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ABSTRACT 

Since 19th century, the development of robot in manufacturing industry have 

been increased rapidly, thus require the need to track down the historical 

development of robots by robot manufacturers that brings the robot function like 

todays. Due to demand, robot is said to be replacing human labour because of some 

factors such as its capability to do work effectively, reducing cost and task that 

human cannot do. In this research, a feasible study on robot off-line programming 

and simulation using MATLAB SimMechanics and Simulink packages will be the 

main objective. This project will be addressing about the development of robot 

modeling and simulation in the SimMechanics. It is aimed that this approach will be 

helping the academician and researchers in the related field because MATLAB is 

widely used in the world in various application. The result of this project shows that it 

is possible to do programming and 3D simulation using SimMechanics in order to 

obtain mechanical variables such as joint angle, angular acceleration, reaction force, 

and torque including draws the respective 3D robot motion that are programmed. 

SpaceLib program is then used to obtain the desired location and program each robot 

link to the respective coordinate system in matrix form. 
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ABSTRAK 

Sejak ].mrun ke 19, pembangunan robot di dalam industri pembuatan telah 

meningkat secara drastik dan ini memerlukan penjejakan kembali sejarah 

pembangunan robot oleh pembuat robot bagi melihat bagaimana robot berkembang 

sehingga ke hari ini. Berdasarkan kepada keperluan, robot dikatakan akan mengambil 

alih tugas pekeIja disebabkan oleh beberapa faktor seperti kebolehannya melakukan 

keIja dengan efeh.'tif, mengurangkan kos dan melakukan tugas yang tidak dapat 

dilahlkan oleh manusia. Objektifkajian ini adalah untuk mendapatkan pembelajaran 

dan pengetahuan mengenai 'off-lille programmillg' dan simulasi menggunakan 

perkakasan MATLAB iaitu lebih spesifik kepada SimMechanics dan Simulink. 

Adalah diharapkan kajian ini dapat membantu para pengajar dan pengkaji di dalam 

bidang yang berkaitan terutama robotik kerana MATLAB digunakan secara meluas 

di dunia di dalam pelbagai bidang. Basil daripada kajian ini menunjukkan bahawa 

MATLAB SimMechanics boleh melah.llkan 'off-lille programmillg' dan simulasi 3D 

untuk mendapatkan faktor mekanikal seperti sudut cantum, pecutan sudut, daya 

reaksi dan kiraan tork di samping memberikan gambaran 3D sebenar pergerakan 

robot semasa operasi. Manakala SpaceLib kemudian digunakan untuk mendapatkan 

kedudukan dan program bagi setiap bahagian robot berdasarkan kepada satu sistem 

koordinat di dalam bentuk matriks. 



vii 

TABLE OF CONTENTS 

Page 

Title Page 

Declaration 11 

Dedication 11l 

Acknowledgement iv 

Abstract v 

Abstrak vi 

Table of Contents Vl1l 

List of Tables XI 

List of Figures XII 

List of Appendices xv 



CHAPTER 

CHAPTER II 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

CHAPTER II 

2.1 

2.2 

I ' _._"l 

2.4 

2.5 

COl"TEl"TS 

TITLE PAGES 

INTRODUCTION: ROBOT AND PROGRA;\Il\II:,\G 

Research background 

Robot programming 5 

Research objective l' -' 
Research scopc 14 

Rcscarch mcthodology 15 

Thesis organization I () 

BACKGROUND Kl"OWLEDGE Al"D L1TEHXITRE 

REVIEW 

MA TLAB and Simivlcchanics in 

"oJJ-line programming .. IS 

ivlA TLAB ovcrvic\\' 19 

2.2.1 Simivicchanics packagcs 19 

2.2.2 Application in industry and 

uscrs feedback II 

Previous \\'ork on Sim\lcchanics 2-t 

Comparison \\'ith other existing ofC-line 

programming soti\\'are 2() 

Conclusion 2() 

\'Ill 



CHAPTER III 

3.1 

3.2 

3.3 

3.4 

CHAPTER IV 

4.1 

4.2 

4.3 

4.4 

RESEARCH PROBLEM STATEMENT 

Introduction 

Problem statement 

Background knowledge on robotics 

Conclusion 

RESEARCH METHODOLOGY 

Introduction 

Research Methodology 

4.2.1 Obtaining Yamaha YK600X SCARA 

robot parameter 

4.2.2 Input Yamaha YK600X SCARA robot 

parameter in the required field in 

SirnMechanics 

4.2.3 Yamaha YK600X SCARA robot 

simulation and analysis 

4.2.4 Simulating SpaceLib program software 

4.2.5 Result and analysis 

4.2.6 Conclusion and Future Work 

SirnMechanics Yamaha YK600X SCARA 

robot Data Conversion 

Conclusion 

28 

30 

31 

36 

37 

37 

39 

39 

39 

40 

40 

40 

40 

42 

CHAPTER V MODELING, PROGRAMMING AND SIMULATION 

5.1 Yamaha YK600 robot modeling and 

simulation by MATLAB SimMechanics 

5.2 Manutec R3 robot ann model review and 

analysis 

43 

44 

IX 



5.3 

5.4 

5.5 

5.6 

CHAPTER VI 

6.1 

6.2 

6.3 

6.4 

CHAPTER VII 

7.1 

7.2 

7.3 

Yamaha YK600X robot modeling and 

analysis 

Yamaha YK600 Robot Programming 

5.4.1 SpaceLib 

SimMechanics and Dymola; Multibody 

packages 

Conclusion 

SIMULATION RESULT AND ANALYSIS 

Introduction 

Edited Manutec R3 robot simulation result 

and Analysis 

Yamaha YK600X SCARA robot simulation 

result and Analysis 

Conclusion 

CONCLUSION AND FUTURE WORK 

Introduction 

Recommendation for Future Research 

Research Applications 

49 

52 

53 

60 

60 

62 

63 

73 

83 

84 

87 

88 

x 



Xl 

TABLE LIST 

TABLE NO. TITLE PAGES 

1.1 Main advantages of robot 

1.2 Robot manufacturers and its off-line programming software 5 

2.1 Comparison of SimMechanics with other existing 

software that are not dependable on any of the robot 

type 27 

3.1 An example of ai, ai, di, and qi parameters for robot ~? 
j-



FIGURE LIST 

FIGURE NO. TITLE PAGES 

1.1 The hierarchical structure for task planning and 

off-line programming 

1.2 

3.1 

3.2 

3.3 

4.1 

4.2 

Program flowcharts: conversion of a simulated 

robot program 

Example of robot coordinate systems 

Yamaha YK600 robot coordinate system and 

manipulator movement 

Yamaha YK600 SCARA robot coordinate system 

based on Denavit-Hartenberg Convention 

The proposed research methodology for off-line 

programming and simulation with MATLAB SimMechanics 

and Simulink packages 

Translation and conversion program from Yamaha YK600X 

SCARA robot link scope blocks to reliable figure in 

11 

12 

31 

34 

34 

38 

MATLAB 41 

5.1 

5.2 

5.3 

5.4 

The edited demo version ofManutec R3 robot 

built in SimMechanics environment 

Visualization of geometrical structure ofManutec 

R3 robot on the X-Y plane in SimMechanics 

3D visualization of Manutec R3 robot in 

SimMechanics packages 

The visualization of geometrical structure of 3D 

model Yamaha YK600X SCARA robot built in 

45 

48 

48 

xii 



xiii 

MATLAB SimMechanics packages 49 

5.5 The blocks composition of SimMechanics and 

Simulink blocks for YK600X SCARA robot modeling 51 

5.6 The SpaceLib software output of Yamaha YK600X SCARA 

robot for off-line programming 55-59 

6.1 Simulink Scope block output of Manutec R3 robot arm 

joint angles characteristic 64 

6.2 Extracted graph outputs of Manutec R3 robot arm joint angles 

characteristic 65 

6.3 Simulink Scope block output ofManutec R3 robot arm angular 

acceleration characteristic 66 

6.4 Extracted graph outputs ofManutec R3 robot arm angular 

acceleration characteristic 67 

6.5 Simulink Scope block output ofManutec R3 robot 

link reaction force characteristic 69 

6.6 Extracted graph output of Manutec R3 robot arm reaction 

force characteristic 70 

6.7 Simulink Scope block output ofManutec R3 robot 

arm computed torque characteristic 71 

6.8 Extracted graph outputs for Manutec R3 robot arm computed 

torque characteristic 72 

6.9 Simulink Scope block output ofYK600X SCARA 

robot link joint angles 74 

6.10 Extracted graph output ofYK600X SCARA robot link joint 

angles 75 

6.11 Simulink Scope block output of angular acceleration 

ofYK600X SCARA robot link 76 

6.12 Extracted graph output of Angular acceleration ofYK600X 

SCARA robot link 77 

6.13 Simulink Scope block output of reaction force of 

YK600X SCARA robot link 79 

6.14 Extracted graph output of Reaction force ofYK600X SCARA 

robot link 80 



6.15 

6.16 

Simulink: Scope block output of Computed torque 

ofYK600X SCARA robot link 

Extracted graph output of Computed torque ofYK600X 

SCARA robot link 

XIV 

81 

82 



LIST OF APPENDICES 

APPE:\DIX TITLE 

B 

C 

o 

~!-filc Program to obtaincd thc cxtract graph data for 

Yamaha YK600X SC ARA robot 

\!-filc Program for SpaccLib Softwarc 

\!caning of thc S)111bols in SpaccLib Softwarc 

Yamaha YK600X SCARA robot spccification 

xv 

PAGE 

89 

91 

96 

98 



CHAPTER 1 

INTRODUCTION: ROBOT AND PROGRAMMING 

1.1 Research Background 

Robots are believed to take the human work task in the future due to the 

demand and safety they offer. This phenomenon can be predicted if we take a look in 

our environment especially in manufacturing and industry. Movie industry for an 

example had launched a new action series, "I, Robot" that showing us the future that 

we will be living with the help of robot, have going beyond our expectation. 

Equipped with artificial intelligence that can be easily being mounted into a robot, 

this is not impossible because numerous researches are rapidly increased on the 

specified subject. 

The term of the robot was first been introduced by a Czech dramatist, Karel 

Capek in 1921 of"Rossum's Universal Robots" that referring to a perfect and tireless 

worker performing manual labor jobs for human beings. Since Asimov raised the 

word robotics in his science fiction stories about robot 1940's, people began to think 

and design robot. Japanese defined robot as an all-purpose machine equipped with a 

memory device and a terminal and capable of rotation and replacing human labor by 

automatic perfomlance and movement. Another good definition was made by the 

Robot Institute of An1erica, that robot is a reprogrammable, multifunctional 

manipulator designed to move materials, parts, tools or specialized device, through 

variable programmed motions for the perfomlance of a variety of tasks [Antti, 

1989] [Fu K.S et aI, 1987]. 



That is in short, a robot is a reprogrammable general-purposes manipulator 

with external sensors that can perform various assembly tasks, possessing 

intelligence associated with its control and sensing system [Fu K.S et aI, 1987]. 
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According to Joseph, there are Three Laws of Robotics remain worthy design 

standards [Engelberger, 1983]: 

1. A robot must not harm a human being, nor through inaction allow one 

to come to harm. 

2. A robot must always obey human beings, unless that is in conflict 

with the first law. 

3. A robot must protect itself from harm, unless that is in conflict with 

the first and second laws. 

Future robots are likely to have a greater number of attributes similar to 

human such as having greater sensor capabilities, more intelligence, higher level of 

manual dexterity and also limited degree of mobility. Although today robot does not 

behave like humans, there is no denying that the technology is moving in a direction 

to provide those machines with human capabilities. 

Industrial robots are now being focused due to its capabilities and advantages 

especially in the aspect of how factories run. Yet too many robots are become too 

expensive and too complicated. There is no doubt that the use of robots will be the 

key to growth in manufacturing in the next decade and more companies using robots 

will boost their productivity. 

It is seems that in the last twenty years, the cost of a universal robot has 

hardly increased, yet labor cost have quadrupled. In year 1981, Unimation Inc 

claimed that the hourly cost of a robot was about 30% of labor cost in the US 

automotive industry whereas in 1966 the costs were similar [Harley, John, 1983]. 



Why do we use robot in industry? The principle advantage of a robot is its 

flexibility such as; 

1. Able to cope with different products on one line as market demand 

changes 

2. Able to be re-programmed to suit minor modifications or when a 

completely new model been introduced 

This availability offers the high-volume manufacturers in a way of coping 

with change in volume or type, and for the small manufacturers for the chance of a 

big jump in productivity while continuing to produce in small batches, such that in 

some cases, he may be able to compete with much larger companies. Table 1 shows 

the main advantages of robots. 

Table 1.1 Main advantages of robots [Harley John, 1983] 

1 
Improvement in productivity through the 

use of robots 
94.00% 

2 Stabilization of product quality and 
69.70% 

improved job efficiency 

3 Improve labor safety 52.80% 

4 Changing workers attitudes 51.40% 

5 Shortage oflaborer and skilled workers 45.00% 

6 Increased flexibility of production system 39.70% 

7 Progress of engineering and technology of 
37.30% 

robot 

Modem industrial arms have increased in capability and performance through 

controller and language development, improved mechanisms, sensing, and drive 

systems. In the early to mid 80's the robot industry grew very fast primarily due to 

3 
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large investments by the automotive industry. The benefits ofrobots to industry 

include improved management control and productivity and consistently high quality 

products. 

As manufacturing moves to become more responsive environment with 

products having shorter life cycles and batch quantities reducing in size, robot 

programming times become critical, and hence an area to be addressed in order to 

seek improved productivity. Off-line programming is an approach that could reduce 

the required skill levels of a programmer, reduce the programming times, allow the 

operator a 'natural' interface with which the operator would conduct the task in the 

real world, and reduce the boredom factor [Boud, A.C. Steiner, S.l. ,1997][Naylor, A 

et. aI, 1987]. 

Although that in the beginning Oil-line programming is mainly used but due 

to on-line programming have some deficiencies factors, off-line programming 

become popularly used in the industries and MATLAB is able to provide it. We can 

find one ofthe developments using the MATLAB® software in robot technology in 

the "Simulink-Based Robotic Toolkit for Simulation and Control of the PUMA 560 

Robot Manipulator" [Dixon, W.E. et. aI, 2001]. The PUMA 560 robot manipulator 

is developed by using the MATLAB®!Simulink based platform that can be easily 

executed on the LINUX or Win32-based operating system. The toolkit represents a 

graphical user-friendly nature that allowing the toolkit can be customizing in real

time simulation without writing any code. It is also give the users to easily 

incorporate additional functionality and hardware through the simple block diagram 

interface that Simulink provides thus providing the flexibility for easily modifYing 

component for increased functionality. 

There is also some off-line programming software available whether made 

individually by research or provided by the robot manufacturers. Some of the 

software developed by the researchers is as mentioned above, SRTK, ROBOSIl'vI, 

SPACELIB, RRS, WorkSpace, RoboWorks etc. Table 1.2 shows the example of 

robot manufacturers that provided along the off-line programming software that are 

compatible only with their robots. 




