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ABSTRACT

A prosthetic limb is an artificial device extension that replaces
a missing body part. A prosthetic arm is a fake arm for those who
amputated their arm. In addition to the standard artificial limb for every-
day use, many amputees have special limbs and devices to aid in the
participation of sports and recreational activities.

Prosthetic arm is a boon for those persons who have lost their
arm due to some accident. The main requirement is that its function
should be as near to the natural arm as possible. There are various designs
of artificial arms that are available in the market, categorized as
mechanical, electrical and myoelectric arms. Mechanical arms use some
motion of the body to provide the force necessary to control the prosthetic
component. Electrical arms operate the hand by a motor which is driven
by micro switches and relays. Myoelectric arms are stimulated by muscle
signal available from the amputee.

Electromyography (EMG) signal detected by sensors or
electrodes. The amplitude of the surface EMG signal (SEMG) is varies
range. The rms value for the upper movement of the arm is more than the
rms value for the down movement of arm. Similarly, rms value for the
clockwise movement of the arm is more than the rms value for the
anticlockwise movement of arm. Based on this a microcontroller was
programmed to perform up/down and clockwise/anticlockwise
movements in steps depending on the dc voltage level. The levels of the

dc voltage corresponding to the EMG signal were taken.



galdicad

el e agial ¢ 3all Jas Jay elhal jlea s Lellaa¥) Gl hYi
Giob adl ) AWl age 3 @i ol SN Laay g1 03 4 delihal) ¢l
dala 5 jeal s il hl agd Gl LY ) sise (oo 2l (o sy IS aladiud 8 clibial
g il g Azl Hl1 ddads S Hliie 8 Bac Lusall
ool ) Gamy G agel 50 1538 (Al (LlAlY) Gl Y L p delilaal) g1l
D8 Agpdal) A el G 5SE OfF cang Leida g o o a1 hY edel a1l da )
A eS s ASilSa s Al jeS ) cdia Ao lilaa) ¢ 30U Adlide anelad cllin | lSaY!
sl e A8 all pamy axdtd RS delila) Gal kY1 | (myoelectric)duasl
a1 Jans 300 Sl il kY| elihiay) o el o b phaall 4o DU 5l 6 il
o) 52 pind oy Jmall A 5eSI 1A Ll a3l 5 3 jpim prilia 4S5 jah o 585 & jaa
il lY (5 siae (e Aaliall DLl 5 L)

53 gl g5 ¢ Qg of cilulal) Ao 5 ie CaiSll 24 (EMG) I 5L
2 aal Aad e ST A e oY gl 3 AS jal e i) dal) Al o)) iaie 26
SSTaelud) o jlie ae g, AS jal g il 3l A of Jialls Jaud g 1,al 48 al
Ao OSa 1 e el delud) cojlie oladl uSe 1,00 4S ad (o il )3all A (e
olad) e 5l Aelull e ae S ag Jil o el @l e el 1 5u S Sl
EMG 5L JiLas <l sivsall 03a | yaivsall dgall (af) il sise e alaie] delud) o jlée



Table of Contents

Title Page No
Declaration .........o.ooiiiiiii 1
Acknowledgement ..........cooiiiiiiii 1
ADSEIACE .o e 111
List Of Figures. ....oovviiiie i e e e, X
List of Tables ...o.veonneii e X
List of Abbreviations ...........cooeiiuiiiiiiiiii e X1
Chapter One: Introduction

LT OVEIVIEW. .ttt e, 1
1.2 Problem statement.............coooiuiiiiiiiiii e 1
1.3 OBJECHIVES . uviiieiiiieeeiiieeeteee e e eertte e e e sesteeeseabeeessaeeeesssnaeesnnne s s saen 1
1.4 Methodology ..o 2
1.5 Evaluation ........oooiiiiiii e 2
1.6 Simulation tools ..........oiiiii i 2
1.7 Chapters organization .............ooeeevirieeineeeeineeeieneenneeannns 3
Chapter Two: Literature review

2.1 Introduction ........ooueieiii i, 5
2.2 History of prosthetiCs ..........oovuiiiiiiiiiiiiiiiii e 6
2.3 Modern Prosthetics ..........oooiiiiiiiiiiiiii 7



2.4 Previous WOTKS ....oieiii i 8

2.5 Prosthetic arm ..........coiuiiiiiiiiie i 11
2.6 Prosthesis inthe world ... 13
2.6.1Aesthetics prostheses..........oovviiiiiiiiiii e 13
2.6.2Mechanical prostheses ............ccovviiiiiiiiiiiiiii e, 14
2.6.3Myoelectric prostheses ..........covvviiiiiiiiiiiiiiieiie e, 15
2.7 Types of prosthetic arm ............coooiiiiiiiiiiiiiii e, 15
2.77.1 Mechanical arm ...........ooeiiiiiii i 15
272 Electrical arm .........ooooiiiiiiii e 16
273 Hybrid arm ..o 17
PRI 3\Y R0 1S] [STe15 8 ToAR: 1 1 A 17

Chapter Three: System and Components

3.1 IntrodUCtion ....veniei e 20
3.2 Component deSCTiPtion .........oouvvieiriieeiie e eiieenaneeannns 20
3.2.1 Microcontroller ...........cooviiiiiiiiii 21
3.2.1.1 PIn DESCIIPLIONS ...vvviieiieeiiee i e e e e eeeeeaeans 22
3.2.1.2 The main features of ATmegal6 .................coooviiinnt.e 24
3.2.1.3 Port Operation Registers ...........c.ovvivviiiiieiiiiiiiiieanann, 24
3.2.1.4 Analog to Digital Converter (ADC) ...........coooiiiiiin.. 25

vi



3.2.1.5 Difference between microcontroller and microprocessor....27

3.2.1.6 Differences between microcontroller and PLC ................ 28
3.2.2 Motor Driver (H-bridge) ........coovviiiiiiiiiiiii e, 29

323 DC MOTOT ettt e 31

3.2.3.1 Construction Principles ...........ccoeiiiiiiiiiiiiiii i, 34

3.2.3.2 DC Motor Control with H-bridge .......................ooa. 34

324 ELeCtrodes . ..oouueineiiii it 35
3.2.4.1 Types of EMG Electrodes .............cooeviiiiiiiiiiininnnn... 36
3.3 Software Used .....o.oonuiiiiiiiii i 38

3.3.1 Bascom AVR and Multisim ............coocoiiiiiiiiiiiiin.. 38
Chapter Four: System Design

4.1 System DeSi@N ...ovuiiiiiit i 42
4.2 Movement Of ATm .......ooiuiiiiiiiii 45
4.2.1 Arm Up/Down Movement ............ccceeeviiiiinineennnnannnnnnn. 45
4.2.2 Arm Clockwise/Anticlockwise Movement ......................... 45
A3 Pickup CITCUIL .. 46
4.4 The flowchart ..o, 48
Chapter Five: Simulation and Result

5.1 INtroduCtion .....eneee i 50

vii



5.2 pickup circuit simulation results ................c.oooiiiiii i, 50
5.3 Full system simulation ...............cccociiiiiiiiiiiiii e 54

Chapter Six: Conclusion and Recommendations

6.1 ConClUSION ...t 58
6.2 Recommendations ............ooueiiueiiiiiiiiiiieiieie e, 58
References ... 59
APPENAIX ... e 62

viii



Figures

No.

List of Figures

Figures Name

Copper and wood leg

pin diagram of Atmegal6

Pin diagram of L293D

DC geared motor

DC motor with brushes.

L293D interfacing with DC motor

Gelled EMG Electrodes

Dry EMG Electrode

Basic block diagram of the system

Connections between the microcontroller and

all the parts

Pickup circuit diagram

Flowchart

The input voltage to pickup circuit (at 2volt)

The signal output from the instrumentation

amplifier (at 2volt)




The signal output from the pickup circuit (at
2volt)

The input voltage to pickup circuit (at Svolt)

The signal output from the instrumentation

amplifier (at Svolt)

The signal output from the pickup circuit (at
Svolt)

Movement of elbow and hand

Movement of elbow and hand at different
values

Movement of elbow and hand at different
values

List of Tables

Table Name

Motor action based on status of input pins




List of Abbreviations

EMG Electromyogram
UC University of California
DSP Digital Signal Processor
DC Direct Current

RMS Root Mean Square

DOF Degree Of Freedom

ADC Analog to Digital Converter
RAM Random Access Memory
ROM Read Only Memory
EEPROM Electrical Erase Programmable Read Only
Memory

PWM Pulse Width Modulation
LSB Least Significant Bit

VREF Reference Voltage

CpPU Central Processing Unit

IC Integration Circuit

PLC Program Logic Controller
TTL Transistor-Transistor Logic
PCB Printed Circuit Board

LCD Liquid Crystal Display

Xi



