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Abstract

Technological advancements have broken all boundaries of interaction. In a world where
remote controls are considered old-school, human-machine interaction touches surprisingly
elevated levels. This thesis includes introduction to Digital Image Processing and Game
development. With an enhanced utilization of both technologies, a complete project has been
designed which obtains hand gestures of the user in the form of image frames. These frames
are then, through a decision based model, fed into a game environment as input controls. The
system uses state-of-the-art software technology to carry out large amounts of algorithmic
calculations in just a few microseconds. With an advanced user friendly environment, this
system is bound to attract anyone who is willing to replace his joystick, keyboard or mouse with
hand-action. Hand gesture recognition system has been used to provide the interface between

the digital environment and human user.



Gesture Recognition & Control

Table of Contents

1 - INEFOAUCTION 1.ttt et s e e et e e s bt e e e bt e e sabbeesaseeesabeeesaseesnneesneeenas 1
00 1 OO TOVSPUPPPRRSPRR 2
002 @ 1 1=t o 17U 2
0 T 1 0Tt U= PP 3
R 1 o = L o [OOSR PPPTOPPPPPPPP 3

2 - Problem Statement.......ooo i e 5
2.1 Hand Gestures Recognition SYStemMi.........uuiiiiiiii i e 6
2.2 Digital ENVIFONMENT: ooeeiiiiiii ettt ee st e e e e e e e bbraeeeeeeeesennnnraeaeeeeeeeeennnnreens 7

3 - Problem SOIUTION: ....o.eii et 8
3.1 HANA GESTUIES: ittt ettt et e st e s bt e st e e et e s eabe e e eabeesasneesnneeeas 9
3.1 Identifying HUMAN GESTUIE........uviiiieee ettt e e e e e e e s et ree e e e e e e s e nnneaees 9
3.3 Digital ENVIFONMENT: ooeeeiiiiiieeeeee ettt e e e e e s et rr e e e e e e e e e s e nanraeaeeeeeeeeesnnnrnens 9

4 - LITErature REVIEW ... ueiiiiiiiiii et e s e 11
L R €Y=y (U1 = PP 12
A o 1T o VUSRS 12
L S T Yol 4={ o 10 o [o PRSP 12
A4 WHY NOt IMATLAB?.....ceeeeeet ettt ettt ettt b e st e e be e sae e e bt e sateeabeesaeeebeesneeanneens 13
L A F=Co Y 41 1 4 P TURROP P 13

T N =YY =T oYl € = 1Y/ 1 Y 2O UPP P 13

4.5.2 Distance Calculation of thUmMD .........e it 14



Gesture Recognition & Control

B.5.3 AFA ..ttt e e e e e et e e et e e e s e s aee e e e e e s 15
= o T o [T gl =T o 7= o SR 15
4.5.5 COMPACTNESS cetiiuieieeiieiiitiiiiere e eeettreese e e e eeettrareasseeeeeerrsraaasseeessanesrnnsnssesessensssnnnseeees 15
4.6 Other Image Processing TEChNIQUES......cciiiiiiiiiiiiees et e s e siaae e 15
4.6.1 Gradient Projection Method........cccuiiiiiiiie i 15
N N T 20T o Vo L= o oY ST 16
o R4 o TV i =1 o Y- PRSPPI 16
SR = 1 =] g or- | [P PSP OPRTRPPP 16
A T =T [ ol o T o= o = SRR 16
4.7.1 Vision-based gesture reCoOgNItION .......ccci i icciiieiee e e earer e e 17
4.7.2 Analysis Of HUM@N GESTUIES .....cciivciiieee ittt e e e e e s eaaa e e e e s aaeee s 17
4.7.3 Hands-free control of wheel chair by Head Gestures .........ccccoecveeeeeciieeeccciiee e, 17
4.7.4 Gesture and HUMAN SPOLLING .....uvviiiieiie e 17
4.7.5 MarkoV MOGEIS ....oeeeeiieeiieeete et ettt sar e e 18
4.8 Game Making Literature REVIEW . ....cc.uuiii ittt e s e e e saaaee e 18
4.8.1 CONSEIUCTZ:..oiiiiiiiiiiiiiiiiiiicn e et e e s s ras e e e e e s 19
4.8.2 What iS CONSTIUCT2?...c.uiiiiieeiieiie ettt st ne e e sneesane e 19
4.8.3 WhY NOt CONSTIUCE2? ..urvieiieeeee ittt ettt e e e e e e seearrereeeee e e e nbraaeeeeeeeesennnsrraneeeeens 19
4.8.4 XNA GaME SEUAIO 4.0...cciuiiiiiiieeiieeetee ettt 19
4.8.5 VISUAL STUIO! ..ottt s 19
4.8.6 XNA GamME STUAIO: ...eeiieiiieeie ettt sne e 21
1.1.1.4.8.6. 1 INILIAlIZE: oo e e 21
1.1.2.4.8.6.2 LOAdiNg CONLENT:....uiiiiiieei ittt e e e e e e e e e anrre e e e e e e e e eanes 21
1.1.3.4.8.6.3 UPAATE: .urreeiiiiiiieiiiitiieiee ettt eeeeeeetrree e e e e e e s e abbraeeeeeeeeesesssraaseeeaeesennnn 21
1.1.4.4.8.6.4 DIaW: ...ceiiiiiiiiiiiiiiiiie ittt 21
A.8.7 CH LaN U ceeiiuieie it i eieetitiiieee e e ettt e s e e e e e e e e et s s e e e e e aat b b e s e eeeeeaae bt e seeeeaaaersanaeeeeas 22
4.8.8 Why XNA GamE STUMIO? .eeveiieiiiiiiieiiee ettt eeeeeeeirree e e e e e e sesnbraseeeeeeeesennsssaeeeeeeens 22
oI A] =] 0 4 T B L=F] = o USRS 23

LT ATV o o {1 oSS PURS 24



Gesture Recognition & Control

5.1.1 GettiNg Frame ..o 24
5.1.2 Frame PrOCESSING .ccciiiiiiiiiiiiiic e 24
TR R B o =T TP 25
oI 2 To T o [T Y o =1 ] PP OPUPPRRRRRUPP 25

5.2 Game Environment MOdeliNg:......cccuviiiiiiiiieiiiiiee ettt 26
5.2.1 SCreeN IMaNAgEN it 26
5.2.2 Camera VIBW oottt et s e e e 27
5.2.3 Creating Skybox for ENVIrONMENT .....cccciiiiiieiiie et 28
5.2.4 Creating the track ... e e e 29
5.2.5 3D MOAEIS .. 30
5.2.6 Vehicle CoONfIGUIAtioN .......occuiieiiiiiiie ettt e e e e s bae e e e aaneeeene 30
5.2.7 Animating the SKybox and Track .........oooocciiiiieee e 31
5.2.8 Checking Collision and ENding of Game...........ceeeeiiiiiiiiiiieee et 31

B = FIOW CRartS: ..ttt ettt e e e e st e e et e e st e e e sabe e e abeeseabeesneeenanee 32
7 - Observations and RESUILS .......c..ii i 37
7.1 Software-Hardware Compatibility:.....cccoooeeiiiiieee e 38
7.2 Software-Software Compatibility: .......cooiieiiiiiiie e e 38
7.3 OVErall FESUIES: ... s 38
7.4 Efficiency of the SYSTEM ..o e e e e st e e e e e e e 38
7.5 FUBUIE ASPECES ..ttt e e et et s e e e e et e eaa bt a s s e e e eeaaasbaaasseeeeaenessaannseees 38

8 - CONCIUSION: ...ttt e b e e s r e e s re e st e sseesaneesneesneenneesaneens 40

1S TR R 0=y L =] ol IR 42



Gesture Recognition & Control

Table of Figures:
Figure 4.1: Hand Gesture of @ StOP SIZN....ccuuiiiiiiiiiiiiiiiee ettt e e s s aaee e s 14
Figure 4.2: Environment showing the IDE used for Visual Studio ........ccccceeeecvieeieiiieee e, 20
Figure 5.1: BiNarization Of GESTUIES ......ccoccuiiiiiiiiiiee ettt e e et e e e aae e e e s e e e e e eanes 25
Figure 5.2: Menu for the Game ENVIFONMENT .......ceiiiiiiiiiiiiiiee ettt e e 27
Figure 5.3: Image lllustrating the Camera views for distance calculation...........cccccceeeicnneeennnee. 28
Figure 5.4: SKYbOX fOr the GamB.........viii ittt e e e e rae e e e e e e e e e eanes 29
Figure 5.5: Images for road Texture and Track Developement.......cccocvveeeiciiieeicciieee e 30
Figure 6.1: PARALLEL Processing in the Gesture Recognition System ........ccccccevvvieeeciiiieneenee, 33
Figure 6.2: Overall Game FIOWCNAIt .........eeeiiieeeeee e s e e rre e e e 34
Figure 6.4: Flowchart for the ImMage ProCeSSING .....cccccuvveieeeiee et e et e e e e e raneee e 35
Figure 6.5: Game play event decision flowchart ..........cceeeeiieiiiiiiiiieee e 36
Figure 7.1: Testing image while running both modules ..........occcciiiiieeiie e, 39



