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ABSTRACT

In this thesis, the development of rehabilitation device for patients who
encounter walking weakness due to post-stroke effect is presented. . In order to
design an efficient new mechanism, studies were carried out regarding kinematic of
human walking. In the study, the motion of a healthy physical subject in walking
situation of 1 km/h speed is used as guide to design the device. Thereafter, a
mechanism was developed to produce similar motion. The device functions to
actuate knee and hip rotation. The device is driven by a single actuator to drive both
the hip and the knee joints mechanism. The kinematic analysis of constructed
device has been performed and the results conformed the functionality of the
suggested mechanism. The fabricated prototype shows the combination of DC
motor and cam mechanism can actuated the movement of hip and knee joint
simultaneously and may significantly reduced the power consumption. The
computer based controller has also been developed with simple and practical
application. With the combination of the controller and the fabricated model, the
output profile of the rehabilitation device is acceptable by comparing with profile of

actual data.
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ABSTRAK

Dalam tesis ini, pembangunan rekaan peranti pemulihan untuk pesakit-
pesakit yang mengalami gajala lemah untuk berjalan disebabkan oleh kesan sakit
strok dibentangkan. Dalam usaha untuk mereka bentuk mekanisma baru yang
cekap, kajian telah dijalankan berkaitan dengan kinematik manusia berjalan. Dalam
kajian ini, profil pergerakan subjek yang sihat dengan kelajuan 1 km/h digunakan
sebagai panduan untuk reka bentuk peranti. Oleh itu, satu mekanisma telah
dibangunkan untuk menghasilkan pergerakan yang sama. Peranti berfungsi untuk
menggerakkan pergerakan lutut dan pangkal peha yang dipacu oleh satu putaran
motor.  Analisis kinematik peranti yang dibina telah dijalankan dan semua
keputusan menepati fungsi mekanisma yang disyorkan. Prototaip yang dibina
membuktikan bahawa gabungan DC motor dan mekanisma cam boleh
menggerakkan pergerakan kaki untuk berjalan dan pada masa yang sama kurang
menggunakan sumber kuasa. Kawalan berasaskan komputer juga telah dibangunkan
dengan penggunaan yang mudah dan praktikal. Dengan kombinasi kawalan dan
model peranti yang telah direka, profil pergerakan bagi proses pemulihan dapat

dihasilkan dan diterima pakai apabila ia dibandingkan dengan profil data sebenar.
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CHAPTER 1

INTRODUCTION

1.1  Background of the problem

According to fact, stroke disease is reported as the second biggest cause of
death worldwide. A stroke occurs when blood supply to part of the brain is
disrupted, causing brain cells to die [1]. Although stroke is a disease of the brain, it
can affect the entire body. Some of the disabilities that can result from a stroke
include paralysis, cognitive deficits, speech problems, emotional difficulties, daily
living problems, and pain. Paralysis is a common disability that results from stroke.
Paralysis can be on any part of the body. Paralysis on one side of the body is called
Hemiplegia. However, there is another type of paralysis that relates to one-sided
weakness, which is called Hemiparesis. The weakness may affect only the arm, face

or leg.

Basically, there are three types of treatments for stroke: prevention, therapy
directly after stroke, and post-stroke rehabilitation. Hemiparesis patient can be able
to walk again if a right rehabilitation therapy is applied. That is why the third stage
of stroke treatment (post-stroke rehabilitation) is important for the post-stroke
patients to prevent disabilities damage from becoming more serious. There are four

types of post-stroke rehabilitation: Physical Therapy (PT), Occupational Therapy



(OT), Speech Therapy and Psychological/Psychiatric Therapy. If a stroke patient
has a problem of walking weakness, generally the treatments of Physical Therapy
and Psychological or Psychiatric Therapy are used to cure disabilities. Usually
Physical Therapy consists of scheduled training, exercises and physical
manipulation of the stroke patient’s body with the intent of restore movement,

balance, and coordination.

As stroke patients frequently have difficulty with everyday functional
movement and activities; the lost of function can be decreased through rehabilitation
therapy during the critical post-stroke period. Such rehabilitation therapy involves
carefully designed repetitive exercise, which can be passive and active. In passive
exercise, the therapist or a robot actively helps the patient to repeatedly move the
stroke-affected limb as prescribe. In active exercises, the patient does the work by
him/herself, with no physical assistance. From that particular therapist, assistive
robotic technology has the potential to provide novel means for monitoring,

motivating and coaching.

1.2 Statement of the problem

There are several methods of training for the physical therapy such as using a
rehabilitation device. Most of the rehabilitation devices currently used high power
consumption to perform the therapy and having a complex control system. This
may be solved by proposing a new design of mechanism for the rehabilitation
device. The rehabilitation device should provide a physical assistance through

rehabilitation therapy to increase the possibility to cure the walking weakness.



1.3 Objective of the study

The objectives of this project are:
e To design and develop a rehabilitation device base on the best selected
mechanism of knee and hip joint
e To fabricate a prototype for testing the functioning of the designed
mechanism
e To develop a computer-based control system for the rehabilitation device

system

1.4  Scope of the study

In this study, designations of the assistive robotic system only focus on the
one side of the leg. It will encompass the development of mechanism at knee and
hip joint. In order to make sure the project will achieve the objectives stated, the

scopes of this project comprise the following aspects:

e To design a device called orthosis device (known as exoskeleton) for lower
extremity (leg)

e The mechanism focuses on the hip and knee joint only

e The device is classified as Rehabilitation Device

e The device does not support the balance of stroke patient’s body

e The subject/patient is a Hemiparesis patient (leg weakness)



1.5  Significant of the study

The results from this study has the potential to help stroke survivor in
activities they do in real life and decrease long-term healthcare costs on stroke
patients. This study is important in order to give a new hope to post-stroke patients
who had lost their ability to walk. The possibility is high to be a device that will

help any patients who experience leg weakness and disability.

1.6  Research Methodology

Basically, the project has been carried out in regular procedure of research.
This section briefly shows the general procedure of the project and the flow chart of
the project (Figure 1.1). The time consumed on the specific task and the target time
to finish the particular activity is presented in the project schedules shown in Table

1.1 and Table 1.2.

1.6.1 Procedure of the Project

i.  Development of conceptual design: to conceptually design based on
data and information obtained from literature, patents, discussions,

brainstorming, and reviewing of proposed design concept.

ii.  Final Design Concept: to carry out the completed engineering drawing
subsequently for kinematic analysis purpose in order to obtain the most

appropriate final design.
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Fabrication of prototype: to fabricate all components based on the
completed engineering drawing, hence to test the proposed design

concept.

Development of Computer-based control system: using Visual C++
to develop user interface (control) which able to handle the operation of
the device and carry out the best performance according to gait cycle of

subject/patient.

Testing, Performance evaluation and Validation: to carry out the
experiments (measurement of knee joint angle of the device) to evaluate
the prototype performance and validate the results of experimental knee

data angles.



1.6.2 Flow chart of Project
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Figure 1.1: Flow chart of the Project



1.6.3 Project Schedule

Table 1.1: Project schedule for Master Project 1

Activities/

k k k k k
Time Scale* I 2 3 4 3

Literature Review

Development of
Conceptual Design

Final Conceptual
Design

Kinematic Study
(Model)

Prototype
Fabrication

Report Writing

*] unit = 2 weeks

Table 1.2: Project schedule for Master Project 2

Activities/

k k k k %k
Time Scale* I 2 3 4 3

Modification

Development of
Controller

Performance Testing
and Data Collection

Data Analysis

Report Writing

*] unit = 2 weeks
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