
TABLE OF CONTENTS

COVER........................................................................................................................... i

HALAMAN PENGESAHAN ........................................................................................ ii

LEMBAR PERNYATAAN............................................................................................ iii

HALAMAN PERSEMBAHAN ..................................................................................... iv

PREFACE....................................................................................................................... v

TABLE OF CONTENTS................................................................................................ vii

LIST OF TABLES.......................................................................................................... ix

LIST OF FIGURES ........................................................................................................ x

INTISARI ....................................................................................................................... xii

ABSTRACT.................................................................................................................... xiii

CHAPTER I INTRODUCTION.................................................................................. 1

1.1 Background .................................................................................................. 1

1.2 Problem Statement ....................................................................................... 3

1.3 Research Constraint...................................................................................... 3

1.4 Research Objective....................................................................................... 3

1.5 Research Benefit........................................................................................... 3

1.6 Thesis Organization...................................................................................... 4

CHAPTER II THEORETICAL GROUNDS ................................................................ 5

2.1 Quadrotor Dynamics .................................................................................... 5

2.2 Quaternions .................................................................................................. 10

2.3 Madgwick Filter ........................................................................................... 13

2.4 PID/PD Controller........................................................................................ 18

CHAPTER III QUADROTOR EXPERIMENTAL PLATFORM................................. 20

3.1 Attitude Controller Design ........................................................................... 20

3.2 System Architecture ..................................................................................... 23

3.3 Hardware Specification ................................................................................ 24

3.3.1 Frame............................................................................................... 24

3.3.2 Microcontroller................................................................................ 26

3.3.3 Sensors............................................................................................. 28

3.3.4 Electronic Speed Controller............................................................. 31

3.3.5 Motors.............................................................................................. 32

vii

IMPLEMENTATION OF QUATERNION BASED PROPORTIONAL-DERIVATIVE CONTROL FOR UAV
QUADROTOR ATTITUDE
TRACKING WITH MADGWICK FILTER
Rofiq Muhana, Dr.Eng. Adha Imam Cahyadi, S.T., M.Eng.; Dr. Ir. Samiadji Herdjunanto, M.Sc.
Universitas Gadjah Mada, 2019 | Diunduh dari http://etd.repository.ugm.ac.id/



3.3.6 Propellers ......................................................................................... 34

3.3.7 Battery ............................................................................................. 36

3.3.8 Wireless Communication Module ................................................... 37

3.4 Electronic System and Assembly ................................................................. 41

3.5 Flight Controller Implementation................................................................. 44

CHAPTER IV IMPLEMENTATION RESULTS AND ANALYSIS............................ 46

4.1 Madgwick Filter IMU Test........................................................................... 46

4.1.1 Madgwick Filter Static Perfomance Test ........................................ 46

4.1.2 Madgwick Filter Accuracy Test ...................................................... 48

4.2 Quadrotor in Testbed Test............................................................................ 52

4.2.1 Step Response Test.......................................................................... 52

4.2.2 Sinusoidal Tracking Test ................................................................. 58

4.2.3 Flip Maneuver Test.......................................................................... 62

4.3 Quadrotor in Flight Test ............................................................................... 64

4.3.1 Hovering and Stabilization Test ...................................................... 64

4.3.2 Dynamic Setpoint Tracking Test..................................................... 65

CHAPTERV CONCLUSION AND FUTURE WORK............................................... 67

5.1 Conclusion.................................................................................................... 67

5.2 Future Work ................................................................................................. 67

BIBLIOGRAPHY........................................................................................................... 68

APPENDIX..................................................................................................................... 70

A.1 Quaternions Further Explanation ................................................................. 70

A.1.1 Quaternion Definition...................................................................... 70

A.1.2 Multiplication of Basis Elements .................................................... 71

A.1.3 Quaternion Product.......................................................................... 72

A.1.4 Quaternion as Rotations................................................................... 73

A.1.5 Proof of The Quaternion Rotation Identity...................................... 75

A.1.6 Quaternion Rotation Example ......................................................... 76

A.1.7 Quaternion Derivative ..................................................................... 77

A.1.8 Rigid Body Kinematics with Quaternion ........................................ 79

A.2 Flight Controller Source Code ..................................................................... 80

A.3 Research Documentation.............................................................................. 88

viii

IMPLEMENTATION OF QUATERNION BASED PROPORTIONAL-DERIVATIVE CONTROL FOR UAV
QUADROTOR ATTITUDE
TRACKING WITH MADGWICK FILTER
Rofiq Muhana, Dr.Eng. Adha Imam Cahyadi, S.T., M.Eng.; Dr. Ir. Samiadji Herdjunanto, M.Sc.
Universitas Gadjah Mada, 2019 | Diunduh dari http://etd.repository.ugm.ac.id/


