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High demand to store breast milk, vaccines or other perishable items in 

developing communities is encouraging the development of portable cooler 

box. Portable cooler box also provides new way to store perishable items in 

remote locations. Furthermore, it believes that in the long term, fuzzy logic 

temperature control cooler box prove to be advantageous alternatives to the 

existing systems such as On-Off  and PID controller cooler box. Due to this 

reason, portable cooler box with fuzzy logic temperature control is developed in 

this research. An attempt has been made to control the temperature of 

thermoelectric cooler (TEC) box by using Fuzzy Logic Control (FLC). The 

TECs operate on DC current and can control the cooling temperature by 

adjusting the value of DC current through thermoelectric. The MC68HC711E9-

EVBU provides a low-cost and high-performance solution for TEC control. 

Earlier systems used many analog circuits to perform temperature control. The 
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use of MC68HC711E9-EVBU allows the task to be handled by software. The 

suitable fuzzy rule has been prepared and implemented to control the 

temperature. In this research, a minimum hardware required due to the 

advanced capabilities of the processor. It is observed that the response of the 

FLC is faster than the conventional controller. In this work, a systematic design 

approach for the implementation of a microcontroller based data logger for 

recording the FLC variables is presented. The developed portable cooler box in 

this research can be used to maintain the temperature of the cooler at 15oC, 

thereby making it suitable for breast-feeding milk storage for 24 hours. 

Furthermore, the proposed system has been intentionally developed for the user 

convenience due to its portability and low power consumption.  
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REKABENTUK DAN PEMBANGUNAN SATU LOGIK SAMAR 

MICRO-BASED PENGAWAL SUHU UNTUK PENYEJUK  
MUDAH ALIH 

 

Oleh 

ABDUL HALIM BIN MOHD HANAFI 

Oktober 2007 

 

Pengerusi: Mohammad Hamiruce Marhaban, PhD 

Fakulti: Kejuruteraan 

 

Permintaan yang tinggi bagi menyimpan susu badan, vaksin dan barang-barang 

segar di dalam masyarakat membangun telah menggalakkan pembinaan kotak 

sejuk mudah alih. Kotak penyejuk mudah alih juga menyediakan kaedah terkini 

untuk menyimpan barang-barang segar semasa lokasi bergerak. Tambahan pula, 

dipercayai bahawa pada jangka masa panjang, kotak sejuk kawalan suhu logik 

samar terbukti menjadi alternatif yang berguna berbanding sistem yang sedia 

ada seperti kotak penyejuk kawalan On-Off dan PID. Berdasarkan pada sebab 

ini, kotak sejuk mudah alih dengan kawalan suhu logik samar dibina didalam 

kajian ini. Oleh itu, pelbagai usaha telah dijalankan untuk mengawal suhu bagi 

kotak penyejuk termoelektrik (TEC) menggunakan Kawalan Logic Samar 

(FLC). Penyejuk termoelektrik beroperasi pada arus terus (DC) dan boleh 

mengawal suhu penyejuk dengan mengubah nilai bagi arus terus (DC) yang 

melalui termoelektrik. MC68HC711E9-EVBU menyediakan kos yang rendah 
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dan penyelesaian kepada prestasi tinggi bagi kawalan termoelektrik. Sistem-

sistem yang sedia ada menggunakan banyak litar analog untuk menghasilkan 

kawalan suhu. Fungsi MC68HC711E9-EVBU adalah membenarkan tugas-

tugas tersebut diambil alih oleh perisian. Hukum-hukum berasaskan samar yang 

bersesuaian bagi sistem telah disediakan dan dijalankan untuk mengawal suhu. 

Didalam kajian ini, perkakasan yang minimum diperlukan berikutan daripada 

kebolehan pemproses yang tinggi. Daripada permerhatian yang dijalankan, 

didapati bahawa tindakan atau respon pengawal logik samar adalah lebih laju 

daripada pengawal biasa. Didalam kajian ini, pendekatan rekabentuk yang 

sistematik untuk merekod keluaran FLC menggunakan pengumpul data 

dikemukakan. Kotak sejuk mudah alih yang telah dibina didalam kajian ini 

boleh digunakan untuk mengekalkan suhu penyejuk pada suhu 15oC yang 

membolehkan ianya sesuai sebagai penyimpan susu badan bagi tempoh 24 jam.  

Tambahan pula, sistem yang dicadangkan ini memang dibangunkan untuk 

memudahkan pengguna berdasarkan kepada kebolehannya untuk bergerak dan 

menggunakan kuasa yang rendah. 

 

 
 
 
 
 
 
 
 
 
 
 
 

 



ACKNOWLEDGEMENTS 
 

In the name of ALLAH S.W.T, I am very much grateful to be given the 

opportunity to finish off my thesis which I have put in my total undivided effort 

and attention.  

 

Firstly, I would like to thank Dr. Mohammad Hamiruce Marhaban for his 

guidance, advice and support during my research and writing of this thesis. The 

knowledge and experience that I have gained working under his supervision 

will be of great value for me throughout the rest of my life. In addition to his 

huge knowledge and experience, I enjoyed his support and patience during the 

very tough moments of research work and writing of the thesis. 

 

Also, heartiest gratitude goes to Professor Ir Dr. Norman Mariun and Dr. 

Mohibullah for their co-operation in being members of my committee, their 

advices and feedbacks, and taking the time to review my thesis and share their 

ideas. I would like to thank all of my friends for their help, understanding and 

support throughout my stay in UPM. 

 

Last but certainly not least, I would also like to deeply acknowledge and thank 

my parents and wife for their continued emotional support, untiring efforts in 

providing moral, and advice and for their help in various ways that inspired me 

to finish this work. 

 

 vii



I certify that an Examination Committee met on 30th October 2007 to conduct 
the final examination of Abdul Halim Bin Mohd Hanafi on his Master of 
Science thesis entitled “Design and Development of a Micro-Based Fuzzy 
Logic Temperature Controller For Portable Cooler” in accordance with 
Universiti Pertanian Malaysia (Higher Degree) Act 1980 and Universiti 
Pertanian Malaysia (Higher Degree) Regulations 1981. The Committee 
recommends that the candidate be awarded the relevant degree. Members of the 
Examination Committee are as follows: 
 

SENAN MAHMOD ABDULLAH, PhD 
Associate Professor 
Faculty of Engineering 
Universiti Putra Malaysia 
(Chairman) 
 

SAMSUL BAHARI MOHD NOOR, PhD 
Lecturer 
Faculty of Engineering 
Universiti Putra Malaysia 
(Internal Examiner) 
 

ROSLINA MOHD SIDEK, PhD 
Lecturer 
Faculty of Engineering 
Universiti Putra Malaysia 
(Internal Examiner) 
 

MOMOH-JIMOH EYIOMIKA SALAMI, PhD 
Professor 
Faculty of Engineering 
Universiti Islam Antarabangsa 
(External Examiner) 
 
           
             
                                                 _________________________________ 
       HASANAH MOHD. GHAZALI, PhD 
     Professor and Deputy Dean 
     School of Graduate Studies 
     Universiti Putra Malaysia 
       
     Date: 29 January 2008 

 viii



This thesis was submitted to the Senate of Universiti Putra Malaysia and has 
been accepted as fulfilment of the requirement for the degree of Master of 
Science. The members of the Supervisory Committee were as follows: 
 

Mohammad Hamiruce Marhaban, PhD 
Lecturer 
Faculty of Engineering 
Universiti Putra Malaysia 
(Chairman) 
 

Norman Mariun, PhD 
Professor 
Faculty of Engineering 
University Putra Malaysia 
(Member) 

 
 
 
 

        _______________________ 
               AINI IDERIS, PhD 
             Professor and Dean 
             School of Graduate Studies 
             Universiti Putra Malaysia 

 
        Date: 21 February 2008 
 

 

      

 

 
 
 
 
 
 
 
 
 
 
 
 

 ix



 x

DECLARATION 

 

 

I hereby declare that the thesis is based on my original work except for 
quotations and citations which have been duly acknowledged. I also declare that 
it has not been previously or concurrently submitted for any other degree at 
UPM or other institutions. 
 

 

 

     __________________________________ 

     ABDUL HALIM BIN MOHD HANAFI

     Date: 27 December 2007 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 



TABLE OF CONTENTS 
          Page 
DEDICATION        ii 
ABSTRACT         iii 
ABSTRAK         v 
ACKNOWLEDGEMENTS       vii 
APPROVAL         viii 
DECLARATION        x 
LIST OF TABLES        xiv 
LIST OF FIGURES        xvi 
LIST OF ABBREVIATIONS      xx 
 
CHAPTER 
 
1 INTRODUCTION       1.1 
 1.1 General Overview of Thermoelectric Cooler   1.1 
 1.2 Problem Statements of Project    1.3 
 1.3       Research Objectives      1.4 
 1.4 Research Methodology     1.4 
 1.5 Thesis Organization      1.5 
 
2 LITERATURE REVIEW      2.1 

 Introduction to Thermoelectric Cooler   2.1 
 Types of Temperature Control for  
 Thermoelectric Systems     2.6 
       2.2.1     Thermostatic Control     2.6 
       2.2.2     Steady-State Control     2.8 
       2.2.3     Fuzzy Logic Control     2.14 

 The Effect of Pulse Width Modulation (PWM) on the 
 Thermoelectric Modules      2.16 

 Controller Board      2.18 
 Central Processing Unit    2.18 
 Types of Controller Board    2.19 

 FLC System       2.22 
 Comparison between Conventional  

 and Fuzzy-Based Design Methodology  2.23 
 Comparison between Boolean Logic 

  and Fuzzy Logic     2.25 
 Advantages of Fuzzy Logic System   2.27 
 Concept of Fuzzy Logic     2.28 
 Structure of FLC System    2.31 
 Fuzzy Logic Applied to Embedded Control  2.38 

 Summary                                                                                 2.39 
 
 
 
 

 xi



3 DESIGN OF THE PROPOSED SYSTEM    3.1 
 3.1 Introduction       3.1 
 3.2 Thermoelectric (TE) Module     3.3 
 3.3 Proposed FLC Structure for Temperature Control  3.5 

3.4 Microcontroller Implementation of the FLC   3.16 
  3.4.1 Membership Functions of the Input   3.20 
  3.4.2 Fuzzy Inference Rule Evaluation   3.27 
  3.4.3 Membership Functions of  
   the Output (Defuzzification)    3.31 
 3.5 System Integration      3.36 
 3.6 Communication with PC-Based Data Logger (PCBDL)  3.40 
  3.6.1 PC-Based Data Logger (PCBDL)   3.41 
  3.6.2 Flow Chart of the Developed PCBDL  3.42
  3.6.3 User Interface Design     3.43 
 3.7 Summary       3.44 
 
4 PERFORMANCE EVALUATION OF  
 THE PROPOSED SYSTEM        4.1 
 4.1 Introduction       4.1 
 4.2 Experimental Setup      4.2 
 4.3 Temperature Control Analysis    4.3 
 4.4 Temperature Analysis for Different PWM Duty Cycle  4.4 
 4.5 Determination of the Fuzzy Membership  
  Function Error                4.12 

4.6 Determination the Expected Output of  
 Fuzzy Logic for 15oC  Set Point in 16  
 Different Cases of Conditions     4.16 

4.6.1 Case 1       4.17 
4.6.2 Case 2       4.19 
4.6.3 Case 3       4.20 
4.6.4 Case 4       4.22 
4.6.5 Case 5       4.24 
4.6.6 Case 6       4.26 
4.6.7 Case 7       4.28 
4.6.8 Case 8       4.30 
4.6.9 Case 9       4.32 
4.6.10 Case 10      4.34 
4.6.11 Case 11      4.36 
4.6.12 Case 12      4.38 
4.6.13 Case 13      4.40 
4.6.14 Case 14      4.42 
4.6.15 Case 15      4.44 
4.6.16 Case 16      4.46 
4.6.17 Comparison Between Case 1 (The Worst Case) 
  and  Case 16 (The Best Case)   4.48 
 
 

 xii



 xiii

4.7 The Temperature Control Using Bang-Bang Controller            
 Method (ON-OFF)      4.49 
4.8 The Comparison between Bang-Bang Controller  
 with Fuzzy Logic Controller     4.51 
4.9 Summary       4.52 

 
5 CONCLUSION AND RECOMMENDATION   5.1 
 5.1 Conclusion       5.1 
 5.2 Recommendation      5.3 
 
REFERENCES        R.1 
APPENDICES        A.1 
BIODATA OF THE AUTHOR      B.1 



LIST OF TABLES 

 

Table          Page 

 

2.1       The Characteristics of Microcontroller Families   2.21 

2.2 Comparative Study between Conventional Design and  
 Fuzzy-based Approaches      2.24 
 
2.3 Three Different Set of Temperature using Boolean Logic  2.25 

2.4       Three Different Set of Temperature using Fuzzy Logic  2.25 

2.5 Comparison of TSK and Mamdani Fuzzy Inference Methods 2.30 

2.6 Comparison of the Defuzzification Techniques   2.37 

3.1 All Membership Function Block (INMFBLK) Specifications            
 for Temperature and Error      3.10 
 
3.2 Input Membership Function      3.11 

3.3 Thermoelectric Current Output     3.11 

3.4 The Possible Matrix of Fuzzy Rule Base    3.12 

3.5 The example of Fuzzy Output Value     3.15 

3.6 Output Temperature Sensor Convert to ADC Crisp Output    
 (Microcontroller)       3.17 
       
3.7 The Rule Bytes Stored in EEPROM     3.28 

3.8 The Label of Fuzzy Output       3.29 

3.9 Applicable Memory Locations for Numerator and Denominator 3.33 

4.1 PWM Output Result       4.5 

4.2 Conditions for Case 1       4.17 

4.3 Conditions for Case 2       4.19 

 xiv



 xv

4.4 Conditions for Case 3       4.21 

4.5 Conditions for Case 4       4.23 

4.6 Conditions for Case 5       4.25 

4.7 Conditions for Case 6       4.27 

4.8 Conditions for Case 7       4.29 

4.9 Conditions for Case 8       4.31 

4.10 Conditions for Case 9       4.33 

4.11 Conditions for Case 10      4.35 

4.12 Conditions for Case 11      4.37 

4.13 Conditions for Case 12      4.39 

4.14 Conditions for Case 13      4.41 

4.15 Conditions for Case 14      4.43 

4.16 Conditions for Case 15      4.45 

4.17 Conditions for Case 16      4.47 



LIST OF FIGURES 

 

Figure          Page 

 

2.1 Schematic Diagram of a Typical TE Cooler   2.3 

2.2 Schematic Diagram of Thermoelectric  
  Refrigerator and Peltier Module    2.4 
 
2.3  The Graph of Thermostatic Controls    2.6 

2.4  A Typical Digital On-Off Controller    2.8 

2.5  Steady-State Error      2.10 

2.6  The Graph of Excessive Proportional Gain   2.10 

2.7  Varying Ambient Temperature and Steady-State Error 2.11 

2.8  The Steady-State Control System using PI Controller 2.12 

2.9  The Cooling Box Performance    2.13 

2.10  The Structure of the FLC     2.15 

2.11  Controllers with Simple Interface Circuit   2.17 

2.12  Conventional and Fuzzy Design    2.24 

2.13  Membership Function for Temperature   2.27 

2.14  Fuzzy Interface Unit      2.31 

2.15  Membership Function Structure    2.32 

2.16  Membership Function Shapes     2.33 

2.17  Point-Slope Representation     2.34 

2.18  Overlap Indicates      2.36 

2.19  COG of Singletons       2.38 

 xvi



3.1  Overall System Design Layout    3.2 

3.2  Direct Air System and Heat Pump (Refrigerator) Peltier 3.4 

3.3  Points and Slopes for the Trapezoid Shape of   
Input Temperature Membership Function (Normal)  3.7 
 

3.4  The Membership Function for Input Error (INPUTERROR) 3.9 

3.5  The Graph of Defuzzification Output (DFUZOUT)   
  (COG) as Singletons      3.15 
 
3.6  Overall Fuzzy Logic Controller System for    
  Thermoelectric Cooler Box      3.16 
 
3.7  The Segments Location of the Trapezoids Shape   
  on Temperature Input (INPUTTEMP)    3.21 
 
3.8 The Membership Function Normal with Input   
  Temperature, 36      3.23 
 
3.9 The Flow Chart to Find Segment Value   3.24 

3.10 The Rule Byte       3.27 

3.11 Flow Chart of Fuzzy Rule Evaluation (Min/Max)  3.29 

3.12 The Flowchart for the Defuzzifization Process  3.32 

3.13 Flow Chart for COG      3.35 

3.14 Hardware Interfacing Fuzzy Logic Temperature Control   
  Cooler BoxUsing MC68HC711E9-EVBU   3.37 
 
3.15  The Circuit Diagram of the Proposed System  3.37 

3.16  Serial Communication Cables with PCBDL   3.41 

3.17  Flow Chart of the Developed PCBDL   3.42 

3.18  The Main Graphical User Interface of PCBDL  3.44 

 

 

 

 xvii



4.1 The Software and Hardware Part of Design and  
  Development of Micro-Based Fuzzy Logic  
  Temperature Controller for Portable Cooler   4.1 
 
4.2  Design the Cooler Box using Ice Box   4.2 

4.3  Cooler Box with Controller and Thermoelectric  4.2 

4.4  The Graphs of Temperature Vs Decimal Value For              
  Voltage Input from ADC     4.4 
 

4.5  The obtained result for 0 % duty cycle setting  4.7 

4.6  The obtained result for 6.9% - 26.9% duty cycle setting 4.8 

4.7  The obtained result for 31.9% - 46.8% duty cycle setting 4.9 

4.8  The obtained result for 51.9% - 76.7% duty cycle setting 4.10 

4.9  The obtained result for 81.9% - 89.7% duty cycle setting 4.11 

4.10  The obtained result for 91.9% - 98% duty cycle setting 4.12 

4.11  Membership Function for Error    4.13 

4.12  Case 1 Output       4.18 

4.13  Case 2 Output       4.20 

4.14  Case 3 Output       4.22 

4.15  Case 4 Output       4.24 

4.16  Case 5 Output       4.26 

4.17  Case 6 Output       4.28 

4.18  Case 7 Output       4.30 

4.19  Case 8 Output       4.32 

4.20  Case 9 Output       4.34 

4.21  Case 10 Output      4.36 

4.22  Case 11 Output      4.38 

 xviii



 xix

4.23  Case 12 Output      4.40 

4.24  Case 13 Output      4.42 

4.25  Case 14 Output      4.44 

4.26  Case 15 Output      4.46 

4.27  Case 16 Output      4.48 

4.28  Comparison between Output of Case 1 and Case 16  4.49 

4.29  Output of Bang-Bang Controller Method (ON-OFF)  4.50 

4.30  Output of Bang-Bang Controller (ON-OFF) and Fuzzy  
   Logic Controller      4.51 



LIST OF ABBREVIATIONS 
 

A/D   Analog/Digital 

AC   Alternating Current 

ACCA   Accumulator A 

ACCB   Accumulator B 

ADC   Analog to Digital Converter 

ALU    Arithmetic Logic Unit  

ANSI   American Natioanal Standards Institude 

API   Application Programming Interface 

ASCII   American Standard Code for Information Interchange 

Av   Voltage Gain 

AxIDE   Axiom Integrated Development Environment 

BASIC   Beginner’s All-purpose Symbolic Instruction Code 

Bi2Te3   Bismuth Telluride 

BJT    Bipolar Junction Transistors  

C   Centre Trapezoid 

COG/COA   Centre of Gravity / Area  

COM    Centre-of-Maximum  

COM1   Communication One 

COP   Coefficient of Performance  

CPU   Central Processing Unit 

D    Derivative Control 

DA       Direct to Air System  

 xx



DC   Direct Current 

DFUZOUT  Defuzzification Output 

DIP   Dual In-line Package    

DSP   Digital Signal Processing 

E      Error  

EEPROM   Electrically Erasable Programmable Read-Only Memory  

EOR    End of Rules 

EORM   End of Rules Marker  

EPROM   Erasable Programmable Read-Only Memory  

FINDSEG  Find Segment 

FIU    Fuzzy Inference Unit  

FLC    Fuzzy Logic Control  

FLTCCB  Fuzzy Logic Temperature Control Cooler Box 

FOUTSUM   Fuzzy Out Sum 

FOUTSUMH  Fuzzy Out Sum High 

FOUTSUML  Fuzzy Out Sum Low 

FUZOUT0  Fuzzy Output 0 

FUZOUT1  Fuzzy Output 1 

FUZOUT2  Fuzzy Output 2 

GUI   Graphical User Interface 

HEX   Hexadecimal 

Hz   Hertz 

I    Integral Control 

I/O   Input/Output 

 xxi



IC   Integrated Circuit 

IDIV   Divide Operation 

IFMIN   IF minimum 

IGBT     Isolated Gate-Base Transistor  

IMCP2   Input Membership Function Cold Point Two 

IMCS2   Input Membership Function Cold Slope Two 

IMHS1   Input Membership Function High Slope One 

IMNEP2   Input Membership Function Negative Error Point Two 

IMNES2   Input Membership Function Negative Error Slope Two 

IMNP1   Input Membership Function Normal Point One 

IMNS1   Input Membership Function Normal Slope One 

IMNS2   Input Membership Function Normal Slope Two 

IMPES1   Input Membership Function Positive Error Slope One 

IMZP1   Input Membership Function Zero Point One  

IMZS1   Input Membership Function Zero Slope One 

IMZS2   Input Membership Function Zero Slope Two 

INMFBLK    Input Membership Function Block  

INPUTERROR  Input of Error 

INPUTTEMP  Input Temperature 

INTEMP MFCOLD Input Temperature Membership Function Cold 

INTEMP MFCOLDP1 Input Temperature Membership Function Cold Point One 

INTEMP MFCOLDP2 Input Temperature Membership Function Cold Point Two 

INTEMP MFCOLDS1 Input Temperature Membership Function Cold Slope One 

INTEMP MFCOLDS2 Input Temperature Membership Function Cold Slope Two 

 xxii



INTEMP MFHOT  Input Temperature Membership Function Hot 

INTEMP MFHOTP1  Input Temperature Membership Function Hot Point One 

INTEMP MFHOTP2  Input Temperature Membership Function Hot Point Two 

INTEMP MFHOTS1  Input Temperature Membership Function Hot Slope One 

INTEMP MFHOTS2  Input Temperature Membership Function Hot Slope Two 

INTEMP MFNORMAL  Input Temperature Membership Function Normal 

INTEMP MFNORMALP1  Input Temperature Membership Function Normal Point One 

INTEMP MFNORMALP2  Input Temperature Membership Function Normal Point Two 

INTEMP MFNORMALS1  Input Temperature Membership Function Normal Slope One 

INTEMP MFNORMALS2  Input Temperature Membership Function Normal Slope Two 

INTEMPMFCOLDGR  Input Temperature Membership Function Cold Grade 

KB   Knowledge-based 

kHz   Kilohertz 

L   Left Trapezoid 

LCD    Liquid Crystal Display  

LOOPCOUN  Loop Count 

LSB   Least Significant Bit 

MCU   MicroController Unit 

MF      Membership Function  

MF GRADE  Membership Function Grade 

MIN-MAX  Minimum-Maximum 

MOD   Operation Mode 

MODA  Operation Mode A 

MODB  Operation Mode B 

 xxiii



MOM    Mean-of-Maximum  

MOSFET   Metal Oxide Semiconductor Field Effect Transistor  

MPU   Micro Processor Unit 

MSB   Most Significant Bit 

mV   Milli Volt 

OUTMF  Output Membership Function 

OUTMF0  Output Membership Function 0 

OUTMF1  Output Membership Function 1 

OUTMF2  Output Membership Function 2 

P    Proportional Control 

PC   Personal Computer 

PCBDL  PC-Based Data Logger  

PD0   Port D Zero 

PD1   Port D One 

PI    Proportional and Integral Control 

PID    Proportional, Integral and Derivative Control 

PWM   Pulse Width Modulation  

R   Right Trapezoid 

R/W   Read/Write 

RAM   Random Access Memory 

RISC   Reduced Instruction Set Computer 

ROM    Read-Only Memory  

RS   Register Select 

RUL1   Rules 1 

 xxiv


