tugas yang lebih tinggi (galak). Sementara itu, untuk merealisasikan
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dwi operasi penukar, pendekatan dwi beban telah digunakan dengan memilih rintangan
beban bersesuaian, yang boleh mencapai titik kuasa maksimum dengan sinaran tertentu
dan kitar tugas.

Kerja simulasi telah dilakukan dengan menggunakan perisian MATLAB / Simulink.
Skop kerja di bawah simulasi termasuk pemodelan fotovolta, konfigurasi penukar,
mereka bentuk pengesanan titik kuasa maksimum dwi kawalan logik kabur dan juga
mereka bentuk pengawal pensuisan beban. Dalam konfigurasi perkakasan, simulator
solar digunakan dan bukannya panel fotovolta. Bagi memastikan bahawa kedua-dua
beban mempunyai bekalan kuasa berterusan, dua bekalan DC telah dipasang pada
beban masing-masing dengan tambahan dua pengawal perantaraan yang direka untuk
mengawal penukaran sambungan bekalan DC dan penukar (dari fotovolta) kepada
kedua-dua beban. Berdasarkan kedua-dua kerja simulasi dan eksperimen, penukar
galangan utama tunggal terakhir dengan pengesanan titik kuasa maksimum dwi
kawalan logik kabur telah beroperasi dengan lebih stabil, sambutan yang lebih pantas,
kurang ayunan dan kurang keluaran riak, berbanding algoritma usik dan cerap.
Tambahan pula, melalui operasinya dengan dwi beban, kuasa maksimum telah
diperolehi pada sinaran yang lebih rendah dengan menggunakan beban rintangan yang
lebih tinggi, dan pada sinaran tinggi, beban rintangan yang lebih rendah diperlukan
untuk mencapai kuasa maksimum.
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CHAPTER 1

INTRODUCTION

1.1 Background

In these recent days, research works in renewable energy field has rapidly been
increasing to find an ultimate solution for increasing fossil fuel price and diminishing
fossil fuel storage. To empower the world in future, generation of energy with low cost
and no pollutions is vital to cater critical problem like global warming. There are a few
potential types of renewable energy, currently being used and researched, to obtain
higher efficiency. Among them, solar energy is widely explored. In related to solar
energy, photovoltaic (PV) technology has attracted strong interest due to its
maintenance free, ease of implementation and free of pollution. Its demand increases
rapidly for residential and industrial applications. However, PV cell appears to have
low power efficiency in the range of 15-30% and its market price is still expensive,
which contribute to significant disadvantages to this technology.

In a PV system, PV panels will usually be connected either to DC-DC converter or to
DC-AC converter to obtain its maximum power. PV system can be divided into three
categories, which are standalone, grid-connected and hybrid. Standalone PV system is
usually connected to DC-DC converter in order to run certain type of loads such as DC
motor, water pump, and lighting. Grid connected PV system will be connected to DC-
AC converter to directly connect to power grid system. In PV hybrid system, other
possible energy sources such as wind, biomass or/and fossil fuel generator will be
connected together with PV system.

DC-DC converter is the converter that changes the direct current (DC) voltage level at
its output either increases or decreases the voltage, so that the output voltage is suitable
to supply the required voltage to the system. Among DC-DC converters, the popular
configurations are buck, boost, buck-boost, CUK and single-ended primary-inductor
converter (SEPIC) converters, and in this work, SEPIC converter was preferred due to
its ability to step up and step down the output voltage. Furthermore, the output voltage
polarity of SEPIC converter is the same as the input voltage polarity, unlike buck boost
and CUK converters.

PV output power depends on two important factors, which are sun irradiance and
ambient temperature. Sun irradiance is directly proportional to PV output current and
power. Higher irradiance will produce higher PV output power and current. However,
temperature has the opposite effect where its higher value will reduce the PV output
power. Meanwhile, PV cell has nonlinear characteristics and the PV output power will
be oscillating and not static at one point. In order to control the maximum power point
(MPP), an algorithm called Maximum Power Point Tracking (MPPT) has been
attached together. There are many previous research works have been done in the field
of MPPT. Basically, MPPT can be divided into two categories, which are traditional
and artificial intelligence algorithms. The traditional algorithm is a simple algorithm
which uses comparison method and it is easier to be implemented. Examples of
traditional MPPT are Perturb and Observe (P&O), incremental conductance, voltage
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based peak power tracking and current based peak power tracking (A. Rubaai et al.,
2004). The most common MPPT is P&O due to its ease of implementation as
compared to other algorithms.

Alternatively, implementations of artificial intelligence methods as MPPT algorithms
are rapidly increasing due to high efficiency performance, and better and precise
results, as compared to traditional algorithms. Among artificial intelligence techniques
in development of MPPT are fuzzy logic controller (FLC), neural network, Neuro-
fuzzy and genetic algorithm (Salah and Ouali, 2011; Messai et al., 2011). FLC is the
most common technique to be used due to its ease of implementation and complicated
mathematical model is not required.

1.2 Problem statement

Traditional algorithm such as P&O has its own drawbacks, even when the irradiance is
stable at a certain time, it oscillates around MPP and the output power consists of
noises due to the fluctuation. When there are rapid changes in irradiance, P&O
definitely fails to track MPP and it has high settling time, rising time, and overshoot at
the output power.

Since number of dc based equipment operated at various dc levels is growing higher,
having dc-dc converter with ability to produce various dc outputs is preferable. Most
DC-DC converters such as buck-boost and CUK have inverted polarity in their output
value.

Switching a resistor load between two sources; non-linear source such as PV and linear
source such as DC supply exhibit different voltage characteristics during switching at
different irradiances. When the power supply of resistor load is switched from DC
supply to PV at low irradiance, undershoot of voltage occurs during switching.
However, during the switching from DC supply to PV at high irradiance, high
overshoot voltage occurs. During the low irradiance, high resistance is used and during
the high irradiance, low resistance is used. An algorithm is needed to cater both
overshoot voltage problem and undershoot voltage problem.

1.3 Aim and objectives

The main aim of this work is to develop a standalone PV Based SEPIC with Dual FLC

Based MPPT for Dual-Load Operation. The detailed objectives are as follows:

. To design and develop circuit topology of PV based SEPIC dc-dc converter
which will integrate dual FLC MPPT algorithm.

. To design, develop and integrate load changing and intermediate controllers to
control switching of dual-load operation.

. To evaluate dynamic performance of SEPIC converter during buck and boost
operations in two different loads at different irradiance levels by applying dual
FLC MPPT.



o To assess and analyze characteristics of output voltages of two resistance

loads  during switching from non-linear source to linear source (PV supply to DC
supply) and also the switching from linear source to non-linear source (DC
supply to PV supply).

Circuit was constructed and simulated with the proposed MPPT algorithm and the
assigned loads. The proposed design was then examined and verified in the laboratory
through development of the hardware prototype.

14 Scope and limitation of work

This thesis aims at simulating and implementing the dual FLC MPPT in PV based
SEPIC converter for dual-load operation with two specific irradiances, where one for
high irradiance (700 W/m?) and one for low irradiance (200 W/m?) are selected. For
simulation purpose, the PV module and SEPIC converter were modeled in
MATLAB/Simulink. In hardware implementation, PV simulator is used instead of real
PV module due the requirement of performing rapid changing of the irradiance.
Temperature is assumed to be fixed at 30°C for simulation and hardware development.
As compared to irradiance, change of temperature occurs very slowly, so the
temperature effect can be neglected. Regarding loads, resistors are being used for both
loads where one is high value resistor (50€2) and another one is low value resistor (2Q).

15 Thesis Outline

This subchapter explains briefly about the content of the thesis by chapters. There are
other 4 chapters that will be covered in this thesis and is organized as such:

Chapter 2 defines PV technology, presents a survey of PV systems including topologies
and principles or operation, discusses dual FLC MPPT algorithms applied to PV
system, highlights and reviews previous and latest development of SEPIC dc-dc
converter, and gives a brief introduction on DSP.

Chapter 3 describes methodology of modelling a PV module, development of SEPIC
dc-dc converter, design of new MPPT algorithm which is named as Dual FLC MPPT
algorithm, and integration of MATLAB/Simulink and DSP, in both simulation and
experimental works.

Chapter 4 presents findings and results obtained in simulation and experimental works,
including PV characteristics, maximum power, input and output voltages of the PV
system, and time responses achieved through the developed MPPT.

Chapter 5 concludes the findings and recommends possible future works.
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