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ABSTRACT 

This paper presents the design of a digital compass for Inertial Navigation System (INS). 

The compass application can be implemented as a functional building block in navigation 

tracking device. The design is simple and low cost, made it suitable to be embedded on 

the control system of an aircraft or gliders, among others. Using magnetic sensor and 

accelerometer, the digital compass will give the heading and attitude of the aircraft which 

is the pitch and roll. It is programmed on the PIC18F2520 microcontroller using C 

language. The application is intended for the use in Malaysia with considering zero 

declination. 

v 



TABLE OF CONTENT 

CHAPTER PAGE 

APPROVAL SHEET ii 

DECLARATION iii 

ACKNOWLEDGEMENT iv 

ABSTRACT v 

TABLE OF CONTENT vi 

LIST OF FIGURES x 

LIST OF TABLES xi 

LIST OF ABBREVIATIONS xii 

1 BACKGROUND 

1.1 Introduction 2 

1.2 Motivation and objective 3 

1.3 Scope of work 3 

1.4 Organization of the thesis 4 

2 LITERATURE REVIEW 

2.1 Introduction 7 

2.2 Compass theory 7 

2.3 Inertial Navigation System (INS) 10 

2.4 Six degree of freedom concept 12 

3 HARDWARE IMPLEMENTATION 

3.1 Introduction 17 

3.2 Design specification 17 

3.3 Operating condition 18 

3.4 Components 18 

3.4.1 Accelerometer 19 

3.4.2 Magnetic sensor 22 

vi 



3.4.3 PIC microcontroller 23 

3.4.4 Other components 24 

3.5 Circuit design 24 

3.5.1 Voltage regulator circuit 25 

3.5.2 Reference voltage circuit 25 

3.5.3 High pulse current circuit 25 

3.6 PCB design 26 

SOFTWARE DEVELOPMENT 

4.1 Introduction 31 

4.2 PIC18F2520 31 

4.3 MPLABIDE 32 

4.4 Main program 35 

4.5 Subroutines 35 

4.5.1 Initialization 35 

4.5.2 Pitch and roll measurement 41 

4.5.3 Heading measurement 42 

4.5.4 Other subroutines 43 

SIMULATION RESULT AND DISCUSSION 45 

FUTURE DEVELOPMENT AND CONCLUSION 

6.1 Future development 51 

6.2 Conclusion 52 

REFERENCES 

APPENDIX A: Digital compass schematic diagram 

APPENDIX B: Digital compass PCB 

APPENDIX C: Bill of material 

APPENDIX D: Digital compass software 

vii 


