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Pelaksanaan Pengawal Tugasan Kutub Adaptif PID terhadap Penukar DC-DC
untuk Sumber Tenaga Boleh Diperbahar ui

ABSTRAK

Thesis ini membentangkan pelaksanaan pengawa tugasan penukar DC-DC untuk
sumber tenaga boleh diperbaharui. Kgjian ini melibatkan pemodelan dan pembangunan
penukar yang dicadangkan; penailk dan penurun voltan yang dikawal oleh Pengawal
Tugasan Kutub Adaptif PID. Kagjian ini juga melibatkan pengumpulan data daripada
sinaran suria, suhu, dan kelgjuan angin. Kedua-dua penukar digunakan untuk menukar
input DC tidak dikawal kepada output DC dikawal ke tahapvoltan yang dikehendaki.
Sistem 24V/12V digunakan untuk penurun voltan, manakala 12V/24V seras untuk
penaik voltan. Dalam penukar DC-DC, voltan output kebiasaannya adalah tidak stabil.
Menjadi keperluan dalam sistem kawalan untuk penukar adalah untuk mengekakan
voltan keluaran secara berterusan tanpa mengira perubahan dalam sumber voltan DC
dan arus beban dalam sistem gelung tertutup. Dalam mengawal selia output daripada
panel solar dan turbin angin yang dalam bentuk arus terus (DC), output voltan yang
berterusan diperlukan untuk dibekalkan, kepada peralatan elektronik. Oleh itu, satu
teknik penukaran dalam bentuk DC-DC diperlukan yang dikenali sebagai penukar.
Selain itu, keperluan dalam sesebuah, sistem kawalan untuk satu sistem yang stabil
haruslah mempunyai penetapan masa yang pantas dan kurang voltan terlgjak. Walau
bagaimanapun, voltan keluaran’penukar kebiasaannya adalah tidak stabil dan berayun
terutama sekali di awa tindakbalas. Unsur-unsur redaman yang sedia ada seperti;
perintang dan peraruh dalam litar penukar, menyumbang kepada peratusan yang tinggi
kepada voltan terlgakidan riak voltan keluaran. Secara praktikal, voltan terlgak yang
tinggi boleh menyebabkan percikan arus dan boleh membahayakan kepada pengguna.
Oleh itu penukar ‘dengan pengawal diperlukan untuk mengatasi masalah ini. Data-data
daripada sinaran suria, suhu, kelgjuan angin dianalisis untuk mengetahui potens tenaga
solar dan-angin di Perlis. Data-data ini diperoleh menggunakan stesen cuaca yang telah
dipasang-di Pusat Kecemerlangan untuk Tenaga Diperbaharui (CERE), yang terletak di
Kangar; Perlis. Berdasarkan purata sinaran solar bulanan bagi tahun 2011, bacaan
purata sinaran suria adalah 1229W/m? manakala kelgjuan tertinggi angin direkodkan
pada 26.56m/s. Ini menunjukkan bahawa kedua-dua tenaga ini berpotensi dalam
penjanaan kuasa solar dan angin di Perlis. Sementara itu, prestasi penukar DC-DC dan
pengawal yang dicadangkan telah dinilai dari segi peratus |ajakan dalam voltan keluaran
dan juga semasa aruhan menggunakan perisian Matlab / Simulink dengan menganalisis
kesan unsur redaman; perintang. Kemudian, keputusan yang diperolehi akan dinilai
dengan keputusan yang diperolehi melalui eksperimen. Kedua-dua penukar ini
kemudiannya akan dilaksanakan ke dalam masa nyata dengan mengaplikasikan
mikropengawa PIC. Berdasarkan daripada keputusan simulasi, prestas penukar yang
disimulasi dengan nilai perintang beban yang dikira; 40Q, menunjukkan hasil yang
lebih baik berbanding dengan nilai percubaan, 84Q walaupun dismulasikan bersama-
sama dengan pengawal yang dicadangkan. Selain itu, keputusan ujikaji menunjukkan
bahawa pengawal yang dicadangkan mampu dalam mengurangkan berlakunya terlgjak
dalam voltan keluaran dan aruhan semasa selain memberikan prestasi yang lebih baik
dengan mengurangkan ayunan dalam keadaan mantap dan pantas. Secara
keseluruhannya, keputusan simulasi dan keputusan eksperimen yang dinilai telah
membuktikan yang memuaskan pengawa yang dicadangkan amat memuaskan dan
sesuai untuk dipraktikkan bersama-sama penukar DC-DC juga dalam sistem tenaga.

XV



I mplementation of Adaptive Pole Assignment PID Controller on DC-DC
Convertersfor Renewable Energy Sour ces

ABSTRACT

This thesis presents the implementation of adaptive pole assignment PID controller on
DC-DC converters for renewable energy sources. This study involves the modeling and
development of proposed converters, buck and boost converter that controlled by an
adaptive pole assignment PID controller. This study also involves the data collection of
solar irradiance, temperature, and wind speed . Both converters are used to convert
unregulated DC input to a controlled DC output to a desired voltage level. The system
of 24V/12V is applied to a buck converter while 1224V is compatible to boost
converter. In DC-DC converters, the output voltage on itsdlf is usually unstable. The
necessity of a control system for the converter is te‘maintain a constant output voltage
regardless of variations in DC source voltage and the load current in closed-loop
system. In regulating the output from a solar panel and wind turbine which is in direct
curent (DC) form, a constant output voltage is needed to supply to
electronicg/electronic appliances. Thus,~a sophisticated conversion technique for DC-
DC form is required which is known as a converter. Besides, the requirement of a
control system for a stable system should be with faster settling time and less overshoot
voltage. However, the output veltage of the converters on itself is usualy unstable and
oscillates especialy at the beginning of the transient response. The existing of the
damping elements; resistorand inductor in the circuit of the converters contribute to the
high percentage of overshoot voltage and output voltage ripple. Practically, the high
overshoot voltage may lead to spark current which it could harm to consumers.
Therefore a converter with a controller is needed to overcome the problem. The data
collection of solar irradiance, temperature, and wind speed were analysed to know the
potential of (solar and wind energy application in Perlis. These data were measured
using weather station that already installed at the Centre of Excellent for Renewable
Energy \(CERE), located in Kangar, Perlis. Based on the average monthly solar
irradiance for the year 2011, the average reading of solar irradiance is 1229W/m? while
the highest speed of wind is recorded at 26.56m/s. This show that both energies have a
potential PV and wind power generation in Perlis. Meanwhile, the performance of DC-
DC converters and the proposed controller have been evaluated in terms of percentage
of overshoot in the output voltage as well as inductance current using Matlab/Simulink
software by anaysing the effect of damping element; load resistor. Then, the results
obtained will be evaluated with experimental results. These converters are then have
been implemented into real-time with application of PIC microcontroller. Based on the
simulation results, the performance of converters that simulated with the calculated
value of the load resistor; 40Q, show a better result compared to trial and error value,
84Q whenever simulated with the proposed controller. Besides, the experimental results
show that the proposed controller is capable in minimizing the occurrence of overshoot
in output voltage and inductance current besides provide a better performance by
reducing the oscillation in steady state and faster settling time. Overal, the simulation
results and experimental results are evaluated and prove a satisfactory of the proposed
controller to adapt with DC-DC converters as well as in these energy system.

XVi



CHAPTER 1

INTRODUCTION

1.1 Resear ch Overview

Recently, control applications of DC-DC- converters have been widely
investigated particularly in renewable energy, as the primary sources. The most
significant concern of research and development in this field is aways to find the most
suitable control method to be implemented in DC-DC converter topologies. Thus, the
objective of this work is carried out in selecting a control method that capable to
improve the functioning.of the converters as well as reducing the effect of disturbances
and |load variances.

In thiswork, two different topologies of DC-DC converters are modelled, where
the boest converter is commonly used for solar systems while buck converter for wind
energy systems. Both converters are used to convert unregulated DC input to a
controlled DC output to a desired voltage level. The system of 24V/12V is applied to a
buck converter while 12V/24V is compatible to boost converter.

A recent control method of adaptive pole assignment PID is selected and its
effects on the output of DC-DC converters are examined. The state space average
models of the converters are linearized to obtain the derivation of the small signal model
using the classical linear control technique in order to design a linear control system.

Modelling and simulation of the research is done using Matlab/Simulink software



environment and subsequently real time implementation using a PIC microcontroller is
devel oped.

The effect of PID controller on the steady state response of DC-DC convertersin
the second order system is analysed using different component variations. In this work,
the studies will be focused on modelling two different converters that based on the basic
theories of the converter design and topologies. Mathematically, the controller is
designed by applying pole assignment method and adaptive eontrol.

Theoretically, even in asmall system damping.element that caused by electronic
components such as an inductor and resistor “will contribute to unsatisfactory
performance of the converters. Thus, the studies also will be concentrated on this matter
to find the best parameters of the converters that produce a better performance. The
simulation and laboratory experiment will be conducted to validate the performance of
the converters. The criterfa of second order system; rise time, the percentage of
overshoot voltage, settling time, and steady state error, are carried out to justify the
performance of the converters. The results obtained from the simulation and experiment

will be analysed and compared.

1.2  Research Objective

The most important goal of this research is to study and implement a recent
method of adaptive pole assignment PID to control DC-DC converters. The specific
objectives of thiswork can be summarized as follows:

i. To model two different DC-DC converter topologies and adaptive pole
assignment PID controller using an averaging technique and classical

method.



To enhance the performance of converters with less overshoot voltage
and faster settling time.

To anayse the effect of damping e ement in DC-DC converters.

1.3 Problem Statement

In DC-DC converters, the output voltage on itself-is usually unstable. The

necessity of a control system for the converter is te‘maintain a constant output voltage

regardless of variations in DC source voltage and the load current in closed-loop

system. Consequently, there are a few problems should be met in order to meet the fast

transient response, hence to ensure’ the satisfactory functioning of this system. The

specific problems are as follows:

1

In regulating the output from a solar panel and wind turbine which isin
direct current (DC) form, a constant output voltage is needed to supply to
electronicg/electronic  appliances. Thus, a sophisticated conversion
technique for DC-DC form is required which is known as a converter.
The requirement of a control system for a stable system should be with
faster settling time and less overshoot voltage. However, the output
voltage of the converters on itself is usually unstable and oscillates
especially at the beginning of the transient response.

The existing of the damping elements; resistor and inductor in the circuit
of the converters contribute to the high percentage of overshoot voltage
and output voltage ripple. Practicaly, the high overshoot voltage may
lead to spark current which it could harm to consumers. Therefore a

converter with a controller is needed to overcome the problem.

3



1.4  Scopeof Work

The primary focus of this work is to develop a controller of DC-DC converters
which provided a good regulation toward the system of the converters in photovoltaic
system as well as wind system. The data of solar irradiance, temperature, and wind
speed are collected at the beginning of this work to provide a supporting data for
renewable energy. The data are taken into account to. study the potential of both
energies in Perlis in order to develop the converterscdesign of both systems. Circuit
design of buck and boost converter are based.from the basic theories and literature
studies. This work is continued by designing a PID controller by applying pole
assignment and adaptive method based on the small signal control-to-output transfer
function of both converters. The'ssmulation of DC-DC converters and controller is done
using Matlab/Simulink as well as Proteus. The implementation of the hardware design
of the converters and the controller is done for testing and measuring the practical
performance. Finally, the data from simulation and experimental will be analysed and a

comparison study of the converter's performance with previous work will be carried out.

15 ThesisOrganization

This thesis is organized into five chapters. Chapter 2 covers the basic topologies
of different types DC-DC converters and their operations, including an explanation
about controllers. Likewise, there are some reviews from previous works included
together in this chapter with some explanations about renewable energy system,

especially wind energy system and solar PV system in Malaysia.



Chapter 3 reviews the methodology and design of the converters and controllers
that involved in this work. The methods including of software and rea-time
implementation are explained details in this chapter in order to achieve a better
validation of results that will discussed in Chapter 4.

In Chapter 4 explained details about the results obtained from the software and
real-time implementation. There are also included discussions and comparison data with
previous works attached together to gain a better analysis at the end of this research.

Chapter 5 is the final chapter that presentsa‘conclusion of this research.
Research findings is presented to find a better_'solution for the problem encountered
during the experiment. Likewise, there are aso concluding an improvement of work by
proposing future work as well as commercialization potential beyond this study in this

chapter.



CHAPTER 2

LITERATURE REVIEW

21 Overview

This chapter reviews past work done for DE-DC converters controlled by an
adaptive Proportional-Integral-Derivative (PID) controller with the application of pole
assignment method which is required on,demand to achieve better performance of the
overal system. Its rising importance’in industrial applications and green technology is
due to the need to improve the system so that it can be adapted with existing technology
of renewable energy and become more efficient in manufacturing. All reviews come
from different sources which consist of various methods, in order to obtain a
comprehensive view about the latest technique and technology of controller for DC-DC
converters. Thus, a comparative study can be done amongst converters and controllers

iavolved so that a better performance can be obtained.

2.2 Critical Review

PID controller has been designed in 1890s and since that there is a lot of
improvement has been done on it thus more approaches were developed to adapt to the
latest technology. From conventional method, nowadays PID was improved to the
digital controllers that widely implemented with microcontroller, field-programmable

gate array (FPGAS), or digital signa processor (DSP). This method has successfully
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devel oped through the design of DC-DC converters that controlled by DSP based on the
implementation of a digital controller Tguddin, M.F.N., Rahim, N.A., and Daut, I.
(2009). Starting with a DC-DC buck converter and a given set of performance
specifications, a digital PID controller is implemented in TMS320F2812 DSP. In this
work, the effectiveness of the design is established to analyse the steady state and
dynamic response performance of the controller. A digital based PID control approach
for a DC-DC buck converter has been introduced along with-a digital implementation
of the controller using DSP. At the end of this work; the experimental performance
shows that; steady-state accuracy and settling time are consistent with the simulation
results.

The classic technique for tuning a PID loop has become even more popular with
the beginning of controllers capable of tuning themselves. The tuning techniques
namely as Ziegler-Nichols; are still used nowadays even it was published in 1942. As
referred to VanDoren, V.J. (2009), stated that John “Zeke” Ziegler and Nathaniel
Nichols may not have invented the proportional-integral-derivative (PID) controller,
although the PID algorithm is the most popular of all feedback control strategies used in
industrial applications, but the famous loop tuning techniques invented by John “Zeke”
and Nathaniel Nichols helped alot in making the PID controller as a notable controller.
In fact, by tuning a PID loop the reactions of the controller to errors between the
measured process variable and desired set point can be adjusted. If the controlled
process happens to be relatively sluggish, the configuration of PID algorithm will take
immediate and dramatic actions whenever a random disturbance changes the process

variable or an operator changes the set point.



In past a decade, the application of an adaptive PID controller has been
attracting other researchers (Kelly, A., & Rinne, K., 2005). A direct pole placement
control strategy is introduced in this workplace as well as the execution of a discrete-
time controller in the design of a DC-DC buck converter has been used. The solution
involves a feedforward component in the control strategy in order to eliminate steady-
state errors. The vaue of the feedforward gain that is completely eliminates the steady-
state error is dependent upon the gain of the plant, which may not be known precisely.
In their design, the feedforward gain is determined adaptively, so as to drive the steady
state error to zero. This technique allows direct. placement of the closed-loop poles as
desired. In order for the steady-state errorto be exactly zero using this feedforward
technique, the feedback gain needs 1o be determined exactly. As this is not possible,
they adapt the feedback gain using least-mean-square (LMS) techniques, so that the
control error is forced back'to zero. The direct pole-placement is a feasible strategy for
DC-DC converter design which is allowing the selection of a simple complex conjugate
pair of closed-loop poles, as well as to introduce a novel method to achieve a zero
steady-state error. With this work, the performance of a prototype compared very
favourably with standard design methods. An adaptation of the feedback gain using
LMS techniques was proven to be effective in driving the steady-state control error to
zero.

A simple auto-tuning technique for digitally controlled DC-DC synchronous
buck converters was introduced by Stefanutti, W., Mattavelli, P., Saggini, S., and
Ghioni, M. (2005). In this work, the proposed approach is based on the relay feedback
method and the authors were introducing perturbations on the output voltage during
converter soft-start. By using an iterative procedure, the tuning of PID parameters is

obtained directly by including the controller in the relay feedback and by adjusting the





