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ABSTRACT

DESIGN AND IMPLEMENTATION
OF MULTITOUCH TABLETOP

By

Adrianus Kevin Kusuma
James Purnama, M.Kom, M.Sc
Dr. Maulahikmah Galinium, M.Sc, Co-Advisor

SWISS GERMAN UNIVERISTY

Touchscreens have become a dominant user interface of everyday life. The research
purpose is to develop a design algorithm to recover multi touch on the surface. This
research uses Kinect Xbox 360 as sensor to sense touch on the surface. The research
can be applied in development of a new creative application that utilizes multi touch
input. Using Microsoft Kinect SDK to get pixel data from every frame captured, and
then process the image to sense touch based on depth data every pixel. After sensing
touch process is completed, AForge library is used to extract touch points in the scene
by using connected component labeling class. There is a scenario to test accuracy of
extracted touch coordinate. An image is prepared with several dots, dots hold fix
coordinate calculated by Adobe Photoshop, then touch points directed to the dots. The
research result comes with deviation of x axis and y axis coordinate. X axis coordinate

has 2.8 deviation while Y axis coordinate has 0.8 deviation.

Keywords: Tabletop, Touch Surface, Depth Camera, Depth Sensing, Microsoft Kinect
SDK, AForge, C#, .NET

Adrianus Kevin Kusuma



DESIGN AND IMPLEMENTATION OF MULTITOUCH
ALGORITHM USING DEPTH CAMERA Page 4 of 71

SWISS GERMAN UNIVERSITY

Adrianus Kevin Kusuma



DESIGN AND IMPLEMENTATION OF MULTITOUCH
ALGORITHM USING DEPTH CAMERA Page 5 of 71

DEDICATION

| dedicate this work to my family, friends, and lecturers, which always support and
encouraging me.

Adrianus Kevin Kusuma



DESIGN AND IMPLEMENTATION OF MULTITOUCH
ALGORITHM USING DEPTH CAMERA Page 6 of 71

ACKNOWLEDGEMENTS

First and foremost, thanks to Lord for all of his guidance, blessings, and grace.

Then, I would like to express my sincere gratitude to Mr. James Purnama as my thesis
advisor. His helps, guidance, and patience play a big role in this thesis works. Also
thanks to my co-Advisor, Mr. Maulahikmah Gallinium, who always encourage me to

finish this thesis.

Not to forget, | would also thank all of IT Department of Swiss German University
lecturers and staffs, Mr. Kho, Mr. Charles, Mr. James, Mr. Amin, Mr. Randy, Mrs.
Rachmawati, and many others, for all of their helps during my study in Swiss German

University.

Last but not least, thanks to my family and friends, who always comfort, support, and

encourage me.

Adrianus Kevin Kusuma



DESIGN AND IMPLEMENTATION OF MULTITOUCH
ALGORITHM USING DEPTH CAMERA Page 7 of 71

TABLE OF CONTENTS

STATEMENT BY THE AUTHOR......ccccsiinmmmmssssssssssssssssssssssssssssssssssssanss

L I O T,

DEDICATION ..ot ssssssssssssssssassssssasassssssssassssananas

ACKNOWLEDGEMENTS......coiimmmmmmmmmsmsmssssssssssssssssssssssssssssssssssssssassssssssasans

TABLE OF CONTENTS. ..o s ssssssssssssssassssssasas

LIST OF FIGURES. ... s sssssssssanans

LIST OF TABLES......cccsnnmnmnmnmmmmsssmssmssssssssss s ssssssssssssnsassssnsssssssssanass

CHAPTER 1 - INTRODUCTION ..ccccutrrirssersmsssssrssssnsssssssssssssssnsssssssnssssssansssssssnssssssannanss
11 General Statement of Problen AT€a....cccueruermerssmsssssersssssssssssssnssssssssssssssssssasssns

1.2 ReSEarCh ProDIeINS .......cccuorverrmieisssssssnsssssssssssasssssassnssssssssssssssssssassnssssssssssssssnssassassns

1.3 Research ODJECELVER:............cocouerererusmenes TN L ....cucscesesmsmss s s nsnesasnananaas

1.4 Research LimItAtioN .uiuuciimemesseresssersnssssssssssssassnssassnssssssssssssasssssassnssssssnsssssassnssassassns

1.5 ReESEATCR SCOPEC.....iuiiiisesesmsmsmsmisssssssssssssssssssmsmsnsasassssssesesssnsnsnsasasassssnsnsssssssssnsnsasassssnses

1.6 Significance of Study o Y . e.isiotesmamasasasazasasssanaasacass

1.7 Research QUESHION ........cccccrerrrrcrsssssessssssmsssssssesssssssmssesassnssssassnssssassnssssassnssssasnses

1.8 HypOitHESiSI. .. . .. . BN B B R S B -

1.9 TRESISISTIUCTHHE T oy SN B S S S T S N W B R

g 12 GO o - 1 0123 o el /616 08N (616 (0] § ptoovilieroet O oottt bovs i ieovlrom oo rorrrertioromefizorroiilet ooyt
1.9.2  Chapter 2 — Literature REVIEW .......cereeneeneesseeseessessesssesssesssesssesssesssesssssssessnens
1.9.3 Chapter 3 - Research Methodology .......ccneneneneseeeseessesesseesessseesensseseees
1.9.4 Chapter 4 — Experimental RESUILS ......ccouvnminniiniinssssesssessesssssesssssesssssees
1.9.5 Chapter 5 - Conclusion and FUture WOrks ...

CHAPTER 2 - LITERATURE REVIEW......ccccimnmmmmmmsnmssssssssssssssssssssssssssssssssssens
2.1 B2 10 (<3 0 o .

2.2 Touch Sensing Using Depth Camera........conmnmmn.
MUltItOUCH o ——————————————_————
2.3 Kinect XBOX 360......cccimmmmmmsss s s ssssssses
2.4 L0107 ¢ T O
2.5 0811 1 O O

Adrianus Kevin Kusuma



DESIGN AND IMPLEMENTATION OF MULTITOUCH

ALGORITHM USING DEPTH CAMERA Page 8 of 71
2.6 Connected Component ANalySis.....mmssssssssass 21
2.7 Related WorK ... 23

CHAPTER 3 - RESEARCH METHODOLOGY ....ccocusmmmmsmmsmsnmssssmsmsssssssssssssssssssssssssssnss 27
3.1 SYStem DeSigN.. ..o ms s e 27

3. 1.1 SYStEIM OVEIVIEW ..cuceiereeeriereeisesresssessesssess s sssssssssssssssessssssssssssssssssssanens 27
312 SEU U uieuieeuseesseesssesssessssessssessssessssssss e s s s 28
3.1.21 3 U0 L2 PO 28
3.1.2.2 SOFEWATE ottt 28

3.2 SystemyAnchite Ctunie e s T e e ee e mnenene s EERE 29
3.3 Hand Segimentati(i oo .. ... ..ccssasasesmsedesessessssmsmsmssssssssssssesesasnnsas 29
3.3.1  USINg Depth CAmera.....cocccureeureueemsieeesseesessesseesenssessssssesses s sesssssess s sasssssssssssesans 29
3.3.2  USING RGB CAIMETIA....umiuirrieirireresssssssesessessessesssssesssssssssssss s ssssssssssssessssssssesssssssssssens 30
3.4 Surface DEEEGHIGIIMY. ...........ccocouerer S . .. s sestaseresham aassssesesnenasmsmassssssnsnesesatmasans 31
3.5 ToUCh DeteCtion ... ssssasans 32
3.6 Touch Coordinate EXtraction ... 33
3.7 Mouse ClicK ProCedure.........coomimmmssscsssmsmmsmsmsssssssssssssssssssssssssssssssssssssssssssssssassssas 34
3.8 System Implementation..........ocosms s ——————— 35
3.9 Design of EXp eriIr gL oY OO oo osasesmamsnsssassasasasasmansnsas 35

CHAPTER 4 - EXPERIMENT RESULT.....cccccimnmmmmmmmnsmssmssmssssssssssssssssssssssssnsssssssssssens 38
4.1 Research Environment........coousimnennisns T, B — o S f— 38
4.2 RESuLDTS GIISS I TR, (SN, IS, |, W0, 0 STOReeny. e B0 O OO0 . (0 o0, ok, o O, 39

9% ‘FAendiSegmicntationi™ ME = ‘wra s m Emmmara wm 39
42.1.1 USING DEPth CamMETIa. . ceeceeeererseeesreseessesssessssssssesssessssssssessssessssssssssssesssesssssssssssssessssssseees 39
42.1.2 USING RGB CAIMETA ..o sssssssssssssssss s sssssssssssssssssssssesssssssssssssans 40

4.2.2  TOUCKH SENSING covurevrreerrermreesseeseessessesssesssesssesssessseesssesssssssesssess s sssess s sssesssesssesssseses 41

4.2.3 Touch Coordinate EXTraction......mssssssssssssssssssssssssssssssssses 44

CHAPTER 5 — CONCLUSION ..cooiiiimsersmsessmssssnssssssssssssssssssssssssssssssssssssssssssssssssssssssasssnnsss 46
5.1 L0701 Tl L1 ) . 46
5.2 FULUTE WOTK...ircinsnrsnsssssssssss s ssssssss s sssssssssas 46

REFERENCE ... iiiineniemisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassnsssssnssnnans 47

GLOSSARY ociiiiismsmssmssmssmsssnsssssssssssssssssssssssssss s s s s s s s ssssassassns s s s s s nsssssssnssnssnnssnsens 48

APPENDIX A - COORDINATE TEST RESULTS ...ccooisiimimsmsensnmsssssssssssssssssssssssssnnns 49

Adrianus Kevin Kusuma



DESIGN AND IMPLEMENTATION OF MULTITOUCH

ALGORITHM USING DEPTH CAMERA Page 9 of 71

APPENDIX B = SOURCE CODE........corrrnsrssssmnnsssss s ssssasssssssses 52
APPENDIX C - PAPER ... s sssssssss s ssasasssssssssnes 61
CURICULUM VITAE ...t ssssssss s sssssssssssssssssssssasssssssssasasass 69

Adrianus Kevin Kusuma



