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ABSTRACT

In the case of amputees, the development of cybernetic hands that closely resemble the
functions of real hands is essential for comfort and functionality purposes. Controlled by
intrinsic and extrinsic muscles, the human thumb plays a major role in differentiating hand
gestures. For those who have lost their intrinsic hand muscles, any information about
muscle activities that can be obtained from the extrinsic muscles is essential to control the
thumb. Thus, focusing on transradial amputees, this research investigates the relationship
between extrinsic muscles to characterise thumb posture. A High-Density surface
Electromyogram (HD-sEMG) device and a portable thumb force measurement system were
used to collect forearm HD-sEMG signals from a total of 17 subjects. For the flexion
motion, the subjects were asked to repetitively place their thumb at rest before exerting
30% of their individual maximum voluntary contraction (MVC) on a load cell by following
a designated trajectory presented on a developed graphical user interface (GUI). The
measurement system was set to four different postures namely zero degrees, thirty degrees,
sixty degrees, and ninety degrees. Feature extraction was then performed by extracting the
absolute rectified value (ARV), root mean square (RMS), mean frequency (MNF) and
median frequency (MDF) values of the forearm HD-sEMG signals before being classified
using four different classifiers namely linear discriminant analysis (LDA), support vector
machine (SVM), k-Nearest Neighbour (KNN), and TREE-based classifier. The results
revealed that the LDA classified RMS and ARV-RMS features, which were extracted from
both posterior and anterior hand sides successfully achieved the highest correctly classified
percentage of 99.7%. The findings of the study are significant for the development of a
dedicated model-based control framework for prosthesis hand development to be used by
transradial amputees in the near future.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF THE STUDY

The human hand is an important body part that is used to control and handle daily activities
such as grasping, pinching, and gripping (Yan Li, 2019). For normal people, the hand has
five digits which consist of four fingers and a thumb. According to WHO (World Health
Organization, 2004), 0.5% of the population in a developing country has a disability that
necessitates the use of a prosthesis or orthosis. This prediction suggests that approximately
160,000 of Malaysia's current population of 32 million require prosthetic or orthotic
devices. In additional, based on a record, there are approximately 1.6 million individuals
living with limb loss in the United States, and it is estimated that the number will double
by 2050 (Ziegler-graham et al., 2008). The common loss of limbs is due to accidents, wars,
and diseases. There are also congenital cases where a person is born without a fully

functional hand. These groups of people are known as amputees.

There are two categories of amputees, namely transradial and transcarpal. As
demonstrated in Figure 1.1, transradial amputation occurs in the forearm area, in which the
incisions are typically made on a ratio of 1 to 1 of the form length. It may cause the loss of
interconnection between two main types of muscles, namely the intrinsic and extrinsic
muscles. Meanwhile, transcarpal amputation is a common type of amputation that occurs
for a variety of reasons such as diabetes and accidents, which in some cases will eventually
result in amputation (removal through surgery). In general, more hand muscle activity data
can be extracted from transcarpal amputees than transradial amputees since the flexion and

extension of the wrist are still preserved. As such, transcarpal amputees can achieve higher



recovery of overall hand function compared to transradial amputees (Maduri & Akhondi,

2020).

ain

Figure 1.1: Transradial and Transcarpal

Research findings in neurophysiology and neuroscience have been utilised in the
latest surgical procedures to incorporate prosthetic elements such as hand prostheses,
osseointegration and myo-controllers (Kanitz et al., 2018). Over the last decade, earlier
researches have achieved significant progress in the field of prosthetic hand development
that utilises Electromyogram (EMG) measurements (Sadnchez-velasco et al., 2019), which
have given huge benefits to amputees in assisting in their daily activities to resemble normal
limb functions. Based on one study (Cordella et al., 2016), hand prostheses are typically
controlled by the sampling features taken from surface Electromyography (sSEMG) signals
obtained from the amputee’s limb residual muscles. There are two types of EMG, namely
invasive and non-invasive. Non-invasive sEMG is more common in prosthesis
development (Chowdhury et al., 2013) and clinical usage, such as in physiology (Enoka,

2019), as this technique is painless and easily reproducible.



The thumb is the first digit of the human hand which is also known as pollex in its
scientific term. Since the thumb is the only opposable digit to the other four fingers, it plays
a critical role in hand function. Controlling this finger is vital for the realisation of different
hand grip attitudes. Also, the contribution of the thumb towards hand functions and
movements is inherently indispensable since the thumb is the only opposable digit that
controls grip formation. Injury or loss of function of the thumb can severely limit overall

hand function and movement (Xu et al., 2018).

To control and maximise the attitude and force of this digit, the thumb demands a
combination activation of all the connected muscles (Drake et al, 2015; Wohlman &
Murray, 2013). Critically, the thumb cannot be simulated accurately via individual intrinsic
muscle contribution (Wohlman & Murray, 2013). The technique to record the SEMG signal
to replicate thumb gestures is centred on the thumb musculature by measuring the activities
of the intrinsic muscle in the palm area as demonstrated in Figure 1.2. The other extrinsic
muscles governing the thumb lie on the forearm as shown in Figure 1.3. This interplay
between extrinsic and intrinsic muscles is mostly reduced or lost for transcarpal and
transradial amputees. Yet, the remaining residual forearm muscles (the extrinsic muscles)
are still accessible for both types of amputees and could be useful to control a myoelectric-

based prosthetic hand.

Figure 1.2: Positions of the electrodes; (1) AP, (2) FPB, (3) APB, (4) FDI (Sidek etal., 2018)
3



Anterior Musculature of Extrinsic Muscles Posterior Musculature of Extrinsic Muscles

Deep superficial

Deep superficial

Figure 1.3: (Left) Muscles in the anterior compartment of extrinsic muscles (flexor
muscles of the forearm). The muscles of the anterior compartment of the forearm are

depicted in this image from the deepest layer (left) to the most superficial one (right)

(Right) Muscles in the posterior compartment of extrinsic muscles (extensor muscles of
the forearm). The muscles of the posterior compartment of the forearm are depicted in
this image moving from the deepest to the most superficial layer (Aranceta-Garza and

Conway, 2019)

The biomechanics of the skeleton, thumb joint, and muscle-tendon action of the
extrinsic muscle are the factors that influence thumb activities. Due to the lack of detailed
studies on other factors influencing thumb characteristics, biomechanical prosthetics have
limitations in function and performance (Wohlman & Murray, 2013; Xu et al., 2018). These
limitations of prosthetics can cause phantom or telescoped sensations on the amputees’
remaining hand limb. Phantom is a situation in which the proximal limb has shrunk, where

in some cases, the amputees feel as if the limb is still present (Wijk & Carlsson, 2015).

There are continuous developments in cybernetic hands that can help create
improved hand prostheses for transradial and transcarpal amputees (Wijk & Carlsson,

2015). As it is a crucial need for disabled individuals, opportunities for research and

4



development on these cybernetic hands are still open for further improvements. With a
newer EMG technology called the High-Density surface Electromyogram (HD-sEMG),
existing technologies can be further improved. The HD-sEMG uses multiple electrodes that
are arranged in a specific array. Previous studies (Amma et al., 2015; Stegeman et al., 2012)
have shown that the effect of electrode numbers on recognition performance improves

recognition accuracy.

1.2 PROBLEM STATEMENT

There are millions of hand amputees around the world, and unfortunately, these numbers
increase each year. Hand prosthetics provide some functionalities of the human hand for
amputees. However, current prosthetic hands lack accuracy in replicating hand gestures
due to the lack of information that can be extracted from the muscles. Centring on the
thumb, there are still gaps in research that focus on the synergy of targeted muscles on

thumb movements.

Additionally, the limited information obtained from the placement of conventional
SEMG electrode results in insufficient representations of overall muscle activity (Garcia
and Vieira, 2011). As a result, smooth movements especially for prosthetic hand

applications are hard to achieve due to the missing data from the targeted muscles.

Importantly, the main muscles that control the thumb attitude are the five intrinsic
muscles that have easy access to the thumb. The other four extrinsic muscles that govern
the thumb are located in the deep compartment of the forearm and contribute indirectly to
thumb attitude. Despite the loss of access to the intrinsic muscles, any information from the

extrinsic muscles is non-negotiable for transradial amputees.

5



Previous studies have focused on specific thumb attitudes, especially on abduction
(Aranceta-Garza and Conway, 2019). However, different attitudes such as flexion and

extension as presented in this work have not yet been covered.

1.3 RESEARCH OBJECTIVE

The main objective of this research, therefore, is to investigate (and establish) the
relationship between the synergy of the HD-sEMG signal from extrinsic musculature and

the thumb postures to be replicated on prosthetic hands for transradial amputees.

The main objective can be divided into four sub-objectives as follows:

1) To upgrade an existing portable thumb muscles platform and establish a standard
SEMG recording setup for the HD-sEMG patch for consistent measurement of
signals from the forearm musculature.

2) To determine the optimised feature extraction method and the best selection of
features for the HD-sEMG data collected.

3) To determine the best classifier and validate the performance of the developed

system by classifying HD-sEMG data collected.



1.4 RESEARCH METHODOLOGY

The execution plan for the research has been divided into five phases. An overview of the

methodology, including the methods and materials of the experimental design, is described

as follows and is summarised in Figure 1.4;

1.4.1 Phase-I

1.

2.

Conduct a comprehensive review of the existing literature on the
development, design, control, implementation, and application of prosthetic
limbs (particularly hand and thumb prostheses).

Study the related thumb muscles and finalise the targeted muscles.

Request for ethical clearance from the IIUM Research Ethics Committee

(ID no: IREC 2020-080).

1.4.2 Phase-I1

1.

2.

Upgrade the existing thumb measurement system to accommodate different
thumb postures, specifically for flexion activities. Set four different postures
for the study: zero-degree, thirty-degree, sixty-degree, and ninety-degree
angles.

Finalise the experimental protocol needed for the collection of raw data sets
of HD-sEMG signals. The protocol includes data collection procedures,

electrode placement, and the number of records for each subject.



3. Test the system on pilot subjects (members of BioMechatronics Lab).
Improve the necessary study protocol besides analysing and evaluating the
results.

4.  Purposively sample and select 17 subjects among I[ITUM students with no
huge accident history and disease on the targeted hand that may affect the

result.

1.4.3 Phase-III

1. Finalise the set up for the thumb measurement system and the experimental
procedure to collect HD-sEMG data from the subjects’ forearm musculature
at different thumb postures.

2. Perform feature extraction in terms of time domain and frequency domain
analysis, followed by selecting the features that yield the highest correctly
classified instances using several classifiers.

3. Apply classification techniques to establish the relationship between HD-
sEMG signal features and various thumb angles (flexion activities). Finalise
an appropriate classifier based on the highest percentage of correctly

classified data to classify the collected data.

1.4.4 Phase-1V

1. Formulate the conclusions of the study and recommendations for future
works.

2. Write a final thesis and publish several journal and conference papers.



Literature Review

'

Identification the target muscles and location for
Phase-1 electrode placement

|

Ethical clearance

_______________________________ l_ .

Upgrade the thumb measurement system to
accommodate various thumb postures N

|

Design the experimental protocol required for the
collection of raw data of HD-sEMG
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Figure 1.4: Flowchart of the methodology



1.5 SCOPE OF RESEARCH

The scope of the study is as follows:

1.

This study to investigate the synergy of EMG signal from forearm with
thumb attitude begins with upgrading the portable thumb training system
platform to replicate four different thumb attitudes for flexion activities and
the methods finalised for HD-sEMG data collection procedures by the
forearm of the healthy subject targeting on the right hand.

Recruiting 17 subjects from the ITUM students with good health and no
accident history and/or diseases on the targeted hand and each participant
will be completed the collecting data procedure

Examining the features for time domain (TD) and frequency domain (FD)
analyses (root mean square (RMS), mean absolute value (MAV), mean
frequency (MNF) and median frequency (MDF)) and evaluating the results
based on selected classifiers only (linear discriminant analysis (LDA),
support vector machine (SVM), k-Nearest Neighbour (KNN), and TREE-
based classifier). Then the collected data are analysed with classifying
different thumb attitudes using machine and deep learning, and

classification learner app in Matlab R2020.

1.6 THESIS ORGANISATION

The thesis is divided into five chapters:

Chapter 1: Describes the overview of the research by discussing the problem

statements, research objective, methodology, and scope of the research.
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