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Abstract:

equipment as an input way if pointing gesture is used for human-computer interaction( HCI) . One of key problems is how to reliably

Human being daily skill can be exerted fully and bondage can be delivered efficiently in which people use ordinary

recognize pointing user from HCI scene with cluttered background. A novel method has been developed based on spatio-temporal
motion. According to multi-scale wavelet transform( MWT ) with outstanding local characteristics both in spatial and temporal do-
mains, it is adopted to extract foreground motion subject from cluttered scene. Some disadvantages are overcome including restric-
tions in environment conditions, dynamic environment variation, and a priori assumption. MWT based gradient integral graph is used
to get some HOG feature vectors in pointing hand which are classified and learnt based on machine learning. Pointing user is recog-

nized according to spatial relationship between pointing hand and its corresponding subject. Experimental results have been shown

that the proposed method is efficient and viable.
Key words:

1 5|5

BEE THR DA R P KR , AL HTE 3 2k
AT H AT A — A A Oy, ELER R AR A
S I, TSR 5 A28 B AR SC T AT 15 DA A
O BT LA A AR S TR -

A NT R U A BE a8 , AHILIE] 938 5K AN A
RS, AT TS BE AR VR I AL E . AT
HRZLH TR, FHPGNF TG AL T HALZ H I
LRl , B e NI 4R 3, AL, 5 S B HetE S
2 SUHENS AR T4 Z R R 22 SCHE , 36 3% (pointing

Wk B 4:2013-08-22; &[] H 1 :2014-03-11; 33 {F: 4 22 0%

Human-computer interaction; pattern recognition; spatio-temporal feature; object segmentation; feature extraction

gesture) W 5 TR O 7 F5 3 I AT H # 2B 15 i WL
48R FHRME, EIE NIE R R AR KA1
GRS AT s AL 7, T HL Al A —
FHEAR A B AR AWML A1 R e AT AMLRS
AT S5 RARE NS B AR SRR A R A
CUnBE AL | BUbR HRAEATAE) T dl .

HT, 5 T a9 AL B 5 0 R 2p il A e 28
AR A A TR Sk 2 B TR S AR IS,
HIZETE RN, P& E T TN B 55
FEF AR AL B (UL P A TR L 1T, A
ASCRT 3 58 52 2y o0 SR L )l 1 SRl R, T EL AT 4K B

FAWH EH K A REL2E 54 (No. 11176016, 60872117) ; BUE 7B = A AL T A- 24 FH S L WRHMIT 3L 42 (No.20123108110014)



2136 H +

2 2014 4§

SRINAEH 7 2 LA S B RN S IR 9 38 R . il T AE H
FATE R, NI KRl A ERS o 1 5 B S iR L Ao
VR FABOR Y 22 38 T B DLl S AS 0 B A TA IR G for , []
F, e NG BRI, 80% LA Lok A FHLHE, Rk,
FF AR R IR B AW B k5 Z i bk, H 2
R R A IR ABLAE BATI o s 23]

Sy S BAE 2F 3 A A e AP B, SR an fi]
M = ALAE B 55 vh A s ds S Xt 4. B
HI, C8E TR Z AR ERN kKb, B iR g 55
NP o W Sl 4R R — BRI, R 2 T A
AR TC 5 RS 2 m 7 1R B LIRS FR 1E 1] 5, FF
FIH B R B R B R H % sh 7, Hat 345 RER
KRR b O F B o 7R B e B B ) 1f 2 500 & BRI
{8 0 5 2 N\ USTR 7S 525 00 i MR I B R L 4R
Gz sl N AR5 B, SR F AR DG B Jr 32 18U A AR Bl 1
TRRH P FHiE sh B Z Rk, B 5 3 805 TR
DG i 5 3 XA S50 A HL AT M R AE L 1 3 45 USRI R
TR A %R AT R AE I 2R IR 48 0y v 8 ok X R A R Y
T, U5 B Bk TS LR R WL BN PE L B T IR AR R
KEELRFN/ZER, FH, 5 S8 R RS
Vst WA MO, HA0U 5 15 B LIS 314 B R 0 45 51
ESEHUE NI IR 25 S R A 1T R, IR R
NI BRI R 38 2o 32 UL — B A b B — WU Ik
3 B AE DA 39 B B2 RR i 2, 39 T 2 05 T A 1
Tia) A5 3 L (1T BEERAE AR Sl A 19 FRAE ] 22 . Junejo 55
ONSIREF A A3 7 st g AR L 8 45 0 £ DG 56 14
NARBIAE , 388 5 % AR B VR 3 510 v 1 B 3 AH AL 1
22 PRI, SR FH N AR TR 29 356 R RTAL A 24 20 O
B, SEBILATC S B N AR SRS . Matteo 25 AT 3R
SRR R B 3 RRE 119 24 80 05, T2 S = 15 B AR IR
AT A B S8 A5 8, 0 2 fl B A0 0L 5 2% 8 A5 0 A £ S
PR SR . bk 7 318 OIS 3 Bl 4 I S0
ARWAT IR IR, A2 FEAT A b i 2 B S8 A R
T FEAE— & )3 BRI . Gilbert 25 A2V 3L F i 52 45 1)/
2SI AR SR R A R Oy ST A SR AL R
B PR A AR I 647 2 ) S8R 2 4 Ll 4 2 TR
EEIE SR FE IR . Cheema 25 N PV4R 1 T 5T
MRS s ARy i, 35 45 78 U 2k MR 4R 4R
FRUBE AN 1) AR 2 2550 B RRAE , 2R FH 23R 2 0 vk v 4t
AR IS FRAE LSS B AR S U . AR sl A A2 1k
AL REPE, R, SR ] b SR i - W B 2 5] Jy 1202 s
NS VEN , MG AL BRI R B . R v iR bk
g 3] 7 R Cui 28 N 2T ah R 5 2
SRR WU 25 7 O AR Bl 1 147 E B 42 0%
AT G AR Sk 25 18] b 52 B0 8l 285 43 A 19 45 2 1 8] T 371
FEIR 55 AH R B BR R AT , b 8 Ak Sl AR 5 Rl B, 51

WK L 0 Ao 1 2R AR SR 2 S L 119 44 3R R A )
FISHAESE . by T b 3k Ty ik w5 % A PR 45 v 1) 4R TR
SRR IR I R R R R, R,
M A2 S B A HLAS 175 2R . Lin 26 N2 7 3 F it/
25 SR BRI R T3 3%, R DGR % 1 Haris
YR AR RN AR IBCOLIR PR b /s R AL, O
PR ER SIFT FI STIP HFAE , 5 T30 I A T S B
PREVER AE B AR RRAE ) 52 BUsZ S0 57 37 55t A2 A3 i)
B, ELVFAR R, DR -t e L2 il A S I A LSS L B 75
ROATX B R, 3R T 3T /2808 SRR Y 52 0%
MBS H I 5T B8 S0 PO R H 7k 18 SCE
FEOTHRANT « (1) SR /28 SRR AR Fil 45 19 /N 2 R
AT IE SR HURT B S R, O IR IR AR A 2R L
ARG AL 5 et B A A 5 (2) 2 F R R/hval
ARHY A BE AR p B 05 05 G v 4R S TR R R BT A
(HOG)HF ik, 7EFRIUREE T4 Y45 BT IR F Ak (19 [ ]
BRI E AT DEWE LA Q) ETIERTS
EEEZDVRPOE JVEEIPSUS S/ E R D DADUE S K Y
Yyt IO Gz B AT S J7 O 3 R i 5 BRI
Tl B IR T PR AN LG

2 HI=NRSE

H AT, B2 52 T8 2 Al 5 s 3h X R o0 & 5
BT RH S TR, W IR 2 B BT 5 A
B AR RTS8 SR I3 E - R, HLA 55 )
W2k T AE B FIWT DL e g s 55 45 8, I A
FEXT Bl 25 5 5 AR AL SRR W TR B B 2R AR
2.

DU PE A S 1 23 S 2 H A2 % FA R — Fh
PG o807 3 T /0 D0 72 8 1 {1 308 R i 3 08 95 I 3 531
B4 5 it SR ARARL L AN 32 22 R W 3R 0, 1T DL /e A%
AT T LR BRGS0k

R 22 RUBE /N A e A I 3ol 2 3 LA I 57
JRERACHRAE , S 1 5 2203, R/ N 22 RO R ) 22
IR AT 22 ROBE /NS e, 2 BURTT S5t 2l X 4. O
o, YRR S, ) TERE 27 BT 1) b T B8 /N A2 46
N

WofCoyy) = flany) = @h(a,y) k=12 (1)

AT x, y 716 BB/ o, AT 3E 5 A 3ok

B

Sbl(x,y):a@(axx’!>,¢}2(x,y):a€(axy’j) (2)

Horfr, 0o, y) A UE R eREK
TEARIRE L 0o, y ) UEWLR 19 —HE/ N -

Vof(x,y)=(Wyf(x,y), Waf(x,y)) "
=§Vf(x,y) % 0,y(x,y)



& o1

LM - AR AN B 5 H W48 5 xR AR5 2137

AR RUBE R (1) Jy A B WRAEL A
=y (Wyf(x,y))*+ B(Wyf(x,y))?
P05 (e, y ) TERE 27 F (AR BENRAE Moyf (e, y )2
THREBEANL Ayf(w, y) B MZ SN 2 RIED S H
l:lq’

2f( x
Asz(x,y)sarctan[ $§Ex:§; (5)
T AN [EROBEE T 19 30 2% m SR I, B AT 35 A ] R
JE 27T Ry A R A
Py(f) =1py;i= (x50 Vof (x, ) (6)
IR T A A RUEE Ty gk m PR R B BCOR R H
H T M P 0 RUBE AR A BBURR, PRt , SR B3R 5K Ry B i
FEMKRAEABEA SO e A R e i dn - th % 5
WeE S FECOR B AN [ 19 27 S P, (R B /N AR 4 35, 3
GALT— Tl 1A AR U] B R AR T R
B ROBE PR B Oy AR 15 5 7R /N el B R
A AR AR , W oR ] Lipschitz 488500 5 HARE 59 FL
HEPE AR () TE xoFIARIP 2Y LAY 2 -
|f(x)—f(x0)|s Kilx - xpl*® (7)
TULKE BE AL £(x) FR R Lipschitz B9 o %%, 355 2 X
()BT F8EL o FRA Lipschitz BYFFAERLEE P, 20 (7)
a /NP Z TR OC Z ) TR ARk
T Wf(x) ] < Ky(2)° (8)
K, K, A
b U A5 5 B &7 S 4 T, Lipschitz (9 4# 1k
FURPEL W L o =0, HLH B B/ i A8 J6 1 18 i 2 R
2 T R 5 AH S, W A5 1Y) Lipschitz 79 45 AE B 1
/NT 0, HLBEE RUZE 38 PR AR
Horp 55 5 M B RO AR A i e R A G 1
N

AN B L

e B s
W;f—Y— W5 it

(@) BrER R BUAERI I =R FRBE (8) W7 AERT 4 =D R
TR A BERLR T BN R
Bl B ER R 405 7 ) B A R

Fy B3R AT R Bl A RURE AR A I A RE A A0 v ik
W PRI AR I RN A T i SRR W
TR BIE 5 18 A T oK R FI i B AR R, AT E A

[Fi) FRUBE PR30 45

E=v (f(x,y)@h)*+ (f(x,y)®@v)’=T (9)
Horf, T HBUE, @ N ERE T, b, v 7353 K T E
J5 18] b P, HoE LnE

1 2 1 1 0 -1
h=|:0 0 0:|,v=|:2 0 —2:| (10)
-1 -2 -1 1 0 -1

TR IR R i 05, E A2 0 Ml A
B 0, DRI I, AT SR A A 1 25 43 A, DT AT
brifEZs o, B (9) R A T
E=v (f(x,y)@h)+ (f(x,y)®@v)’=0p (11)
& 2 A HETF /N 2o RO 78 30 B L) i 6 4 445

(@) BB

(b) Wy T R
B2 wRXIZRAFGER

() A HGR

P Eh A IREE At I 7 45 R 3R B IR, 3 BRI 57 X 52
S EEAERR LIRS (UL 2(6)) . A se IR ks, 45
BRCAIE A 0 REALIE RS HEAT I 45 L SR8 18] 2
() NZ LIRS TR ai R

3 EBAPAXSRIAG

TR A Ol BRI E, T
e A X G 5 AR BB VEAT R RRAE XE LAY R, £
T I TF LA F ) R AR R R AT 40 2, IR S
FHEAT- 5 HAGHNT G128 (8] et A B3
B ZIEH AP X Z X Rt AP A4

HOG AL 20 3 T 15 30 DX S 1y o 38 o 32 A 2
J7 1 A A i 00, LB A KA A7 R 6 I . {HL A
T PRI N AR 1) 1 4RO, At TR /N H 64 x 128
B G BB E 3780 4 HOG 4L, 41, SCik[29] %
PR3 Bl HR A /0N [ R, ASAN B A5 RRAE B2 B 43 2 25 i Il
G5y AR, HAMELURBGE R R e 5 B

FrilR bR AR SRR 2 | AT R 9 4 BT A
I 448 4T 30 P15 40 G RUBE /N R AR 1 7 s B0 3%
I DI, SRR AN [) RUBE T 4% B IT AR R S T
], HHEAT 22 RUBE J5 4% PR T % 3 X35 %% B2 19 %) BE B2 0
—Ab AETHE IR T X I A HOG FRAE [ F ), 58 IR T
BB DX IR G K /N 32 55 AR MLAR A 52 0, o RS RS R X
B —Ak . 5 1 B AR B, PR — B A AR R, H
TE HOG Mt 25/ 2 £ 1, 45T HOG 1R JE HOG 1)
K 50 R — 2, M B HOG &R AT 22 . IRt , 98 4
¥ HOG %54 3R FH R /INAT ZZ 1) block $2HL HOG FFIE,



2138 H +

2014 4

RIS T 64 x 128 MK 7 11, block [ /INA 12 x 12 3|
64 x 128 A8k, FASFE L A3 B HL 1:1,1:2 F1 2 15 A 4
block ) K /INoy & FH 4,6, 8 Hhilg— M E R R &, U
35— 20 A2 B 25 (1 block, M TE 64 x 128 (46l %5
F1 R 453 5031 4 block, £:4™ block Y4335 36 4k i 45 1E
[ .

i FHZ2 B block HAT W A 5 - b — 2845k 19 4
PRI PR 23 A7 7E — 38K A 31 BN T D e 1 5 K
/N block {UHli AR T /0 5045 &5 Ak, #E 5031 4~ block
H, BEAE T f X 17 G 4 4%, T ] 7 /N block Ui
PUEE ST 0 X

BEAh, Sk v Al o' B AR 1k 52 A, B A 1 block PN Y
HOG ¥#ERHANS L, 384T H—1k

\4
I

Ko, v BFRIH—fkm i, 0 Al srBE ok 0 i /NER. 52
g, B 6 =0.001.

AR VAL B TR A T 1) 43 9 A
Tyt FEF RV 1 45 500K 9 AU B I 4 ) 3%
TN REARZRAE O NBRIE Ty 1 BB EE RS R 4 AN
TR He 38 75 3 45498 block X I 481t B 7 1,
PAE G0 A block AT E T s | S 115

FF LRI HOG FFAE , SR S F¢ 1) BEHL 2K
Jrids b8 BRI AT 2 /4 T o0 JE 0 B, 9 3k 4R
T 5 X G AR S 8] _E A G IR R B8 R %
4.

4 RBERHREH

NI UEA ST 2 A R fE VC + + 6.0 ik Eh
% Bt BN CPU-Intel Pentium E5300, E 4 2.6GHz, N 1E
2G ) PC HLRAESrHEER N 640 x 480 pixels) Y HLA5 &1 15
HATIR R, IR 2 N TAE 5% A Sl w=AE
IWAZ B 5% Horpr, 5 v i) P s A AT ol A B
FHRAEFN PR E D , Bl . TG YLAT 7, A B
SaGE S, - H BRAATT A B 1 ds 5 184 10 Ho oy B
s IR, 37 5t b i 0 DGR AT BE R R 3 B /06, LU
N R B IMAALZE B3 5 A8 A 1) 52 2 P ik TR 3007 %
PRI AR T2 7 5 R RSO SRR 4 R AN 3.

K 3 MR S A 2 Hoh 2 E TR Y
S TAER R & AT L HOGIT KA 598 0 b 4O 1542
s, I A W) XA AL B T30 2 R B R i 3
S, 32 LA BHOG B & B S HOBAT A IR %
O B2, R 7 55 B 0, B ] 3 17 1
HIFE .

H 1 3 FiR G 0 A5 R A SO EA R T
R IR S PRI TR A

(12)

(a) REG BB (b) ¥tm7; © %%5}%%%
B3 ARAEFGHERTHIRNZSEER

B R UE AT RO, SR T BAT IR 20 )
{H .3k B http: //cvrr. uesd. edu/aton/shadow 0] Intelligent
Room #4751 ¥ 5], 1 17 Wi 5 % 4 43 %1, I 4 51l 7] 3¢
R 12420 o ) g BT A AR 0 (GMMD 2 R R
AR ( C1C2C3)[25] O ] (Ratio) 20 AT S X 1 R
B4 XF L S g 45 AN 4. o, Ry S oy R 45 R 5
RO S50 5 2 1 — 20, R S s KL B R M 1
YHT R A RISy R A5 R

H1 1 4 FiR GBS R A SONE T Fid =
Ry, itk — 2008 s e A SO R R B A R R
ROC J53E00 32105 bk = FhoJy sk oE 47 B0 EL, BT 450
FA RN 5.

HY 1 5 7 BERT HE SR B4 R A AR SO AR B
K (false positive, K 5 75 19 ] W SR 125 1Y, TR FR 4 A B
P B, AR I T 28 48 IE A R (true positive, 1E Bffj 6
W, TRFR Ry EL A ), HORT SO 5 0 #I PR RE AL T Fik =
Tk i — 20 WA SOy VR AE T 5 X 443 R Aoy
SR BRI

TEHEATHEH T P 0T GBI, PR A3 2 45 1 5 5
Ry AL R FH B2 R 800 2R B %, B B AN [R] 19 %
PRIBCHE 1S B [A) 1 U1 45 2R . P RBF RE % 52 BLAR 4k
Wit , H RBF A% B A 5 A4 38 i A4 R fe f i P B,
I, SO R ] RBF A% o8 1 Dy S8R5 1) LA o B AT
SRS THE.

K1 RBF A% bR B0, % U3 52 0 1) 32 2 2 B0k 7%
TIR T 7. S8, 24y BUER T 1, ook de IR 1
SERAR, B IBCLEL A8 328 /0 , ) Sl 352 1 24
v BB 0.0045 I, FH AR B R . MRS/ 7 (8
IF, FA AT 00 R R PR, v JBUER 0..0045 #4755 56,
AL P RFFAE

VPN A S5 125068 T AN [R] 3 5% R R /I i) R AE B
EFEI R 2E Sk, 2l i R B S BT R (%
NEUE 20 A, R R/N 640 x 480,320 x 240) . — 4]
s (s P8 5 AL E, 20 ARUCR BB R /DN
640 x 480,320 x 240) FI# W35t (5 P Bk 5 AR



LM - AR AN B 5 H W48 5 xR AR5 2139

(@) A
E4 ARERMNZESEITELER

T, %S/ : 640 x 480,320 x 240) R0 56 ¢ 1) HE 47 52
5%, HAER N 1.

.......

— GMMPY
e CI C2C3[25]
o Ratiol26!
——Proposed

0: OI,1 O.I2 0.I3 OI.4 0.I5 OI.G O.I7 0?8 OI.9 1
Es ARS8 EROCH £ E

F1 FRBFERSEGKNTHFEE I

Yk GEES FEHS (ms)
po
wos
o oo m

HIZR 1 AR 2Ok TR RN, 2 5%
ARDL NS P B 2— B B5) S M A B Jg.

NHE— P A SCTT 1 B R, S R AR
K H 35 #E A 56000 TR K RFEAS R I — 16
48 x 48 R/ FF AR BT AR ST AR BT =K
) SN H Ae AR ST A 16800 5K, AR HTF
22400 5K . 1E L IREEIFEA R BEHLAIEL 409% BEAT I 25,
PIAR 60% T o3 2 B , H-53 31 W) SCRR[15,19,29 19 14
D7 AT IR AR 26 PR I SR X L, SR A SRR 2.

®2 FRABEERE/BAFEALL

i IERINAR (% ) SLBEFET (ms)
SCHk[15] 65.48 3120
3ik[19] 96.37 3120
3CHik[29] 95.26 4260
AR5 97.12 720

T A S5 AT AR 2o /6 T 5 48 SO0 P i =
PSS PN RN R o s i A DRAPUE S1 o)
A AP, 3T RIS T8 H bR,
Fe/ 4T 4R S P AR REAE 1 22 S0, MU ZE /47 F 19 0%
AT H /A8 S x4, IR, 2R ik 07 vk
BEATHR B R AP, L S IR BE A LA, Honl oe
e PR 8 5 52 2 VA R s v R 22 51 ) HG ik 56 4 o
B0 GOMERS . 35 2 BN HE SR 25 R0 IE 1A SO vk



2140 H +

E

2014 4

A R, BLAE IE AR50 2 5 12 B i [) -, 9400 S0k

[15,19,29 17k , WA ST A 2 I AT, W00 S g 45
RANFE 6, Forb, w5 O SFUN B 48 FOH g, 206
FeER N PR AT

" {2 vm/!

| - g, / 'v'f». A
Ee6 Z NHAHFHRTHIBIHANRIRGLER

5 #ig

FRPE AR Y A IR AP R, 2 R e
P AHLSEH. WA 5873 S 45 N2 HH R, 1300 W ML
AV (UnER AL BRUbR RAEAT45) AT D S B A AR 1Y
RN B, &2 anfe] A2 2% 19 AHLSE B3 5
ARV S X 42

T 2 RO /N A A I /28 380 HA D 5 09 =)
FRAGIRFE , SR T & 2B 4T 115 57 0 G i B LA v ik 36 58 42 4
B HENHLAE B IR A 1 2001, 488 v il 5tz s 4 R 73 )
R PR 5 Ry DAY A A L 0 % B B 119 22 1 I 3R X 3R
A X i A P N G, SR R B R 181 D 9k Rk
ARG ST HOG H5AIE 5 R ML & 27 > J5 i xHE 3 F
W HOG FFfb7r 265 ) P4 G 1A T H B W R
1923 ) SCHRAE SR S FH P X R 2SI L, UESE T
AT REARC AT, AL R T AN B B SRR
L BE F P 3 8l OCIR AR F AT S AR S I T
AR A RIS B AN B A, S A T
FEEE R, BT P ROBE /N S BOHURRAE DX I8 5 BB
PRI E LA 3G 5 (6] B, 0 T S P53 5 I
RORFAE SIS TP R, A fe Tt — k5, A
A2 P S H 2R AR AP T 22

S 3k

(1] #—1 28, W o — P L T i T8 R 2c 1
Jrik[I]. 4R ,2007,35(11) :2236 - 2240.
XU Yihua, LI Shanging, JIA Yunde. A vision-based method for
finger-screen interaction [J]. Acta Electronica Sinica, 2007, 35
(11):2236 — 2240. (in Chinese)

(2] TRl ALA AR, TR E WEE . Bl I T Y

FiE AW A AR [T]. 35 HUAR I 1 R 42, 2011, 17
(3):504 - 510.

MA Cuixia, REN Lei, TENG Dongxing, WANG Hongan, DAI
Guozhong. Ubiquitous human-computer interaction in cloud
manufacturing [ J]. Computer Integrated Manufacturing Sys-
tems,2011,17(3) : 504 — 510. (in Chinese)

[3] A Schmidt, B Pfleging, F Alt, A Sahami, G Fitzpatrick. Inter-
acting with 21st-century computers [ J] . IEEE Pervasive Com-
puting,2012,11(1) :22 - 31.

[4] N H Dardas,N D Georganas. Real-time hand gesture detection
and recognition using bag-of-features and support vector ma-
chine techniques [ J].IEEE Transactions on Instrumentation and
Measurement,2011,60(11) :3592 — 3607.

[5] C-Y Tsai, Y-H Lee. The parameters effect on performance in
ANN for hand gesture recognition system [ J]. Expert Systems
with Applications,2011,38(7) :7980 — 7983 .

[6] P Matikainen, P Pillai, L Mummert, R Sukthankar, M Hebert.
Prop-free pointing detection in dynamic cluttered environments
[A]. Proceedings of International Conference on Automatic
Face and Gesture Recognition [ C]. Santa Barbara, United
States: IEEE Computer Society,2011:374 — 381.

[7] M J Reale, S Canavan, Y Lijun, H Kaoning, T Hung. A multi-
gesture interaction system using a 3-D iris disk model for gaze
estimation and an active appearance model for 3-D hand point-
ing [J].IEEE Transactions on Multimedia,2011,13(3) :474 —
486.

[8] N J Enfield, S Kita,J P de Ruiter. Primary and secondary prag-
matic functions of pointing gestures [ J] . Journal of Pragmatics,
2007,39(10) : 1722 - 1741.

[9] R Kehl, L V Gool. Real-time pointing gesture recognition for

(i

an immersive environment [ A]. Proceedings of International
Conference on Automatic Face and Gesture Recognition [ C].
Seoul, South Korea: IEEE Computer Society,2004:577 — 582.

[10] K Nickel, R Stiefelhagen. Visual recognition of pointing ges-
tures for human-robot interaction [ J].Image and Vision Com-
puting,2007,25(12) : 1875 — 1884.

[11] LW . BT 2B AR B AR AL . [T] . T
2£4,2013,41(11) :2223 - 2229.

GUAN Yepeng. Multimodal visual features based natural hu-
man-computer interaction [J]. Acta Electronica Sinica,2013,
41(11):2223 —2229. (in Chinese)

[12] T P Wachs, M Kélsch, H Stern, Y Edan. Vision-based hand-
gesture applications [ J]. Communications of the ACM, 2011,
54(2):60-71.

[13] J Lambrecht, M Kleinsorge, J Kruger. Markerless gesture-

based motion control and programming of industrial robots
[ A]. Proceedings of International Conference on Emerging
Technologies and Factory Automation [ C ]. Toulouse,
France: IEEE,2011:1 - 4.



& o1

LM - AR AN B 5 H W48 5 xR AR5 2141

[14] Wi , v RER, 7R, O6H . A RSN H W sh ik
MFELIR [T ] L T2 40, 2009,37(4A) : 16 - 21
CAO Yuanyuan, HUANG Feiyue, TAO Linmi, XU Guangy-
ou.On-line recognition of actions in daily living [J]. Acta
Electronica Sinica,2009,37(4A) :16 — 21. (in Chinese)

[15] XU 5E , X AR5, 5K W . i T 48 30 AR ALE 19 A4 AT S 1
(3] O6H . 3#0%,2010,21(10) : 1547 - 1551 .

ZHAO Haiyong, LIU Zhijing, ZHANG Hao. Human action
recognition using the image contour [ J] . Journal of Optoelec-
tronics. Laser,2010,21(10) : 1547 — 1551 . (in Chinese)

[16] B3, TS R, X, 20 ik . 55 T i) 28 X80 a5 32 AR 7Y

BRG] AR M R 22 22 4 (B SRR A0, 2011, 41
(5):962 - 966.
Hu Fei, Luo Limin, Liu Jia, Zuo Xin. Action recognition based
on space-time interest points and topic model [ J]. Journal of
Southeast University(Natural Science Edition),2011,41(5):
962 — 966 . (in Chinese)

(17 ] el XUIE , w8 53, XA kT R 4 5 3L

SRS AESUN[T]. A 32z, 2012, 38(8) : 1380 -
1384.
CHEN Xiangan, LIU Juan, GAO Zhiyong, LIU Haihua. Rec-
ognizing realistic human actions using accumulative edge im-
age [J]. Acta Automatica Sinica,2012,38(8): 1380 — 1384.
(in Chinese)

[18] 1 NJunejo, E Dexter, I Laptev, P Perez. View-independent ac-
tion recognition from temporal self-similarities [ J]. IEEE
Transactions on Pattern Analysis and Machine Intelligence,
2011,33(1):172 - 185.

[19] B Matteo, X Tao, G Shaogang. Fusing appearance and distri-
bution information of interest points for action recognition
[J].Pattern Recognition,2011,45(3):1220 - 1234.

[20] A Gilbert, J Tllingworth, R Bowden. Action recognition using
mined hierarchical compound features [J].IEEE Transactions
on Pattern Analysis and Machine Intelligence, 2011,33(5):
883 - 897.

[21] S Cheema, A Eweiwi, C Thurau, C Bauckhage. Action recog-
nition by learning discriminative key pose [ A].Proceedings of
International Conference on Computer Vision Workshops
[C].Barcelona, Spain: IEEE, 2011 : 1302 — 1309.

[22] P Cui, F Wang, L-F Sun, J-W Zhang, S-Q Yang. A matrix-
based approach to unsupervised human action categorization
[J].IEEE Transactions on Multimedia, 2012, 14(1):102 —
110.

[23] D Liu, M-L Shyu, G Zhao. Spatial-temporal motion informa-
tion integration for action detection and recognition in non-
static background [ A ]. Proceedings of International Confer-
ence on Information Reuse and Integration [C].San Francis-
co, United States: [EEE,2013:623 — 633.

[24] J Cheng,J Yang,Y Zhou, Y Cui. Flexible background mixture
models for foreground segmentation [ J]. Image and Vision
Computing,2006,24(5) :473 - 482.

[25] E Salvador, A Cavallaro, T Ebrahimi. Cast shadow segmenta-
tion using invariant color features [ J]. Computer Vision and
Image Understanding,2004,95(2) :238 - 259.

[26] W Zhang, X Z Fang, X K Yang, Q M J Wu. Moving cast
shadows detection using ratio edge [J].1EEE Transactions on
Multimedia,2007,9(6) : 1202 - 1214.

[27] Q Zhang, N N King. Segmentation and tracking multiple ob-
jects under occlusion from multiview video [J].IEEE Trans-
actions on Image Processing,2011,20(11) :3308 - 3313.

[28] Y-P Guan. Spatio-temporal motion based foreground segmen-
tation and shadow suppression [J].IET Computer Vision,
2010,4(1) :50-60.

[29] N Dalal, B Triggs . Histograms of oriented gradients for human
detection [ A]. Proceedings of TEEE Computer Society Confer-
ence on Computer Vision and Pattern Recognition [ C]. San
Diego, United States: IEEE Computer Society,2005,1:886 — 893.

[30] Q Zhu, M-C Yeh, K-T Cheng, S Avidan. Fast human detec-
tion using a Cascade of histograms of oriented gradients [ A].
Proceedings of International Conference on Computer Vision
and Pattern Recognition [ C]. New York, United States: IEEE
Computer Society,2006.1491 — 1498.

[31] T Fawcett. An introduction to ROC analysis [ J]. Pattern
Recognition Letters,2006,27(8) :861 — 874.

[32] T Kerekes. Receiver operating characteristic curve confidence
intervals and regions [J].IEEE Geoscience and Remote Sens-
ing Letters,2008,5(2) :251 - 255.

fEE "I

EAs 55,1967 4F 6 H AT ML, T
AL, BIRRSROR, WA I, BRI
a) A REf SRR S AL B TR AL e 5 AR
B, R S TP

E-mail : ypguan @ shu. edu.. cn





