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ABSTRACT 

Recently, the advancement in power electronjc is increasingly growing. Power 

electromc circuit is a circuit that uses to converter the source energy from one form to 

another. The utilization of power electronic in nowadays application contributes 

significantly to produce welt-functioning and less complex designed. DC~DC converters 

are an essential part of power electronic which focus on changing the DC voltage input 

level whether to h~gher or lower level. Boost converter is one of DC-DC converters, it's 

also known as a step-up output voltage. It can be applied to replace the ansformer due 

to more flexible, able to produce higher output voltage at high efffoi ncy, as weJl as 

the building of boost converteris s'mple and easy to be.analyzed. offered at a low price 

and less noise. 

This project aim~ to design a DC-DC boost converter that will be driven with 

utilizing Pulse Width Modulatio-n (PWM) where the DC level com_pared with carrier 

signal. In addition, Proportional-Integral-derivative (PIO) controllers have usually been 

applied to the DC-DC boost converter due to its simplicity of design. However. this 

implementation of this control method cause suffers on the dynamic response of boost 

converter output voltage. Thus, the motive of this project is to modify this P ID controller 

to improve its performance and generate the desired output voltage. 
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ABSTRAK 

Kemajuan dalam kuasa elektronik semakin pesat berkembang. Litar kuasa e]e:ktronik 

adalah litar yang digunakan untuk menukar tenaga sumber dari satu bentuk ke bentuk yang lain. 

Penggunaan kuasa elektronik pada masa kini menyumbang kepada pengunaan sistem yg riogkas 

secara optimum. Penukar DC-DC adalah bahagian yang p enting bagi kuasa e]ektroniik yang 

memberi fokus kepada perubahan tahap input voltan DC sama ada tahap yang lebih tinggi atau 

lebih rendah. Pengubah \mo~t adalah salah satu daripada penukar DC-DC, ia juga dikenali 

sebagai voltan langkah keluaran. fa bol~f digunakan untuk menggantikan p~gubah kerana 

lebih. fleksibel, mampu menghasilkan volfan yang lebih tinggi dan keluaran pada kec:ekapan 

tinggj, serta pembinaan rangsangan pengubah adalah mudah dan mudah untuk dianalisis, 

ditawarkan pada barga yang rendah dan kt.J.rang bertindak kepada ganguan luar. 

Projek ini dilaksanakan bertujuan untuk mereka bentuk penukar DC-DC rangsangan 

yang akan dipandu dengan menggunakan pulse lebar modulasi (PWM) di mana tahap DC 

dibandingkan dengan isyarat pembawa. Di samping itu, pengawal, ' ProportionaJ-lintegral­

Derivative (PID)' biasahya te\ah digunakan unfuk penukar DC-DC rangsangan kerana 

kesederhanaan reka bentuk. WaJaubagaimanapun, pelaksanaan kaedah kawalan ini 

menyebabkan masalah pada sambutan dinamik rangsangan penukar voltan output. Oleh itu. 

tujuan utama projek ini adalah untulc mengubah pengawal PID untuk meningkatkan prestasi dan 

menjana keluarga voltan yang dikehendaki. 
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CBAPTERl 

INTRODUCTION 

1.1 Introduction 

DC-DC converters are advice that converts an input voltage to lower or higher output 

voltage. [t is a sort of electric power converter. DC-DC converters are used in traditional 

application such as solar photovoltaic (PVs) system, electric vehicle, DC motor drives, DC 

power supplies and telecommunication. DC-DC converters use to increase or decre·ase the 

output voltage from the lower input voltage. There is three general application of JDC-DC 

converter, the converters are known as boqst, buck, and buck-boost converters. Figures 1.1 and 

1.2 show the diagram of PVs system and the configuration of DC-DC boost co10verter, 

respectively. The proposed of designing DC-PC Boost -Converter i~ t maximize the 

unregulated DC voltage that is generated by the solar panel t-0 a higher output voltage that 

required by batteries. 
0 
l ~ .. L~ C g_ ... ,/ ~ .. .. . 

- ~ - ~· . 7 J~:::::::i~.~ .!::::::::tr..-: ~ v ~ J .. 

Figure 1.1 : The diagram of PV s system 
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Figure 1-2; DC-DC boost converter 

l.2 Motivation 'l:t-p..1..AYS1..q 
~ 

This final year project is based on the title r'Modified PTO for de-de 7~ost converter'. 

Boost converter is also known as a step-down converter where it produces an output voltage 

that is lower than the input voltage. ModifJed PIO is being pesign based on the referenc;e from 

the classical PID. The benefit of modified PID iS it hclpsto ensure a better output respoinse and 

a more desired output based on the requirement. This DC-DC boost converter is d~~signed 

specially to boost low voltages. Therefore, it is useful in boosting low solar panel (12V) to 

higher voltage so tp~t ~6Vdc can be generated. At this time1 the efficiency is also high and iris 

cost effective. It is also a transforrnerless topology. In order to achieve a stable output voltage 

at the output terminal, a modified PID is added into the design to produce a better output 

response for the system. This design helps tne global by producing a high output voltage based 

on the demand for usage such as the solar panel by using this design is better than iusing a 

transformer which produces lots of heat and energy that will be loss to the surroundilng and 

produces lots noise. This design is more convenient to be used in global and the cost of this 

design is affordable if compare to use of the transformer. 
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1.3 Problem Statement 

A suitable design of DC-DC boost converter can step-up the voltage from its input 

supply to its output load. DC-DC converter contains of power semiconductor devices which are 

operated as electronic switches. The process of the switching devices causes the DC-DC boost 

converter to be nonlinear characteristic. 

A conventional PID control system not able to produces a desired output voltag1e based 

on the requirement. Therefore, to improve the system, a modified PIO fa required ins.tead of 

classical PID to produce a better output as desired and to enhance the system. DC-DC boost 

converter and the switching PWM are simulated using MATLAB. 

1.4 Objectives 'l:t-p..1..AY s,..., 
:41..e-. 

• 
The objectives of this project are:~ .... 

L To design a PWM switching mann of DC-DC boost converter. 

11. To propose a)llodified PID as a feedback control system to address issues of step­

changes in reference and load for DC-DC boost converter. 

III. To compare the sy~tem's ,responses between the conventiQnaJ cascaded PIO and-· 

the proposed modified PIO controller. •• 

..,...1 IVl-1 ...iii r ~L MALAYSIA MELAKA 

1.5 Scope 

The scopes of this project are list below: 

1 Simulate the DC-DC boost converter that has a specification of Vi= l 2 and V0 =36. 

11 Apply a mathematical Model of DC-DC boost converter. 

iii Modeling and simulating the PWM switching manner of DC-DC boost converter. 

iv Simulate and design PID controller, and modified PID controller 

MA TLAB/SIMULINK. 

v Compare the results of conventional PID and modified PID controllers. 
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1.6 Report outline 

This report contains five chapters. The first chapter explains about introductiom which 

includes the motivation, objectives, and scope of this project. Theory and literature review on 

DC-DC converters are discussed in chapter 2. In Chapter 3, the methodology of this project is 

described in detail. Chapter 4 consists of all results obtained. Lastly, Chapter 5 covers the 

conclusion of the project. 

UNIVERSITI TEKNIKAL MALAYSIA MELAKA 
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CHAPTER2 

LITERATURE REVIEW 

2.1 Introduction 

Nowadays, the advancement in power electronic is increasingly growing. Numerous 

researchers have given a great effort in order to design and develop new and sophisticated power 

electronic devices that can be utilized in various applications. Power electronics circuits used to 

convert electric power from one source to anther through converter devices. The circuit ofpower 

electronic function consist of a semiconductor as switches, so that, adjusting or op1erating 

monitoring a (voltage or current). Power electronic& applications domains from high-p1owered 

tools, be it de power transmission~ cordless screwdrivers, power supplies for a variety of 

applications, laptop, hybrid automobiles, and mobile charger[t]. 

~Jc ~-.. ··,,.,,, ~ .. .. . 
2.2 DC-DC Converter .. .. ~ ~ v ~ J 

A DC-DO converter js ~ circuit that utiljzed to converts an input DC voltage and 

generates an output DC voltage. Usually, the output generated is higher or lower comp1ared to 

the input voltage. Furthermore, DC to DC converters is utilized to provide noise isolation. Figure 

2. 1 shows the symbol of DC-DC converter. There are three familiar types of DC to DC 

converter, be it buck, boost and buck-boost converter, they are utilized to step-up or step-down 

the output voltage [2]. 
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DC input DC output 

Figure 2.1: Symbol of DC-DC converter 

2.2.1 DC~DC Buck Converter 

step-down also known as a buck converter is power converter that usually utiilized to 

reduce the output DC voltage to the desired value which will suit a corresponding application. 

the buck converter is a common non-isolated power stage topology. The buck converters can 

convert a voltage input 7volts into a lower adjusted output voltage classicall to 0.4volts. the 

main component of Stepdown converters circuit is a diode, a switch, at least r;ie inductor and 

capacitor. those basic component"8 are able to transfer small packets of energy. Buck converters 

in most situations propose higher efficiency. The power switch connected in series witht power 

supply, while the diode is connected in parallel. The buck converter can work in d ifferent 

methods; discontinuous and continuous--mode. Figure 2.2 shows the circuit of buck converter 

[3]. 
UNIVERSITI TEKNIKAL MALAYSIA MELAKA 

s 

D 

figure 2.2: The circuit of buck converter 

R + 
Vo 

• 
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2.2.2 DC-DC Boost Converter 

Boost converter or voltage step-up converter is the converter that uses to step-up the 

voltage of DC supply to meet the required voltage demanded by selected applicatiion. lts 

powerful device which can easily increase 12V DC in Photovoltaic (input voltage source) to 30~ 

36V required by the battery charger. The boost is a common non-isolated power stage topology, 

the main component of step-up converters circuit is a diode, a switch, at least one induc:tor and 

a capacitor, the basic construction of this components is quite simple, boost converter uses 

inductor and diode in series with DC supply while a power switch connected parallel. Figure 

2.3 shows the diagram of boost converter [4]. 

~ Flgure 2.3~ The hlock.diagram ofboost converter ~ J .. 
l ~ IVE=R~I TEKNIKAL MALAYSIA MELAKA 

2.2.3 DC-DC Buck-Boost Converter 

Step-up/down also known as a buck-boost converter is power e-0nverter that usually 

applied to step-up or step down the output voltage, it is a sort of DC to DC convert~~rs that 

combine two functions of boost and buck converters in one circuit. Figure 2.4 shows a block 

diagram of the buck-boost converter, the construction of buck-boost converter circuit is that the 

power switch (IGBT) connected in series with power supply voltage and the inductor connected 

in parallel, whlle the capacitor connected in parallel to the load. [5] . 



D 

L 
c 

---· 
LOAD V 

0 

+ 

Figure 2.4: The block diagram of the buck-boost converter 

2.3 Poise Width Modulation DC-DC Converters 

8 

Pulse Width Modulation (PWM) is a technique which converts an analog signal into 

digital signal. Pulse Width Modulation (P M) signals have been widely emp oyed in power 

electronic applications, there are many use$ for PWM include Telecommunicat ons, DC motors, 

RC devices, Audio/video effects, Voltage regulation and LED (increa.,e and decre;ase the 

brightness). The idea of high (1) and low (0) that PWM signally produces is the remarkable 

approach of controlling semiconductors switches. DC-DC converters are power converteir which 

converts a DC sources from one voltage level to anther lever (higher or 1esser) simply by 

changing the duty cycle of the power switching ii'\ Uie, converter circllit [ 6}. Figure 2.5 shows 

Pulse Width Modulation (PWM) generation. 

A duty cycle can be expressed as the percentage of one period in which a signal is active. 

A period is a time it talces for the signal to complete an ON and OFF cycle. A duty cycle 

expressed as: 

T 
D =-X100% p 
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- -

' 

Figure 2.5: Pulse Width Modulation (PWM) generation 

2.4 Feedback controller •l..q ~ 
~ 

Feedback c-0ntroller can be defined as a target assigned to one or several state-variable 

such is output. A circuitry monitors the output voltage deviations with respect to the input 

voltage and output currents. If the output v ltage deviates from its target, an error is created and 

fed-back to the power stage for action. The action is a change in the control variJbte: duty cycle 

(VM), peak current (CM) or the S)Vitchin_g frequency. Such a control system is necessary ifit is 

desired to change the output voltage set point, or if the system conCiitions change (e.g. input 

voltage source changes, tqad changes, etc). The most popular f~edback controller used in DC­

DC converter is the frequency response. The main function of feedback controller is to 

compensate the converter shortcomings[7]. 

lap• t '·ott.ae DC- DC B o ost 
converter· 

L 
Action 

control 

Figure 2.6: Feedback controller 
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2.5 PID Controller 

PID controller is the one of the most common close-loop controller often utilized in 

industry. PID controller utilize a three main performance types P (proportional) for an overall 

control action, I (integral) to reduces steady-state errors and D (derivative) is seldom used on it' 

s own in control systems it utilized to improves transient response. PID control is one: of the 

oldest and classical controllers used for the boost converter. due to the various advantage of 

PID, it is widely used for industrial applications in the power electronic field. Jt uses Oll(! of the 

controllers including P, PD, Pl, and PlD. The PID utilized to develop the overshoot, transient 

response, and steady state error. The PID combining proportional, integral, and derivative 

together to get a stable output. It provides excellent control behavior of boost converter by 

obtaining the gain value of P, I and D. Figure 2.7 shows the circuit of PIO controller[8]. 

UNIVERSI 

2.6 Tuning of loop 

~-AMELA A 
Figure 2.7: PID Controller 

As one knows the controlled process input can be unstable when the PID cointroller 

parameters such as the proportional gain, integral gain, derivative gain when they are not chosen 

correctly. Tuning a controller is just the adjustment of the control parameter to an optimum 

value to obtain the desired control response. Generally, the stability of the output response is 

required but at the same time the process must no oscillate for other combination of process 

condition and set point. There are different methods for tuning PlD loops such as the Ziegler­

Nichols, tune by feel. software tools and also the Cohen-coon method. All these methods have 
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their own advantages and also its disadvantages as done by previous researches[9]. Table 2.1 

shows the effect of parameters, 

Table 2.1 : The effects of increasing the parameters 

Parameters Rise ti.me Overshoot Settling time Steady-state 

error 

Proportional low high Small change low 

gam 

Integral gain low high high Eliminate 

Derivative gain Small change low low None: 

2.7 Ziegler-Nichols method 

Ziegler-Nichols method, introduced by John G. Ziegler and Nathaniel B. Nichols. As in 

Ziegler-Nichols tuning method, the I and D gains are first set1o zero. The "P" gain is increased 

until it reaches the "critical gain" Kc at which the output of the loop starts to oscillate as shown 

in figure 2.8 [ 1 O]. Kc and the oscillation petiod Pc are used to set ihe gains a,s s~ wn in the table 

below. ..,..~ ~~~~~ ;'f'iin 
; ~.A .. .o l Table 2.2: Ziegler-Nichols Method 

. - --
Control type Kv Kt Kd 

• t"' lni f\11 A I A t i. t~' 

p ....... 
0.5Kc ''" I .... • L I .. ~ • ~· ... - -

PI 0.45Kc 1.2Kp!Pc -
PID 0.6Kc 2Kp/Pc KpPc/8 
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c(ll 

u I 

Figure 2.8: Sustained oscillation with period Pc 

.~1.,AYS1..q 

2.8 Modified PID Controller~~ 

The position of integral action has remained unchanged on a forward pa which affects 

the difference of reference signal and the ~Fdback signal. Though, derivative and proportional 

actions have changed on a feedback path to affect--0nly the-output signal. The purpose is to force 

the system's output to follow a given bounded reference value. 

-"/ . ~ --.-~··----~' , 
• ~ t• I 

I 

' 

Svstem 

I I 
t _____ ._._ ____ .. ____ --- ~ I 

Figure 2.9: Modified PID controller 

The modified PID controller can be expressed as follow: 
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It is bard to adj1JSt the system response due to two zeros in the system with conventiomal PID 

controller. The effect of two zeros occurs as higher overshoot. The response by adding 

proportional and derivative blocks of PID on feedback path instead of on forward path. 

Therefore, a better solution of system response is achieved in modified PID in comparison with 

conventional PID [11 ]. 

2.9 Previous related works 

Nowadays, DC-DC converters have received a great attention by researche:rs and 

industry to utilize them in the power electronic due to their dramatic expansion of reniewable 

energy sources, advantage features and their ability to produce a simple and good functionality 

design. The boost convert~ is a particular one of the DC-DC converters which could be utihzed 

to rise-up the small input DC to higher outpyt DC voltage. in order to get maximum perfo1mance 

and stability of designed system, varfoys type of controller have been used. 

In [12], a Fractional Order e.ID designed to drive boost converter. The controller can' t 

derive a suitable start-up response. small overshoot and a good settling time are th1~ main 

characteristics for a suitable start-up response. Numerous nonlinear controller techniqUtes like 

H00 control, fuzzy corttrol, µ analysis and synthesis .control could be applied, PID controJllers fit 

to ruling industrial controllers. Normally the techniques to develop the- traditional PIO 

controllers involved the usage of fracti6nal order controllers within non-integral and integral 

derivation parts. the research concludes by proposing FOP ID controller for Boost converter may 

give a better robustness and a better dynamic response with a perfect start-up response. 

While in [ 13], PID controller designed for solar power system used boost converter with 

PID control, system requirements to convert the inconstant de output voltage of a solar power 

into a stable output voltage that will be sent into the connected part. Boost converter (step-up 

converter) is the converter that uses to rise-up the output of DC supply. therefore, a boost 

converter is needed to rise up the output voltage. Hence, in order to regulate the output voltage 

that could be done by modifying the duty cycle that will be supported by PID corntroller. 

According to the experimental results, by implementing the Ziegler-Nichols Technique, the 

output voltage remains constant for any variation in the input voltage. 
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Moreover, in[14] , a new explanation to drive boost converter that shows Jlnverse 

Response because of the existence of Right Hand Side Zero, require a limit on the possible 

closed-loop bandwidth of the driven thus the controller gain K will be minimized. Di,fferent 

methods are suggested to design a PID controller such Ziegler-Nichol's (Z-N), as Internal Model 

Control {TMC), Synthesis and Equating Coefficient, which can be utilized to control thie boost 

converter. The study concludes that Synthesis controller is the best controller in term of s•ettings, 

very less ISE value and reducing overshoot. 

Recently in[l5], a new technique is proposed for optimal of modified PID and PID 

converter, it is important to design a converter to provide an output voltage that must 1qualify 

appropriate steady state error and transient response. The problem of adjustment of the output 

voltage have been an issue, in order to control the converters there are different methods are 

easily designed and are simple but are not effective and robust, while some others can be 

effective but there ate too complicated to i°lplement such as neural network control, intellligence 

techniques, and model predictive controlle1, The research concludes by eombi~e the advantage 

of LT spice for simulation of convertersusmg actual components with artifitiJJ intellige:nce . 

.. 6' 

~,,,~,~n~~§§~ 
2.10 Summary, ~L.o L ~ \ C :;)_"'. ,/ ~ ~ ,,,.. ~ Q 

To sum it up, this~hapter introducing about DC- DC converter concept, also by introduce 

three common type hr Dt-DC cohverters, buck, boost, and bud~-boost. The detail of each 

converter of buck, boost and buck- boost converter include the circuit construction has been 

discussed. The advantage of this de-de converter is very useful in our daily life suclb as in 

portable electronic devices such as cellular phones and laptop computers. Moreover, the ,control 

strategies utilized in these converters was discussed as well. The modified PID controlle:r helps 

to produce a better output of the De-De Boost converter. Lastly. a review of previous works 

has been discussed. 
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CBAPTER3 

METHODOLOGY 

3.1 Introduction 

From the literature review. DC-DC converters are electronic circuits utilized to change 

the input DC voltage from one level to another, there is three popular type of DC-DC converters 

like a buck, boost, and buck-boost converters are available in the industry. Each one c1f them 

bas its own ability to step-up or step-down the output voltage. 

The boost DC-DC converter is chosen to be the focus of this project. The simulation design is 

developed in MA TLAB/SIMULINK to vbfy the operation of DC-DC boo t conver1ter one 

voltage level to another. 

' 
The methodology of this project hk been divided into two parts: final year projiectl is 

about Design and analyze boost converter circuit and final year project 2 is about analyze and 

compare modified PIO with conventional Pill as shown in.figure 3.1, while Figure 3.1 shows 

the flowchart of this project. 

...... I ._. ~Tl TEKNIKAL MALAYSIA MELAKA 
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1 Type DC-DC converter 
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UN S 1 Analyze the results _A 

Conclusion 

Figure 3.2: Project Flowchart 

3.2 Principle operation of boost converter 

17 

A boost converter containing at least two semiconductors (a diode and a transistor) and at 

least one energy storage element, a capacitor, inductor, or the two in combination. the analysis 

relationship between inductor voltage and current assumes as: 



> The capacitor very large, and the output is held constant at voltage Vo. 

> The circuit is operating in steady state . 

..,. The inductor current is always positive. 

-, The switching period is T, the switch is closed for time DT and open for 

(l-D) T . 

.,. The components are ideal. 

18 

The main principle of the boost converter is that could be operated by periodically opening and 

closing an electronic switch. Figure 3.3 shows the boost converter with its open and close 

switches. 

L1 01 

s,..., 
:'Sf~ 

( C1 

"?;. 
'p 

,.. 
v;. 

«P6' 
~ 

; l..o .. .. SVV1 C1 

NIVERSITI TEKNI I ~ALAYSIA M A~ A 

Figure 3.3: Boost converter with open and close switches 

.:• switch closed, diode off 

The diode basically prevents the capacitor from discharging. When the switch is closed 

current flow from input into inductor straight to the ground. If the switch keeps close for a very 

long time basically there will be a short circuit through the inductor, hence the switch is going 

to be close for fraction of a second. The switch going to be close long enough for some 1current 

to start flowing through the inductor, this process storing energy into inductor in the form of 
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magnetic field. Now there is some current flowing through the inductor, therefore there is some 

energy stored in the inductor, the switch quickly will be open. By referring to figure 3.4 <md the 

waveform in figure 3.5 the voltage across the inductor will be equal to the input voltage which 

can be express in equation 3.1 

D 

+ ,.,_ -

v., - s c 

Figure 3.4: Boost converter with close switches 

Figure 3.5: Boost converter waveform of inductor voltage and inductor current 

UNIVERSITI 

where 
V - L dlL 
L- dt 

MALAYSIA MELAKA 

Also, the derivat1ve is the changes in the current with time so 

d1L=~ 

Hence 

dt L 

diL = Llh = Llii, 
dt Llit OT 

diL Vo -=-dt L 

(3.1) 
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. VoDT 
(filL)CLOSBD = - L-

(3.2) 

.:• switch open, diode on 

when the power switch is open, the current coming from the supplied will flow through the 

inductor, through the diode, so energy gets transferred from the inductor to the output capacitor 

and the voltage increases, our boost converter now has boosted the voltage. Furthermore., fibiure 

3.6 shows boost converter when switch is open, while figure 3. 7 shows the waveform ofinductor 

voltage and inductor current 

.. . . .. 
UNIVER ilTI 

L 
0 

ELA KA 

,., 

Figure 3.7: Boost converter waveform inductor voltage and inductor current 

where 

Vi - L dli.. 
L- dt 

Also, the derivatives are changes in the current with time so 

diL = Vo-Vo 
dt L 



21 

diL AiL AIL - = - = --
dt Ait (1-DT) 

diL = Vo -Vo 

dt L 

Hence 

C
A . ) _ CVo-Vo)(t-D)T 
u lL OPENED - L 

(3.3) 

To obtain the value of output voltage of boost converter by combine equation (3.2) and (3.3) 

(Vo - Vo)(1-D)T t VoDT =O 
L L 

Rearranging equation (3.4) yicld :41~ 

Average, Maximum and Minimum Inductor Current 
"''~ n Input power = output power 

.!l))v i ........ _... r .... =-:.;.J ~. r ~ J 
.. .. .. ~·· v ... v •• 

Vdld = __£ 
UNIVERSITI T R ALAYSIA MELAKA 

(~)2 2 
V. I _ 1-0 = Vo 

d L R ( 1- D)2R 

From equation (3 .6) the Average inductor current wiJJ be: 

Vo 
JL = ( l - D) 2 R 

Maximum current: 

Minimum inductor current: 

(3 .4) 

(3.5) 

(3 .6) 

(3.7) 

(3 .8) 
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(3.9) 

Land C values: 

L > Ox(l-O)xVin 
min 2fxlout 

(3.10) 

Ripple factor: 

llVo D 
r=-=--

Vo RFC 

V . 1,..AYS1 
Output oltage Ri~ple. -4 :'Sf$-

The peak-to-peak output voltage ripple. can be calculated from the capacitor cun-ent 

waveform; shown in Figure 3.8. 

ELA KA 

OT T 

Figure 3.8: The capacitor output current 

IAQI = (V;) DT = CAVo 

Therefore, the ripple voltage AQ become 
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tiV0 V0 D 
V0 ::::: RCf 

(3.11) 

where f is the switching frequency. Alternatively, expressing capacitance in terms of output 

voltage ripple yield 

(3-12) 

3.3 Transfer function of boost converter 

Based on the knowledge obtained in electric circuit theorem applied in order to 

calculate the transfer function for a boost converter, it can be calculated by referring to figure 

3.3 that shown Boost converter when the switch is open. 

(.3 .13) 

ALAYSIA MELAKA 
(3.14) 

From equation 3 . 13 and 3 .14 the transfer function of boost converter wil I be 

1 v0 Cc+ Ri) 

Vi = (Ls2 + (R1 + R2)s + i) 
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3.4 Response Characteristics 

The most important transient response parameters are indicated in Figure 3.9. These 

parameters are defined as follows: 

J;> Rise time, Tr. The time required for the waveform to go from O. l of the final value 

to 0.9 of the final value. 

>" Peak time, Tp. The time needed to reach the peak value. 

J.. Percent overshoot, %OS is stated as a percentage of the steady-state value, refeirs to an 

output greater than its steady-state value. 

-,, Settling time, Ts. The time required for the response to reach and within a certaim range 

about (two presents to five present). 

~ .. t ---- .t • F 
/ .. . 

~: -= ~v~J 
J, -- T.. r 

UNIVERSI IT KNIKAL MkL.1-\t'SIA MELAKA 

Figure 3.9: Second-order underda.mped response 

From Figure 3 .9 the percent overshoot, %OS, is given by 

c - CFI I %OS = max na X 100 
CFinal 

(3.15) 

Damping ratio is given by: 

(3.16) 



Peak time is given by: 

Settling time is given by: 

3.5 Simulation development 

The simulations have been done by considering the assumptions of: 

;. The value DC vohage source is 12 volts. 

~ Ideal power switch used is IGBT. 

~ The fundamental frequency is 20kHz. 

~ The main DC-DC converter used i~ boost converter. 

~.,,~,~n~~~~~ 

3.6 Boost converter design.(open looµ) :::Ji_ .. • ,/ ~ ~ t./"' ~ j 
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(3.17) 

(3.18) 

Boost converter is the convert~r that uses to step-up the voltage of DC supply lro meet 

the required voltage demanded by selected application. Figure 3.10 shows the design 01fboost 

converter using MATLAB software. In the boost converter circuit, a Pulse Width Modlulation 

PWM stored in MATLAB was utilized to provide a gating signal to semiconductor IGBT. 

The duty cycle of the boost converter is produced by comparing a constant duty cycle with the 

triangle wave, it is utilized to control the output voltage. 



powe~ -Wr4ff'- i~r. l l =:T ~ _______.. 
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Figure 3 .10: The design of boost converter using MATLAB 

3. 7 Boost converter design with a Fi~ed duty cycle 

26 

The open circuit ofboost converter shown in figure 3.10 in which the duty cycle of boost 

converter is produced by companng a constant duty cycle with the triangle wave. In the open 

loop design, the ou tput has no relationship to produce the duty cycle, however, the duty cycle 
I 

equation expresses by 0 = 1 - ~ . Hence the duty cycle redesigned to include the output and 

input volta ge to produce the duty cycle. Figure 3.1 1 shows circuit design of boost converiter with 

fixed duty cycle, which includes the input and output voltage as references 
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Sc:e~ 

'l;t-.p..l..A'r ,r.;, 

Figure 3.11: Boost converter design with fixed duty cycle 

3.8 Control Mecbanis0LI1f boost converter 

Pulse Width Modulation PWM is a common tool for controlling power clectron1ic. The 

concept of ON (1) and OFF (0) that an ideal PWM produces jg a remarkable approach to 

controlling semiconductors switches. A boost converter implements one power semicoinductor 

switch (IGBT) conn~cted in patallel with DC source, the main advantage of utilizing PWM 

signal to trigger ON or OFF cycle of lGBT in sequence. Figure 3.12 shows the Pulse~ Width 

Modulation PWM circuit utilized to produce a gating signal to drive the IGBT. 



• 

IGBT~ 
D 
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v-." 'tl-Figure 3.12; PWM circuit for boost converter 
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3.9 Boost converter by changing R Lrad .Value 

28 

The aim of this project is to design a boost converter by adding different parameters and 

controllers to observe the changes ip the output and.obtain the best design circuit. In the main 

design of the boost converter R load is fixed in fhe design. In this section, additional Resistance 

R2 will be connected in p arallel with R l as, so the value of the load varied in order to observe 

the changes in the output voltage. Rl and R2 are selected to be 1 Oohms and 20 ohms. 

The circuit design of boost converter by changing the R load value is shown in figure 3. 13. A 

breaker is connected and set from open and then close in t secs. So, the R load will change from 

10 to 6.67 ohms. 
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D 

Figure 3. l 3: Boost converter design with additional Resistance R Joad 

3.10 PID controller 

Nonna Uy, the duty cycle (or boost converteris considered in between 0.5 to l. Sc::lection 

of duty cycle depends on input voltage supply and required output voltage. Wbem boost 

converter used PTO controller it gives high steaqy state eqQr. Us\ng co1rventional Ziegler­

Nichols can't give the desired output voltage. Therefore, A Modified PIO controller is needed. 

Fi&rure 3.14 shows PID controller ofboost converter 
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•= 

Figure 3. 14: PIO controller for boost converter. 

3.11 Modified PID Controller 

Modified PID means by ones separate the characteristjcs in a PIO. Modified meaning by 

changing classical PID controller. There are many ways in modifying PIO controJJer such as by 

remaining the proportional and integral action and moves the derivative action to the feedback 

this modification is known. as PI-D controller as shown in figure 3.15 another metlliod by 

remaining the proportional and derivatives action and moves an integral part to the feedback 

this modification is known as PD-I controller as shown in figure 3 .16. One method used in this 

final. year project is by remaining an integral part of the system and then the derivative action 

moves to the feedback path so that any change in reference input signal may not involve in the 

manipulated signal this modification is known as 1-D controller as shown in figure 31.l 7. A 

modified PIO controJler for DC-DC boost converter using MA TLAB/SIMULINK shown in the 

figure 3.18. 
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Figure 3.15: The control architecture for PI-0 

POWER PLAXT ) -;-+ 
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Figure 3.16: The control architecture for PD-I • • 
.. ~ ~~J .. 
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l~ru! [ ____ ) ... 0-+ [ POWER PLA~I l OLIPLI 

L1- D- 1....-

Figure 3.17: The control architecture for 1-0 
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Figure 3.18: Modified PTD controller of boost converter 

The advantage of Modified PID is to prevent earlier peak and higher oversh ot. Besides that, 

the proposed modified PlD controfler cJ also help to prevent negative effect as well as to 

ameliorate system respopse with a comparison to the cJassical type of PID. 

3.12 

,,, ~ J< .,/ .. .. . . yv -..,.. .. ......_,., :)_.. =t..J . tv-"'. /" .r' J 
~ ~ ~ ~ ~~ v ~ 

SUDl.Olary •• 

I 
To summarize, this chapter presents a flowchart that shows the sequence implementation 

of this p roject. Theoretical knowledge about boost converter when the circuit works in On and 

Off switch. the derivation equations for the inductor, capacitor, duty cycle and inductor current 

when the switch is an open and closed switch. the derivation equations for the transfer filnction 

of boost converter. Theoretical knowledge about different types of a modified PID contiroller. 
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CHAPTER4 

RESULTS AND DISCUSSION 

4.1 Introduction 

The performance of the output voltage of boost converter is analyzed usmg 

MATLAB/SIMULINK. 

This chapter particularly presents the results of the simulation generated for the boost 

converters when subject to parameter variations. The parameters considered in the simulation 

are shown in table 4. 1. 
( - ~ r Table 4.1: Parameters are considered IP . 

Parameter • , 
11\. y Value 

Frequency L 20KHz :.J 

input voltage l~ l~ "'*' 
.. 12Volts I .. 

I ·j 
~· ~ 

output voltage u .. ~ 36Volts ' .. 
~esistor TEKNI ..-1ALAYSIA l Oohm 'A 

Duty cycle 0.67 

Inductance 70µH 

Capacitance IOOµF 

Switch TGBT 

The duty cycle is calculated for value of input voltage is 12 volts and the output voltage 

is 36 volts by applying the equation (3 .5). 



34 

D= 1-.!! = 0.666 
36 

12 
lout = 1ci=L2 A 

While inductor and capacitor are obtained by equation (3.10) and (3.12). 

0.66(1 - 0.66)x12 
Lmin > 2x20,ooox1.2 = 56.tµH 

0.67 
C = 10x0.03x20,000 = lOOµF 

Therefore, in this project, the value of the capacitor and inductor will be chosen as 70µH and 

1 OOµF to produce a suitable output voltage. 

The simuJation results in DC-DC boost converters have been done for open loop and 

closed using PID and modified PtD controllers to analyze its performances. ' 

.. 
IKAL MALAYSIA MELAKA 

43 Boost Converter (Open Loop) 

The boost converter is the main converter utilized for this project. Hence a dletailed 

analysis will be presented. The comparison of the carrier with DC voltage is shown int figure 

4.1. The modulated PWM gating is presented in figure 4.2. 
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Figure 4.1: The comparison of carrier with DC voltage 

.. Figure 4.1: PWM gating signal 
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4.4 Boost Converter with Fixed Duty cycle 
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,,( 

The boost converter model has been designed with fixed duty cycle and the output 

voltage is presented in figure 4.3. To calculate the overshoot, settling time and peak time that 

by refereeing to figure 3. 9. 
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Figure 4.3: Output Response 
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From the graph, the time response property of boost converter of the uncompensated system is 

calculated as below and show in table4.2. 

Therefore, the percent overshoot %OS can be calculate using the formula below 

C - CF· l ~V~ 
%05 = max ma XlOO 

. N CFlnal • ..,,,A MELAKA UNIVERS 
Hence 

55.6- 34.47 
%OS= 

34
.
47 

xlOO 

%OS = 61.3% 

Darning ratio ( can be calculate by using equation (3.16) 

- ln(B0.66) 
7 - ~o =O 154 '> - . Y+I 0'.66)2 . vn· n 100 

From the graph, the peak time will be 0.002 by using equation (3.17) to calculate Wn 

7t 

Wn = o.002.J1-o.1s42 = 1589·7 rad/s 



Therefore, to calculate settling time use equation (3 .18) 

4 
Ts = 0.154x1589.7 = O.Ol63 

Table 4.2: Time Response property of boost converter of uncompensated system 

Response Characteristics Uncompensated value 

Overshoot 61.3% 

Settling time 0.0163s 

Peak time 0.002s 

4.5 Analysis the results 
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The simulation results of the proposed boost converter design with different values duty 

cycle shown in Figtlte 4.4 and table 4.3. ts observed from the simulation. the highest output 

voltage needs higher duty cycle whereas ilie lowest output voltage needs Iowe duty cycle. 
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Figure 4.4: Calculated and simulated output voltage 
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Table 4.3: Comparison of output voltage with different duty cycles 

Duty ratio Vin Calculated Vout Capacitor Inductor Simulated Vout 

0.] 12 l3.33 0.00005 0.0000225 12.56 

0.2 12 15 0.0001 0.00004 14.25 

0.3 12 17.14 0.00015 0.0000525 16.35 

0.4 12 20 0.0002 0.00006 19.14 

0.5 12 24 0.00025 0.0000625 23.07 

0.6 12 30 0.0003 0.00006 29.02 

0.7 12 40 0.00035 0.0000525 39.07 

0.8 12 60 0.0004 0.00004 59.49 

0.9 12 120 0.00045 0.0000225 117.4 
.... 

" .. ~r..q 
...,7 :41..e-

4.6 Boost converter without controller 

Case 1: Reference change~~~§ 

There were two reference voltage have een test in order to observe the changes in th~e output 

voltage. From the table 4.4, when the reference voltage is set as 24, the overshoot is quirte high, 

Fast settling time, the Output ripple voltage is 0.7 and steady state error is not equall to the 

reference voltage ¥ shown in figure 4 .4. KA Al AVSIA ELAKA 

When the reference voltage is set as 36v, the overshoot is lower than the overslhoot of 

Vref = 24v, the Steady state error bigger compare to Vref = 24v, the Output ripple voltage is 

1.5 and the steady state error is not equal to the reference voltage as shown in figure 4.4. 

Table 4.4: The Response characteristic of boost converter without controller 

Response Characteristics Vref = 24v Vref = 36v 

Overshoot 50% 10.65% 

Settling time 0.015 s 0.078 s 

Peale time 0.002 s 0.042 s 

Output ripple voltage 0.7v 1.5v 
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Figure 4.5: Output voltage of boost converter without controller 

The conclusion, the overshoot variations from high to low, that happened due to the 

change in the reference voltage (Z4v) 1s quite large: started from 0 to 24. also the steady state 

error is greater when the reference voltage is 36v"'" that occurred due to the output current is high 

(when the voltage increase the current also increase), therefore when the current getting higher 

the losses will be higher too Ploss = I 2 R. 

Case 2: Load changes 

The reference voltage set to 36v. As shown in figure 4.6 there is a drop at time 0.04s of 

the output voltage, that drop happened due to the switch is close. When the switch clo:sed Rl 

become parallel with R2 and will produce a new resistance value RtotaL· 
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Figure4.6: Output voltage of boost converter with additional R load 

4. 7 Boost Converter witb ContrOIIer 

4.7.1 PID Controller ~n!::=:=:=: 

Case 1: Reference change 
~Jc :=)_ ... ·.,,.,,, ~ •• •• • 

.. .. ~~v~J 
The PID controller is fed into-boost converter. The parameters gcnetated by usilflg root 

locus as shown in table 4.5 and the output voltage is presented in figure 4. 7, PID controller 

produce output voltage with high ripple voltage. Therefore, PID controller was not ;able to 

generate the desired output voltage. 

Table 4.5: PID controller parameters 

Parameter Value 

Kp 6.5124 

Ki 369.9974 

Kct 0.0022947 



IS 

m 

5 

0£6 01 01S 
I.. 

.. 

02 
T1te 

o~ 0. 
l Ol!i 

Figure 4.7: Output volt~ge of boost converter with PID controlle 
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Case 2: Load change .., 
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The PID controller is fed ipto a boost converter with additional R load and the o·utput 

voltage still has high ripple voltage but when additional R load oonnected at 0.05s the ripple 

voltage reduced a bit as shown~ figure 4.8. I ~ALAY:::> A ""LJ.\ A 
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Figure 4.8: Output voltage w·th Pill controller and additional R oad 

4. 7 .2 Modified PID controller 

Case 1: Reference change 

42 

ot 

The modified Pill controller is a modification from the classical PID controUer. The 

type of Modified PIP controller impl((ment in this final year project is 1-D where integrator is 

remains and derivative is put as a feedback. Modified Pill controller is fed into th1e boost 

converter and the paramerters values are considered Ki=450 and Kd =0.02. The output voltage 

is presented in figure 4.9. The reference voltage is set to a different value (36, 24 and aigain to 

36) in order to test the modified PID controller whether is able to track the reference or not. 

From the figure below it is clear that the controller is able to track the reference voltage. 



43 

Amoclled Pl> cri'olerforDC.OC boost conm.r 
«i I I I ' I I 

/- - r ~ 

~ 
-

Jl -
:'S -
31 -
1: -

10~ -

-
00 

I I I I I 
0,(6 QI OIS D~ O:'J OJ 0:6 

f""' 

Figure 4.9: Output voltage with A Modified PID controller 

There was three resistances in par Jel Rl=lOOohm, R2=100ohm, and R3=12.5ohm as 

shown in figure 5.12,. The system waS'run a 0.3s, Rl co1U1ected while R2 and 3 disconnected. 

When I OOohrn resistance connected to boost converter the ripple voltage is higher comp:ared to 

1 Oohm this because boost converter designed using I Oobm. At 0.1 s, R l and R2 become parallel 

whlle R3 disconnected the total resistance became 50ohrn. When 50ohm connected tOI boost 

converter the ripple voltage is less than t OOohm resistance. However, the controller still .able to 

follow the reference voltage as shown in Figure 4.10. 

At 0.2s Rl, R2 and R3 became parallel so the total resistance became lOohm the 

controller able to track the reference voltage with low ripple voltage compare to 1 OOohm and 

50ohrn. 
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To summarize, this chapter the boost converter has been simulated using MATLAB and 

the output voltage of boost converter had been presented. Boost converter parameter variation 

has been discussed by comparing the result obtained from simulation with calculated valiue with 

different duty cyJte1 values. The characteristic respbnse output boost converter has been 

calculated. Boost converter has been tested without and with controller in order to obse:rve the 

best output results. Modified PID controller produced the desired output voltage with low ripple 

voltage for the DC-DC boost converter. 



45 

CHAPTERS 

CONCLUSION AND RECOMMENDATIONS 

Power electronics is an interesting field for researcher' s due to its significant 

contributfon in producing small devices that can control large applications, hence it helps to 

build simple and flexibl e designs. DC·DC converters are utilized to convert the unregiilated DC 

input to a controlled DC output voltage. There is three types of DC to DC converters for e;1C.arnple 

buck, boost, and buck-boost. Each type has different principle operation such as buck converter 

uses to step down the Qu,tput voltage, boost converter uses to step up the output volta.ge and 

buck-boost converter"use to comprise both st~s up and steJ?_down the output vqltage. 

Boost converter was the main type of this project. Boost converter clrcuit ha1s been 

constructed using MATLABISIMULINK software with variation duty cycle an constant input 

voltage. A De-De boost converter is being used to provide a regu1ated output oltage •of 36V 

from an input voltage of 12V. the boost converter is able to produce a constant output voltage 

of 3 6V from a variable of the input voltage. However, a modified PID controlter is required to 

change the steady.state and the time response graph of the output voltage produced by tlne DC· 

De boost converter. A modified PID controller helps to ensure a more appropriate and to enable 

the desired resu1t to be obtained. Based on the analysis being made, classical PID controller 

doesn}t give the desired output voltage, therefore a modified PID being tested usi:ng I-D 

controller. Modified PID seems to be performed better by producing better output response of 

the output voltage compared to the classical PID controller. For future recommendation, 

Modified PID can be improving to a better state to produce a better result of output voltage. 

More pract1cal and researches can be carries out in order to have a better design of the modified 

PID for the de-de Boost converter. Besides that, Properties of Boost converter can be improve 

by adding coupling inductor or other to step up the voltage more successful and involv{: a new 

control strategy s uch as Fuzzy controller. Greater improvement can be done if more time is 

provided for the project. 
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APPENDICES 

Figure 5.1 to figure 5.9 shows the output voltage of boost converter when the duty cycle 

change from 0.1 until 0.9 
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Figure 5. l : Output voltage of boost converter with 0.1 duty cycle 
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Figure 5.2: Output voltage of boost converter with 0.2 duty cycle 
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Figure 5.3: Output voltage of boost converter with 0.3 duty cycle 
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Figure 5.4: Output voltage of boost converter with 0.4 duty cycle 
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Figure 5.5: Output voltage of boost converter with 0.5 duty cycle 
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Figure 5.6: Output voltage of boost converter with 0.6 duty cycle 
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Figure 5. 7: Output voltage of boost converter with 0. 7 duty cycle 

Figure 5.8: Output voltage of boost converter with 0.8 duty cycle 
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Figure 5.9: Output voltage qfboost converter with 0.9 duty cycle 
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Figure 5.10: Boost converter circuit without controller 
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Figure 5.1 l: PID Controller of boost converter with additional R load 
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Figure 5.12: Modified PID Controller of boost converter with additional R load 
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