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ABSTRACT 
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Prosthetics have advanced drastically over the past decade. Companies from all over the world, 

from small start-up companies to one of the largest companies in the field of intelligent prosthetic, 

have raced each other in making the most advanced but affordable bionic limbs. In the previous 

work, the design of the prosthetic hand has done by a third party with no specifications of 

kinematics modelling and three-dimensional design. The extraction of data and conversion of 

signal into movement of the hand is done by one of the alumni, which turn out to be a success. 

However this thesis focuses mainly on creating a fitting kinematics model, both forward and 

inverse, so that the author can manufacture an affordable bionic hand. The product will be 3D-

printed and will have an additional joint as an improvement from the previous model. The data 

processing will be done by a small computer called Raspberry Pi and the program used will come 

from another colleague who is working on an Artificial Intelligence based data taking and 

conversion. 

 

Keywords: Advanced Prosthetics, Bionic Hand, 3D Printing, Mathematical Modelling, Forward 

and Inverse Kinematics, Raspberry Pi, Artificial Intelligence. 

 

 



DEVELOPMENT OF BIONIC HAND WITH        Page 4 of 91 

IMPROVED RELIABILITY AND DEGREE OF FREEDOM 

 

  Geraldus Aldo 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© Copyright 2019 

by Geraldus Aldo 

All rights reserved 

 

 



DEVELOPMENT OF BIONIC HAND WITH        Page 5 of 91 

IMPROVED RELIABILITY AND DEGREE OF FREEDOM 

 

  Geraldus Aldo 
 

 

 

DEDICATION 
 

 

I dedicate this work for God, my family and friends who never failed to believe in me, the future 

of amputees and the sake of the future of my country, Indonesia. 

 



DEVELOPMENT OF BIONIC HAND WITH        Page 6 of 91 

IMPROVED RELIABILITY AND DEGREE OF FREEDOM 

 

  Geraldus Aldo 
 

 

 

ACKNOWLEDGEMENTS 

 

First and foremost, I want to express my gratitude to the one and only God Himself, as he never 

fails to give me His blessings and guidance in each and every day. 

Secondly, I want to thank my family, especially my mom, for all the endless support. 

Thirdly, I want to thank every single one of my lecturers who have guided me so far until this 

point, especially to my thesis advisors Dr. Eka Budiarto for patiently coping up with all my 

questions and Mr. Leonard Rusli for the endless weekly meetings and updates. Special thanks to 

Mr. Benny Widjaja and Ms. Yunita Umniyati for helping me so much with every problem that I 

have and being a kind supervisor throughout my time working as a Lab Assistant at Swiss German 

University. I thank you for making room 2006 a second home by nature for me. 

Last but not least, I want to thank all of my friends who believed in me. To Brewok Study Club, 

without you people I would never be as diligent to survive for the last two semesters. To Richard 

Christophorus, Darin Soedarsono, Kelvin Febianto Galiny, Daniel Dwicahya Hasim, Chosua Glen 

and Leonard Chandra Aulia, I could not thank you all enough for all of the times you were there 

for me, with corny jokes and endless laughter. Last but not least I want to thank Karina Tjandra 

for being the lovely person she is. I could not ask for a better people to be surrounded with. To all 

of the people out there whose name I could not mention one by one, I thank you all from the bottom 

of my heart. 

 

 

 

My life is not perfect, but each step that I took has brought me to a whole new level and I am 

thankful for everything I have without ever regretting a single thing. 



DEVELOPMENT OF BIONIC HAND WITH        Page 7 of 91 

IMPROVED RELIABILITY AND DEGREE OF FREEDOM 

 

  Geraldus Aldo 
 

 

TABLE OF CONTENTS 

 

Page 

 

STATEMENT BY THE AUTHOR ................................................................................................ 2 

ABSTRACT .................................................................................................................................... 3 

DEDICATION ................................................................................................................................ 5 

ACKNOWLEDGEMENTS ............................................................................................................ 6 

TABLE OF CONTENTS ................................................................................................................ 7 

LIST OF FIGURES ...................................................................................................................... 10 

LIST OF TABLES ........................................................................................................................ 12 

CHAPTER 1 – INTRODUCTION ............................................................................................... 13 

1.1. Background .................................................................................................................... 13 

1.2. Thesis Problems ............................................................................................................. 13 

1.3. Thesis Objectives ........................................................................................................... 14 

1.6. Significance of Study ..................................................................................................... 15 

1.7. Research Questions ........................................................................................................ 15 

1.8. Hypothesis ...................................................................................................................... 15 

CHAPTER 2 - LITERATURE REVIEW ..................................................................................... 17 

2.1.  Previous Mechanical Designs ........................................................................................ 17 

2.1.1.  Pulling Strings Design ............................................................................................ 17 

2.1.2.  Electric Prosthesis Design....................................................................................... 18 

2.1.3.  Mechanical Prosthesis Design ................................................................................ 19 

2.1.4.  Myoelectric Prosthesis Design ................................................................................ 19 

2.1.5.  Robotic Hand Design .............................................................................................. 20 

2.2.  Denavit-Hartenberg Convention .................................................................................... 21 

2.3. FABRIK: Iterative Method ............................................................................................ 23 

2.3.  Underactuated Finger Mechanism ................................................................................. 24 

2.4. Lithium Polymer (LiPo) Battery .................................................................................... 26 

2.5. Raspberry Pi ................................................................................................................... 27 

2.6. Step-down DC Regulator Module .................................................................................. 28 

2.7. Micro Servo Motor ......................................................................................................... 30 

2.8. EMG Sensor ................................................................................................................... 31 

2.9. Python............................................................................................................................. 31 

CHAPTER 3 – RESEARCH METHODS .................................................................................... 34 



DEVELOPMENT OF BIONIC HAND WITH        Page 8 of 91 

IMPROVED RELIABILITY AND DEGREE OF FREEDOM 

 

  Geraldus Aldo 
 

 

3.1. Mathematical Modelling ................................................................................................ 34 

3.1.1. Forward Kinematics – Denavit-Hartenberg Convention ........................................ 34 

3.1.2. FABRIK Inverse Kinematics .................................................................................. 39 

3.1.3. Force Calculation .................................................................................................... 42 

3.2. Design Justification ........................................................................................................ 45 

3.2.1. Finger Mechanism .................................................................................................. 45 

3.2.2. Wrist Joint and Arm ................................................................................................ 46 

3.2.3. Stress, Strain and Displacement Test ...................................................................... 48 

3.3. Electrical Circuit ............................................................................................................ 51 

3.3.1. Raspberry Pi 3 Model B+ ....................................................................................... 52 

3.3.2. Power Supply .......................................................................................................... 53 

3.3.3. SG90 Micro Servo .................................................................................................. 54 

3.3.4. Arduino Nano.......................................................................................................... 54 

3.3.5. Myo Armband by Thalmic Labs ............................................................................. 55 

3.4. Program .......................................................................................................................... 56 

3.5. Testing Methods ............................................................................................................. 59 

3.5.1. Accuracy Test ......................................................................................................... 59 

3.5.2. Force Test................................................................................................................ 59 

3.5.3. Grasping Dimension Test ....................................................................................... 59 

3.5.4. Grasping Weight Test ............................................................................................. 60 

CHAPTER 4 – RESULTS AND DISCUSSIONS........................................................................ 61 

4.1. Prototyping ......................................................................................................................... 61 

4.1.1. Gear Mechanism ......................................................................................................... 61 

4.1.2 Linkage Mechanism ..................................................................................................... 62 

4.2. Troubleshooting ................................................................................................................. 62 

4.2.1. Electrical ..................................................................................................................... 62 

4.2.2. Program ....................................................................................................................... 63 

4.3. Testing ............................................................................................................................ 66 

4.3.1. Accuracy of Actuation ............................................................................................ 66 

4.3.2. Force Test................................................................................................................ 70 

4.3.3. Grasping Test: Dimension ...................................................................................... 74 

4.3.4. Grasping Test: Mass ............................................................................................... 78 

CHAPTER 5 – CONCLUSION AND RECOMMENDATIONS ................................................ 82 

5.1. Conclusion ...................................................................................................................... 82 



DEVELOPMENT OF BIONIC HAND WITH        Page 9 of 91 

IMPROVED RELIABILITY AND DEGREE OF FREEDOM 

 

  Geraldus Aldo 
 

 

5.2. Recommendations .......................................................................................................... 82 

GLOSSARY ................................................................................................................................. 84 

APPENDIX ................................................................................................................................... 85 

REFERENCES ............................................................................................................................. 89 

CURRICULUM VITAE ............................................................................................................... 91 

  

  


