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Stereo vision-based recognition of nonwearable pointing gesture

GUAN Ye-peng

(School of Communication and Information Engineering, Shanghai University, Shanghai 200072, China;
Key Laboratory of Advanced Displays and System Application, Ministry of Education, Shanghai 200072, China)

Abstract: Based on the differences between the color intensities of R, G and B components on a color image in shadow
regions, we develop a novel approach to the pointing object segmentation across a clutter background. Because the wavelet
transformation is with outstanding local characteristics both in temporal and spatial fields, we suggest extracting the video
pointing objects based on the combination of background subtraction with the wavelet multi-scale transformation. The
proposed algorithm does not require the information which is necessary for existing methods in literature, such as scene
learning and training, manual calibration and a priori hypothesis. It is also robust to dynamic scene variation, shadow
and noise disturbance. Based on the biological structure characteristics, we employ the position of the human head-top
instead of that of the human eyes in the pointing object segmentation. This is because that the human head-top is not
easily occluded by other parts of the body, and is free from the effects of the facial orientation, posture and illumination
variation. This provides the flexibility and casualness for the human-computer interaction(HCI), and ensures a high speed
for the interaction. For the correct matching of finger tip characteristics, we present a stereo matching strategy based on
the geometric constraints among the pointing arm finger tip, the central axis of the pointing arm and the corresponding
epipolar line. A reverse matching criterion is employed to ensure the validity of the processed matching. Experiment
results indicate that the developed approach is efficient for the recognition of the flexible and casual nonwearable pointing
in the human-computer interaction.

Key words: pointing gesture recognition; HCI; nonwearable; multi-scale wavelet transformation

1 5|E (Introduction)

B T EHLE AR KRS R R, RS aAKE
SRATT S BRHBT AN BB AR R H SR, B AN
THBARCNUFEN A H LB S EBRBIUN K+
O, T2 B PRI KK EE T ENUE B
RO, A AT LA 5 [A] AR 2 AN I it i
. R, ZEAAR PR AN B, 75a
FH P A5 FE 8 R PR N A 6 CAN B SR 25 R ko

Weks H #8: 2008—10—11; W& ks H 3#8: 2009—04—03.

SEVHATRIN, B A NS E RS, Bl sKE
YEA— R AN B 3K, AT se AR LAY
ORI ANLF . ERRILSE T, 7 UNFEEEHN
THENUEA B, WA TE R RI H ¥ 36, B
AT AU ZREE 2], AHLIA] R A5 4 AN P 7 2
RS, FEUNFAE N AR 1 TR, T4
PUMBFFURRER D~ B F AN RS, B
WRNRKBYEES, FBERT M. 2 X0 H

ELTH: HEBARRIEEESRBITH (60872117); L¥#giiRIZ&E X ¥ BT H (08DZ1205002).



1346 B A E 5 N A

026 %

XFF R 2 RN 2 UM, 5 #(pointing gesture) 7
Gy iR SRR AT H H AE b F TR0 2% )
D6 H bR )RR, 2 NIKTE R K EAAMA R L2 1)

FHESEIK, AR AL 0, R — RN A

SRAMAE BAE ).

FadhaR ok g AR IR o iRm0 wr
BT 8 Sk A L Bl T B G bR DA, X RTT
AT IRA AL I AL BRI P AT B, (1K 7
HRAK, AP FEL T, SIEAME; FERETIE
R AL AR AR B, 78 H W AR, ARSI B
KEAF AR E B AR, v - Rk
FB, DU S AN D E R RT, IS BIESIN B
RYERE . BAE NSRS B3REUH, 80% LA L3k
BT, Bk, JE 5 e A R n) Tk 2 H
Bk, H 25 BT s 50,

2 H oy AkEF % AE A % R B 5 #(Non-
wearable pointing vision recognition meth-
ods at present)

Colombo%§ A1 t HE 42 N\ s He #5811 5 7
5, TR FE TR AR I TR Sk S X A, SR A DL R T

RO AR Ly, W HY 7 48 ) K 22 18] A, 3 B

NHE T8 A7 PR3, SR Sk E O AR 9 AR B

ZICHREM ML, IEZAEHBXN G RO KO TF

T 55 K 0 X S B DL R B A s 55 IR 3R S .

Cipolla® AT F g%k “Fh” #X, BT

TR ESLARRLNE, SR F LI R A WL AR 77 125, i 7€ 3L

RGBT R R, I DAL BRI R R g K

77 T, € B BARALE. Prif i SR B bR,

LUk EM AR HSH, Hirnid 5P FENALT

BEHAE . ZTEZAP FH R id AR E

DA R SEAR TR 25 K 2 5% M. Nickel &5 A B FBa /R

P FRABIY, SR FH SLAKDC e SRR S5 S D B, AT TR B

P, Malerczyk P13 F K 0 . VT S XU H BEARHLFREL

HIFIRR, UUTFIRRINZZLAE AT RTT AL, SEILEY

TANAZE. BRESR M EEILIEATBOR IR A E S,

EEESR P 3l S T4 S (v B BN AL ),

R AN, Starnerss NMOISEIL T B FHR#AR A1

WA RS TAE S, A ET BARAN, ZRATA

P B H B0 TAE & e AT 2, F P T8 A hg

Y A & T BRI A7 AE 24 P A8 B B 45

Vira%§ A\ BT He B R 7 AT S RHE AR T

AR, ZREAFRRA Y BAEIRER IR

T 77 #, WAL I | S AR UG 48 75 28 Bl ) B

BRARIL, B € $E 17 B A5 12 1A AL &, Yamamoto§

N5@ i 22 3 T RACHR Y £ BRI, SR A A0

N, 388 3 AR 52 43 SR A AR B 1) 5 40 2 2 [A]

FIRTHEL, B € TR 23 18) B AR, BT r ik RREE SR A P
FRF4T7 ) — € Y N TG R B RS A, IR B Sk A
uhE TG E A, B A SugidE AR T
FT RPN BB ARG e BAnJrik. 18
P 77 ik, BRE SR P R Bt T4, B %
SROGUR P2 | F45E. Cernekova®s A SR80 H 548
B, BT SVM YU IR 7 10 5€ B4 2 18] H A%, 78
By vk rp, BESRAEHAR I ¥ B B B AR D LU e F
PGBV

& Bl ran: ERTEERIEER N RER
I, 2R AT G0 R 52, TR A YR A
CIECNDAbUE ¥: Sy N TR S SR N N ob < W R
s SR H A B AR, M85, IESRIEHXTZHh
BN, F P R0 S T4 e AL B BRI AL E. b
A5 ESK, R H R T ANAS V& 3 K 1E
P B AR

X R, WICHR T — A AE 5 1
BB RNTTVE. GIA TSR TTVEML, @
NEETTIAIE: 1) 22 TRGBERAS RS2 K
/N I B A, PRI Font B, T IR IR 4 A
LR, BN B R T AN EHEE A B AR
2) R 2 BT 3K T_EJ7 S AR BG B T 24
RLEIBRAENL, S PRMIFE AT 5, BRARIRHoxt 5 B
4, ¥R P AL GG, WA S AR BB A
Hy PR EARPEZESK. 3) SR AT 5 44 F) Sk TR AR X
FRNIREFIE, AR ARAE SR IAE B, SRR H AN
ATE I . 4) 2 THRAT B L HSMEZ K2 )L
AT LRG3/ S L SO0 B SRR T 10, B iR B TF-a%E
AAESZAA VT P IE A PR DR . e ST X B, BAIE
TR PTRER R AT
3 Bt 38 # X & 32 B (Foreground pointing

objects extraction)

BREVRBErEsh % E R HIE — R
B SR I B P 2 BB, (H RN T3l
S MR BRURR. P AP 51 2 B3 A AR <R T,
B TR R PN R 22500, R ARBGE3) H bR X 5K 5
— o OTED ZEN T AR AR RN A
&R E, H— A B e R AR B B 3 H AR AH RRFE,
TEIB B AR A R 5 7= A ST IS . BRI 2
REFET RIZENFAERIE OU T, eI i M Sr s
3 H AR, HERYEIA G S 50 A Y 8
%, BFEE— N EAE TIE, A fess B iz
Bk, Ji4bh, BT iERNIES) H AR, TR
. rFHae ) 2. AR AER 2 ) B AR 2 FI 20
Ay EE, A 5 AL IR o n] AN % fe 5 skt
NFIEE X HGER, KRR TR EE. Bl T



12 88

EMVG: T AR Ak o AR AR5 1347

AL, WAL 23 H AR 55, S
B R iE s B AR Fle ok T WXE. Forp, BIR T RE
S8 Kz 3 H AR AR B B 1 H AR AR ER
BRIk F A e R B A0

s b i), MRS 2 RUBE /N AR A I S 45
I BA R KRR, S68RED, FA/N
e RPERFIE, 0 Z 70 R EAT /N 2 REEAR #e, 4@
EIRI R NE

QU f (. y) TERBE2T B J7 Tk /1N AR e
7‘3[18,19]:

W;f(x’y):f*w; (l’,y),k‘:l,z (1)
WIFEx, y77 1 B /ANsES,, A an R g sk

H
a0 (z, 0 (x,

Hro(x, y) A uER R B R
FERNFREZRO(x, v)IEPE G HI24E /N3N -
Val(@y) = g Visbu(ny). O
TUIAN[R) ROBE TS 4 ) s e P Wi B A -

My f(z,y) = /(W3 F(.p)? + (W2 ()™
4)
R (x, y)7E RBE27 BB FE R A M fAL T
BEEEAIAL g f b, MZ mh 2 RIS R, Horh,
ngj f(x7y)
T IS AS A RBE R B S msKR B, BEATERECAS [ R
FE2T T 1) JRy sk B A
P2J‘(f) = {pr,i = (xmyz‘); v2jf(xi7 yz)>} (6)

YT IR A DB R, TIEERLZAE
B f(x, )2 REL%
p(I) = {Sa f(x,y), [Pos (f)hgjgj}- (7)
HAr Sos f, y) R f(z, y)EE2T RET FIRHEE
BHT.
T B 1 A T /N 22 FRORE AR BB P S A A
TR

Ay f(z,y) = arctan] (5)

£

JRbs K LSRRI S

ARG
1 BHRHANZ R4 R

Fig. 1 Video pointing object segmentation results
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Fig. 2 Pointing arm region segmentation

42 FIRBEIME A E F B #h L (Fingertip feature
points and pointing arm axis line)
BT TR HI 4 R F I BB A [ P )
RLERR, FIRIQLERIGAEN:
Ziop = arg min(f(x, min y)), (10)
Yiop = AG(f(Tiop, Y))- (11

K f (2, y) ATIRX IR B

FEFHRX RS FS RS, B THAETRHRXED
FIANEREHT R/ E RER, ERT IR EEA “id
K7 BB, A PRAETE PO EIZ B R, BT TS
FIDCHK, 1€ FIRXEE L, 4iaTIRRAE, #E
FE oz
43 3EHEFE 53 BRMED reconstruction and

pointing recognition)

FTHRRIFIE R T8 3T DBl e S LA
LREEZ JUMAR, EE3YERB TR

FESLARRL B R e, B H X H SR NLIR B
e A BB B AP, Py, WAE B &P KRR
R AL T Py BB tpy 55 P8 SR AR ALAR XS JL AT AL
BRE RS b, HBCERIR R

uy Fuy = 0. (12)

KA FASERAERE, B4 A BAR MU R [
SEAERERA T ; wy, ug A [ 48 X5 I 551 ) A5 S5 R AR .

WX HZE ARG A 2, BHAEWTTF 5
A ABEBPHNTIER. FEXBEL ECH
SE, I A(@ s Yiop)» (@l y2) (0 = 1,2), WAHRTF
L WSy Sk

Y= (‘T_x:op)(y; _ytl:op)/(‘r; _:E:op) +y§op‘ (13)

BRSLJTRE(LD), (12), T i S e (8 BB F 45
RIFAE, 7 FoAE 53— BB AP IS I A

N B 3 SR AR AR A B 8 S, T RORT
2SR A T3 95, BIURE SR AR XN /il 5 2% | 18] 1)
WK E B /N T2 BUELT, A D SRAR % B 30 TE A
DCFC XTI s A8 . 0 5 0 32 A4 B8R B0 % I
TR R B SR TR AE R AN B AL B [, SR A
/N AR RE AT 3YEAA .

BT BRI AR, #E TR AL, HFEITA E TR
2= 18] H AR, SEELER SR .
5 SEX 458 59 Hr(Experimental results and

analysis)
KPS 5256 e B (&13), Bk SCH BrdR 7 VA
AR
- BRI --~~~2---

— w.z;;--------ﬁ:g o

K3 SR ENE A
Fig. 3 Experimental setup map

fE B SCRAe E A, AR E T KT EJ7 B H
BEHUHRSR AR 5, IV 550 5005 1%
RN G S HASRUFAE, 2T Prid ikt AT i
HAR, e P B br. 0 LR i
2, B RGBT ARG R

T ERETRI Gy FIT %, RN F R AR
TR T RRR R L 4R, 4.

-
|

s E B R 5 H —AH
K4 ARRAERFEMETIRANGEDEILR.
Fig.4 Pointing object segmentation results in different

background circumstances.

Blarb w46 B4R, BRI a2 22, Hoh,
Ze LRI SR B BB Nt BT IE
St ARUT e AR M, T e T B
FZB| TAEF RS BT Kt SO0 RS
JEIRARA T, FHAEA [F] X I B A7 AE B 52

H1 B4R SRS S B4 R0, SCP BT ITE, A
B BB R R S B PSR T RPN A

A B35 AR SC AP BT 4R T AL 520



12 88

ENLG: BT LA AR 2 TR U 1349

oM, RAEFERES R AGFER™ERE. K
HMPEG-4Jli& £ 71l ffJHall MonitorZ: AT AT 5 32
HY, ¥4 SEI 45 R anEls.

K 5 FFHall Monitor# A5 5 73 E 45 3

Fig. 5 Results segmented of Hall Monitor video sequence
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Table 1 Pointing recognition results of different
methods
A7 E /mm AR /(%)
H ¥z N N s
X Y Z 3CHERI6] SCER[14] SCHUTIE

1 —1250 125 3500 974 94.5 97.1
2 0 125 3500 973 95.6 96.9
3 1250 125 3500 974 94.6 96.8
4 —1250 125 6000  94.2 92.4 96.0
5 0 125 6000 94.6 92.7 95.9
6 1250 125 6000  93.8 91.8 96.0
7 —1250 125 8500 92.6 90.2 95.3
8 0 125 8500 924 90.6 94.8
9 1250 125 8500  92.7 90.7 95.7
10 —1250 125 12000 90.0 89.6 94.0
11 0 125 12000 90.6 89.2 93.4
12 1250 125 12000 90.2 89.6 92.9

6 %51 (Conclusions)
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