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ABSTRACT 

 

 

 

ELECTROMECHANICAL DESIGN OF MOTOR ASSISTED DYNAMIC LEG 
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By 

 

Edwin Kristianto Saputro 

Fuad Ughi, S.T, M.T., Advisor 

Dr. Ir. Barman Tambunan, M.Sc., Co-Advisor  
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Development in medical technologies enables modification and improvement in 

procedures to be less invasive to patient. Prosthetic and orthotics technology help 

people regarding structural disability. The development of Orthotics and Prosthetics in 

Indonesia has not yet improved and there is no combination between mechanical 

aspects and electrical aspects regarding prosthetics and orthotics. In the thesis, the 

author customized an orthosis, which is a leg brace. Standard leg brace is static and 

the joint lock has to be manually operated. The customization automates the locking 

operation and assists gait improvement of a polio patient. To enable the patient to 

automatically control the leg brace, an electromyography (EMG) system was used as 

signal and input acquisition from the patient. The EMG system provides muscle 

activity monitoring. The signal from the muscle was amplified and conditioned as a 

proper input to microcontroller. The signal was then processed to give commands to 

actuators which are directly involved in the leg brace to retain patient’s walking gait. 
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ELECTROMECHANICAL DESIGN OF MOTOR ASSISTED DYNAMIC  Page 4 of 128 
LEG BRACE FOR POST-POLIO PATIENT SUPPORT AND THERAPY 

  Edwin Kristianto Saputro 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© Copyright 2015 

by Edwin Kristianto Saputro 

All rights reserved 

 

 

 



ELECTROMECHANICAL DESIGN OF MOTOR ASSISTED DYNAMIC  Page 5 of 128 
LEG BRACE FOR POST-POLIO PATIENT SUPPORT AND THERAPY 

  Edwin Kristianto Saputro 
 

 

DEDICATION 

 

 

I dedicate this thesis work to God, both my parents, advisor, co-advisor and friends 

that always support me during hard times and give me strength when I almost give up. 

 Special dedication to Bp. Mustiantono for his contributions, willingness, kindness, 

and patience as a patient and model of leg brace in this thesis.  

We are honored to have him as a big part in the making of this thesis 

 



ELECTROMECHANICAL DESIGN OF MOTOR ASSISTED DYNAMIC  Page 6 of 128 
LEG BRACE FOR POST-POLIO PATIENT SUPPORT AND THERAPY 

  Edwin Kristianto Saputro 
 

 

ACKNOWLEDGEMENTS 

 

First of all, I want to thank God for all blessings and power He has given during thesis 

work, so I am able to finish the thesis work. 

 

Many thanks to both parents that support and give useful information regarding right 

how to solve my problems. 

 

I thank Biomedical Engineering lecturers especially Fuad Ughi, S.T. M.T and Ir. Arko 

Djajadi, M.Sc, Ph.D. for advices and permission to do this thesis work. Many thanks 

also for pushes, so I did not give up in the middle of the thesis. 

 

I also want to thank Dr. Ir. Barman Tambunan, M.Sc. for his advices regarding 

mechanical and experimental part. 

 

Thanks to Bp. Mustiantono, as patient and contributor for this thesis. 

 

Thanks to Michael M Gondokusumo, the thesis could be done and I have to push 

myself to catch up to progresses during thesis work.  

 

Also for Bp. Muhammad Cepi Hanafi, who shows us how to work properly in 

mechanical engineering workshop room. Thanks also for his advices regarding 

mechanical part of the thesis. 

 

The last thanks go for fellow Biomedical Engineering students and some Prasetiya 

Mulya students, especially Yosephine Rigo Bertha for the fun times and memories 

during thesis work and what happens before. For all memories have empowered me 

and shape me to who I am now.  



ELECTROMECHANICAL DESIGN OF MOTOR ASSISTED DYNAMIC  Page 7 of 128 
LEG BRACE FOR POST-POLIO PATIENT SUPPORT AND THERAPY 

  Edwin Kristianto Saputro 
 

 

TABLE OF CONTENTS 

Page 

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

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

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

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

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

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

1.2. Research Problems ......................................................................................... 14 

1.3. Research Objectives ....................................................................................... 14 

1.4. Significance of Study ..................................................................................... 15 

1.5. Research Questions ........................................................................................ 15 

1.6. Hypothesis ..................................................................................................... 15 

CHAPTER 2 - LITERATURE REVIEW .................................................................... 16 

2.1. Electrophysiology of Muscles with Post-Poliomyelitis Symptoms ............... 16 

2.2. Biomechanics and Gait analysis of Walking ................................................. 17 

2.3. Surface Electromyography ............................................................................ 19 

2.4. 3M Red Dot Monitoring Electrode ................................................................ 19 

2.5. Arduino Uno R3 Microcontroller Board ....................................................... 20 

2.6. Yonsei University Lower Limb Exoskeleton ................................................. 20 

2.7. Orthotics ........................................................................................................ 21 

2.8. Stance Control KAFO .................................................................................... 22 

2.9. Instrumentation Amplifier ............................................................................. 24 

2.10. H-Bridge ........................................................................................................ 29 

2.11. Biopotential of Skeletal Muscle and Electromyography ............................... 30 

CHAPTER 3 – RESEARCH METHODS ................................................................... 32 

3.1.  Design Justification ....................................................................................... 32 

3.2. Components of Design .................................................................................. 33 

3.2.1.  Mechanical Design.........................................................................34 

3.2.1.1. Choosing Base Material ..................................................35 

3.2.1.2. Leg Brace Fitting ............................................................35 



ELECTROMECHANICAL DESIGN OF MOTOR ASSISTED DYNAMIC  Page 8 of 128 
LEG BRACE FOR POST-POLIO PATIENT SUPPORT AND THERAPY 

  Edwin Kristianto Saputro 
 

3.2.1.3.  Ankle and Ankle Joint of Leg Brace Torque Calculation36 

3.2.1.4. Selection of Actuators .....................................................40 

3.2.2.  Electrical Design ............................................................................44 

3.2.2.1. EMG Signal Acquisition .................................................45 

3.2.2.2. EMG Signal Conditioning ..............................................45 

3.2.2.3. Electrical Actuation Circuit .............................................52 

3.2.2.4. PCB Design .....................................................................53 

3.2.2.5. Power Supply Unit ..........................................................55 

CHAPTER 4 – RESULTS AND DISCUSSIONS ....................................................... 57 

4.1. Mechanical Result ......................................................................................... 57 

4.1.1. Orthosis Design ..............................................................................57 

4.1.2. Ankle Joint Torque Measurement ..................................................61 

4.1.3. Actuators Mechanical Forces .........................................................64 

4.2. Electrical Result ............................................................................................. 65 

4.2.1. Signal Acquisition ..........................................................................65 

4.2.2. Signal Conditioning .......................................................................68 

4.2.2.1. Amplification ..................................................................69 

4.2.2.2. DC Offset Removal .........................................................70 

4.2.2.3. Rectification ....................................................................71 

4.2.2.4. Smoothing .......................................................................71 

4.2.2.5. Final Amplification .........................................................73 

4.2.3. Electrical Actuation ........................................................................74 

4.2.4. Progress of PCB Design.................................................................76 

4.2.5. Power Supply Lifetime ..................................................................79 

CHAPTER 5 – CONCLUSIONS AND RECOMMENDATIONS .............................. 84 

5.1. Conclusions .................................................................................................... 84 

5.1.1. Mechanical Part .............................................................................84 

5.1.2. Electrical Part .................................................................................84 

5.2. Recommendations .......................................................................................... 85 

GLOSSARY ................................................................................................................. 86 

REFERENCES ............................................................................................................ 87 

APPENDIX .................................................................................................................. 91 

CURRICULUM VITAE ............................................................................................ 127 


