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ABSTRACT

Facial expression recognition (FER) enables computers or machine to identify human
emotions. The FER system is used in self-driving cars, healthcare and smart
environments. Most of the facial expression systems are based on computer vision and
image processing technologies. Computer vision technologies are quite expensive since
they need massive memory and computation resources. It also depends on the
environment changes. However, sensors technologies overcome all the limitations
because it does not need a massive amount of memory, expensive computation
resources, and not depend on environment changes. This study aims to develop FER
systems based on stretchable strain sensors data using machine learning in driving a
rehabilitation system. Two different stretchable strain sensors (commercial and
developed) are used to recognize four facial expressions (neutral, happy, sad and
disgust). This study mainly focuses on the developed stretchable strain sensor, but this
sensor is still developed in the laboratory and is not stable. So, the commercial
stretchable strain sensor is used for the analysis of the developed sensor performance.
The stretchable strain sensors data is time-series data with noise and high
dimensionality. The datasets are normalized and aggregated to remove noise and high
dimensionality. It is processed as an input to the machine learning model, and then it is
compiled and fitted by five machine learning models, which are K- Nearest Neighbour
(KNN), Decision Tree (DT), Support Vector Machine (SVM), Logistic Regression (LR)
and Random Forest (RF) models. The training and testing results show that the RF
model achieves the highest accuracy than other machine learning models. The RF FER
model is then implemented in the experimental hardware test of the facial expression-
driven rehabilitation system. When facial expression neutral, happy, sad, and disgust
emotion, the elbow rehabilitation system (ERS) motor speed is 60%,80%,0% and 30%
of its full speed, respectively. The simulation results show that RF has achieved 96%
and 90% accuracy, respectively, in recognizing the correct facial expression using the
three commercial and four developed sensors, respectively. The offline hardware
experimental test results show that the facial expression has driven rehabilitation system
has successfully achieved 93% and 83% accuracy. The three commercial and four
developed stretchable strain sensor data to drive the rehabilitation system’s speed
according to the facial expression displayed. In the real-time experimental test on five
subjects, the system has achieved an accuracy of 75% in regulating the rehabilitation
system's speed based on the actual users' facial expressions. The proposed study's
limitation is that the stretchable strain sensors are uncomfortable for data collection and
tests. However, the experimental results have proven that the proposed methods can
drive the rehabilitation machine to move according to the recognized facial expression.
The proposed system can enhance the rehabilitation system's comfort and safety
according to the patients need. It will help the patients to recover better and faster and
eventually improves their quality of life.



¢aal) dada

i) Selall e e SVl geeaSl sl S Je (FER) andl wlpes e Opndl aulail Juss
olare dazed ASIU Sledly Aoeal) Ble ) 3y 53LA 3015 Sl (3 angl) il o 2l pla pdsny
g Y el dlal olaad) ods Sy o jpal) adlas Slay sl 2301 e 28U angl) Olns 2alail
D) S Ot Sl e gl B30 slezel pr £ e Aess gl 35y 5515 )
38 g A ey SO JLasVU jeaziy BBl o WA Ellgaady cpodl) Buasy Y 55l o o (s
Sl Jo 2l Ganaly argdl Ol e Ol dadal ek 1) anll sds 08 L olle bl idles
) ondlz blan oy pmiins plbszal o bald) sale) s bl AV s plasizal bl Slazall
Aldin 2Ly g bllall jmiadl @bl . (adies 2 doney l2) amgl) Sl sl e il (3l
A M) slaly sLogall WY Limady SbLY Slegast Byl 17 WU Giaiipe 25l Slaly slogd o Lo
1y Sl o Al 405y sl g 1 AV o 358 3 NS e 15 o
B Olapylysg (LR) gersll Y1 (SVM) codll oz 3Ty (DT 180 s (KNN) L
Syl OF wlad) sty oyl et REJY el ool w)tn w5 el 522 (RF) aglpeal
wmgl) Sy 2358, Y RE s o a1 Joaldl sale] pllad) 2y ol 3501 Ll 3 U3 ey o
wry g o S @3 Y80 o aSW e Lo reed ¢ domed) gl s e Bl E I3 an)
150 760 e asUW s w b 0z ¢ Wl argdl pns Jo ) @131 70 2SW de s s 5 ¢
3 AV et OF T8 ils edas, 130 ) aSW dewr (a5 o ¢ Gl e pas e xSl ¢ RE s
Ayl Shmianl) plisaal Gl axdll Slpad Jo 2l 3 st e 790 5796 ] Las w5 i
Pl cods amgll Slpad OF YU dhatll é 5 ol sV ity gl L) o ¢ 35kl
o3 @ a3y ylndl Jlezaun¥) seal Dbl mo plny 783 5 793 Ul e 15 gid ) sl sole)
m2lse i e el 3 3 ) LV 3 Bogal) angd) Olpad Uy sl ale] plas o
el adad) patsand) amy Sl e 2l Lol ale) a5 depn (b 3 775 s s plbd) i
S B Okl amgll Slpad Gy Sall Lol s3le] AT 2l cands 08 do gl Bl OF g o) il
S Gl e ol s dsliw. o SlrlamY By Laldl s3le] Sl Badlug 1) o ikl pla)

Bl dey et B By ¢ pruly Juil.



APPROVAL PAGE

| certify that | have supervised and read this study and that in my opinion, it conforms
to acceptable standards of scholarly presentation and is fully adequate, in scope and
quality, as a thesis for the degree of Master of Science (Mechatronics Engineering).

Norsinnira Zainul Azlan
Supervisor

Anis Nurashikin Nordin Zaki
Co-Supervisor

Hasan Firdaus Mohd Zaki
Co-Supervisor

| certify that | have read this study and that in my opinion it conforms to acceptable
standards of scholarly presentation and is fully adequate, in scope and quality, as a thesis
for the degree of Master of Science (Mechatronics Engineering).

Ali Sophian
Internal Examiner

Ruhizan Liza Ahmad Shuari
External Examiner

This thesis was submitted to the Department of Mechatronics Engineering and is
accepted as a fulfilment of the requirement for the degree of Master of Science
(Mechatronics Engineering).

Ali Sophian
Head, Department of
Mechatronics Engineering



This thesis was submitted to the Kulliyyah of Engineering and is accepted as a
fulfilment of the requirement for the degree of Master of Science (Mechatronics
Engineering).

Sany lzan lhsan
Dean, Kulliyyah of Engineering



DECLARATION
| hereby declare that this thesis is the result of my own investigations, except
where otherwise stated. | also declare that it has not been previously or concurrently

submitted for any other degrees at 1IUM or other institutions.

Chowdhury Mohammad Masum Refat

SIGNALUIE ...oeeeeceeceee e Date ..o

Vi



INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA

DECLARATION OF COPYRIGHT AND AFFIRMATION OF
FAIR USE OF UNPUBLISHED RESEARCH

MACHINE LEARNING-BASED FACIAL EXPRESSION
RECOGNITION USING STRETCHABLE STRAIN SENSORS
FOR REHABILITATION SYSTEM

I declare that the copyright holders of this thesis are jointly owned by the student
and IHUM.

Copyright © 2021 Chowdhury Mohammad Masum Refat and International Islamic University
Malaysia. All rights reserved.

No part of this unpublished research may be reproduced, stored in a retrieval system,
or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording or otherwise without prior written permission of the copyright holder
except as provided below.

1. Any material contained in or derived from this unpublished research
may be used by others in their writing with due acknowledgement.

2. 1IUM or its library will have the right to make and transmit copies (print
or electronic) for institutional and academic purposes.

3. The IHUM library will have the right to make, store in a retrieved system
and supply copies of this unpublished research if requested by other
universities and research libraries.

By signing this form, | acknowledged that | have read and understand the 11TUM
Intellectual Property Right and Commercialization policy.

Affirmed by Chowdhury Mohammad Masum Refat

Signature Date

vii




ACKNOWLEDGEMENTS

Firstly, it is my utmost pleasure to dedicate this work to my research team member and
my family, who granted me the gift of their unwavering belief in my ability to
accomplish this goal: thank you for your support and patience.

| wish to express my appreciation and thanks to those who provided their time,
effort and support for this project. To the members of my dissertation committee, thank
you for sticking with me.

| also thank the Asian Office of Aerospace Research and Development
(AOARD) of the Air force office of Scientific Research (AFOSR) for sponsoring the
machine learning part of the research under the grant number FA2386-18-1-4105 R&
D 18I0A105.

Finally, a special thanks to Dr Norsinnira Zainul Azlan and Prof. Anis
Nurashikin Nordin is continuous support, encouragement and leadership and for that, |
will be forever grateful.

viii



TABLE OF CONTENTS

N o111 = Tod SRRSO I
ADSTFACT IN ATADIC ... i
APPIOVAI PAGE ...t 1\
DECIATALION ...t bbb Vi
COPYIIGNE PAGE.....eeeeieieieee bbb vii
ACKNOWIBAGEMENTS ... enes viii
LISt OF TADIES ..ottt nne e Xi
LISt OF FIQUIES .ttt ettt neenne e xiii
LiSt OFf ADDIEVIALION .....oviiiicc e XVii
LiSt OF SYMDOIS ... Xviii
CHAPTER ONE: INTRODUCTION ....ccoiiiiiiiciieeeeee e 1
1.1 Background of the StUdY .........cccooveiiiieiie e 1
1.2 Problem STatemMents .......cccveeiieieeiecie e 3
1.3 ReSEArCh ODJECHIVES.......ccivieieieieciece et 4
1.4 Research MethodolOogy ........cccviiiiiiiiiiieiei e 4
1.5 RESEAICN SCOPE .....uvieieiiii ettt et e sraeereesrae s 6
1.6 Research ContribULION ........ovviieieee e 7
1.7 TheSiS OULIING ... e 7
CHAPTER TWO: LITERATURE REVIEW........ccooiiiiiiiiiiit e, 9
20 A 1 0o 141 o] o P 9
2.2 FACIAl MUSCIES ... e 10
2.3 Related Work on Facial Expression Recognition (FER).........ccccccovenene. 12
2.4 Stretchable Strain SENSOIS .......cviivviiiiiiiee s 15
2.5 Machine Learning models for FER ..........cccooooiiiiiiiiiee 19
2.6 Rehabilitation RODOL..........cccooviiiiiie e 21
2.7 Chapter SUMIMATY .......ooiiiiiiieie e 23
CHAPTER THREE: RESEARCH METHODOLOGY .....ccccccoovvviviieieiene, 24
00 L1 oo [0od o] o PSSP 24
3.2 Data Collection ProCedUIE..........ccveivereiie e 24
3.3 Stretchable Strain Sensors Setup for Data Collection ...........c...ccocoveeee. 26
3.4 Data SEIECHION .......eiie et 28
3.5 Feature EXIraCtioN.........ccccoviiieiiiie e 28
3.6 Machine Learning MOdelS...........cooiiiiiiiiiiiie e, 29
3.6.1 K- Nearest NeighbOr .........ccooviiiiiiicccce e 29
3.6.2 RANAOM FOIESE .....oeivieieeiccie et 30
3.6.3 DECISION TIEE ..cuviiii ettt e 31
3.6.4 Random Forest Bagging Methods...........cccccevvviiiiiniiiniiieen, 32
3.6.5 Support Vector Machine ..........ccccoveiinieieniee e 34
3.6.6 LOQIStIC REQIESSION. ...cvveieieieiieieciese et 35
3.7 Machine Learning Model Training and TesSting.........ccccceveererienivnreenn 36



3.8 CONTUSION IMIAEEIX .t 38

3.9 Hardware Setup FIOW Chart .........c.cccooi i 39
3.10 Elbow Rehabilitation System Working Concept...........ccocvvrviveiennnn. 40
3.11 Elbow Rehabilitation System DeSign ........cccccvevvevvereiiieieese e 41
3.12 Hardware Experimental SEtup .........cccooiiiriniiieieeee e, 43
3.12.1 Experimental Hardware Circuit Diagram...........cccocevvevveireennnnn, 44
3.12.2 Developed Stretchable Strain Sensor Circuit Board .................. 47
3.12.3 POWET SUPPIY..c.oiiiiiiecie ettt 47
3.12.4 MICroCONTIOMIET ..o 47
3.12.5 MOotor CONtrol DIIVET .......cccoiiiiiiiieieieesie s 48
3.13 Operational SEQUENCE ........eieeieieieiierie e 49
3.14 Chapter SUMMAIY .......ccviveieeieiie et see et sre e e e nneenes 50
CHAPTER FOUR: DATA ANALYSIS AND RESULTS.......ccccoiiiininieienen, 52
eI L1 oo [ od o] PO 52
A2 DALASEL ...ttt 52
4.3 DAt ANAIYSIS.....ooeiiiiiiitiiieiee s 54
4.4 Representation of Simulation ReSUlLS.............ccccoeiveve i 62
4.4.1 RF for Commercial Stretchable Strain Sensor FER dataset ........ 62
4.4.2 KNN for Commercial Stretchable Strain Sensor FER dataset .....64
4.4.3 DT for Commercial Stretchable Strain Sensor FER dataset ........ 66
4.4.4 SVVM for Commercial Stretchable Strain Sensor FER dataset .....68
4.4.5 LR for Commercial Stretchable Strain Sensor FER dataset ........ 70
4.4.6 RF for Developed Stretchable Strain Sensor FER dataset ........... 73
4.4.7 KNN for Developed Stretchable Strain Sensor FER dataset ....... 75
4.4.8 DT for Developed Stretchable Strain Sensor FER dataset .......... 77
4.4.9 SVM for Developed Stretchable Strain Sensor FER dataset ....... 79
4.4.10 LR for Developed Stretchable Strain Sensor FER dataset ......... 81
4.5 Performance Comparison between Commercial and Developed
Stretchable Strain SENSOT........cveiiiie s 84
4.6 Hardware Result ANAIYSIS .......ooviiiiiiiiiiiiieee e, 86
4.6.1 Offline Hardware Experimental Test Results ..........c.ccccevevvvennnne. 86
4.6.2 Random Test Data Prediction Using Input function..................... 87
4.6.3 Real-Time Hardware Experimental Test Results...............cc.c....... 90
4.7 Chapter SUMMANY .....ooiviiiieeiiee it re et re e enae s 96
CHAPTER FIVE: CONCLUSION AND RECOMMENDATION.................. 98
T8 A 0] o Tod 11157 o o SR 98
5.2 RECOMMENAALIONS.......eeiiiiiieiiiiie ittt 99
REFERENGCES. ..ottt sttt 101

APPENDIX A(i) : COMMERCIAL STRETCHABLE STRAIN SENSORS
SPECIFICATION ...t 105

APPENDIX A(ii) : COMMERCIAL STRETCHABLE STRAIN SENSORS
10 — CHANEEL SPI SENSING CIRCUIT ..o 109



Table 3.1

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

411

412

4.13

4.14

4.15

4.16

4.17

LIST OF TABLES

ERS working concept using facial expressions.

Validation of the RF by using FER test data
(commercial sensor)

Evaluation metrics for RF model (commercial sensor)

Validation of the KNN result by using the FER test
data (commercial sensor)

Evaluation metrics for KNN model (commercial sensor)

Validation of DT result by using FER test data
(commercial sensor)

Evaluation metrics for DT (commercial sensor)

Validation of the SVM result by using. FER test
Data (commercial sensor).

Evaluation metrics for SVM (commercial sensor)

Validation of LR result by FER test data
(commercial sensor)

Evaluation metrics for LR (commercial sensor)

Performance comparison between machine learning
models for FER classification (commercial sensor)

Validation of the RF result by using FER test data
(developed sensor)

Evaluation metrics for RF (developed sensor)

Validation of the KNN result by using the FER test
data (developed sensor)

Evaluation metrics for KNN (developed sensor)

Validation of the Decision Tree result by using the FER test
data (developed sensor)

Evaluation metrics for DT (developed sensor)

Xi

41

62

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79



Table 4.18

Table 4.19

Table 4.20

Table 4.21

Table 4.22

Table 4.23

Table 4.24

Table 4.25

Table 4.26

Table 4.27

Table 4.28

Table 4.29

Table 4.30

Table 4.31

Table 4.32

Table 4.33

Validation of the SVM result by using the FER test
Data (developed sensor)

Evaluation metrics for SVM (developed sensor)

Validation of the LR result by using the FER test
Data (developed sensor)

Evaluation metrics for LR (developed sensor)

Performance comparison between machine learning
models for FER classification (developed sensor).

Performance comparison between the commercial and
developed sensor

Comparison between commercial and developed sensor
summary

Offline experimental test result using commercial
stretchable strain sensor FER

Offline experimental test result using developed
stretchable strain sensor FER

Test subject 1 real-time experimental test result

Test subject 2 real-time experimental test results

Test subject 3 real-time experimental test results

Test subject 4 real-time experimental test results

Test subject 5 real-time experimental test results
Overall correct and wrong prediction for three subjects

Comparison between simulation and experimental
the result using the developed stretchable strain sensor.

Xii

80

81

82

83

84

85

86

86

87

90

90

91

91

92

96

96



Figure 1.1
Figure 2.1
Figure 2.2
Figure 2.3
Figure 2.4

Figure 3.1

Figure 3.2

Figure 3.3
Figure 3.4
Figure 3.5
Figure 3.6

Figure 3.7

Figure 3.8
Figure 3.9

Figure 3.10

Figure 3.11
Figure 3.12
Figure 3.13
Figure 3.14

Figure 3.15

LIST OF FIGURES

Research methodology

The muscle of facial expression

Facial expression recognition and classification

The uses of the fixable large stretch sensor

The commercial and developed stretchable strain sensor

Commercial stretchable strain sensor position during data
collection

Developed stretchable strain sensor position during data
collection

Commercial stretchable strain sensor circuit diagram
Developed stretchable strain sensor circuit diagram
Example of the data selection procedure

Anaconda software simulation flow chart

Four different expected and actual values combinations
truth Table

Completed flow chart for simulation and hardware methods
Mechanical design of the rehabilitation system

Rehabilitation system extension-flexion motion mechanical
architecture

Project drawing for EHS (front, side, top and isometric views)
Hardware Experimental Setup

Hardware circuit diagram of the ERS

ERS experimental hardware

Developed stretchable strain sensor resistance measurement
setup

Xiii

11

13

16

17

25

26

27

27

28

37

38

40

41

42

42

43

44

46

47



Figure 3.16
Figure 3.17
Figure 3.18
Figure 4.1
Figure 4.2

Figure 4.3

Figure 4.4

Figure 4.5

Figure 4.6

Figure 4.7

Figure 4.8

Figure 4.9

Figure 4.10

Figure 4.11

Figure 4.12

Figure 4.13

Figure 4.14

Figure 4.15

Figure 4.16

Microcontroller (a) Raspberry Pi 3 B+ (b) Arduino Mega
L298N Motor Driver

Operational sequence

Commercial stretchable strain sensor FER dataset
Developed stretchable strain sensor FER dataset

All the subjects three commercial sensor signal value for
neutral emotion of the entire dataset

All the subjects three commercial sensor signal value for happy
emotion of the entire dataset

All the subjects three commercial sensor signal value for sad
emotion of the entire dataset

All subjects three commercial sensor signals for disgust
emotion of the entire dataset

All subjects four developed sensors signal for neutral emotion
on the entire dataset

All subjects four developed sensors signal for happy emotion
on the entire dataset

All subjects four developed sensors signal for sad emotion on
the entire dataset

All subjects four developed sensors signal for disgust emotion
on the entire dataset

Individual scatter plot for three commercials stretchable strain
sensors dataset

Combine scatter plot for three commercials stretchable strain
sensors dataset.

Individual scatter plot for four developed stretchable strain
sensors dataset

Combine scatter plot for four developed stretchable strain
sensors dataset.

Confusion matrix for the RF model (Commercial sensor)

RF facial expression classification overall accuracy

Xiv

48

49

50

53

53

55

56

56

S7

58

58

60

60

61

61

62

63



Figure 4.17

Figure 4.18

Figure 4.19

Figure 4.20

Figure 4.21

Figure 4.22

Figure 4.23

Figure 4.24

Figure 4.25

Figure 4.26

Figure 4.27

Figure 4.28

Figure 4.29

Figure 4.30

Figure 4.31

Figure 4.32

for four expressions (commercial sensor)

Confusion matrix for the KNN model
(commercial sensor)

KNN facial expression classification overall accuracy
for four expressions (commercial sensor)

Confusion matrix for DT model (commercial sensor)

DT facial expression classification overall accuracy
for four expressions (commercial sensor)

Confusion matrix for SVM model
(commercial sensor)

SVM facial expression classification overall accuracy
for four expressions (commercial sensor)

Confusion matrix for the LR model
(commercial sensor)

LR facial expression classification overall accuracy
for four expressions (commercial sensor)

Commercial stretchable strain sensor FER machine learning
models accuracy for test data

Confusion matrix for RF models
(developed sensor)

RF facial expression classification overall accuracy
for four expressions (developed sensor)

Confusion matrix for KNN models
(developed sensor)

KNN facial expression classification overall accuracy
for four expressions (developed sensor)

Confusion matrix for DT models
(developed sensor)

DT facial expression classification overall accuracy
for four expressions (developed sensor)

Confusion matrix for SVM models
(Developed sensor)

XV

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79



Figure 4.33

Figure 4.34

Figure 4.35

Figure 4.36

Figure 4.37

Figure 4.38
Figure 4.39

Figure 4.40

Figure 4.41

Figure 4.42

Figure 4.43

Figure 4.44

SVM facial expression classification overall accuracy
for four expressions (developed sensor)

Confusion matrix for LR models (developed sensor)

LR facial expression classification overall accuracy
for four expressions (developed sensor)

Developed stretchable strain sensor FER machine learning
model accuracy for test data

Performance comparison between commercial and developed
stretchable strain seasons using machine learning models.

Input function for offline test data prediction
Graphical view of random input test data

Real-time hardware experimental test for the facial expression
driven system for subject 1

Real-time hardware experimental test for the facial expression
driven system for subject 2

Real-time hardware experimental test for the facial expression
driven system for subject 3

Real-time hardware experimental test for the facial expression
driven system for subject 4

Real-time hardware experimental test for the facial expression
driven system for subject 5

XVi

81

82

83

88

89

93

93

94

94

95



FER

ML

DL

CNN

RL

KNN

DT

SVM

LR

ACC

DOF

PWM

FE

ERS

LIST OF ABBREVIATION

Facial Expression Recognition
Machine Learning
Deep Learning
Convolutional Neural Network
Random Forest
K Nearest Neighbor
Decision Tree
Support Vector Machine
Logistic Regression
Accuracy
Degree of Freedom
Pulse Width Modulation
Facial Expression

Elbow Rehabilitation System

Xvii



Pi

fo

LIST OF SYMBOLS

Defined parameter for standard deviation formula
the mean value of the dataset

The size of the facial expression dataset
Each data point

Defined the Minkowski distance formula.
Minkowski distance parameter

Entropy

Training set number

Probability

Bias

Train regression

Prediction results

Xvilii



CHAPTER ONE
INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Ageing and stroke are two of the leading causes of impairment and disability in
Malaysia (Ahmad et al., 2017). Malaysia is expected to become an old country in the
next 15 years, with 15 per cent of its population projected to be 60 years of age or older.
There are also six new stroke cases in an hour in Malaysia and more than 25,000 stroke
patients are predicted to be admitted to hospitals every year over the next five years
(Ma, Lin, & Wang, 2016). These people's capability is limited; hence, they are very
dependent on their daily routine activities and rehabilitation therapy. Automatic
rehabilitation therapy can be provided by robotic rehabilitation systems (Z. Wang,
Chang, & Sui, 2017). Nowadays, many companies are making an automatic
rehabilitation system. However, most automatic rehabilitation systems are unable to
understand patients' feedback during the rehabilitation exercises. For this reason, some
rehabilitation exercises become harmful and uncomfortable for the patients.

There are three traditional methods in controlling a rehabilitation robot:
Electromyography (EMG) signal, computer vision or image processing and sensors
technologies. The problem with controlling the rehabilitation robot using the EMG
signal is that it is a complicated signal. The signal often varies between person to person
and states of the same person. For example, a person's EMG signal may be different if
they are relaxed and tired, even if they perform the same motion. It makes it challenging
to recognize the pattern and distinguish the EMG signal when performing the desired
function (Skov-Madsen, Rijkhoff, & Vistisen, 2008). Alternatively, to older and stroke

patients with impaired ability, human facial expression can regulate different



movements and systems. Since it is more visible and requires minimal human
interaction, the facial expression (FE) is more convenient to be measured than EMG
signals.

Similarly, controlling a rehabilitation robot with computer vision or image
processing also has some limitations. For example, computer vision/image processing
needs a large amount of memory and needs computation resources such as GPU. Also,
computer vision or image processing is affected by environmental changes. For
example, when an image is of dark light, images or environments are dark and hard to
classify using computer vision or image processing. However, sensors technologies
overcome all the limitations because it does not need a massive amount of memory,
expensive computation resources, and not depend on environment changes (Zhang et
al., 2016).

One of the most famous wearable sensors is stretchable strain sensors for muscle
movement detection(J. H. Lee, Yang, Kim, & Park, 2013). Stretchable strain sensors
data are the time series data. Time series data built by the sampled data points are
obtained from a continuous, real-valued process over time. The disadvantage of time
series data is that it has high noise and dimensionality, and it does not confirm that there
is sufficient information accessible to learn the process. However, the stretchable strain
sensor's performance is better than the EMG and computer vision for muscle movement
detection and classification (Din, Xu, Cheng, & Dirven, 2017). Stretchable strain
sensors are used for different wearable biomedical applications, including human body
observation, human body movement recognition and environment checking around the
organic surface with the advancement of material and innovations and many other

applications (Din et al., 2017).



In this study, the stretchable strain sensors are used for FE data collection. ML
models are implemented to recognize the FE based on the sensors data. After that, the
best ML FER model is used to drive an ERS. In the proposed FER model is driven
rehabilitation system:

e If neutral FE is detected, the machine speed will be regulated to 60% of
its full speed.

e If happy FE is detected, the machine speed will be regulated to 80% of
its full speed.

e If sad FE is detected, the machine speed will be regulated to 0% or its
stop.

e If disgust FE is detected, the machine speed will be regulated to 30% of

its full speed.

1.2 PROBLEM STATEMENTS

The following problems can be stated for this research.
In the modern world, many companies are making rehabilitation systems. Some of the
systems are manual and some of the systems are automatic. Most of the automatic
rehabilitation systems have one major limitation. That limitation is that it cannot
accurately understand the patient's feedback when doing the rehabilitation exercise. For
this reason, sometimes, the rehabilitation system becomes harmful and uncomfortable
for the patients.

Computer vision/image processing-based FER system problems need a massive

amount of memory and computation resource (GPUSs) and it is costly. It depends on



environmental changes. For example, if the image is low light or dark, computer
vision/image processing cannot accurately detect it.

Rehabilitation systems can be controlled using EMG signals. However, the
EMG signal has some limitations, such as an EMG is one of the highly noisy signals,
which shows different values at the same time for the same person. Therefore, it is

difficult to drive a limb rehabilitation system using EMG.

1.3 RESEARCH OBJECTIVES

The research aims to accomplish the following objectives:
1. To develop stretchable strain sensors-based FER system using a machine
learning model.
2. To implement the facial expression recognition system to drive an elbow
rehabilitation system.
3. Tovalidate the proposed FER systems by simulation and hardware experimental

tests.

1.4 RESEARCH METHODOLOGY

The aim of the developed facial expressions driven rehabilitation system is to improve
the rehabilitation system performance. Two different stretchable strain sensors
(commercial and developed) are used for FER data collection and compared the
performance between these sensors. The elbow rehabilitation system (ERS) mechanical
design is taken from another research study (Alamoodi, 2015). This system has one
degree of freedom (ODF) and is capable of flexion-extension motion. The

rehabilitations machine's speed is adjusted based on the human facial expression, which



shows their emotion. It enhances the treatment and the patient's comfort while using the
machine and helps patients to recover. As a result, the proposed system will improve
the rehabilitation system and enhance treatment. Finally, it improves patients' quality of

life.

This research starts with an in-depth literature review of machine learning, facial
expression recognition and rehabilitation systems. The machine learning-based
recognition system for facial expression is developed and this model is tested by a
simulation platform (Colab). If the simulation performance is acceptable, the first
objective is considered achieved after compared to the commercial and developed
stretchable strain sensors performance. If the developed stretchable sensors
performance is satisfactory, the first objective is completed. After that, designed EHS
are integrated into the stretchable strain sensors based FER system (Alamoodi, 2015).
The experimental ERS is used for experimenting with the subject. The rehabilitation
system speed will be regulated according to facial expression and the system recorded
the accuracy. If this experiment is successful, the second objective is considered to
achieve. Finally, the whole system will be validated by simulation and hardware
experiment test, the third objectives achieved and the research process ends. The flow

chart of the research methodology is illustrated in Figure 1.1.
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Figure 1.1: Research methodology
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1.5 RESEARCH SCOPE

1. This research focuses on happy, sad, disgust and neutral facial expressions. For
example, other facial expressions (angry, surprise and fear) are beyond this
research's scope.

2. At this stage of the study, FE data was collected from 30 people ( 20 Male and
10 Female).

3. Atthis stage of the study, three commercial and four developed stretchable strain

sensors used for FE data collection.



