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Abstract 

There is always a demand for cheaper, simpler and more effective human-machine 

interfaces. Currently, the most reliable and common muscle activity sensor is the 

EMG. The EMG is an expensive and complex piece of equipment which is far from 

ideal all round solution.  

The purpose of this research is to explore various methods of muscle activity 

detection and using the information gathered design and implement a sensor 

capable of detecting muscle activation. The major focus is on mechanomyography 

(MMG), the measurement of mechanical response of muscle during muscle activity. 

It is well documented that muscles produce low frequency vibrations (5 – 100Hz) 

during muscle activity. A microphone is able to capture these vibrations when they 

reach the surface of the skin. 

The prototype sensor consists of a microphone, microphone preamplifier, low pass 

Butterworth hardware filter, data acquisition hardware and accompanying data 

acquisition software.  

During the experimentation phase, we explored various documented muscle events 

and phenomena, both general muscle events and ones unique exclusively to MMG. 

This includes things such as muscle fatigue, exponential relationship between force 

and vibration, and any other undocumented events. This experimentation also 

helped determine the effectiveness of the sensor. 

Testing showed that periods of muscle activity were clearly visible and there was a 

definitely relationship between the force and vibrations, however there were 

shortcomings in terms of the sensor design. This included finding a better method of 

attaching the sensor to the surface of the skin, the dimension deformations of the 

muscle caused unwanted artefacts in the results and muscle fatigue was not 

observed. Despite its imperfections, it can be concluded that the design and 

implementation was a limited success. 

 



 

ii 

 

Acknowledgements 

Firstly, I would like to thank Dr. Johan Potgieter and Dr. Peter Xu, my research 

supervisors, for providing me with the guidance and assistance in order to complete 

this dissertation.  

I would also like to thank, Ross McBeath, Katrin Schnabel and Brad Confer, for their 

patience and expertise. Additionally, I’d like to thank National Instruments for 

providing excellent support with regards to their data acquisition equipment and 

Texas Instruments for their amplifier support. 

Furthermore, I would like to thank my friends and family who supported me; 

especially my mum and dad for always keeping me focused on the task at hand and 

my friends who were always there to remind me to have some time off once in a 

while to allow me to see things with a fresh mind. 

Finally, I would like to thank all the Massey University staff for their assistance and 

cooperation throughout; in particular Jenny Kaufmann, Tom Moir and Eddie 

Rodgers. 

Martin Ma. 

  



 

iii 

 

I, Martin Ma, hereby declare that this thesis, unless otherwise stated, is of my own 

work. External sources of work have been referenced and acknowledged 

accordingly. 

 

Signature: 

 

Date:  / /   

  



 

iv 

 

Contents 

ABSTRACT.............................................................................................................................................. I 

ACKNOWLEDGEMENTS ....................................................................................................................... II 

CONTENTS............................................................................................................................................IV 

LIST OF FIGURES ...............................................................................................................................VII 

LIST OF ABBREVIATIONS...................................................................................................................IX 

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

CHAPTER 2 LITERARY REVIEW ................................................................................................... 4 

2.1 MUSCLE BEHAVIOUR ................................................................................................................. 4 

2.2 MYOGRAPHY ............................................................................................................................. 5 

2.2.1 Electromyography ........................................................................................................... 5 

2.2.2 Mechanomyography ........................................................................................................ 7 

CHAPTER 3 CONCEPTUAL FRAMEWORK ................................................................................ 12 

3.1 BIO-MECHANICS ...................................................................................................................... 12 

3.1.1 Muscles ......................................................................................................................... 12 

3.1.2 Muscle Fatigue .............................................................................................................. 14 

3.1.3 Muscle Vibration ............................................................................................................ 15 

3.2 ELECTROMYOGRAPHY ............................................................................................................. 17 

3.3 MECHANOMYOGRAPHY ............................................................................................................ 19 

3.3.1 Vibration Detection ........................................................................................................ 20 

3.3.2 Muscle Deformation ...................................................................................................... 25 

3.4 INFRASOUND ........................................................................................................................... 27 



 

v 

 

3.5 CONCLUSION ........................................................................................................................... 28 

CHAPTER 4 METHODOLOGY ...................................................................................................... 30 

4.1 MICROPHONE .......................................................................................................................... 30 

4.2 MICROPHONE HOLDER ASSEMBLY ............................................................................................ 33 

4.3 PREAMPLIFIER ......................................................................................................................... 36 

4.3.1 Implementation .............................................................................................................. 37 

4.4 FILTER .................................................................................................................................... 39 

4.4.1 Implementation .............................................................................................................. 41 

4.5 CADSOFT EAGLE (EASILY APPLICABLE GRAPHICAL LAYOUT EDITOR) ......................................... 50 

4.6 DATA ACQUISITION .................................................................................................................. 52 

4.6.1 Hardware ....................................................................................................................... 52 

4.6.2 Software ........................................................................................................................ 54 

CHAPTER 5 TESTING ................................................................................................................... 63 

5.1 PROCEDURE ........................................................................................................................... 63 

5.2 TESTS ..................................................................................................................................... 64 

5.3 TEST SEQUENCE ..................................................................................................................... 68 

5.4 RESULTS, ANALYSIS AND DISCUSSION ...................................................................................... 72 

5.4.1 Lift Test Results (Biceps Brachii) .................................................................................. 72 

5.4.2 Squeeze Test Results (Flexor Digitorum) ..................................................................... 78 

5.4.3 Focused Frequency Testing .......................................................................................... 81 

5.4.4 Additional Tests ............................................................................................................. 84 

5.5 LIMITATIONS ............................................................................................................................ 89 



 

vi 

 

CHAPTER 6 CONCLUSION .......................................................................................................... 90 

6.1 RECOMMENDATIONS ................................................................................................................ 91 

CHAPTER 7 REFERENCES .......................................................................................................... 94 

CHAPTER 8 APPENDICES ........................................................................................................... 97 

8.1 ENLARGED RESULTS GRAPHS .................................................................................................. 97 

8.2 EAGLE PCB LAYOUTS ........................................................................................................... 124 

8.3 FILTER ORDER TEST RESULTS ............................................................................................... 127 

 

  



 

vii 

 

List of Figures 

FIGURE 3.1.1 – PLANES OF THE BODY   ...................................................................................................... 13
FIGURE 3.1.2 – MUSCLE BUNDLE   ............................................................................................................. 16
FIGURE 3.3.1 – ACCELEROMETER ORIENTATION   ....................................................................................... 22
FIGURE 3.3.2 – CONDENSER MICROPHONE   .............................................................................................. 23
FIGURE 4.1.1 – MV204 PREAMPLIFIER CONFIGURATION   ........................................................................... 31
FIGURE 4.1.2 – IMPEDANCE CONVERTER FOR THE PANASONIC WM61   ...................................................... 32
FIGURE 4.2.1 – MICROPHONE HOLDER ASSEMBLY   .................................................................................... 34
FIGURE 4.3.1 – INA103 INTERNAL SCHEMATIC   ......................................................................................... 37
FIGURE 4.3.2 – MICROPHONE PREAMPLIFIER WITH PHANTOM POWER PROVISION   ...................................... 38
FIGURE 4.3.3 – PREAMPLIFIER FOR PANASONIC WM61   ............................................................................ 38
FIGURE 4.4.1 – 5TH ORDER FILTER REPONSES   .......................................................................................... 39
FIGURE 4.4.2 – COMMON LOW PASS SALLEN-KEY TOPOLOGY   .................................................................. 40
FIGURE 4.4.3 – COMMON MULTIPLE FEEDBACK (MFB) TOPOLOGY   ............................................................ 41
FIGURE 4.4.4 – 5TH ORDER LOW PASS BUTTERWORTH FILTER   ................................................................... 42
FIGURE 4.4.5 – FREQUENCY RESPONSE OF 5TH ORDER FILTER   .................................................................. 42
FIGURE 4.4.6 – 3RD ORDER LOW PASS BUTTERWORTH FILTER   ................................................................... 43
FIGURE 4.4.7 – FREQUENCY RESPONSE OF 3RD ORDER FILTER   .................................................................. 43
FIGURE 4.4.8 – PHASE RESPONSE   ........................................................................................................... 44
FIGURE 4.4.9 – 3RD ORDER FILTER MODEL   ............................................................................................... 46
FIGURE 4.4.10 – 5TH ORDER FILTER MODEL   ............................................................................................. 47
FIGURE 4.4.11 – MATLAB SIMULATION 1ST ORDER FILTER   ......................................................................... 48
FIGURE 4.4.12 - MATLAB SIMULATION 3ST ORDER FILTER   .......................................................................... 49
FIGURE 4.4.13 - MATLAB SIMULATION 5ST ORDER FILTER   .......................................................................... 49
FIGURE 4.5.1 – MICROPHONE PREAMP SCHEMATIC   .................................................................................. 50
FIGURE 4.5.2 – FILTER SCHEMATIC   .......................................................................................................... 50
FIGURE 4.5.3 – LINE PREAMP SCHEMATIC   ................................................................................................ 51
FIGURE 4.6.1 – I/O BLOCK LAYOUT   .......................................................................................................... 53
FIGURE 4.6.2 – CABLE I/O LAYOUT (EXTENDED VERSION USED)   ............................................................... 54
FIGURE 4.6.3 – SIGNAL EXPRESS CAPTURE AND DISPLAY PROGRAM   ........................................................ 55
FIGURE 4.6.4 – DAQMX ACQUIRE BLOCK   ................................................................................................. 56
FIGURE 4.6.5 – FILTER BLOCK   ................................................................................................................. 57
FIGURE 4.6.6 – AMPLITUDE AND LEVELS BLOCK   ....................................................................................... 58
FIGURE 4.6.7 – FREQUENCY RESPONSE BLOCK   ....................................................................................... 59
FIGURE 4.6.8 – STATISTICS BLOCK   .......................................................................................................... 60
FIGURE 4.6.9 – POWER SPECTRUM BLOCK   .............................................................................................. 61
FIGURE 4.6.10 – LABVIEW REPRESENTATION   ......................................................................................... 62
FIGURE 5.4.1 – TEST 1   ............................................................................................................................ 72
FIGURE 5.4.2 – TEST 2A   .......................................................................................................................... 73
FIGURE 5.4.3 – TEST 2B   .......................................................................................................................... 73
FIGURE 5.4.4 – TEST 3A   .......................................................................................................................... 74
FIGURE 5.4.5 – TEST 3B   .......................................................................................................................... 74
FIGURE 5.4.6 – TEST 4A   .......................................................................................................................... 75
FIGURE 5.4.7 – TEST 4B   .......................................................................................................................... 75
FIGURE 5.4.8 – TEST 5A   .......................................................................................................................... 76
FIGURE 5.4.9 – TEST 5B   .......................................................................................................................... 76
FIGURE 5.4.10 – TEST 6A   ........................................................................................................................ 77
FIGURE 5.4.11 – TEST 6B   ........................................................................................................................ 77
FIGURE 5.4.12 – TEST 7A   ........................................................................................................................ 77
FIGURE 5.4.13 – TEST 7B   ........................................................................................................................ 78
FIGURE 5.4.14 – TEST 2C   ........................................................................................................................ 78
FIGURE 5.4.15 – TEST 3C   ........................................................................................................................ 79
FIGURE 5.4.16 – TEST 4C   ........................................................................................................................ 79
FIGURE 5.4.17 – TEST 5C   ........................................................................................................................ 79
FIGURE 5.4.18 – TEST 6C   ........................................................................................................................ 80
FIGURE 5.4.19 – TEST 7C   ........................................................................................................................ 80



 

viii 

 

FIGURE 5.4.20 – FOCUSED FREQUENCY TEST (5 – 100HZ)  ....................................................................... 81
FIGURE 5.4.21 – FOCUSED FREQUENCY TEST (5 – 20HZ)   ......................................................................... 81
FIGURE 5.4.22 – FOCUSED FREQUENCY TEST (5 – 50HZ)   ......................................................................... 82
FIGURE 5.4.23 – FOCUSED FREQUENCY TEST (20 – 50HZ)  ....................................................................... 82
FIGURE 5.4.24 – FOCUSED FREQUENCY TEST (50 – 100HZ).   ................................................................... 83
FIGURE 5.4.25 – FOCUSED FREQUENCY TEST (80 – 100HZ)  ..................................................................... 83
FIGURE 5.4.26 – INCREASING MASS TEST   ................................................................................................ 84
FIGURE 5.4.27 – MUSCLE INTERACTION TEST  ........................................................................................... 84
FIGURE 8.1.1 – TEST 2A   .......................................................................................................................... 97
FIGURE 8.1.2 – TEST 2B   .......................................................................................................................... 98
FIGURE 8.1.3 – TEST 2C   .......................................................................................................................... 99
FIGURE 8.1.4 – TEST 3A   ........................................................................................................................ 100
FIGURE 8.1.5 – TEST 3B   ........................................................................................................................ 101
FIGURE 8.1.6 – TEST 3C   ........................................................................................................................ 102
FIGURE 8.1.7 – TEST 4A   ........................................................................................................................ 103
FIGURE 8.1.8 – TEST 4B   ........................................................................................................................ 104
FIGURE 8.1.9 – TEST 4C   ........................................................................................................................ 105
FIGURE 8.1.10 – TEST 5A   ...................................................................................................................... 106
FIGURE 8.1.11 – TEST 5B   ...................................................................................................................... 107
FIGURE 8.1.12 – TEST 5C   ...................................................................................................................... 108
FIGURE 8.1.13 – TEST 6A   ...................................................................................................................... 109
FIGURE 8.1.14 – TEST 6B   ...................................................................................................................... 110
FIGURE 8.1.15 – TEST 6C   ...................................................................................................................... 111
FIGURE 8.1.16 – TEST 7A   ...................................................................................................................... 112
FIGURE 8.1.17 – TEST 7B   ...................................................................................................................... 113
FIGURE 8.1.18 – TEST 7C   ...................................................................................................................... 114
FIGURE 8.1.19 – 5-100HZ   ..................................................................................................................... 115
FIGURE 8.1.20 – 5-20HZ   ....................................................................................................................... 116
FIGURE 8.1.21 – 5-50HZ   ....................................................................................................................... 117
FIGURE 8.1.22 – 20-50HZ   ..................................................................................................................... 118
FIGURE 8.1.23 – 50-100HZ   ................................................................................................................... 119
FIGURE 8.1.24 – 80-100HZ   ................................................................................................................... 120
FIGURE 8.1.25 – TEST INCREASING MASS   .............................................................................................. 121
FIGURE 8.1.26 – TEST MUSCLE INTERACTION  ......................................................................................... 122
FIGURE 8.1.27 – HARDWARE FILTER FREQUENCY AND PHASE RESPONSE   ............................................... 123
FIGURE 8.2.1 – MICROPHONE PREAMP LAYOUT   ...................................................................................... 124
FIGURE 8.2.2 – FILTER LAYOUT   ............................................................................................................. 124
FIGURE 8.2.3 – LINE PREAMP LAYOUT   ................................................................................................... 125
FIGURE 8.3.1 – 3RD ORDER (LEFT), 5TH ORDER (RIGHT)  ........................................................................... 127
FIGURE 8.3.2 – 20TH ORDER (LEFT), 50TH ORDER (RIGHT)   ....................................................................... 128
FIGURE 8.3.3 – 100TH ORDER   ................................................................................................................ 129

 

  



 

ix 

 

List of Abbreviations 

MMG – Mechanomyography 

AMG – Acoustic Myography 

EMG – Electromyography 

PEC or PE – Piezoelectric 

ACC – Accelerometer  

HMI – Human-Machine Interface 

DAQ – Data Acquisition 

  


