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ABSTRACT

DEVELOPING AND TESTING OF ULTRASONIC OBSTACLE DETECTION
SENSOR WITH INTEGRATION INTO THE OVERALL SAFETY FEATURES OF
INDUSTRIAL AUTOMATED GUIDED VEHICLE

By

Christian Pranata
Leonard P. Rusli, B.Sc, M.Sc, Ph.D
Erikson F. Sinaga, ST., M.Kom

SWISS GERMAN UNIVERSITY

Referring ANSI/ITSDF B56.5 — 2012 as a safety standard regulation for industrial AGV
discuss about object detection device, bumper, control actuation and controlled stop
switch. Object detection device and bumper are meant to be fail-safe system to prevent
collision between AGV and obstruction. Analog ultrasonic sensor are used as object
detection device while the safety bumper designed to trigger stop mechanism. Analog
ultrasonic sensor are calibrated first to gain its analog output and sensitivity data. Safety
bumper construction are to be made only for emergency situation purpose such as safety
stop and activate braking mechanism. Object detection device are designed to decrease
AGYV speed in 2 decreasing speed zone and 1 stopping zone. Installed ultrasonic sensor
able to reduce AGV speed should any object appear in designated range and stop motor
actuation when in stop zone. Bumper are able to stop AGV when applied a force more

than its preloaded value.

Keywords: Object detection device, bumper, ultrasonic sensor, AGV

Christian Pranata



DEVELOPING AND TESTING OF ULTRASONIC OBSTACLE DETECTION
SENSOR WITH INTEGRATION INTO THE OVERALL SAFETY FEATURES
OF INDUSTRIAL AUTOMATED GUIDED VEHICLE Page 4 of 131

© Copyright 2015
by Christian Pranata
All rights reserved

Christian Pranata



DEVELOPING AND TESTING OF ULTRASONIC OBSTACLE DETECTION
SENSOR WITH INTEGRATION INTO THE OVERALL SAFETY FEATURES
OF INDUSTRIAL AUTOMATED GUIDED VEHICLE Page 5 of 131

DEDICATION

| dedicate this thesis to myself.

Christian Pranata



DEVELOPING AND TESTING OF ULTRASONIC OBSTACLE DETECTION
SENSOR WITH INTEGRATION INTO THE OVERALL SAFETY FEATURES
OF INDUSTRIAL AUTOMATED GUIDED VEHICLE Page 6 of 131

ACKNOWLEDGEMENTS

| wish to thank the members of my project for their support, patience and good humor.
I’d like also to thank Mr. Leonard Rusli to provide a chance for me to join this project

and his guidance allows me to progress further. 1 would like also to thank Mr. Cepi and

Mr. Erikson Sinaga for the guidance in project progress.

Christian Pranata



DEVELOPING AND TESTING OF ULTRASONIC OBSTACLE DETECTION
SENSOR WITH INTEGRATION INTO THE OVERALL SAFETY FEATURES

OF INDUSTRIAL AUTOMATED GUIDED VEHICLE Page 7 of 131
TABLE OF CONTENTS

Page
STATEMENT BY THE AUTHOR ..ot 2
ABSTRACT .ottt bbbttt ettt bbbt bbbt 3
DEDICATION ..ottt ettt sttt sa et e st e bestesteenaeneeneeneens 5
ACKNOWLEDGEMENTS ..ottt sttt 6
TABLE OF CONTENT St L1l iiiiiiiteeeererrssrenrnseeseesseose bannsnan 7
LIST OF FIGURES ......... SN ............cccenxeeceeerenneneeneennnessennnnas 10
LIST OF TABLES...... S Y. ... ... coccenseescernsesnnesrerneesnnesemananns 12
CHAPTER 1 - INTRODUCTION........coiiiiiiiiiiieiisie e ste e nesnens 13
(SimmBackground . S ................... - SR 13
N2 IESISIPUGDOREIENN ................... SSSS ......................... S 14
1.3 Research ProBiSiiiess ................ WO, ..............................ccannnus 14
1.4  SignifICANCEOWNNIESIENN, ........................ OSSR ................... AS( 14
1:5m Thesis SCOpE ... ... 20000 e seennennans 15
1.6 THESIS LIMITATION .. iiitiiteitestestestesuesseeseessessessessessessessesssansessessessessessessessensensennes ]
IRERRRRESTS Organization .......... Y . . - ettt . ... 16
CHAPTER 2 - LITERATURE REVIEW .....ocoviiiiie et 17
BN E@hapiE e ruicn B . . R NN AR . i,
B2 g T roQu SIS tSURET 8 S ARECIRE G (RS ... BN N OO N .. B TR BN 17
P R w1 L3031 [o B TR - e e e e e e e e e 17
2.4  Difference between Ultrasonic Sensor and Infrared Sensor ..........ccccceevviennes 18
2.5 Standard of AGV Emergency Safety System Based on ITSDF ............c.c........ 19
2.6 ITSDF Standard in Ultrasonic Testing Procedure ............ccccoveienineinnneinnnnn. 19
2.7  Programmable Logic Controller (PLC) .....ccooviviiiiiiiiiece e 21
CHAPTER 3 - METHODOLOGY .....ooiieiiieiisieeie ettt ssee e e snaesnees 24
3.1 GENEral OVEIVIEW ......eeeieiieieeie ettt aeenaesseeaeaneenneas 25
3.2 WOrk Breakdown STFUCKUIE .......c.ooiiiiiiieice e 26
3.2.1 MECHANICAI PAITS.......civiiiieiiiti et nre e 27
3.2.2 EIECIITCAI PAItS.......eieee ettt st nne s 28
3.2.3 e oo =10 011011 oo SRR 28

Christian Pranata



DEVELOPING AND TESTING OF ULTRASONIC OBSTACLE DETECTION
SENSOR WITH INTEGRATION INTO THE OVERALL SAFETY FEATURES

OF INDUSTRIAL AUTOMATED GUIDED VEHICLE Page 8 of 131
3.3 OMRON CP1L-EM30DT1-D Programmable Logic Controller with CP1W-
ADOAL EXIENSION ... 29
3.4  OMRON CX-ONe ProgramMer ......ccccoiiueiiiieeiiieeiiieessineessiresssieesssssesssseessnseeens 30
3.5 12V — 5V POWEr REQUIALON .......ccuveivieiecieeie et 31
3.6  LV-Maxsonar-EZO UItraSoNiC SENSOL .......uvveveeeeeiiieeeiieeeieeeeersreeieeeeee e s s neeennees 32
3.6.1 LV-Maxsonar-EZ0 Ultrasonic Sensor LImMiItation .......cccoovvevveeieeiie e eeeee e 33
3.6.2 LV-Maxsonar-EZ0 Ultrasonic SENSOr CONCIUSION .......ooveeveeieeeee e 34

3.6.3 LV-Maxsonar-EZ0 Ultrasonic Sensor Reliability Test on Arduino ATMega 2560
Board 34

3.7  LV-Maxsonar-EZ0 Ultrasonic Sensor Compatibility Test on PLC.................. 35
/AT Connecting SENSOr INTO PLC .......coiiiiiiiic e 35
3.7.2 Developing Analog Input Reading Ladder Diagram .............ccoeoveirininenenienieseens 36
3.8  Ultrasonic Obstacle Detection and Speed Control System Overview .............. 40
3.9  Start Programming With CX-Programmer ..........cccccveiveeeveiieiieiecieceecie e sneas 41
3.10 InpUGACUIPUITEIESN. ......................... WSS ...................... A¢ 42
3.11 Function Block Used in CX-Programimer.........cc.ccuereeieieneenienenieseseseseeenns 43
3.12  MaALerial SEIECTION .uiiuieiieieie ittt steate e eieseestesbesbesbesbeasaeseeneestesbesbesbeaneaneeneeneens 44
3.13  BUMPET DESIGN ...t iiestessestesteaseeseeneessessesseaseabesbeaneeseensenseasesnesneasesseanseseens 45
BLLA  SPIING ottt bbbt 47
" e YL EE o=l oyl W W Y Pl OYN WL o Y Y o 48
SWIE SERCTUGEN Y. T BRI BN ... B A SR B AN B BT W BN 48
e o e TG i et B B e e O ey Ak Byt e o 49
CHAPTER 4 - RESULTS AND DISCUSSION .....ccccooiiiiiiiiieieie e 50
4.1 MechaniCal RESUIL...........ooieiee e e 50
4.2  Ultrasonic Sensor Test Result on Stationary POSItION ............ccooevviiiiininenn, 52
4.3 Speed Control Ladder TEST .....ccveiiieiieiii e 66
CHAPTER 5 - CONCLUSIONS AND RECCOMENDATIONS.........ccooviieieinnnn, 74
5.1 CONCIUSIONS ... .eiuiiieieiiteie et ettt ste e steebeaseesnaesteeseessaenseaneenrees 74
5.2 RECOMMENUALIONS ......coueiiiiiiiiieiie sttt neeas 75
REFERENGCES ...ttt sttt 76
APPENDICES ..ottt sttt ettt st reane e nr e e 77
A. TechnICal DIaWING ......ccveiiieiciie et 77
A.1 Safety Bumper ASSEMDIY........o.o it 77

Christian Pranata



DEVELOPING AND TESTING OF ULTRASONIC OBSTACLE DETECTION
SENSOR WITH INTEGRATION INTO THE OVERALL SAFETY FEATURES

OF INDUSTRIAL AUTOMATED GUIDED VEHICLE Page 9 of 131

A2 PHIOW BIOCK........ctiiiiiiic et 78
A3 PHIOW BIOCK PIALE........ciiiiiiicii s 79
A4 PIHIOW BIOCK RING ...viciiiiiiicse ettt st et sne et sbe e reeraennenne s 80
AL SN RING ©oecc s 81
A6 Front BUMPEr BaSe PIAE ........coviiiiieeiiee e s 82
AT Front BUMPEr L PrOfIlE ....coei e 83
A8 BUMPET SNAFE ...ttt st sre e e e 84
LD SENSOT CASING... e euvevieteeteiteeitesteaseesteateestesseassebesaeesesseassesseataessesaeessesseassessesbeessesreassesbenseas 85
ALL0 SENSOT BOX PAIT L.ttt 86
ALLL SENSOI BOX PN 2.t re e 87
ARIZSENSORBOX Partuuu ...................... S SN ............................. 88
B. DAIASHCOTNT. N ................. SSSSE—— ......................... 89
B.1 LV-Maxsonar-EZ0 DatasSheet ................ccooeiiiiiieiiiiisisesisitsisie st 89
B.2 OMRON CPLL-E DAASNEEL ......ueveverieiiiiiniesiisiesiisieseeesesiesiessessessesseseesessessessessessesessennes 95
B.3 ITSDF SEANGAIT........c.eeueeeiiueriestestesseseeseeseaseasessessessessessassasesstasessessessessessassnsessessessessensenees 106
C. PLC Ladder DIAgram ........ccciviiiieeiiieiieesieesieesiie e eieesee e ssse e ssae e snee s 121
D. oy Y T g g p— 130
G RTRLC U B T\ilo IS R . S . SO ... O O O . O O e B . W . N . O 131

Christian Pranata



