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ABSTRACT

DESIGN AND DEVELOP AUTOMATIC LIGHT VEHICLES (LV) UNIT
NUMBER IDENTIFICATION BY IMAGE RECOGNITION
USING COMPUTER VISION ARTIFICIAL INTELLIGENT

By

Yudhi Afandi
Edi Sofyan, B. Eng., M. Eng., Ph.D., Advisor
Dr. Ir. Henry Nasution M.T., Co-Advisor

SWISS GERMAN UNIVERSITY

This thesis presents the development of an Al-driven system to automate refueling data
recording, improving accuracy, efficiency, and cost-effectiveness. The research aims to
identify the LV unit and driver's name, verify custodianship cost centers, and record
refueling volumes. A comprehensive and accessible refueling database is established
for immediate data availability.

The study employs the V model for Mechatronics System Design, utilizing Raspberry
Pi 4 model B 8 GB, a 5-inch HDMI screen, and a webcam for capturing LV unit
numbers and ID badges. The EAST algorithm locates text, while OCR Tesseract
extracts information. Data is stored in a SQL.ite database using Python. Error rate and
OCR accuracy are analyzed, and system duration time is compared with the existing
system.

Results show that computer vision and Al effectively identify LV unit numbers and
driver's names at fuel stations. The proposed system offers cost-effective, accurate
refueling data, including date, time, LV number, custodian cost center, and driver.
Implementation streamlines operations and provides comprehensive data for decision-
making

Keywords: EAST Algorithm, Tesseract OCR, Computer Vision, Artificial Intelligence,

Automated Refueling

Yudhi Afandi



DESIGN AND DEVELOP AUTOMATIC LIGHT VEHICLES (LV) UNIT NUMBER IDENTIFICATION
BY IMAGE RECOGNITION USING COMPUTER VISION ARTIFICIAL INTELLIGENT Page 4 of 119

© Copyright 2023
by Yudhi Afandi
All rights reserved

Yudhi Afandi



DESIGN AND DEVELOP AUTOMATIC LIGHT VEHICLES (LV) UNIT NUMBER IDENTIFICATION
BY IMAGE RECOGNITION USING COMPUTER VISION ARTIFICIAL INTELLIGENT Page 5 of 119

DEDICATION

| dedicated this work for my wonderful wife, Herfianty Tanuhadikusumah, my
incredible children, Alfian Putra Afandi (Alm) and Difa Ayu Afandi, and also my
baby that we’ve been waiting for. Your love and support have been the shining light
that has guided me through this journey. Your understanding and sacrifices mean the
world to me! Thanks to your support, I can fully dedicate myself to this research and

chase my academic dreams.

| also dedicated this work for my amazing parents, Afka Lamane and Mini Syamsiar.
They have always been my biggest supporters and have never stopped believing in
me. This work is dedicated to them with all my love and gratitude. Your love and the

values you instilled in me shine through in this beautiful thesis.

Yudhi Afandi



DESIGN AND DEVELOP AUTOMATIC LIGHT VEHICLES (LV) UNIT NUMBER IDENTIFICATION
BY IMAGE RECOGNITION USING COMPUTER VISION ARTIFICIAL INTELLIGENT Page 6 of 119

ACKNOWLEDGEMENTS

| would like to express my profound appreciation to my thesis advisor, Edi Sofyan, B.
Eng., M. Eng. Ph.D. and Dr. Ir. Henry Nasution M.T.. for their exemplary guidance and
constant encouragement throughout this research. This thesis's direction and quality
were significantly influenced by their knowledge and insightful feedback. Their
dedication to my academic development and availability for discussions and

clarifications have been invaluable.

Yudhi Afandi



DESIGN AND DEVELOP AUTOMATIC LIGHT VEHICLES (LV) UNIT NUMBER IDENTIFICATION
BY IMAGE RECOGNITION USING COMPUTER VISION ARTIFICIAL INTELLIGENT

Page 7 of 119

TABLE OF CONTENTS

STATEMENT BY THE AUTHOR ..o,
ABSTRACT ..
DEDICATION. ...t
ACKNOWLEDGEMENTS ...
TABLE OF CONTENTS ..o
LIST OF FIGURES ...
LIST OF TABLES ...
LIST OF EQUATIONS. ...
CHAPTER 1 - INTRODUCTION ....ccoiiiiiieieeeeee e
1.1 BacKground.......cccooiieiiiieiiese e
1.2 Research Problems ..o
1.3 Research ODJECTIVES ........coceiiiiriiiiieeese e
1.4 Research QUESTIONS .......cccoviierreiiriene e se e
1.5 HYPOhESIS ..ot
1.6 Research Scope and LImitation ..........ccccocevirininininniicnennn,
1.7 Significance of StUAY .........ccccoiiriiiiiiiice e
CHAPTER 2 - LITERATURE REVIEW ..o
2.1 Computer VISION ......cccvevuiiieiieesie e

2.1.1  Machine Learning.......ccccccevveivievieiieesie e
2.2 OpenCV (Open-Source Computer Vision)..........ccceeeveeneene.

2.2.1  Object Detection.........cccccvevviiiiievie e
222 TextDeteCtion ....cooooeeeeee
2.3 TESSEIACT-OCR ..ottt e e e e e e e e e

2.4 Python Programming Language .........cccceeereneneneneeinennenns

Yudhi Afandi



DESIGN AND DEVELOP AUTOMATIC LIGHT VEHICLES (LV) UNIT NUMBER IDENTIFICATION

BY IMAGE RECOGNITION USING COMPUTER VISION ARTIFICIAL INTELLIGENT Page 8 of 119
2.5 SQLIte DAtADASE .....c.eecveeitiiiciee et 33
2.6 PrevioUS STUTIES ......ccveveiiiiieeieiiiee st 34
2.7 Brief of Literature REVIEW STIUCTUIE.........coviiiiiieiiiieeeeseses e 37
CHAPTER 3 - RESEARCH METHODS..........ooiieeeee e 38
3.1 ReSEArCh FrameWOIK .........coiiiiiiiiisieeecee e 38
3.2 ROt CaUSEd ANAIYSIS......cciiiiieieiiieiiieie ettt nreas 39
3.2.1  FishDONE DIagram .......cccoeieieieieieiesie et 39
32,2 ROOL CAUSES.....cuviieeiieiiisieesie ettt 41
3.3 ConCePtUAl DESIGN.......ccviiiieciece et 42
3.4 CUSIOMET NEEUS. ......cveneeiiitiieeiete sttt 42
3.5 FUNCtion SPeCIfiCatiON..........ccociiiiiiiiicic et 42
3.5.1  Main Function DESIGN .......cccveiuiiieiiciecie e 43
3.5.2  Sub Function Design - Automatic Unit Number Identification ........... 44
3.5.3  Sub Function Design - User ID Identification...........c.cccocervrinrvernnnne. 45
3.6 SYSIEM DESION ..eviiieieiii ettt et et re e ra e nae e ere s 45
3.7 Hardware COMPONENTS ........coviiiiieiieeie ettt e sre e sre e raesaeeneesreas 46
3.7.1  System Input and OULPUL..........ccoeeireiiiieceee e 48
3.7.2  EIECtroniC CIrCUIT .....cceiiiieieieieee e 49
3.8 PIOLOLYPE. .t 51
3.9 COMPONENT TESL.....eeeiieeiitieie et sn e 53
3.9. 1 RASPDEITY Pl e e 53
3.9.2  USB WEDCAM ..ot 55
3.9.3  FIOWMETEL ... 56
3914 REIAY ..ot e 58
3.10 OCR Page Segmentation MOGE .........cccoviiiiiiiieiereeeeeee e 59
3.11 Image Capture MEtNOd .........cooiiiiiiiiiieeee e 59
3.12 Evaluating Metric of SyStem ACCUIACY ..........covueiireeiieiiieeiiecieesie e e see e sree s 60
3.13 Evaluating Metric of DUration time ..........ccceiieiiieiiie s 62

Yudhi Afandi



DESIGN AND DEVELOP AUTOMATIC LIGHT VEHICLES (LV) UNIT NUMBER IDENTIFICATION

BY IMAGE RECOGNITION USING COMPUTER VISION ARTIFICIAL INTELLIGENT Page 9 of 119
3.14 Brief of Research Methodology StrucCture..........cccocveveieeii e, 62
CHAPTER 4 — RESULTS AND DISCUSSIONS ... 64
4.1 LV Number Identification Parameters ............ccoereiirineinineneise e 64
4.1.1  BoUNING BOX..ioiiiiiiiiicie et 64
4.1.2  Post-Processing with Regular Expression (Regex) ........c.ccocvvvrvevenen. 66
4.2 User Name Identification Parameters...........ccocevvvirieiiienenc e 67
4.2.1  OCR Pattern MatChing .........cccccvviveiieiiiie e, 67
4.3 Pulse Of Flowmeter Totalizer Parameter ............cccooveieinineneine e 68
4.4 PUMP INEIIOCK ..o e 69
4.5  SyStem DatabaSe........ccceciviiieiiiiiiee st 71
4.6 SYStem SIMUIALION ........c.oiiiiiiiicee e 73
4.6.1  Capturing LV NUMDET ..., 73
4.6.2  Capturing 1D Badge.........coovririiiiieie e 74
4.6.3  FIOW TOAHZET ..o 74
4.6.4  ReCOrded Data .......ccccoviuiiiiieiiiieieeee e 76
4.7 SYSEem PEITOIMANCE ....ocuiiviiiiiiieeee et 76
4.7.1  System Accuracy of LV Number Identification.............c.ccoovvvvrvinnnnen. 76
4.7.2  System Accuracy of Username ldentification............cccccoeevvnvrvnienen, 80
4.7.3  Duration of 1dentifiCation.............ccccoreiiiiniineiiiee e, 83
4.7.4  Manual Confirmation for Identification Error reduction ..................... 85
4.7.5  RODUSINESS TESTING ....cuiitiriiiiiiiiiieieie et 86
4.8 Operational AQVANTAGES .........cooieiirieieieite sttt 87
4.9 Labour cost & Operational SAVING .........cociviiiiiiinieeeee e 87
CHAPTER 5 — CONCLUSIONS AND RECOMENDATIONS ......ccccooviiieiinne 91
5.1 CONCIUSIONS ...ttt 91
5.2 RECOMMENALIONS ......oiiiiiiniiiiitisie et 92
GLOSSARY ettt b e ae e e 93
REFERENGCES.......cc et et 94

Yudhi Afandi



DESIGN AND DEVELOP AUTOMATIC LIGHT VEHICLES (LV) UNIT NUMBER IDENTIFICATION

BY IMAGE RECOGNITION USING COMPUTER VISION ARTIFICIAL INTELLIGENT Page 10 of 119
CURRICULUM VITAE ...ttt 98
APPENDDX ..o 99

Yudhi Afandi



DESIGN AND DEVELOP AUTOMATIC LIGHT VEHICLES (LV) UNIT NUMBER IDENTIFICATION
BY IMAGE RECOGNITION USING COMPUTER VISION ARTIFICIAL INTELLIGENT Page 11 of 119

LIST OF FIGURES

Figures Page
Figure 1.1 Fuel Station MINESITE..........cviiiieiiere e 16
Figure 1.2 Gasoline Manual Refuelling FOrm ..., 17
Figure 1.3 Backcharge Rate Jan 2023............cooveieiieii i 19
Figure 1.4 Banlaw Restrack Fuel Management Controller............c.cccooiiiiiicnene, 20
Figure 1.5 Bl Dashboard YTD 2022 Fuel Diesel Consumption Report...................... 20
Figure 1.6 RFID RING TAQ ...ccvveiiiiiiiieiie ettt e e ste e snaenne e 22
Figure 2.1 Machine Learning Model imitates human cognitive system..................... 25
Figure 2.2 Computer Vision is Sub Field of Artificial Intelligent............cccccooeieene. 26
Figure 2.3 Early approaches OCR Complex rules...........ccooeeieiininiiininieceee 27
Figure 2.4 OpenCV Object Detection ReSUlt ...........cccoeveiieiiiie i, 28
Figure 2.5 Thresholding Image With OpenCV..........cccoveiiiiicic i, 29
Figure 2.6 Text Segmentation PrOCESS.........cccoiiriiiriiinieeere e 29
Figure 2.7 Structure of Text Detection FCN (Zhou et al., 2017)........cccceovviniveiininenn. 31
Figure 2.8 Typical Example of Fixed-Pitched Word............ccccccovviviiiiiiiie e, 32
Figure 2.9 Python Programming LanguUAagE ..........cceevuveieeiieiieie e 33
Figure 3.1 Research Framework ..........cccociiiiiiiiiiiineeee s 39
Figure 3.2 FISNDONE DIAQIaM.......ccuiiiiiieieiieie et 40
Figure 3.3 Research Conceptual design Model ............ccccooveiveieiieieccecc e, 42
Figure 3.4 Functional Specification DeSign..........ccccccvviieiiiiieeie e, 43
Figure 3.5 Sub Function LV Number 1dentification.............cccoooerininiieneninicicee, 44
Figure 3.6 Sub Function User 1dentifiCation..............coouviiieiiienc i 45
Figure 3.7 BIOCK DIagram...........ccoeiieiiiie ettt nne e 46
Figure 3.8 EIeCtroniC CirCUIL........c.ccoviiiiieie et 50
Figure 3.9 Dot PCB for Valid Electrical COnnection ...........ccccoceveieiiieneninieieiene, 51
Figure 3.10 The SyStem ProtOtYPe......cccieiirieierie et 52
Figure 3.11 Graphical User INterface.........cccccvevieiiiiiiie e 52
Figure 3.12 Raspberry Pi Imager Welcome SCreen.........cccccveveeiieiie e 53
Figure 3.13 SSH Connection t0 RASPDEITY Pl ......cccooiiiiiiiiieieie e 54
Figure 3.14 Raspherry Pi DESKIOP ......ccueueiiieriiiesiesiesie st 54

Yudhi Afandi



DESIGN AND DEVELOP AUTOMATIC LIGHT VEHICLES (LV) UNIT NUMBER IDENTIFICATION

BY IMAGE RECOGNITION USING COMPUTER VISION ARTIFICIAL INTELLIGENT Page 12 of 119

Figure 3.15 Web Camera Python Code to Capture image..........ccoevvevveieerieeiveseennnnn, 55
Figure 3.16 Image Result of Webcam Capture..........cccocevveveiieiiece e, 55
Figure 3.17 Flowmeter Calibration CertifiCate .............ccooveveieieniiiniiesesieeeee 56
Figure 3.18 Python Code FIOW TOtaliZer..........cocviiiiiiiicieeec e 57
Figure 3.19 Python Shell Output Flowmeter Totalizer..........cccccevvveveiieiiesece e, 58
Figure 3.20 Python Code for Relay Functionality ...........c.cccooveveiieiesis i, 59
Figure 3.21 Relay Functionality Test ReSUIT ...........cccoiiiiiiiiieee 59
Figure 3.22 Capturing LV NUMDEI ........cciiiiiiiiiereeee s 60
Figure 3.23 Capturing ID Badge.........ccceeiieiieiiiieceece ettt 60
FIgUre 3.24 TYPE OF EITON c..oovieii ettt 61
Figure 3.25 CCTV Monitor for Refueling duration calculation...............ccccoceenennnn, 62
Figure 4.1 EAST detecting text location with inaccurate bounding box..................... 64
Figure 4.2 Regex to Blacklist Character from OCR Result............ccccocoeviiiiiieiieneen, 66
FIQUIE 4.3 ID BaOQE.....ccveiiieiieeie ettt sttt neenne s 67
Figure 4.4 Pattern for Username EXTraCtion ...........ccocooviieieiiiene i 68
Figure 4.5 Regular Expression used in Username EXtraction .............c.ccocevevriveinnnene. 68
Figure 4.6 Bouncetime vs Rising Edge of Pulse Flow meter ...........c.ccccoevviieiiieneen, 69
Figure 4.7 Code of PUmp INterlock..........cccoovriiiieiiiie e, 70
Figure 4.8 Schematic Diagram Pump INterlock............ccooviiiininiiiicccee, 70
Figure 4.9 Thl_authorized Table StrUCIUIe ..........coi i 71
Figure 4.10 Thl_trans Table StrUCIUIe .........c.ooiiie i, 71
Figure 4.11 SQL Statement for thl_authorized..............cccooovviiiiiiic e, 72
Figure 4.12 SQL Statement for thl_trans.........ccocvieeiiiie i 73
Figure 4.13 Simulation as Self-Contained SYStem ..........ccccceveieiininiieneseeeee, 73
Figure 4.14 Simulation With LR70L ..o 74
Figure 4.15 Simulation to Capture ID badge .........cccevveiiiiiieie e 74
Figure 4.16 Reed Switch Flowmeter for Totalizer ..........ccooeviieiiiiiiiiiiceee, 75
Figure 4.17 FIOW TOtAlIZET .......ccoiiiiiiiieee s 75
Figure 4.18 Refuelling Transaction Database...........cccceevvveiieiiiciie e 76
Figure 4.19 LV Identification Duration TiMe.........ccccccveiiiiiieiii e 84
Figure 4.20 Username Identification Duration TiMe..........ccccecvvireiniiincinnicneseenes 84
Figure 4.22 Pop-up Window to confirm identification result...........c.ccccoovvvivnininennn, 86

Yudhi Afandi



DESIGN AND DEVELOP AUTOMATIC LIGHT VEHICLES (LV) UNIT NUMBER IDENTIFICATION

BY IMAGE RECOGNITION USING COMPUTER VISION ARTIFICIAL INTELLIGENT Page 13 of 119
Figure 4.23 Capital Cost COMPAIISON........cccueiuieiieiieieeie e et 89
Figure 4.24 Operational Cost Comparison (Yearly Basis) .........cccccovvevviieevrciesiennnnn, 89

Yudhi Afandi



DESIGN AND DEVELOP AUTOMATIC LIGHT VEHICLES (LV) UNIT NUMBER IDENTIFICATION

BY IMAGE RECOGNITION USING COMPUTER VISION ARTIFICIAL INTELLIGENT Page 14 of 119
LIST OF TABLES

Table Page
Table 1.1 Reconciliation 2022 (Supt. Fuel Management System, 2023) ..........c......... 18
Table 1.2 Reconciliation 2021 (Supt. Fuel Management System, 2023) ..........c......... 18
Table 1.3 Cost Estimation RFID SYStEM .......c.ccceiieiiiieiece e 19
Table 2.1 Previous Studies COMPAIiSON ........cveieerieerieiiese e sie e esie e sreesae e sreesreens 34
Table 3.1 List Hardware Used in RESEAICN..........cccoevvviiiiiiie e 46
Table 3.2 Mechanical COMPONENTS..........cceriiiiiiiiiiriseee e 48
Table 3.3 LISt OF INPUL ....oveiee e e 48
Table 3.4 List OF OULPUL......cc.eoiiiiece e 49
Table 4.1 Offset Coordinate COMDINALION .........ccovverieiiiiiee e 65
Table 4.2 Unwanted Character from OCR ResUlt ..........ccccovvviiviiiiecee e 66
Table 4.3 Clean OCR ReSUlt With REJEX ......c.cccveiiveiiiiieiece e 67
Table 4.4 LV 1dentification reSUIt..........cooeiiiiiiiiiiieeee e 77
Table 4.5 LV Identification Descriptive statistical Calculation.............c.cccceovevenennen. 80
Table 4.6 Accuracy of LV Identification SyStem .........cccooeiiiiieniie s, 80
Table 4.7 Username Identification RESUIL ...........cccoiiiiiiiiiiiices e, 81
Table 4.8 Username Identification Descriptive Statistical Calculation....................... 82
Table 4.9 Accuracy of Username Identification SyStem ...........cccocveiininiiiinicienn, 82
Table 4.10 COrrelation Map ........coiiiiiiieee e 83
Table 4.11 Duration time of EXisting Method ............ccccoovveviiiie e 85
Table 4.12 Robustness Testing ReSUIt..........cccoviiieii i 86
Table 4.13 EQUIPMENT COSL......cuiiiiiiiiieiee ettt 87
Table 4.14 Installation and Fabrication COSt ...........cccvvveiieieiieieeece e 88
Table 4.15 Capital COSL........coiiiieci e 88
Table 4.16 Operational CoOSt .........ccoviiiieiiicie e 89

Yudhi Afandi



DESIGN AND DEVELOP AUTOMATIC LIGHT VEHICLES (LV) UNIT NUMBER IDENTIFICATION
BY IMAGE RECOGNITION USING COMPUTER VISION ARTIFICIAL INTELLIGENT Page 15 of 119

LIST OF EQUATIONS

Equation Page
K — FACOT COLCULALION .ottt e e e e e e et e e e e e e e e enennan 56
ETT0T RALE CALCULALION oottt e e e e e e e e e e e e e e e e eenennans 61
Accuracy Rate CalCULQTiON ..........ccoccviiiiiiiiiiii e 61

Yudhi Afandi



