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ABSTRACT

DEVELOPMENT OF SWARM ROBOT BASED ON ROBOT OPERATING SYSTEM

By

Kevin Ramli Lie
Dr. Rusman Rusyadi, Advisor

SWISS GERMAN UNIVERSITY

The purpose of this thesis is to design a program to follow another robot or any
other obstacle that can be recognized by the robot. This thesis also focuses on
Robot Operating System (ROS) at which the program will capture the image of
the obstacle or another robot and follow it according to the swarm behavior.

Keywords : swarm, robot operating system (ROS), programming)

Kevin Ramli Lie



DEVELOPMENT OF SWARM ROBOT
BASED ON ROBOT OPERATING SYSTEM Page 4 of 101

© Copyright 2019
by Kevin Ramli Lie
All rights reserved

Kevin Ramli Lie



DEVELOPMENT OF SWARM ROBOT
BASED ON ROBOT OPERATING SYSTEM Page 5 of 101

DEDICATION

| dedicate this work to my family, friends, students of Kumon and the future of
Mechatronics Engineering in Swiss German University.

Kevin Ramli Lie



DEVELOPMENT OF SWARM ROBOT
BASED ON ROBOT OPERATING SYSTEM Page 6 of 101

ACKNOWLEDGEMENTS

I would like to give special thanks to almighty Buddha for the blessings and
support throughout my entire thesis work.

| would also want to thank my family for their constant support, motivation and
financial support. They are the ones who always helped me and took care of me
in every way possible.

| would also want to thank all my friends and students for their constant
encouragement and cheer messages to me. Those words meant a lot to me
especially when | am feeling down during this thesis work preparation.

| would also like to thank Dr. Rusman Rusyadi for his constant care and guidance
throughout my thesis work. His advice and help meant a lot for the process of
this thesis.

Without all those people listed above, this thesis would not be completed.

Kevin Ramli Lie



DEVELOPMENT OF SWARM ROBOT
BASED ON ROBOT OPERATING SYSTEM

Page 7 of 101

TABLE OF CONTENTS

Contents

CHAPTER 1-INTRODUCTION. ..ot
L1 Background. ... ...oouiiniiiii e e
1.2 Thesis PUrpose. .....c.viiniii e
1.3 Research Problems..........coooiiiiiii e
1.4 ReSEarch ODJECHIVES. ... ..vitie e
1.5 Significance Of STUAY..........oviniini et
1.6 RESEArCN QUESTIONS ... ..ttt et
L7 HYPOUNESIS. .ottt ettt ettt et e ettt et e et e rae et e e e e e e beebeeenbeetaeenrae s
1.8 TheSiS Organization...........c.c.iiiiini ittt
CHAPTER 2-LITERATURE REVIEW..... ...,
2.1 SWarm INtEHIGENCE. ... .ot e
2.2 Ubuntu OS (Operating SYStem)..........c.oovinierieeiiienieeieeneeeveeenns
2.2.1.Understanding UDUNTU. .........oiniiiit et
2.3 Robot Operating System (ROS)..........c.oviniiiieieeeee e
2.3. 1 ROS PaCKAQE. .. .o vttt et
2.3 2 ROS TOPIC. 1 ntttteitet et e e e ettt ettt e et te et e s eesnaeebeenaeaens
2.3.3 ROS M ESSAZES. .. cuvtttinteiiit et ettt ete et erteeteesteeseesteeaseesseesseesseessseessseessaenseans
2.3 4 ROS NOGES. .. eeittittet ettt ettt ettt b e b
2.3.5 ROS Kinetic Kane.........couoiiiiniiiiiiii et
2.3.60 ROSSETIAL. ... .uieiei s

2.3.6.1 CHIENT HIDFAIIES. . ettt e

14

14

15

.......................... 15

15

.......................... 16

17

17

............................ 18

18
18
.18
19
19
19

19

Kevin Ramli Lie



DEVELOPMENT OF SWARM ROBOT
BASED ON ROBOT OPERATING SYSTEM Page 8 of 101

2.3.6.2 ROS s1de INteTTaCeS. .. .ccee coviiiiti ittt esree e svee e sreessaeeennneesenees 1 O

2.3.6.3 Limitations for maximum size of message and maximum number of subscribers.19
2.3.7 ROS _1ib Arduino. .......ooviniiiiiiiiiiiie et e e e sneeneeeneeneen 20
2.3 8 ROSDY .ttt ettt e ere e sseesenesseesnneennee s 20
2.3.9RQT TOOIS. ..ot e 20
2.4 VISION SYSTEIM. .. .uttiittitt ettt et e et e eieeriteeaeereesreesseesseessnesseenseesnseensnesnneenns 210
241 0PENCV ..o e et re e e sneesnnneesnnne e s 20,
242 PYZDAT. .. it et srnesreesnnesneen s 20
243 PS3 Eye Camera.......cc.ouuiiiniiiiiiitint ettt 24
2.5 ATAUINO. . ...v i e e e e et ae e 22
2.5.1 Arduino NaANO.......oiiiiii ettt 2 22
2.5.2 Serial COMMUNICALION. ...\ttt ittt e eieeiie et sie e see e 22
2.6 MOEON DIIVEN . ...ttt 2
2.6.1 Direction of DC MOtOr rotation. .. ... ... i 24
2.6.2 Speed Of DC MOtOr rOtatiON. ... ....viuiini e 25
2.7 BNCOART. ..ttt 25
2.9 DC MOTOT. ..ottt e e e ettt ettt ettt et e sneesaneenee s 20
CHAPTER 3 -METHODOLOGY ... .ttt 27
3.1 Software DeSi@n.......oouiiniiiiiiii it 2
3.1.1 RObOt Operating SYSteM. ... ccoeuiientt it e it e e e e e s aaeeeneees 27
3. 1.2 ROS t0 ArdUINO. .. viieiii ittt e 20
B L 3 Q008 ettt e e re e sa e ere e snneeneesene s 2O
3131 rqt @raph. .o e e saeennee s 2D

3.1 40PENCV . i ettt sae s ssesseesnnee 0 30

Kevin Ramli Lie



DEVELOPMENT OF SWARM ROBOT
BASED ON ROBOT OPERATING SYSTEM Page 9 of 101

T e T 50 77/ o - USRS PURRRRPRRRC X
3.1.6 Arduino SUDSCIIDET. ... ..ttt O
3.2 MechaniCal DeSi@n. .. ......ouirit it 32
3.3 ELectrical DeSIN. .. . ettt e 34
CHAPTER 4-RESULTS AND DISCUSSIONS.....ooiiiiieieeieeeeie ettt 35
A1 HIgh LeVel TeStiNg. .. .vititiiiit ettt sae e e e O D
4.1.1 Vision Subsystem TeStING. . .....c.oouiiiiriiitiiiiieiieeie et e e e e eaee e 35
4.1.1.1 DiStance teSTINEZ. .. .ouventiniitteeteitteete et eeeiienteesteesreesseessbeesreessseesreessseesseessesssee 30
4.1.1.2 Tracking teStINE. . .ceenvit ettt e ettt sttt st OO
4.1.1.3 CoNCIUSION. ... uiieiiee e seesneese e seeenneseee e B0
4.2 LOW LeVel TeStING. .. .oviviiitiiiiiiet et ettt sve e ese e s s nenne e B
4.2.1 Sensor Subsystem TeStiNg..........ooviiriiriiiniiiiiiiiiierieeeeseeeieeseeeree e ereesene e 4L
4.2.1.1 Wheel Encoder Testing. .........ouiiitinieiiiiiiiiieeieeeeeee e 41
A2 1.2 IMU TOSHINE. ...t entiittiiteiiiits e eeean e et et ereeieeeiteeseesseeenseesaeesseessseesseessseesseessneenses b2
4.2.1.3 Ultrasonic Sensor Test............ e A4
4.2.1.4 CONCIUSION.....ouiiiiiitiiiiii et eee e 4D
CHAPTER 5-CONCLUSIONS AND RECOMMENDATIONS.........coooiiiiinieneec e 46
5.1 CONCIUSIONS ... e ettt e e e et seeenneseee o 40
5.2 Recommendation and future development............ccccoooieiiiiiieniiiiieeeee e 47
APPENDIX A-Programming Code.........o.viuiiiriit i e e, 48
A.1dd robot rviz.Jaunch. ..o 48
E N I - Uod (] 1T 22 o 2 48
AB10botfiX.UrdL. ..o 54
A4 CmMaKeliStIXE. ... 59

A5 Packages. XML . ...t e 63

Kevin Ramli Lie



DEVELOPMENT OF SWARM ROBOT
BASED ON ROBOT OPERATING SYSTEM

Page 10 of 101

A6 arduino driVer.PY...ccovieniiii i
A7 arduino SENSOTS.PY .. .uvententeententattantete et eitenreaeannannens
A.8 Base controller.py......ccovvviiiiiiiiiiii i
A9 arduino NOAE.PY...cuvineiiiiti e
A.10 ROSArduinoBridge.in0..........ccoooviiiiii e
A LLENCOAEr AriVEr......veieiie e
F N Y, 101703 08 4 Lo T

ALL3 ROSATAUINOINO . - - e e e

LIST OF FIGURES

Figures

2.1. Ubuntu 16.04 Default DeSKIOP........ccviviiiiiiiiiii s e
241 0PCNCV ..
243 PS3 Eye Camera....... ... e
2.5.1 Arduino NanO. ......ooviinii e s
2.5.2 Serial communication between 2 Arduinos............cccoeeeeene.
2.5.3 Pulse Width Modulation...............ooiiiii e
2.7.1 SPEEA ENCOUBT ...ttt e
2.9 Brushless DC MOtOT. ......ouiieiiitiii ittt ettt sneas
3.1.1 Robot Operating SyStem.............c.oueriiriecriiienieeiee e
3. 1.2 ROS t0 ATAUINO. ...ttt et e
L3 rqt Graph. . e
B LA OPENCY . e ——————————

3.2.1 Mechanical Design (Top VIEW).......ooiiiiiiiiitiere e

Page
17
18
21
21

22

......................... 23

24
25
26

26

......................... 27

29
.30
31
.32

Kevin Ramli Lie



DEVELOPMENT OF SWARM ROBOT
BASED ON ROBOT OPERATING SYSTEM

Page 11 of 101

3.2.1 Mechanical Design (Back VIeW)..........cooiiiiiiiiii e
3.2.1 Mechanical Design (Perpective VIEW).........ouiiriiiiiiiiis o
3.2.1 Mechanical Design (Side VIEW).......ccciiiiiiiiiiiie e
3.3 Electrical DeSIN. .. ..ouiiiiii ittt e ies et
4.1.1.1.1 Distance Testing 1......c.ooiuiiiiiiiiiii et e
4.1.1.1.2 Distance TeStING 2. ...ueiniiiei ittt et et eie et
4.1.1.2.1 Tracking TeSting L......c.ooiuiiiiiiiiiii e e
4.1.1.2.2 Tracking TeSting L......c.ooiiiiiiiiitiit it e
4.1.1.2.3 Tracking Testing 1........ooiiiiiiiiiii i e
4211 IMU TESHNZ L..oneineiiii it
4212 IMU TESHNZ L..oneiniiiitii e
4.2.1.3 Ultrasonic Sensor Test..........cocvvivuiieiiiiiiiinnann...

4.2.1.3 Ultrasonic Sensor Test 2.....uueeeeeeeiiaeaee e,

LIST OF TABLES

Table

.33
.33
34
34
.36
.36
.38
.39
.39
42

43

Page

2.3.6.3 Comparison of buffer sizes and subscribers with different chip models........ .20

2.6.2 Speed of DC MoOtOr rotation...........ooviiiiiii e
4.1.1 Distance Test......c.eiiiiin e
4.1.2 Tracking Test......oviiiriiii i
4.2.1.1 Wheel encoder teStiNg... .....oviriniiiiii e e
42121 IMU TeStING...eouviirs ceeieiiie i eiie e eeeeeaans

4.2.1.2.2 Tracking test with IMU COmMPanion.........ccceceeeverinieeiiin e

.25

................................... 37

Kevin Ramli Lie



