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Abstract: On the way forward to real time in the process of particle-filtering-based human hand tracking, one of the main obstacles is to
generate a great deal of particles which are derived from high dimensionality of human hand model. Aimed at reducing the particle
number, a new particle filtering approach is put forward in this paper. First, the operator’s cognitive psychology features in the process of
human-computer interaction are analyzed and studied and a general dynamic motion model is constituted. Second, some basic features of
the dynamic motion model are studied and mathematically described. Third, a zonetime model of the moving human hand is proposed,
and furthermore, the features in time-space of a hand gesture state are discussed. Based upon the abovementioned job, a new concept,
microstructure of state variable, is presented, upon which the novel hand gesture tracking algorithm is put forward. Finally, experiments
are implemented including some comparison experiments, and the algorithm is also compared with some referenced algorithms. The main
contribution is that the study describes and models hand gesture behaviors and connect them with freehand tracking. The experimental
results show that just using a small quantity of particles, compared with the referenced algorithms, the algorithm can obtain satisfactory
results.
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Fig.1 The operator is interacting with the computer Fig.2 Data analysis for the process
with data glove and position tracker on her hand of interacting
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Fig.3 The schema of dynamic model of gesture motion
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Fig.4 Time characteristics of Fig.5 The probability distribution and its approximation
continuous deformation of duration of continuous deformation for middle

finger articulation in a virtual assembling system
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Fig.6 The periodic-based time interval model of gesture motion
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Fig.7 The spatio-temporal representation for gesture states
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K8 IR EOU S5 M 7R B

5.2 Hikimik
52.1 FEAMAY

SRRV IS ARSI AL PE SRS o R 28D T 3R FEA IO 80 H SR A5 LU FE A 1] DU A b
S T B ER) S 93 A s W 2 R B I T 4, S 2 18 R BERORS B2 A ahe AR TN T 4 o % T AL IS B 2
FHANUT 3 K MBATOII: 2 2T ELLTBAL T H(G-1). KA ELLTBAL T H(G-2). KA FH(G-3).
JITH G-1, /2 F5 00 T S 20 vh A IR S AR B A0 T e 2 I BEARAF F BRIERAT 2 10 T A8 G-2 2 R T00I T 3445
RUrh RS AL T 22 AN By I IR B AL T RS I B4 A1 1 ER A AT 3 (9 T 3B G-3 2 45 T = 4
B ATIR AR AL T RAR I B AF T BRER 1S 21 ) T B S5 B RHES I 1 9 o

SRR R B A S AEUE - DA 28 55 S D, A 1 i i A DA Ak T SR AR I B ) 2 i A Bl e /M, R A HE 1 2 H
553K 53 A AN BN B A5 8GO0 R AL AT 5 A AL T 22 4N Bt A2 AN Bt KAl IR 7E FO VR IE &R 2 1
B4R 0T I 43 AR H b PR IS T T4 d .

© PERREERSMROT  httpy/ www. jos. org. cn



BES FIT R PATA I FHRIZT % 2109

T ARG THO J2 AS S (0 il 2 2 AR 2 W 20 (0 R Wi 04 (A SCE W=3), B A v as B AR Y 4R i
SR UKFA 30 5068 224 i o 1) T 34 28 A5 AT F0 . 43 2 8 32 TAR IR 2728 0 (1 i BERRE AR X G-1,G-2 Al G-3 HEAT
W5 43 28, S0 1 — 2D AR R A 7 12 [ 2% (W) ARR A S 40 20 43 208 45 SR EAT W B R .

Bl 9 Hh (1 43 S8 21X RE AR 175 — A0 IR B a0 4 te[0,K LWL B G- 11 2R te K, Ko, WIE#E G-2;
IR te[Ky,o0], WIEEE G-3.3H K I Ky 3 3 48 v 43 47 15 2.

-
THLE TN

PSS
A 4 v
EREE G-2 EREE G-1 PR G-3

T l [
TET YL Y 21 T A R
v
Tl 30 81K A A B AHOML 45
I

Fig.9 The global framework of the proposed algorithm
B9 AL A AE AR ]

522 G-1MRESLE

PREF G-1 BIIEAR 5 10 2 B AT T B TN AR BL R A Sy >4 iy it - S48 2 IR A B 1) S AR AR A T 3 —,
CAZ O RS 7 A A AR B R AN AT AT (19,45 SE B FOR AN B 3L AR 1 0 N T8 3 3 AR I (A T 45
T A LA SRR PR AL A B8 5 v
523 G-2 RIS

G-2 PR ) A B0 E 2 Kb IR B B PR A B g A SR T DA SR I T R R B IR AR
T T AT SR AR A AR R AR — o ISR A S A T AR RS RS AR R AT BN LR FE. G-2
PRESH R R T

NS

(1.1) WIERA: R AR 45 1.

(1.2) THE I F B0 R AR TR R Progar;

(1.3) G 5R Progar<azy, IR [B] TR T 4 75 W), 54 — 25,

W G-3 BREELE.

Horp o< <1.
524 G-3 RIS

TEH AR AR A T 582N BRI AF R, 75 B 00 S AL B 2 A i B . XU B BRI 2R A8 1 B (IR A 2 i LR AR
BRI IRAS AR5 A W 38— R A I A B o 2 D7 VA V1 A8 55— 2R 0 D i 5 ik oh A T
I DT Sy 5 v AR Y i T 0 A ) A Ak SR A 2 R AR R ) T 0 T A B I R 2R A ST I 1 R B N R A A
KRR G-3 R R R T

(1) B A AEAL T IR B BT 5 AR B B 1 BT A IR AR 5 BN G o 1 BT IR A SO 45 4.

(2) T LY o A BRI A A G R A B A o HCH SRR L IRON 2 A B BOIR AR FR A

(3) AbFAET A BEFPRES L RETRREL &

a® =a® (7)

© PERREERSMROT  httpy/ www. jos. org. cn



2110 Journal of Software k3 4% Vol.24, No.9, September 2013

(4.1) VHERAR R AL
B I B A5 i o s SUICR A

S~ 0P ()P (Protal (®)
X T GRAR N B A i, e SCHRAR TR A
8~(1-6)Pa( )P ;Protal )]

(4.2) T FEAR B H— 1k
(4.3) SR SE N T B my (KT RAS AL 1 AN b B HH O B TN 22 A I B VPR S AR 4 v JF 4%
W BRGYA ILHEAT A P
(4.4) g o RS 1 53R 98 FE T H— 1k
(5) FEPLRFE
R b A8 i G AR it J85 I — AL, W A% kAR A [ o 2 7 1 HEAT B BILR B, 45 45 0 A s L B SE
(RPIR S AE B 2E N AN REAS
(6) IHEFHARE
VE ST A5 KR 256 8 T 34 (K] B AR TRAZ R Progar, 28 J5 VA — 4k, 75 31 45 B A LA
(7) VBN AR B DASCR, 75 21 22 i o (1 FR AR L.
o, SI& 250 2 550 FH 1 1R 1 IR B B R 5 AR B B St 5 A% 5 B85 1) 5% M R B85 . — JE ke W, DRSS e B 5% 5 A4 it
5% WA LA /N — 2 BT DL — M 0<65<0.5,0<,<1.
53 EZXoh
5.3.1 SR R RS
A SCHTHE H A R NS0 1B A B AT SR AR 2 [0 (10 4 B —— AR SC W 4 B 4R TF A RS AR P 7 B R
P 5 10 R R S A i 13 31 AR (¥ 30 37 AR S 1R AN 51 .
B, T ANLAS B3k R R0 B 3 M7, N T8 2k o 4 AR I B R 98 A8 I B AS B AT 1l A, L 4
I N T2 3h 1) 32 BEREAE 22—y 1k, J8E S 6] 3K 18 Bsf B AR WU AT K IR 3 Ay AR A1 1 249 BsF I 485 11 22 A

T A IS BR A OUH A2 AR T3 11 # e %), 10t 2 FU A G-1 T34
HR AT G-2 80 G-3 T3 EVERIN 8] TF 88 T IR T-25 o T2 A B ol 2 & P 1 T 38 B B2 K
5 IR B AR5 3 S A% IS B PR AR AS 7 O 20 o AR SC BV Rl 5 SR 282 T R [V IS T ARRAIE | FRORAS AR R R AGE LA B MR R AR
FRIE A5 R, J /M| ol | —— B HE N LR 5 I BEREAY | (DG R 0 R
(1) A 22 A I B IR A7 S P B2 T 0 S P 5 vk e v B o 3 AU T G 0 SRR A o, 3K I T 34 ) it 4 82
BRAR AL TEH A NLAS B A oh, T3040 B 3a )y HoAT (7] A0, IV 34 v A 2% A B AR AT R N 4k T R
— AN B BRI K 2317 L T | ¢l |=0);

(2)  TERS IR B IR AS AR F AT R AR S8 AR 1 v e i aad ) IR S AR B R A Ak T 2 A N B KR AR Ak T2 42
I B (1A% o (e SE 0 H 2 ny) F e P SRR A T AL AN X Ak T SR AR AS 19748 & EAT R LR A, T
Il ll=n—ny—ny TR FE AN AR b T 22 4 I B, UG Al AR B AT 4Tt &b T 22 4 N B BT g A48 B ASOK

(3)  TESRAZIN B, 75 T H R AL R AL (A 4 Uy v 3 i KRR T 20 T AR A8 1 J5 Bk 6 20 A 78 e IR 1
DU T35 4E B2 (| pll=n—n,. Hrh oy 360 B R 0 T 3 0T R L RDIR A A BERCH S Ah, R DL R
n=26.

F92 B AR E R B ANLAS B R v, T AN AR BRI T 4 1 S o) ) AR B o AR K BB 52 A 8 M 57K 2%
Vaswani #5745 32 UL AEAT AT 15 0, 0K 2 BORAS 10 U B AR A= 1A% A0 4 13 L A b - — AN B A& [
ZHRINTF 3, D ARAT VIAS T 0t 2 10 A CRAF AL b T 00 5 S B T 484 3 (KX 2547 ) BV A, DA — b )
B ARG RTINS R ) T AR R SR T DA B BB AR A e A R

© PERREERSMROT  httpy/ www. jos. org. cn



BEA FHRTRHPATASAGFHRIZF % 2111

532 HVEMIRREE

AR SCEE FOVF— 8 15 2 AR R iR 22 D6 251 304G R0qas ) an SR T R AR B AL T 2 A i BH(G-1), B #
TR AR B0 S AR T G 75 00 DA 360 I 308 T DI 4 32 485 1% 730 3 432 T 1) B A5 28 R [ 1 4D e B, S o 6 A 7 72 LA K AR
HRARAUE BR RO 3 AT A8 JEAR AR, (A S S AR 5 B 5 SOAR KB TEAL T~ AR PR A AR B A BEAT FLBCCM
PR SR L R i Rt b — s S el A 3R 2 T 7 A ) BB 2 (1 — A2 IE L B2 UKF R &G T 7
R DUAS A5 AR 2 05 T DU s R 1 e T S ST, LK 3 Tl 5 1 T 3 St S 7 244 T 0 R 245 00 S0 41 ) R it 2
AR T TR

LU0 T AT 4 FAR B IR A HORLBRE B0 7 V8, B D 52 o P G B R G 5T 7 VEAE W s T R
ERHRE .

6 ;L Iy

BAAE PC WL L HEAT 9258, FEAC & 4 :Intel(R)Core (TM) 2,1.66 GHz CPU,1.00G Memory.

SEUG 1. 7 5, R AR SO H A B BR SRS — BCECSE K sk A8 P S 34T 52 56 TR E ol B AL 3% — Brig
AT FBIFH) K5 L 60ms 1] B 2208 At e 41, 98 05 T = 107 K s 50 18 10 vh 4 B o) Se i 4 28
P8 S8 45 TR H P G 2R PN A A b e R A B (K = A N TR 0 1 — A A T N g P
IR S 2 R A SO AT LS I E bR R IR R A B 1 N TR L ARt N T LS SPIRAS A
—E| | b 4.

Fig.10 Some of experimental results of the proposed method
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Fig.11 The tracked posture using the proposed method
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Fig.12 The tracked posture using PF algorithm!”}
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Fig.13 The tracked posture using the proposed method
Bl 13 AR SCOTVEAS B ) R i 2 R

(a) (0)
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Fig.18 A human-computer interactive system based on the proposed algorithm
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