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ABSTRACT

Patients with hand tremor disease frequently experience difficulties in
performing their daily tasks, especially in handwriting activities. In order to prevent the
ingestion of drugs and intervention of surgeries, a non-invasive solution was presented
to improve their writing capabilities. In this study, there were two novel inventions of
the hand-held device named as TREMORX and Active Assistive Writing Device
(AAWD) with the approaches of passive and active elements respectively. For
validation, the patient with tremor was assisted in using a normal pen and TREMORX to
perform a handwriting task at the sitting and standing postures. For AAWD, the active
suppressing element was the servo motor to control the hand tremor act on the writing
tool tip and an accelerometer will measure the necessary parameters values for feedback
control signal. The classic Proportional (P) controller and Proportional-Integral-
Derivative (PID) were presented. The P controller was tuned with a meta-heuristic
method by adjusting the parameters into several values to examine the response and
robustness of the controller in suppressing the tremor. The evaluation was based on
decreasing the coherence magnitude on the frequency response analysis. To optimise the
performances, two types of Evolutionary Algorithms (EA) were employed which were
Genetic Algorithm (GA) and Particle Swarm Optimisation (PSO). The optimisation
techniques were integrated into the PID controller system to generate the optimum
performances in controlling the tremor. For the simulation study, the parametric model
representing the actual system of the AAWD was presented. The main objectives of this
analysis were to determine the optimum value of PID parameters based on EA
optimisation techniques. The determined parameters for both optimisations were then
injected into the experimental environment to test and evaluate the performance of the
controllers. The findings of the study exhibited that the PID controller for both EA
optimisation provided excellent performances in suppressing the tremor signal act on the
AAWD in comparison to the classic pure P controller. Based on the fitness evaluation,
the GA optimisation significantly enhanced the PID controller performance compared to
PSO optimisation. The handwriting performance using both TRREMORX and AAWD
was recorded and from a visual justification, it showed that the quality of legibility was
improved as compared with using normal handwriting devices. These outcomes
provided an important contribution towards achieving novel methods in suppressing
hand tremor by means of the invention of the handheld writing devices incorporated
with intelligent control techniques.
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ABSTRAK

Pesakit dengan penyakit getaran tangan sering mengalami kesukaran dalam
melaksanakan tugasan harian mereka, terutamanya aktiviti berkaitan penulisan tangan.
Untuk mengelakkan pengambilan ubat-ubatan dan pembedahan, penyelesaian secara
tidak invasif diperkenalkan untuk meningkatkan keupayaan penulisan. Dalam
pembelajaran ini, terdapat dua rekaan novel alat bantuan penulisan dinamakan sebagai
TREMORX dan Alat Bantuan Menulis Aktif (AAWD) dengan masing-masing
mengunakan pendekatan elemen pasif dan aktif. Sebagai pengesahan, pesakit diminta
menulis mengunakan pen biasa dan juga peranti TREMORX dalam dua keadaan postur
yang berbeza iaitu duduk dan berdiri. Bagi AAWD, elemen penekan aktif adalah motor
servo bertindak mengawal getaran tangan pada mata alat penulisan dan penderia pecutan
akan mengukur nilai-nilai yang diperlukan sebagai maklumbalas kepada isyarat
kawalan. Kawalan dari jenis berkadaran (P) dan berkadaran-kamiran-kebezaan (PID)
dibentangkan dalam kajian ini. Pengawal P telah ditala dengan kaedah meta-heuristik
dengan melaraskan nilai untuk mengkaji tindak balas dan keteguhan pengawal dalam
proses mengurangkan getaran. Penilaian tersebut adalah berdasarkan kepada
pengurangan magnitud bagi analisis sambutan frekuensi. Untuk mendapatkan keputusan
yang optimum, dua jenis pengoptimuman dipilih dari jenis algoritma evolusi (EA) yang
terdiri daripada algoritma genetik (GA) dan juga pengoptimuman kerumunan zarah
(PSO) dan telah diintegrasikan ke dalam sistem pengawal PID. Bagi kajian simulasi,
model parametrik yang mewakili sistem sebenar AAWD telah dibentangkan. Objektif
utamanya adalah untuk menentukan nilai optimum parameter pengawal PID berdasarkan
teknik pengoptimuman EA. Nilai parameter yang telah diperolehi kemudianya disuntik
ke dalam pengawal melalui model eksperimen untuk diuji dan dinilai keberkesanannya.
Hasil daripada kajian menunjukkan prestasi pengawal PID untuk kedua-dua teknik
pengoptimuman adalah sangat baik jika dibandingkan dengan penerapan pengawal
klasik P dalam mengurangkan getaran tangan. Berdasarkan pada penilaian antara kedua-
dua teknik pengoptimuman ini, pengoptimuman bagi jenis GA menunjukkan prestasi
yang cemerlang berbanding PSO. Bagi aspek kualiti tulisan menggunakan kedua-dua
peranti TREMORX dan AAWD, kualiti kebolehbacaan tulisan bertambah lebih baik jika
dibandingkan dengan mengunakan alat penulisan biasa. Secara keseluruhannya, hasil
kajian ini memberi sumbangan penting dalam rekaan peranti menulis yang
diintegrasikan dengan teknik kawalan pintar untuk mengurangkan getaran tangan.
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CHAPTER 1

INTRODUCTION

1.1 General Introduction

Unintentional continuous tremor is an abnormal phenomenon that happens in the
human hand's body part. It perturbs daily life, generating a discomfort feel and resisting
the human’s normal daily activity. This kind of tremor disease has been attracting
modern biomechanics researches that also take part in solving this issue. Information
transfer by the patient may have created a future benefit to them by providing ideas to
biomechanics engineer and later assist them in creating solutions with the mechanics
techniques approach. Recently, with the emergence of modern biomechanics technology
in the medical field, it has generated a virtuous reputation in improving the human life
and treating those that suffer from other disabilities. Not limited to surgical intervention
and ingestion of medicine, some cases require specific mechanical potential in order for
them to be treated, like an orthopedic implant to the broken bones, an assistive device
for rehabilitation process, and others. Specifically, people with hand tremor face
difficulty while performing hand tasks, such as eating, holding objects and writing.
Thus, this situation has embarked many researchers to come out with solutions that
avoid high risk to the patient’s life. In the context of engineering study, various research
efforts have been proposed to eliminate or at least lessen the hand tremor by promoting
non-invasive technique, either with the passive or active control approach. The non-
invasive technique is such a low-risk category where there is no cause for future severity
or any serious injury to the patients.

Even though the computer technology nowadays can ease the patient with their
writing task prior to hand trembling, sometimes they still need to perform other tasks
with their direct handwriting. The problem is, hand trembling may affect the handwriting
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quality and becomes worse when in severe tremor conditions. The invention of a passive
device with a non-invasive technique is such a simple strategy in providing readable
handwriting quality. Placing additional weightage to the writing device seemingly helps
to reduce the trembling, by resisting the hand vibration, but it’s not always tolerable due
to the weight penalty. Another passive control approach is implementing the absorption
of vibration material such as a spring or sponge to the device. However, this method
only works at a narrow frequency assortment, requires a proper calculation for the
material coefficient and has disadvantages for different levels and kinds of tremor. Due
to the low cost of development, it will be a part of this research work.

In fact, the growing technologies and trends are helping the engineers to come
out with better ideas and solutions by introducing an active tremor control, which can
make the passive control strategies no longer attractive (Kenney et al, 2007). In contrast,
active tremor control is stable, robust and generates more flexibility in regulating the
actuator in an extensive tremor frequency range accordingly. Recently researches have
been conducted in controlling tremor, but much more focus is made in the forearm. For
handheld activity categories, a preliminary practice has been proposed by a group of
researchers (Becker et al, 2008) in a tremor cancellation of the surgical handheld tooltip
due to physiological tremor during operation by the doctor. Inspired from the ideas, the

development of the proposed anti-tremor device seems to be realistic.

1.2 Research Background

Tremor diseases suffered by patients may also limit their hand movements. Hand
tremor is the most common and visible symptom of Parkinson's disease. Patients
experiencing this kind of movement in the arms and hands find performing daily tasks
such as holding a bottle or writing on paper difficult. In addition, the patient may also
feel embarrassed to face other people and worse, they prefer to stay indoors rather than
going outside. Consequently, this may negatively impact their quality of life, mood and
independence (Gao, 2004).

This kind of disease cannot be cured, but treatment may alleviate the symptoms.

Parkinson’s disease causes an imbalance in two brain chemicals that are vital in
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controlling normal movements (Morrison et al, 2008). These kinds of tremors can be
classified into several frequency levels. Tremor frequency mostly depends on the

pathophysiological mechanism and is fairly stable over time (Hellwig et al., 2009).

In fact, there are many people who are suffering from tremor. The essential
tremor is the most common form of tremor(Crowin Brown, 2008). In Malaysia, the total
number of Parkinson’s (one of the tremor classification) patients in Malaysia is most
likely to be 15,000 or even higher (Lai, 2009). Thus, Parkinson’s disease is under-
diagnosed in Malaysia. The Parkinson’s patients that are seen in the hospitals and clinics

are merely the “tip of the iceberg” (Pellegrini et al, 2004).

1.3 Problem Statement

To inhibit this movement disorder, some of the patients use modern treatment
such as drug therapy, surgical treatment including thalamotomy and deep brain
stimulation. These types of treatments may have their own weaknesses, especially for
the long term period because the treatments involve using drugs and also surgery
directly to the patient brain and provide high risks to the patient’s life. The drug
medication may temporary alleviate or lessen the tremor. To prevent this kind of
dangerous treatments, there are some approaches that can be used to treat these patients

by presenting biomedical loading techniques.

Recently, there are devices developed by researchers to improve this kind of
problem, but they are focused on the passive method and some of the devices are not
fully tested to the actual hand tremor. Figure 1.1 depicts the writing quality of a patient
with using normal pen become worst. Even though current computer technology may
ease them but in certain condition or situation they still require to perform normal
handwriting task in their daily life, especially signing the document, filling the form and
etc. The improvement of handwriting quality seem to be impossible to achieve without

using specific writing device that are able to attenuate the unwanted tremor signal.
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1.5

Figure 1.1: Parkinson’s patient with hand tremor

Research Objectives

The objectives of this research are as follows:

A new modelling and analysis of mechatronics design of the passive and
active device was proposed to improve the handwriting task in tremor
behaviour. The design will be assessed based on the behaviour of the

handwriting task activity.

To simulate and verify on experimental rig for the active device response.
The experimental rig was an approach to emulate the actual behaviour of
tremor patient in the handwriting task.

An analysis of a conventional PID controller scheme for the active device to
improve the handwriting task in tremor behaviour. The control scheme
included an optimisation technique using a genetic algorithm and particle

swarm to optimise the parameters’ controller behaviour.

Scope of the Study

The scope of this research is described as follows:
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2.

5

Development of passive device was based on the vibration absorption

mechanism.

The miniature servo motor type was used as an actuator for the active tremor
control device and the magnitude movement is limited to £10 mm peak to

peak excitation.

The types of controller selected in this research were Proportional controller

(P) and Proportional-Integral-Derivative (PID).

The study was based on the Parkinson’s patients behaviour on the
handwriting tasks with the coherence frequency amplitude is within 8 Hz to
9 Hz.

The Evolutionary Algorithm (EA) optimisations considered in this study
were GA and PSO to optimise the proposed controller parameters. The
performance of the proposed controller was based on an investigation of the

most dominant frequency generated while conducting an experimental test.

The ARX model and least square (LS) estimation method was used in the

system modelling for the active handheld device.

Research Contributions

This research has arisen several contributions as follows:

Novelty in designing the passive tremor writing device (TREMORX) and the

active device.

The design and fabrication of a test-rig that was able to resemble the actual

behaviour of the tremor patient while performing the handwriting task.
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3. The implementation of Active Assistive Writing Device incorporated with
the conventional control scheme (PID) controller with artificial intelligent
control ( GA and PSO) techniques were included in this research to optimise
the parameters of the controller. The simulation and real-time
implementation of the controller technique was investigated. A comparative
assessment of the performance of the techniques in terms of coherence level

of vibration reduction and time response specifications was presented.

1.7 Methodology of the Study

Figure 1.2 depicts the research strategies flowchart in conducted in this research
study. First, an introduction as well as a literature study will be present. This literature
review will discuss on the human hand tremor, classification and measure of involuntary
hand tremor. This literature section will describe the previous researches done in
developing a passive device and also the modelling system of an active device. Finally,

an attempt was made to come out with the problem statement.

This research also made use of both hardware and software. For hardware, the
selection of a suitable transducer had been made in order to measure the tremor data
under several considerations in terms of cost, physical specification, reliability, and
sensitivity. A circuit driver was designed and fabricated to drive the transducer linked to
the computer base. This selective transducer and the driver will be tested to the actual

hand tremor to validate the performance.

The fabricated devices had been made and to validate their performance, the
passive devices were tested with the tremor patients and several conditions had been
made by assisting the respondents to perform writing tasks in the seating and standing
postures. Also, for active writing device, an appropriate actuator needed to be
configured. The actuator must have enough block force to oppose the tremor from the

hand by means to eliminate the unwanted signal.

The active tremor device will experiment on a test-rig that was able to resemble

actual tremor handwriting. For the active tremor device, the data measured from the
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device’s performance during the experiment by injecting the PID controller parameters

determine through simulation works based on implementation of GA and PSO

optimisation.
( Start )
Literature Review
‘ Problem Identification ‘
v
‘ Selection of An appropriate transducer ‘
v
‘ Design and fabricate circuit to drive transducer ‘
v
Experimental test in measuring actual tremor
with using selective transducer and driver
v
‘ Assistive Device Development ‘
|
v v v
Passive Device Tremor test rig Active Device
Mathematical n;;)\(liiecléng oFapassive Design and fabricate tremor test rig Design and fabricate AAWD
Experimental validity for a model Verify the rig by injecting the actual Modelling the AAWD with system
based on simulation platform hand tremor signal identification
v v l
Development of 1* prototype of Integrate the rig with AAWD to imolementation of Proportional
passive device establish actual handwriting tremor mplmetianoh of Fiopanions
- controller and PID controller
v environment

Test passive device to tremor patient '
and validate the results

v

Development of 2™ improved version

\ 4
Optimise PID parameters with using
Evolutionary Algorithm (GA and
PSO) [simulation / offline]

I
I
I
I

named as TREMORX
A4
. | | Experiment the Proportional controller to Validate the PID controller based on
Test and validate the TREMORX | | AAWD with meta-heuristic approach parameters determine from simulation
| [experiment] works [experiment]
v

Comparative study for controller
implementation + optimisation
techniques

4

v
(o)

Figure 1.2: Research strategies flowchart



1.8  Organisation of the Thesis

This thesis is divided into 6 chapters. A brief introduction of each chapter in this

thesis is presented as follows:

Chapter 1 presents an overview of the research problem. It involves the
background and problem statement of the research. The objectives of the study and
contributions are also mentioned. The methodology and organisation of the thesis are

described in this chapter.

Chapter 2 is devoted to a literature study of the human hand tremor including
the types of tremor, medication and implication, and also a brief description about the
behaviours. Then, the chapter moves on to discuss about previous researches conducted
in developing biomechanical devices that aimed to prevent hand tremor interruptions
while performing hand activities. The transducer and actuator used in these studies are
discussed. The biomechanical devices that comprised of existing passive device and

active device will also be addressed in this chapter.

Chapter 3 The active tremor device will experiment on a test-rig that was able to
resemble actual tremor handwriting. For the active tremor device, the data measured
from the device’s performance during the experiment by injecting the PID controller
parameters determine through simulation works based on implementation of GA and

PSO optimisation.

Chapter 4 The active tremor device will experiment on a test-rig that was able to
resemble actual tremor handwriting. For the active tremor device, the data measured
from the device’s performance during the experiment by injecting the PID controller
parameters determine through simulation works based on implementation of GA and

PSO optimisation.

Chapter 5 The active tremor device will experiment on a test-rig that was able to
resemble actual tremor handwriting. For the active tremor device, the data measured

from the device’s performance during the experiment by injecting the PID controller
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