243 ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn

Journal of Software,2011,22(5):1067—-1081 [doi: 10.3724/SP.J.1001.2011.03733] http://www.jos.org.cn
O [E b 27 B AW T BT A Tel/Fax: +86-10-62562563

EFR eIk TR RE AR
KIEY RAE. dEI# HEs RER

"R EEEERE AT AN B AR SR S BB SE R = k5t 100190)
(P ERRERE BEFCAERE LR 100049)

Vision-Based Gesture Interfaces Toolkit for Interactive Games

WU Hui-Yue'?*, ZHANG Feng-Jun', LIU Yu-Jin', HU Yin-Huan', DAI Guo-Zhong'

!(Intelligence Engineering Laboratory, Institute of Software, The Chinese Academy of Sciences, Beijing 100190, China)
%(Graduate University, The Chinese Academy of Sciences, Beijing 100049, China)

+ Corresponding author: E-mail: wuhuiyue@iel.iscas.ac.cn

Wu HY, Zhang FJ, Liu YJ, Hu YH, Dai GZ. Vision-Based gesture interfaces toolkit for interactive games.
Journal of Software, 2011,22(5):1067-1081. http://www.jos.org.cn/1000-9825/3733.htm

Abstract: In this paper, a toolkit is created for designing vision-based gesture interactions. First, an abstract
model for non-contact devices is proposed. Then, based on a data flow diagram method and an interactive learning
approach, the IEToolkit is presented. It is designed based on the attributes of vision interaction and shields the
underlying details of the computer vision algorithms. It has the following characteristics: a scalable interface to
facilitate developers to add new classifiers, a unified management mechanism that provides dynamic configuration
for all of the classifiers, and a visual user interface that supports the definition of a high-level semantic gesture.
Finally, several prototypes are given. Experimental results show that the IEToolkit can provide a unified platform
and a general solution for vision-based hand gesture games.

Key words: HCI (human-computer interaction); hand gesture interface; interaction technology; toolkit
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(b) Interactive model presented by this paper
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Fig.2 Natural interactive gestures
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JSE K L A R LA SCHRE AN 7] £ P Ak B 5, A P 0 A B 1 0o g i X 2 3o 9 0 1A D4, T E T 1 HE R S
o R W) 58 BT e AT O O Ak B e R S B R A S A A B TS i e A, T LA R
ol s 5 A B B a0 E . H T, R SR ORI PR A S AR TREUE S . LT B IR S . ROE I I A
P OEBURS - N /G URY £ N U ORI B S  N R EPURY £ N € SRS NI SURTL € 2

3 IEAR T AU TR R AE B AT DR 0 N 2 B A R A T ol b B G R R 4 T ST R SR A
R4 RGECRA T —Fhal AL A3 T REAS 1 D VAU LA S LA BE ™ 2 S AR [R) R 288 [ 40 2K o AN 4 J 8% 1
i AR BT —Fhepaint-view-correct”H A A8 .2 2% =) J5 .

F 7 SEAE R G AL B A [0 800) g B A G 28 B 10 o6 — BRI P B 1EAT B A B I H SRR 1) 2
SIREA R G M43 835 51 3 v 48 58 AR IR 5 > T AT 119 43 28 28 T — B8] 10 0 3 ORI, R BRI T BB 4
A TR AR LR AR IR A S 0 T — e O S 2R I RE AR TR 491 G KR, T A Adaboost,
SIFT,Motion & /= 44 7> 25 45%. % T H H7 K 2 00 T3 Ui 01 A 7 R 30T v S B B2 (9 A8 T NAR S, S 40 (1)
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AR KRB AR B R WA R, R R T T T — KT B0 KB T A R h 2T % LS
FN BN 25 T FAUR 5 S 20300 Bt iy A2 R 22 B 2 ) 75 SR B SR B T 23 2R 88 N3 I REAS 2 05 0 7 3 ml DA 24 i
()53 2R AT YN 5, 108 3 46 B AT S0 40 28 T 11 v 1) T 30) 4 ohe S22 5 N e s R SR A 3, T R P T AR (]
RS TR 2 0 R A% F SR 27 20, B33 1 S0 th 23 28 2% B 8T T A TR 11 43 28 25 1) 4145 SR SR B 7 1 28 R ol i
TR PR3 ) AR T 20 H P BR AR 0 AN TR A U R A 2800 43 2R 4% O T AR 58 T 05 R 190 T A D
PECH . AR RAMUEGE . SRETOAE . R B EAR A RS, UL R B O AE T i s i TCP [ 4k
ikt XML SO AR b 25 HAR I R .
A4 T HA HandVal' "L GT KUV AR L, RS0 BRikE T BAR I BURAREE . B2 ) S5 H R g i
JIT R PR ASUAS A 2ar i 3 3k S W 4D 2850 S 36 AR g A 2 P 7 v R a2 T e 1 i ke X4 I [0 40 P B U o S AR L o) K s
PG AR ERGME T MediaPlayer [ 8 A (plug-in architecture), e 7 AT~ £ 1,5 I RN
TIINET B 23 388 R A 5 STHLT R AN 1] 43 2488 1) 48— 457 38, ) 2 ] DA IR 26 43 2R 38 64T 2)) 25 (e 2, 9 1,
ERAREE I A S — o 2828, F T 58 AN W 1R BT 45
44 APRETR
FE T RUHE 10 BB )R dse 0 JLAEAT T KO IR 8, I I T AR A i Zh i) i sk R 45,61 - Sony  Eyetoy™ 4% 40
WK 22 B0 A0 B T AR S 11T i, FEAR AT 00 A R — 2 LT A% 48 GUIT [ — 4L 7 I S 1110 o5, FRATTRR
0 B X (hotspot). FH 7 AT LLUIE Ik B 44 (1132 2 fish & 3 26 XN T 15 21— ZR 41 169 S 45, i TR 1D a0 2 o i
Moy BRERUFAR . A EIE SRR AR AR AR ) — KR L RATIRH A A 5 (avatar). RV LUK S &
ABHAE B AW A5 1 — R AR B0, 8 AR Z I G B B . BRER. VAT AE AR T GUI FilE ARt
T A P R B bR B Al TR o N i % ke S M U X S ST R4S R AR VBT R H R TR
o S R R 4R A R 58 RS FLAE 5% 7 TEToolkit W, 78 7008 T A SCES 3 15 Brishi i 25 T VBT A5 28 FLAL
TR SRR & A R 28 HAT 55 (045 3058 AR
AT 55 32 R 6 B 28 A A N A LTI A IR F MR 2, 2 AR L A 1 AT 45 AR (24030 43 K B 4 A5 P i H 11
FRAMGLE TR AR T 2R RPN SR QX — B, — X2 20—, 22
S 4 Fh OB AT 45 B 2 J5 Javatar 7F [ 5 22 5 AN PR B EEE SE avatar H 5 R AT — € B0E AT & AR —
E B AR S5 AL 1 A avatar W] DUIT S WIREEAE 55 DU KT JE AR 55 ) 45 A1, 7 B 2 Sl 4 4 380 32 e 00l S A b 24
SE RS T A R AR I 1 58 A 3 s s SO B R TS TR — AN AT 25, 88 05 T8 N I A 45 R A, el T A ke
PAT 5 BBUSL AT 55318 55 BT, 0K 22 250000 0 5 | 48 R SR 0 5 T A S R Ak L i 8, 3k o 50 0 K ) 7 QA (R
A Gt 6432 T 0 7 B, O R A A AR 5 1 5 T RLAR R I 5 S (R TG SO A AT A U k.
4.5 TEToolkith) & i% %l
SR R A HCT (i A ATB2 s SR AL 48 P . B PR R GOIR S B0 205 B e A AHLAS B
PRy e N R i 22 T T B — A AN T 0 (938 L P R 48 VBT 2 — b AR 32 00 ) 3% 8048 1 LT A% 48 GUT I R ML
I EATIE ST VBLIMIG, it BIFIIE S VB RHIE B 5 1SS 245 0 b 35 e 4 5 ) 380 58 ) g
ST IHA BT AW S48 IR A SCEF XS B 3 NSRRI B B vk T 3 B[R AT X
i
(1) [ e Wi(reflexive feedback):VBI LR St i S t5tIF 3, 28 GRS FLRL R P BB S 224 HH R, A
H PR A — o0t 5 B R R A0 S IL . et 4Rtk es F - JL B g (s BT AL R, 7 B T
FH PR HCERAR Sk AT FL DR 358 1) 2 V) S . e 5 I Wt 3 i P ofe B A3 — e A ) A5 R AR AN [+ 1) 28 T BR
B (BTN SO A AR S B ) H  SE I IR TS S22 00 a T o A AR
(2) A & Wi(recognition feedback): 3= B & A= T 5 AL 1K J5 S B BE H 45 7 S 4it— PR L ok & 11 5%
TEMEAS T A BN D 45 BT L 48 GUT Rt =08 O ) FH P i A — AN 2 AT 1 L.
(3) &4t ¥i(response feedback):— iy 4 1 [ 15t T 3K, 2 H8AC T ERAE 1 3 28 W B 175 50 VBT 2 — il 42 fih
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RUAZHL P BRARAS T SR AR A8 T2 [ L [ It 2K 26 7 T S R S IR SN £ R DR L TE Toolkit F B
TALGE B LA AR SCIE R0 T 75 5 BASTAL A, 51 S0 g R B X S 1) D5 1) RV FEE R SRS O — S R R
B o AR, LU B R IR RN RIS B S

5 FRIRERENAEG

5.1 EFIEToolkith)FF % 372

IEToolkit [ H b2 32— AN R 405 T ELAH, LLE A8 0% 1R 25 5y Hh 4R 1 B Bl 0% SR vt AR 1 v 8 F o, 7 (6
Wik TF A N SRR Al AT 1 58 VE 55 3 A U AR AE B 4 45 T —AN3E T TEToolkit FRI¥F % R SO #2, B
Pl oy i )Z, T JE K IEToolkit ) 7 Il 2k B (training process), I JZ J3 )W H IEToolkit I ) 2 4t 3¢ iz 473

FE(run-time process).

4

I Work flow
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| | | \—‘
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y e
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Tr.ackmg sampling feedback profiles description
device setup profiles

Training process

T~

training
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IEToolkit-Based process of interactive entertainment system development

4 F:F IEToolkit ff) H. B3R B R G T KL

Fig.4

NS H - ASE A AT RGO AL R

AR BRER A 0 T AR LA () By DA A St SR B 5 BRI KBl . A B PR K R
WA L FHHURSIE SCAF A B4 R GEIC B S804 hE T XML ) SRR IC B it SO A

ABR 2. IR A TAL AR D BR 1 ) B A 6 T T A DL AR R I P 7 SR IO 4 PR D s
1ot A R DA B B 5l 5 ) JeR s B AT TAL B

AUR 3. p AR S AT IT — BECAT R 51, o 2 30 i 5k 4% Sk I 370 s 1) — BOARE A b = b o 45
VUMD G Ll N BN T-55 A e 2 STAREAS AL T AS [] 1) 3 S 45 5 22 26 AN [R) P 2R (KA A, L AU ] —
P PR PR 73 S8 s S I 288 i WU L 2 B A A i 0 SR A AR AL 20 2 25, 1 201 Adaboost, W) i I 7 224 pl—
S B (1 E R AR AN GORE A T DU I S IR s 25 D1 R 2 50 45 SRR R 2 15 4 3R 20 2Rl 2 ST i R, T Rk 2% )
25 JRAN AT DUEDHT R OB IO REA I AN B REAC SR £, 0 22 S Al 7 R 3 L A 2 AN 2K 8 2 TR L B
2 2 TR AN IS AT 10 2o R A e 4 S A R KD S I A A T DA A R T Py TR 2 4R 2 Y
JHVATT 52 A A DR AR AR LB o DRy 3 36 () 4 2R i AL SR S 5845 179 308 o 3l 2 30 S A7 B 1 i v e 1 fe il 4
G 2R B 3 1 TR I A, AN T 5 B At A T3 SRS A B (K L, AT A LA (K T A R K R 4 vk I
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AN TR], 52w T R AR U — S BRI VI SR 45 RS R G0 8 30 A B 50 45 PR SO A P SR AE R B 92 b
IBAT IR 5 0r S AR R B U 1 T 2

AR A AZTARSS KRR AL R 3 (FEA B AT AR 58 4.4 755 Y (0 A AT 55 RS HL A, AR 4 A8 AT 55 A
AR CATE 2 BT TR S 3.2.1 45 s 4R H (AN T 1 A8 FL R AR 28 ZE 30 o PR S R0 % BT sl R4
708 Z TN A B R AR ARG 3K 20 MWL &5 R AR RS+ XML 1 RIS A R e 5k bris AT I,
S BT 5 A BRI 12 QIR ST IR 45 45 BT SCRABHE SR 58 1R 7 A2 T 1B FR A T 550 1 3l JR AN T 58 Jl— 3%
HIAE HAT S
5.2 NA%KBISITEE

AT H (¥ /2F TEToolkit N .5l 4 A AU, S T A2 N 5% 08 DRt g e ik TR0 7 1 () T 30 45 O Ji 234
RGN GRS RA RSB INAL T 2 W B I A7 5545 ml, TR AR LI RENE 0 AN F) (K R e B e i e —
(K135 18] 5(a) 2T TBToolkit J (K] — AN T4 58 T35 10 M 400 5K s Jo s 2R 4, 5 B Ak B &5 LAt < 175 A
PO AU T A TLHCOR AL AT (A A ORI AR B ms RIS 5 1 5K .

(a) A virtual home system based on hand gesture (b) A city navigation system based on body gesture

(2) TR T HI0 M UK s e R R 4T (b) 3T PRI IR T IE i R4

Fig.5 Prototype systems based on IEToolkit
5 JET IEToolkit JF K ¥ 571 R 4

N T g P AR Tl IR A8 LA, FRATIAE I 5 30 0 2 kA% Sk oA S IR AR T 1K) T AR B A AR S R et ik
S IR AZ TR RS Dy AN T (K82 TLAT D 5 39 35 T80, AT 56 J8 37 35t 98 1 A0 KR B AR S5 AN TR) PR A LA 55 1% S
(KT R I R 5 4 i e T4 4.1 715 b B i i P O B R 5¢ I KD 181 6 A TEToolkit FRIG& AT S i, 26, S i e B
DT T S B AT DAAE S PR R e P OGS 135 AT v S S R U T AR % AN ] AR B
(306 ¢ 5 0 B A 0 T ) AR D A 200 O 3 )
o e MR Ay B A Gt B AR PR X S rh e AR D A G R 7 101D ol AR B el 5 2B AR R A A
AT R it 1) 2 AN ) 300 T I8 RE A 2 1l g I T 23 88 I R R 8 R I
o FRH AN IR F A 2T XSGR, B O3 s P AR TR A s B, R SR 2 O R R R I 2 2K B
FURE 7 AT KRS AN ] 0 5 SRIEHEAN [F] 10 70 S, A M AN TR (6 50 28 2 2 45 B 4 3t 52 i I 2R AT 55
o FRTHIA TN THTRR D 1 P PR DX, T AN B3 AT LUK Al LA B I AT 55 75 SRS 23 S48 (10 i 4 485 SRR AT e B OF
LR 2 bR SR I A8 o 240 A A e Ay T 38408 et 22 (K A2 LT S T A T35 5 39 5 R AT 2
[ 3 NS — S TR SR AR
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Fig.7 System configuration interfaces
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Fig.8 Data-Flow merging
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T8RS AT 55 WS B B A 4 S I

A TEToolkit, B ATTIE TF A A 1 4 b AL T HL 58 1) HL B3 B S5 N R 4861 75 OSG ¥ &5 LMyt T2 T
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Fig.9 Experimental results
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