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ABSTRACT 
 

 

Hand is one of the important part of human physical bodies that has high complex structure 

with highest precision, flexibility and accurate movement involve a lot of numbers nerve 

connected. There are having a high consequence result before regarding the manufacturing and 

analysing the suitable design controller to provide the prosthetic hand for amputees. Amputees 

are people who has difficulties when dealing with their routine or daily life activities because 

of physical problem such as lost all or certain part of an arm, hand or leg. Hands is one of the 

part that required to perform in high capabilities to control the velocity, actual displacement, 

positioning, force and flexibility the movement fingers. Based on the research before, there are 

facing a lot of problem related to the prosthetic hand when dealing in highest performance 

because of inadequate functionality, lack in prediction controlling fingers precision and 

insufficient responding variables due to lack of adaption robust controller capability depends 

on the disturbance or error analysis instant undergoing the operation. The main purpose for this 

project to focus on the designing the prosthetic hand consist of the intelligent controller based 

on the multiple rule that having capabilities to operate on fuzzy logic control algorithms for 

amputees. This project utilized fuzzy logic controller to control the positioning of prosthetic 

hand as feedback input to provide the membership rule in fuzzy logic control algorithm. The 

digital pulse will interpreted the data and classified into several rule before generate the output 

that control the linear actuator that embedded inside the palm of prosthetic hand. Based on the 

simulation result, the controller is capable to accurately control prosthetic mechanism in term 

of their transient response and stability which give advantages for amputee used. 
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ABSTRAK 
 

 

 

Tangan adalah salah satu bahagian yang penting didalam tubuh badan fizikal manusia yang 

mempunyai struktur kompleks dengan ketepatan tinggi, fleksibiliti dan pergerakan tepat 

melibatkan saraf-saraf yang berkait. Terdapat beberapa kelemahan melibatkan proses 

pembuatan dan menganalisa sistem kawalan ketika penghasilan tangan palsu. Kudung adalah 

manusia yang mempunyai masalah dalam berurusan dengan aktiviti harian disebabkan masalah 

fizikal seperti kehilangan semua atau sebahagian tertentu lengan, tangan atau kaki. Tangan 

adalah salah satu bahagian yang diperlukan untuk mengawal halalaju, anjakan sebenar, 

kedudukan, daya dan fleksibiliti pergerakan jari. Berdasarkan dapatan kajian, terdapat pelbagai 

masalah yang dialami ketika penghasilan tangan palsu untuk mencapai prestasi tertinggi kerana 

fungsi yang tidak mencukupi, kurang ketepatan dalam meramal pengerakan jari dan 

pembolehubah bergerak balas yang tidak mencukupi disebabkan kekurangan adaptasi 

keupayaan sistem kawalan bergantung kepada gangguan atau analisis yang lemah. Tujuan 

utama projek ini ialah untuk memfokuskan reka bentuk tangan palsu yang terdiri daripada 

sistem kawalan pintar berdasarkan beberapa peraturan serta mempunyai keupayaan untuk 

beroperasi pada kawalan logik kabur dalam pembuatan tangan kudung. Projek ini 

mencadangkan teknik mengawal kedudukan tangan palsu yang sesuai melalui maklum balas 

dalam sistem kawalan serta menyediakan peraturan keahlian pada sistem kawalan pintar logik 

kabur. Keluaran digital akan ditafsirkan dalam bentuk data dan dikelaskan kepada beberapa 

peraturan sebelum menghasilkan keluaran kawalan untuk menggerakkan linear motor yang 

diletakan di dalam telapak tangan palsu. Berdasarkan dapatan kajian simulasi,sistem kawalan 

mampu mengawal ketepatan mekanism prostetik dalam bentuk tindak balas transien dan 

kestabilan dimana ianya memeberi kelebihan kepada pengguna tangan palsu 
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CHAPTER 1 

 

INTRODUCTION 
 

 

1.1 Research Background. 

 

Based on history, the development of the myoelectric prosthetic hand was invented by using a 

combination concept between electrical and mechanical forces in control system of an 

electrical prosthesis advanced introduce since in 1965[1]. There are having a few researchers 

studied present the preference of the myoelectric prostheses issues in terms of lack in designing 

the robust controller system.  The growing of development performance design compatible 

controller for prosthetic hand is provided to help amputee who had failing to using the 

physically wrist because incidentally lost all or part. The most prosthetic hand technology are 

precisely not having much different in terms of quality control related to human hand. The 

efficiency of operational prosthetic hand can be increase using a positioning as a feedback to 

define and improving the system by reducing the disturbance or error [2].  

 

The input signal will provide as reference and used to recognise the performance of dc 

linear motor functional. The voltage signal will put as a reference into the plant and provided 

the positioning angle as output to be control. The test and result output is cover for a positioning 

of fingers hand via simulation and will recorded to provide the improving suitable robust 

controller for prosthetic hand. The prosthetic hand will be designed and fabricate according the 

human hand by replacing a linear actuator, electrical instrument, processing control system and 

few instruments to replicate the flexibility in finger movement. This researches will focus only 

one degree of freedom (DoF) design where is fully functional by using dc motor to control the 

linearity movement finger.  
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This project are purpose to control the positioning finger at once and investigate the issues 

about the differences between real human finger and prosthetic hand finger precision in 

positioning. This prototype are concern the some technology problem obtain when applied the 

high numbers of DoF effected to complexity control unit with implement a lot of computational 

power. The best design in development cosmetic prosthetic hand that will increase the 

performance and efficiency must be follows the criteria such as a low energy consumption, 

simplicity control system, less friction, reduction of sizing actuator and simple grasping design 

approach by reducing the active degree of freedom (DoF) [3]. 

 

1.2 Problem Statement 

 

The main issues on prosthetic hand are robustness and less accuracy which effected to 

provide the smooth operational. Robustness can be defined as an ability of algorithm which 

operates directly even abnormalities in input and calculation was occurred. One of robustness 

problem in prosthetic hand control system is dealing with a non-linearity variables. The 

unknown non-linearity on prosthetic hand will provide an external disturbance and effected to 

model inaccuracies to control the positioning of finger and under actuated mechanism.  

 

Usually the prosthetic hand having a limitation functional in terms of grasping, slippage 

control, vibrations, and enabling corrective control techniques. This project will define the 

suitable controller based on artificial intelligence that implemented to the linear dc motor   

which analyse and apply the input linguistic variables fuzzy control system as a membership 

function. The linear dc motor positioning finger and displacement stroke linear dc motor can 

be control by analyse the errors parameter input variables into the plant. The conventional 

optimizing technique is easily arrive at locally optimal solution and usually lack of robustness. 

Therefore the fuzzy logic controller will determined the structure needs to be access.  
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1.3 Objective 

 

The main objective for this project is to developed a fuzzy logic controller for wrist disable 

people or amputee, which more focusing on human finger positioning and controlling system 

by using a forearm or others target that suitable to give the instructions on prosthetic hand. 

Below are the objective that must be fully required at the end of project. 

i. To develop a mathematical modelling of the prosthetic hand using system identification 

techniques. 

ii. To design control system using artificial intelligence technique which is fuzzy logic 

control algorithm. 

iii. To evaluate and analyse the effectiveness of controller via simulation. 

 

1.4 Motivation 

 

People with disabilities are present all societies and country. Malaysia already provide 

the community who responsible to amputee people consist rehab session, physiological advice 

and others facilities for disable people. Based on the statistic in 2012, the total of the numbers 

disable people who was facing with physical problem that already registered under the Social 

Welfare Department is 25115. The statistic record already cover all age group, gender and also 

including the paralyzed and maimed limbs. 
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Table 1.1:- Statistical Bulletin Social Welfare Department 

 

 

The Table 1.1 shows that the several type of the disable problem that had been 

registered under Malaysia Social Welfare Department. The table state that the physical problem 

involve at all ages. The group age that having the highest rate is 46 until 59 years old. There 

are consist of two group which is child age stage and the other one is adult age stage. The total 

adult age that suffer a disability defeat is 20829 people, meanwhile total child age is 4286 

people that had been registered in Malaysia Social Welfare Department. 

 

Table 1.2:- Statistical Physical Disable People State 
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The Table 1.2 shows that every state having a similar problem with physical disable. 

From Table 1.2, Selangor was recorded the highest reading followed Johor and Pahang state. 

For patients who suffer from a disability defect to hand will effected to their routine life and 

difficult to adapt with a daily environment. Base on this problem, people which losing all finger 

will difficult to perform a basic movement such as grasp, pinch and other task related with their 

routine. Therefore, the bionic hand was introduce to disable people for assisting and perform 

their routine life better than before used. 

 

1.5 Project Scope 

 

This project will primarily focus on the identification system and fuzzy logic control system to 

control the positioning of finger base on fuzzy linguistic variables that implemented in 

membership function in prosthetic hand that required characteristic limitation for this project. 

The design prosthetic hand has only one DoF that functional to complete the task such as grasp, 

force and others that assign from controller to linear actuator movement. Additional to the 

limitation, the input signal will control the prosthetic finger to support the output by manipulate 

the system into several rule. The rule was assign by controlling the two variables input which 

is error and derivative of error into the fuzzy controller system before apply the controller to 

the plant. The error and derivative of error will tune by defuzzification proses after evaluates 

which the control rule are relevant at the current time before decide what the suitable input to 

the plant. The fuzzy controller provide the better response performance to controls the fingers. 

The design is developed using a Solidworks 3D software meanwhile LabVIEW software will 

use for the system identification as collected from linear to control the finger positioning. The 

MATLAB introduced for system identification and analyse the response of signal generate by 

discrete transfer function and controller by simulation. 
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CHAPTER 2 

 

LITERATURE REVIEW 
 

 

2.1 Introduction 
 

In this section, the review of previous and related research about bionic hand was conducted. 

The research focuses more about design criteria for challenging task such as system 

identification and design fuzzy logic rule. The fuzzy logic need the two variables input to 

controlling the error and derivative of error. The output fuzzy controller will determine and 

assign a suitable the defuzzification method before apply into plant system. The aspect on this 

review will consider as a research to develop a better prosthetic hand followed the requirement 

and material. A material that being used must be durable, light and easy to operate and low 

cost. 

 

2.2 Prosthetic Hand 

 

Prostheses hand technology is having an enhancement to maintain and increase quality of life 

for those who has lost of limbs by accidently or birth defect. The development of prosthetic 

hand is having challenging task to fulfill the requirement as much as human arm because of the 

sensing element, design criteria classification, mechanical problem, lack controller and 

cosmetic issues. There having a few researchers purpose to approach design by focusing a 

priority criteria which consist of three parts such as mechanical actuation system, mechatronic 

development and artificial controller architecture [4].  
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Human central nervous system (CNS) or Peripheral nervous system (PNS) is structure 

human nervous system where the neural signal will being captured  before design as an intuitive 

controller on prosthetic by replacing the communication between brain, sensor and actuators. 

The advanced mechatronic limb design capable to keep in action user intent which provide the 

perception functional hand action by sending the signal sensor proprioceptive and 

exteroceptive information[5]. 

 

The measurement tool to achieve a goals at the end of the design must be completely 

functionalities useful for amputee apply in activities of daily living (ADLs). There were a 

survey among amputee community conducted by researchers to analyse the estimation 

percentage according to basic utilization for grips and gestures test in ADLs [6,7]. 

 

Table 2.1:- Survey Test on Amputee Community 

 

Regarding the Table 2.1, the result shows the power of grasp is a priority for amputee 

to be consider in activities of daily living (ADLs). Meanwhile the least functionalities useful 

for amputee to apply the activities of daily life are Index of pointing and basic gesture.  This 

test are giving the list of criteria that need to be implemented on prosthetic design. 

 

 

Test ADLs Approximation Percentage 

Power Grasps 35% 

Precision Grasps 30% 

Lateral Grasps 20% 

Extensions Grasps 10% 

Index pointing (useful for typing or pressing ) - 

Basic gestures - 
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Based on the Figure 2.1, the power of grips shows a highest approximation percentage 

that will being use as references and the highest requirements for design the prosthetic hand. 

This result will effected to design the robust prostheses hand based on mechanical system and 

type controller that will being used. There are having a few others studied related with this case 

to define and analyse the details what amputee needs to improve the design based on the 

interview with respect to new generation developments. 

 

 

Figure 2.1:- Survey the Criteria Improvement Design on Amputee [7]. 

 

Based on the result, most amputees need a lot improvements in term of functionality 

prosthetic hand. The priority for designing the prosthetic hand refers to interview session is 

point an index finger and the feedback on grasping force. Besides that, there are also criteria 

need to be considering such as the speed should be increase and the weight also need to be 

reduces. Based on design from manufacturing company of Otto Bock, the design are 

completely functional with a few additional technologies where the speed was increase up to 

300mm/sec. But an advantages for one user will deficiency to others part, such as when 

increase the speed will effected to controlling system where it’s becomes more difficult and 

complex. 
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Figure 2.2:-Otto Bock Product [7] 

 

The interview conducted by previous researchers’ shows 70 percent was supported to 

improve the wrist extension and flexion to applied additional movement function to the 

prostheses hand. Meanwhile 65 percent of amputee are expressed to sense the temperature 

object. Only certain amputee wanted to hand writing and abduction of fingers. The lowest 

requirement need by amputee regarding the analysis from interview session is lower noise 

level. But the quiet prostheses can be a one of part requirement for cosmetic design which can 

implemented into single of mechanical actuation system [7]. 

 

2.3 System identification  

 

 A mathematical models are required in control system design in order to describe the 

overall system dynamics, and identification processes. The continuous time models is easier to 

understand about the relation between pole zero and time response of the models. However, as 

computer advances, a lot of system identification method give benefit from digital processing 

have been developed, and identification for discrete-time systems has been studied to facilitate 

the analysis and data processing [8]. 
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Typical application encompass simulation, prediction, fault diagnostic, and control 

system design. A model represented as modelling transfer function with a behaviour of a 

process as closely as possible. The model quality is typically measured in terms of a function 

of the error between the process output and the model output. There are three different 

modelling approaches can be distinguished white box models, grey box models and black box 

models are solely based on measurement data and no or very little prior knowledge is exploited 

[9]. This paper deals with a black box modelling where its assign a random of signal to the 

input motor and taking a positioning of an angle motor. Black box is a method where the plant 

is totally unknown in terms of order and parameter. 

 

2.4 Controller Design 

 

There are having two type of control system where it’s effected to reduce disturbance 

performance are conventional feedback control. The conventional feedback control system is 

purpose to elimination of the effect towards disturbance upon the controlled variables. The 

intelligence controller is a type of controller that can be functional to define and tuning the 

parameter variations by evaluates which control rules a relevant occurring in a control system 

in real time, in order to achieve or maintain a desired level of performance control system [10]. 

 

Based on the principal in control strategies, the coefficient of the controller can divide 

into two part; linear and non-linear which this principle are implemented with principle orders 

in design system. The system that insufficient controller will provide satisfactory performance 

where the system are time-varying, subject to changes in operating condition. High 

performance control system needed precisely in term of tuning the controller but the plant 

disturbance model parameter may be unknown [11]. 
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Intelligence controller can further improve the performance of robust control system by 

expanding the range of uncertainty for which performance specification can be achieved or 

tuning the controller based on method that being used. The main issues in designing a control 

system is robustness for the underlying controller design implemented in system. There are 

various types of design system controller methods. Each method are having their structure and 

technique where provide a different benefits and flexibility such as PID controller, Artificial 

Neural Network controller, Neuro-fuzzy controller, Bayesian controller and Fuzzy logic 

[10,12,13]. This chapter will more focusing about the fuzzy logic controller and design the 

robust controller system for prosthetic hand. 

 

2.4.1 Fuzzy Logic Concept 

 

              Fuzzy logic is a machine learning technique consist of multi valued logic allows 

intermediate values to be defined. This system technique provide a computing based on 

“degrees of truth” consist inference mechanism which interpret and execute commands. 

Application fuzzy logic system are suitable for uncertain or approximate reasoning. Fuzzy logic 

control can assign a multiple input variables and sensor output parameter will sample into time 

depends on designer which delay was introduce.  

 

This system are mostly use a digital control system where the system analyse difference 

between two or more input refers to delay time was applied and give the desired value of output. 

Base on Figure 2.3, the desired value represented will proceed to next fuzzification interface 

which data will process and convert by fuzzy interference engine. The fuzzy data value will 

interpret into the interference engine where these value are compared with rule that was assign 

on the controller then analyse to provide the output crisp value after the rule was defuzzication. 

The decision making unit part will compared the between input and updated rules to give a set 

point of desired value on output. 
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Figure 2.3:- Block diagram for fuzzy process [4] 

 

The fuzzy rule basically use a command logical AND and logical OR operator to 

combination between two input variable.  The command rule start with IF statement to define 

the variables inputs with combination another input variables and followed the result output 

the weight of the rule depend on design. There are having a system that have been done before 

by researchers where the slippage and grasp issues is priority objective.  The design are divide 

into three scenario that achieved the operational of controller. 

 

First rule are including “slow slip” condition which controller are determine the slow 

slipping object. The next scenario is “fast slip” condition where the slip value are rapidly 

change in controller system. The last is grasp condition where the no action will be taken when 

object was grasp perfectly. This design are provide the output triangular membership function 

are not overlap to each other [3]. The input self-tuning fuzzy controller are speed error and 

change-in-speed error. 

 

 


