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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.
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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.



