ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn
Journal of Software, Vol.21, No.5, May 2010, pp.1153—-1170 http://www.jos.org.cn
doi: 10.3724/SP.J.1001.2010.03476 Tel/Fax: +86-10-62562563
© by Institute of Software, the Chinese Academy of Sciences. All rights reserved.

e E AFERIRE R R EE RN
GRS RER, & XM O£ B !

"M RIE T K2 TR LRSS BR 22 b, ST M JRIE 150001)
(P ERER SPERARPIHL LR 100190)

Data Generation and Its Validity Inspection of Signer-Independent Sign Language

NI Xun-Bo'", ZHAO De-Bin', GAO Wen'?, JIANG Feng', YAO Hong-Xun'

'(School of Computer Science and Technology, Harbin Institute of Technology, Harbin 150001, China)
*(Institute of Computing Technology, The Chinese Academy of Sciences, Beijing 100190, China)

+ Corresponding author: E-mail: nixunbo@foxmail.com

Ni XB, Zhao DB, Gao W, Jiang F, Yao HX. Data generation and its validity inspection of signer-independent
sign language. Journal of Software, 2010,21(5):1153—-1170. http://www.jos.org.cn/1000-9825/3476.htm

Abstract: This paper proposes the combination of sign language linguistics with human kinematics to generate
and detect the data of SISL (signer independent sign language) according to the characteristics of gesture sign
language (GSL). An improved Mean-Shift algorithm is applied to the generation of hand shape data channels
without losing the linguistic features of GSL, and then the key hand shape phonetic notation is used to detect the
effectiveness of data. In order to enrich the kinematic characteristics of GSL, an improved genetic algorithm is
applied to the generation of movement related data channels. Moreover, Labannotation is adopted to inspect the
effectiveness of data. Finally, an experimental inspection framework is established based on an original sample to
make the proposed detection method adapt to multi-classes data inspection of linguistics. Experimental results show
that the proposed method for the generation and detection of SISL data is effective and feasible.

Key words:  sign language recognition (SLR); phonetic notation; Labannotation; sign language linguistics (SLL);

human kinematics; Mean-Shift algorithm; genetic algorithm
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PICSZ 3] T 15 R 0l 1 2 T ) e g e T TR o R 5 N DRI B ) ) R g 7 SRR A0 R 5 )
DLRA BRI 78 43« MR 1R 11 5 B0 B 2 g e T A ) R0 1) O B 0 S 28 %) e 7 R DU JE 87 1, L 2 A AR 2 1
T O R R A T AR o0 1 U0 2R ke B, R 50 AR 28 R AN AN AR TR 0 0 5 P A PR DA R 4 2K 1
U, 10 FL 52 I 25 A0 0 RS R 11 25 500 1 02 1) 52 ) A% 8 0 U 27 BT T S0 IR A — b il B 4, el 4 o 1) 2% 7
VERA U T I 55 K Sk G4 A B bR ORE . 7R AR R ) 03, 4 455 20 A K = 1 N R 4
A BEDRAF LA A A R TR0 i, e T 8 TR A T 9 R A S I DR = R s VRO, L 2 — e R R w
e 5 N TR AL R T R S A P ) R0 R AR e, o Sl s N B0 Kl A A 1) SRS T S S I
BAEAFTE LU B FE:(1) CAF S OK SRS HME BRI TT 8 K5(2) s FE40E A R H &5 51,(3) Toik J A W R 42
1 E A B A A T R R N 2R B s = 5 B0 25 B e B TR S, A T DU I S AR R A KT
TE A B AR 8 N T8 R A IR 53 R e 7 A8 xR ) 2038 AR 2 92 38 DL 36 UF K I 25 T DA i 3R
25 1 TR 80 H R et A ) e 1D TR 2 B A H R SRS TR 43 AT T U R A MRS 1 K B T SR 1Y
00 X R 25 R 1 5 W) AR I U3 AT, Ll VR FH B SRR 5 AR AR B IR VIR SR (K 45 A T4 2 TR T4
FA 3 — A NI PR 0] i 00 33K 2 U 50 i 10 SR 5 SR SR AT AN [ 2 s 1) 4 i, 153 21 i 28 1 IR 590 45 SR . Chen 7 — 5K i A
f%Eat A Enhanced (PC)’A J7 ¥k A B i N\ BEA%, M 38 U 4, 10047 A U3 Gao 25 AR F A
(1 b B A B AR T A AN T 0 B TR NI PR AR Ay VI 5 R AR AR e R A AR A2 (1) 1) 8. Chen® VR FH 35 DR 38 £
SV AR BT B9 G G U 5 88 A v A A 00 1) R A T 5 44 ) 4l dsk  Varga. AT Bunke!' ] Perturbation
model A= BT I ZRAE AT N T F 5 BN IE B T AR I 1 3508 78 S04 4y 28 8k, Sarah 42 H 7 F1 F “background
knowledge” J7 " EAT SCA LG Martin! 15 BT AR ORE AR bk ke B BORT IR 4R HE K 0 R0 380 I 46 16 U1 25
Kt 42 b LU & 20 28 8% I ROR AE 7S TR 0 A58, Wang 258 N VI P 30 44 850925 A sl (R0 R A4 S 1 k42, B
15T B PRI AR T T B 1R B S % 22 B0 S e P A A9 3K — U vl LA 1) -9 250 A ™ g Jiang 58 A AE SCHR
[14]F 3 T — P TE S F A B 5 B BA 7445 #(discrete cosine transformation, & #% DCT)H 45 & 1 Fi& 2k
X VE A% T Y R AR 4 IRAT T 1 O A OB I TR B (R R A M MUK 4T TS BUREAE S 44k, HLI
Grd BRI UG AT A 1 K50 AT 00 10 56 W, DRI A7 S T A ) e B A 22025 A TSI FH 56T Mean-Shift 75 %) T
TERCHRAE T A T8 B0 AR L (R AR 25 H T A s A s vk I S E

ESCE I 7 T, AT 50 B A T GG I 3T J LA, A 22 SCRU O S ik €8 5 A R R AR 45 4 R A
NG DX 3 gk 1 2 A LM T 6 T TR (o R TR L o 45 I 4% T NG % R0 R 11 ~F T 20 1 N B A 0. SR [20 142 18 T
FIH K 38 B JUART e A g 7 N BRASE 5 149 ) o D)0 ({38 18 5 925 0 A B2 2% T s 1 AR G b i IR (X
152 016 48 SR 1D R WA R SCHR[2 1178 TR 58 A7 g TSR BN TG 1) T ART 43 AT 4R A0 0 2K A JEVARR TIE AR &5 5 1 D 2%,
712 BR T PN IR PR A B A% S, 52 A A HIR 2 A7 A R FR ) L 5 NP2 s iy R BORS Ll ] B 280 53 2 1) 4
B SR I S5 R AR AR CRERE b oot T A T JEE . Viola A1 Jones! Wi Hy 17— il o 6 {7 L4510 (1) Adaptive Boosting
e SRAT — A G532 28 10 A ORI 77 955 A 3 N IS0 AR 0 25 1 0k 3 T s i B AUR Xiao %5 A2 ) Boosting
ChainP® VI Z VLB I K b— 28R N 04 R — 2 00— AN 5950 28 4 28 b BB 17 58 23 2K 2 s {1 1A 4 it
A3 28RS B AR O, TR TR — 2 B AE B YN ik 1) Wu 25 A\ 4R Y T Nested Boosting Cascade 252k
HELD 2 AW T RN FloatBoost® i [ Il 45 57 vk s 3k, 1 Viola H S IRH T —FFR A Asymmetric
AdaBoost™ ) SUdE I 25 50k 08 (1 — 26 SCRRES 200 1k AR v A T sk

70 AR 8 NTF38 TR P I GRFE AR IR e 22— A W AR g o 11 1 5. BB T R4S 8 N T 15 000 SR 4 IR U BRT i 4R
FCARRE i N T 18 i e A 0 B A T 508 B S A SRR R T TR R AR IS B A 4 G I AR E
N TB B 1 AR ORI U 7 . 8 S, Mean-Shift 8275 25 i A2 s BE R AL FRAT 1K Mean-Shift 8038 H T F-
T B 8 3 1) AR B AE DG BT TV (1 DR e B /N AR F 5 B2 7 D BT T 11 Jh VB 38 o A ot 188, LAY/ D 3 S5 T T
TC V8 ) AR Sk R e T 35T 15 BUVE 5 S P N S 88 T T 19 20 B B 10 AT 508 A 2550 e P A 00 O 2l B i A
TR SC LU AR 8% Bk o N — SeARUE  VE Bl 4 o AR e 87 UL B TR E Mz 3,Bi 1k
T AR I 56 BEHE ;N P S 7% of R AT B0 A7 RO (R A D, R DL b A e B 1 B A B e R, DRI T
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22 S J A A B PR T 6 ] I T R B 6 T TR AR S AR SRR B TRIE A T b B, B RTIE B R
FAE SRR O 28 G0 K AR R AL, DAL T i A 0 AN B8 LUREAE 2 < 41, 2L BE LSRR FE AR 2 D 4l 55 N s
AT, V5 S A U e 1 2 SR a0 f ke, DAL A~ BE 57 P b ) B 2 R Kl al e BN R T B e e AT
Pt T T IR R A TR DN S 0 HE S, (45 AT DT Bt PR DN T il ) T3 5 2R ) 22 28 i D) 1) A

1 ZEFBESFENMARZHZENHEFEFEREC

11 FiEESFHNHREFBFERIC

Tl tPANARAE SO 0 T8 (R0 Sl 123 W b o, T 1 5 2 AR & B RS SR T R A T A
WCTTE G T T 5 A M0 B B A0 h [ Tl B SRR 9 bnid R B BB, FATHE H AT b ad K
FRR DO R (R AR T op [ T AT R 0 S b ac vk, DA b TR O RE S AR B I S — ANy
I, I Ao 5 3 b e BE V8 35 45 B 70 BRI B B2 O A — AT A 0 SE L S A i) R BRAT A v )
T 45 A AR G B oK S BUXT B T 35T 35 (KOG BE T IR AT A AR K28 TAR RN T 16 T 7 38 38 (1) a7
SN ARSI AR 2%
L11 R ETFRTFIER R TR

FIHTE S 4 O EEIOAR LU TR IOAR iC, R 0K Tl 5 UE B B L — KRBT EHET
L R AR B T 2 AR AT Tl O RE b R PN CRFFIY BOTTX Y (10 F A Tl h OCBETF IR A 2K
S R T T R B O R P FRATT LA RS B O R OR BET R AR A, R T T LR R
BT IR 4 S R OB TR IS AR UL E XSG B T TRAE T R (AR BRI 28, WA 1.

Table 1 Key hand shape notation of numbers and pinyin

F1 BT HHENRET R AOL

Number noting symbol Pinyin noting symbol
2 ) & e
: 75 e R Ve d
: ! .
‘% 3 % f,v,2 @9{ g.i,1 h
ETET

ol
%
@ n \iﬁ? 0,0 {{,ﬁé’/ p
% 1,15,8 @‘7 s N
B & 7w ==
:;F:% zh W ch @ sh .‘:E-‘-" ng

“HE T IR T TP T06 KM TR ARE TR 5 DUE P A URE BEBEAT 70 28 08 1 3 B, JRA TRe otk
RFEHEHETIE, I 2.

EFRWE 2,00 TR B R BN TT M AL s fE T RGERER I (HIZ bl 2 A IR T
WS AT O T TR R S8, S DR Ok BB IR A A o, 51N N dE B 2 K bl ok ) m T s s . 7
) A7 R ST TR RN RS RS T 5 W05 ) LB KB E) IR IC AN JE A ST T R AE A E
I 2 R BTG S D, Mo TR S RO R TIR . . AR &S E .

E

@
&N

09 %ﬁ K %a‘ll @@ o
<
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Table 2 Key hand shape notation of combined hand shapes

z2

A& THRIRET Ehrid

L . 5 g;‘
Similar combined hands of a class - a a a
= 1 g/- 2 3
S
& . -‘j‘g?: c c
M ! ey 2 3
Similar combined hands of ¢ class ng &
-JJ_, bc ('v/’;'/ 4c 4cy
. . i, I
Similar combined hands of e class \.(7{53 € 4 e €3
= -
Similar combined hands of h class ‘\% h H;: 7 hs \: 7 hs
= =% =
Similar combined hands of j class o2 1] % gj W =5 0j
— | ~F
1j % g
e
Similar combined hands of k class kq ]“/ ks
Similar combined hands of n class n;
.. . é’@%
Similar combined hands of o class 01 /’(// 0,
Similar combined hands of q class qi t«:{é‘i\ q2
Similar combined hands of r class I 13
Similar combined hands of t class t
Similar combined hands of x class X1 X2 X3
Similar combined hands of z, zh class Z1 zh;
Ty
Ch[ Chz M Ch3
Similar combined hands of chy, sh class
Sh]
Similar combined hands of ng; class [N ng; " "\“*3‘ ng

S —

112 BTG G X TR G I

Ry R AT R R A A S I

FRATAE 2 B0 T 52 A T A9k 2 0L 58 (1 R T 1) 2 A Tl R FR AN 1R SR ), X S8 AN 1R S )i 6 5 RS AIE 372 B
ANGE T B ) AR SR P & 1 R L s E g t COUNZRGS B TR S B TR RO (AN AR 22
XRS5 B AR L) AX L £ AT 2, 53 il 3 T 1 S B T A ot ) O s s R S5 Sl T B0 1 ] DK -3 i

{1 T R i e 0 AT B T ki

Ws.

Sliding window

Sliding window

]

Sliding window

w2 [ 7]

Fig.1 Working principle of sliding window

K1

Bl I AR R B
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RN 545 2 AT 55038 £ R A A 2o ] 1157

BiE 1L TGS Hh E TR T ERCEA

WIgF W total Dis[£]=0,index[]=1,1 <t<T;T R BAR 1B E0,0 9 ME 771 (1) S A wi%l, 1<i<0.

for i=1to O

{if i NA W, then

for=1to T
{total Dis[ =i {d(i,tingente)s Aty st RS BER ¢ 741955 e
index[1}=argmin {d(i, o)Al g 1)} 3}

else {t,=i,t.=W; result[t,t] = argmin{totalDis[t]} ;t=W+1}

}
1.2 AREHHFHHEFEFERIC

T FEIE )2 2 AL TG 5 2 LU X — SR8 (s 34 TS B sE SO AR UG I i1
JIEXR B Fy fihsic A& W E . ] HMM (hide Markov model) S BUBIAE %5 53 2K 25 S5 36 A5 S8, AN 5 DX 7 S AR 1R 4 15
LGN T H RTS8 185 A TEAT ) B PR R okt 12 2y MEAT 20 iy e R LR S SR AT AR IE B i1
B iC A B B ISR o — ol R RS 85 S B IR A — A N ARIZ B 41745 1 77 70 T — 8 SOA P B < 45 M AL R g
KA IR NARIE B 5K 7 10 A A AL HESE T AT U s T A AR B (BN BE I SR AN . AL 1 B XS
(151 2 [Tty 3 ) 5 ).
1.2.1  frPegion b [ 5T 1E s shhrd i L3

FRATT I T 20 BB T T 2R AE 7 100 A A T 2 R (RS0 (0 3 AL ) 4 3 4 77 1) A 22T R 0 2 IR (RT3
P8 (g FWAE ) 1Y 3 T Tl T R P 280 180 9 1 AT Mo 315 (W) AR TR T 0100 R Al 50, 0] 7 BIE B8 A T L5 . B o T 3
BN IRLYETENG th 2 AN SCATFN 12 ANT7 1 Jr 2 . 12 N J7 Wl bR id Wil 2 fios.

@&
IHI

Middle Down
Fig.2 Direction notation of Laban movement

B2 S
A T B S A6 2 S50 M ) 0 3 2 T R 0 0/ 7 ) A 1
I\ A 2 ] 1485 SR o 82724 0 0 5 T 10 52 SO0 T 10 il 277 140 5 S0 1 )
iR SO 2 B0 T AR bR 1 3 4 5 TR A BT B A R L 3.1 B (A i
] 3 5755, e P 2 1 B 95 P S0 2« 45 O A5 OW) 640 1 4 AT 38 B2 2

o,

WW*@UEﬁWWﬁﬁWHW@%Wﬁ%F%EWE }*@Uaﬁﬁ%ﬁ%ﬁﬁﬂﬂ&%%ﬁﬁ

E[cos4 s1nf } TEANTF B 7 ] LA AR EET 3 B A B R L W R B
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D(BisBj):sz ”Vi,k_vj,k”Z (D

k=1
Vi R vy AT = HEAT 5 AIR) JEE B BT AR 31 17 i, 20 9 EE B B (W) SRS (Y540 By AT B T RS w2 AE R BT 1T 40 P9 I
P8 (W) 1 R ASUARL. AR A D1 (KD ASUAEL A 4% SRS 3 41 28 28 5 Wi (10 e B R BERE 119

Table 3 Laban direction notation and its metric

R3PS AR IC AT S

L . . Left- Left- Right- Right-
Direction Right Left Middle Up Down Forward Backward Forward Backward Forward Backward
Laban- —p M U D F B LF LB RF RB
Notation
Notation . . T 3n 3n . 3n Sn,. ST T . T n . TIn
. sin0  sinz 0 1 -1 cos— cos— cos—,sin— cos—,sin—  cos—,Sin— Ccos—,Sin—
metric 2 2 4 4
HD H H
LHA { LW . LSH RSH RW HHRHA 2
[LHA LW, BR [RW }{RHA] 2 '
H
LEL REL . o .—I
[Ns |
Position of joint
Fig.3 Joint notation of upper body of Labannotation Fig.4 Labannotation of a sign language movement

K3 fupEdEi B Sty K4 —ATENMERHYESEE &R

FIEFRIZZ MR IS S brid T iEf R T R PEEE R e 1 12 A8 W (CBLHE H S2 A8 15 E — M el
M {E O, 56 H LW B RW ARG ZE « A5 T BB OGS, 88 5 4 RN e Bk A A0 I 19 7 1l AR A Achr BIEZ Bl b ad. 11 AN J5 )
SR P HEIE BhR D N T (F)s JE(B)s (L) A (R). AHI(LF). ZJ5(LB). A1 (RF). £ J5(RB). _L(U).
(D) HREIM).F-BFEBFINH 0={01,0,...,0r} 0T T HH BIBE—W, 7303845346 F 572 F J7 mbsid, ¥ b
IIABA% RWQ 5 LWQ.

1.2.2 L HEIEF) T AR ) 0 7))

AR IS S)FEF 0 M TN RLHEIZ 3 F 75 51 o 43 50 52 O ARLPE I B2 A7 /3 B R s ok
O0ur=4asqp) T Toi=[tonta, I X B g, F gy EZE a DR b ANIFH) O WITTHLE T 149856 ¢ MFAEE d ANFH) T 1S
XA ILIZZ) P 5] TR Q 1) DTW BR B 53l 2 T 1) A 34 e S PN R BEZ 3 P 51 T A O AEARBL).

LB(Qab,Y"(:d)=ZFZ:_rrrgfr<1y(d(i+a,j+c+k))£ZL:wk 2)

k=1

Wi 5 PR, A OB ZE W 3ERE (q0qs )0 1ot % 2 TR TURS H B BB W 950 & ARG
wi=(q, O WA M1 26 7] LA 2 SO W=wi,. . wi,..owr X B L2 iR G B 5 v (07T 4% FR P 4% LR 0 P 4
HELL 1 AR, I HA A 2r.

N2 Fy 2 R RRAC ] DU Bk Z) i) T35 1032 3 A0 T 3535 110 5 W 8D AH B 138 SUE B ORBETTE 2
F 3T b G SN LA 4y B T BRI I B RIS B R 5 7 A1 1K) DTW VG IS S0E a0 85092 2 Ji s hr BE
PRI 456 KRBT A G s 2 808 1 T T B8 O T A 2 T B IME X A T HARTRIZ ) s,

BiE 2. PSR 5P AN DTW DL 5.

N HEE AT ) 5[0 gp] N [Eerta], BE 0 ,LB(Q s Tea)=0.

Fori=ato b {

If 12:_{2}2,(‘1(" +a,j+c+k))> ZL:wk return false; Else LB(Q,,.T.,) = l;z:_rrrglirélr(d(i +a,j+c+k))

k=1
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If LB(Qup,T.q)/(b—atc—d+2)>6 return false

} return true

io(ae) | Warping window

q‘a 0 q»
Fig.5 DTW match of Laban movement sequences 7 and Q
5 HPLEEHES TH Q 1 DTW UL

2 EBEAFBFIERENENR

T8 e BA BB VE A D 15 75 AR T N6 B 45 55 2 208 il (9 300, T8 i A 22 28 30 0 i, IR i 4 11
H s A SRR RS WA T T N P 5 ke Ut B Sy DR T 5 11— A B 3 A A R A G P15, H Al T 35 ] 30 B 4 B 40 R
HoABZE ) (%) P A5 (8 T KAt 20 400 190 158 AR B Rt BB ), 3 LA U T 34T 1 1) 08 2 il e — > 22 20 1 s A
J5 i) i
21 ETFEESFNFBHIEER

EFE D, F AT R BN TIEES 68,2 T B FRANMER T — 1T 53 1E 1 2 bs &, B e
T T Hc 1 2B a2 RS AT e TRE e T 1 R SO B R O RIS AT g b s TRl i E AR s 5 R A
B 1 22 S NN AR UV 1) A0 b SRR 3t AT SRR AT A5 500 A8 SR B, AN v e S b 2 3 1 T T A0 0 1 1 A
SR 25 K R T B2 24 328 R A8 0 SCAR RN 25 2/ R s A e B DO A 0 e 0 1 7 B 5, T T 30 T ) DR B T
TE B MG T8 T 3530 1 B B TR R AR A 4 8, B G B T T2 004 1) 748 A I A5 4 0 P T A A 3 82 A8 A0 1, IR Tf
TN BT 3 L2 T P 0 0 2E B AT AT R
2.1.1  Mean-Shift 5% i/

Mean-Shift 5y (1) 8 A TH AR R g — AN 28 gl {4 5 TR ) ek R, 4500 T 5 B (A ME — S 00t o Ak B 43
#.Comaniciu 25 ANPURIHAE BT T Mean-Shift 1A S, 0 HL& B T 2 ARBZ e o 1E Ik ol T8 2 — Fhix
AN BRI HES HO07 v, I Re 8% & F T8 3= 4540 IR RFAE 2 18] 1) 23 BT Mean-Shift 55 1 HES VARG 2 b0
JE T T TR B A o R AR SR T A 2 B0 1 7 925 A ke B DAy 552 23 ) 840 A4 18 ) 72 AT AN I ). Mean-Shift 1
R — Tk FEAS v 7 3k, e T AR R Hh A T A 2 45 B2 ek 28T Parzen B 777075 JR Parzen %% BE Al v 1) 4
AT, BT AT LUK 48 B A Ak 1 MR e 235 8 1 8 . LA SRR 2 DTG S Al T 3R BDURE A 2% () W 2 85 23 A7, R
Je 0 FREAT 3 TR BB AT B

#:T Mean-Shift J7 AR AR AL lomT BLA S A A2 e A [a) AR il P A 7 U £ % B R N A R RN B
B A A BRI R RE A I P A S8 P 1) AR A 1] R S8 0 < DA T 350 A6 A o PR AR A 1 o) 258 P R AR 4 AT 8 R 48 K
[ 77 ) 5 91 ) 38 43 51 [ 24 P A A 40 A 8 s i (140 7 ) 28 ) A s 2 R FH 28 A RE AR 5 L ) TR SR IR A A 1 PRI
AN AR IR AR FLAG AR v TR AR M AR T R AR M A 59 5 8 1) A 1 I i AR T IR AR M AR R A
LTS BIARAIE 2K 18] A A 1A 1% D0 B 28 PN AR R 550 20, — 7 T S A5 A Bl 0 A AR i R 58 N IR 08I, o — 7 T e 2
SEYIK AL, B R IE Y 5K AR FE A 354756 T Mean-Shift J5 4k (PR 40 A 44, 70 25 WL 22042 N DSIRmE 9 T4,
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2.1.2  FILMIE N ] Mean-Shift 5035 1595 A= it 7

H1 T2 A A 1) BA AR RORT 318 3 25  0 5 00 5 28 P P 1) 500 A B LU S INRRURS, nfE b — AN B B T R AR
BSR4 A B T T T8 B Ak TP AR B (— AN DR TR TR B9 AT S P 1A 1) B A B AR R T
T TE B AL T3 B (— AN BT B 1) ) — A BT T 46 ) IR, 38 5 g A FH 28 P9 b 1) 250408 2R .

W IT={0,,0,...,05} A —AH N BT T2 18 S 41 A 48 6 IREAR IO AT AR FRAE il — A i N BEAERGTTE
WE BRI B &S T =1{0,,0,,..,0 ) , e, 0, 5 0; BAT AR 1S T 79380 38 B RE A 28 R S50k o 5 1
3 7.

BiE 3. F IV E SR A

WITH AR B :

X AHAR T BB B B 0,00 11T DTW T 55308 25 4% I 1 550 5 A0 Kt i 1) DG P, il 7 DG e i) o 4.

A R B
For f/MWIE O, i 5 EBFEA O,
For O; H ¥l O, (TG L4 j=1:legin(0,))

WL Oy R ARAT B ST — ANBPIR Z5 40 1 % 1 T R AREATT s T AUE, I3 AR5 2 0, BUE C=1,
LA ROBUERIAG M 0;
i WY 55 30 73 R A% 3R AR T AR B 8 O LU B HBUE S 0 H A Y sSAUE
C£0,WBE T H N C/A+Y), Y 4 O, LER &5k b Sl 56 (1 A4

For i=1:N
TR kNI T TR B ER Wi, a8 2 5 58 & NEEAR L5 7 il
length(Oy.)
Z Okann
Iy —/:nglhzwk) 3)
Ckn
End
End
it g(x)——k (x) LR O,
If T35 4b T A2 B then Iy
P s
N o-1|
O = P )
i N 2
S5
If A R T R0 18 B A T3 P B then 395 7
AR
i 9L ’
R T (5)
i k
e

End
2.1.3  FET TS AT A B AT R A
TG00 T8 ) 5% B T8 B0 AR T 15 T 353 F RO Bl ISR AR A A 5, B S B T T Bl ) AR A e A 45 ), T
AN LA, Iﬁﬁ?ﬁ/ézﬁfﬁﬁ?vﬂﬁ“ﬁ%ﬂ?ﬁ/@ﬁiﬁ’ﬁrWi&ﬁl&ﬁﬁxﬁlﬂ’ﬁ"{w TXHL JRATT N A i A
Fr) < r [ T 3T 1 IR OB T TR S B bR 10 e T T 28 P A R B AT R N, R G B T TR A A Al B A
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A, F 08 T A 8 0 2 B e 1 S0 B T T8 0 A A 0 50 B AR AR AR UG I, SRS T T 38 3 0 2 i il A
H ok AR S B T T 3 B A 10 5 T R B B — 0, A A T T T8 1) A s R A 4 TR R S R R IR AR Y
JHV bl 5 5 22 T e 254 ™ A 8 - 22 s A A S B T 18 (0 I I 30 A S AR B 19 T 2 s DR R 0 3l A il A
T B AR AR AR D 5, 2 AR A P o BIE B8 % T L i O B T T ) 0y ok 982 00 A, L 2800 5418 94 M8t o B
2 bRL. th T F LS R 21X R b 3 BUEUE 4RS00 B2 KN T S 1 R R DI PN SR TR 1)
(K3 R B AE X T AL T 34T ¥ (1078 SRR SO AR ARK(H d o S S50 2 K i (K A QA JARCOK N ) 3 55
008 D s S R A RSB AT B ac, AR X T s A R AR B B B AC EAT A R R UL C. G R bR C A
AN bR I U5 T A RS T 1 Bl R 25 A I A R 2R B TR R 2 A R (L 6 P).

Fig.6  Validity inspection of generation data for hand shape channels
K6 T IE AL s A

22 EFAREHFHFIERREN

JITH B DR 1 SUAE B AN AR 18 3R 0T T2 3551 10 T5 0 30 18 Bt AN R A AT A2 3y, DR 4 7 T 0 3 5l 2 B 4
AR ORI LEAABL 89 N A T35 50 1 AT B 2 Rl b PR3 S B4 R B 1 T 30 T 5ol DA AR il 0F HA
T RERNARTFFAEAT B AER AN AT A AL £ 1 IRA T 275 J5 SR 4 A5 s PR .
221 A

BAESLE DT H AR T RIS A — A>T PN SRR AR T 12 SOREAS, e AT ) T I A8 SR A1 FEAS.
AT ARG S 2 RN ZREE , R]R s A S v 0 A8 SRS AR, 3 IAT RO A A 13 B A A O DI Rl AT T
LUK T 3803 0 45 TN T IE, 3 AN I W] Bl A1 RS T 38010 — 20 3 AL 17 A8 2R B i) T 1 odl AN 2R 1 A R, 3T
XF 2 AT TG A ECH AN AR AT AT Ak B 52 38 A% SV A FRATTR P A SR AR BT R R AS Bt N LS
J8, AT LR 0 70 1 S -

S={Position,Orientation} JBIEEL Channel Number=2,{#¥F Left Hand Shape, Right Hand Shape [ Ji 45 4.

H T AT A A5 24 8 T T il AN 3k S e SCA R T 0S5 8 B0 T PR 000 AN AR A ] Ak B BT e ) 7y vk 3
Je I iy BB 1 BEAT 45 T 35 A s sl e )3l ok B AR B AR T A A 5 H A il i AR T )
B 2 A5 AL SR ST BT A 1 1) T3 5 1 A 8 ) 7 R 8 43 i o T - 34l A (R AR [ RIAR AL iy e 2 3%

MY Ty T
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Position of joint Position of joint Position of joint Position of joint
Fig.7 Labannotation of totally different Fig.8 Labannotation of similar
gesture movements gesture movements
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FTF 3802 AN I B0 AR 9% B L R TR — A T2 330 A AN TR REAS 1T R 2 A AN [R] R IR TR0 R, O HLas B2 B 2 AN [R]. AT
LR 30 285 R P89 75 30 A At R I 0 55 £ T 80, 2 % D) 40 £ ) 25 I ) 4 55305 (dynamic time warping,
{AIFR DTW).DTW SV %E T T 15 YU A0 1y B A i R, 7T 2 L ST 3R 40 A
222 HETEREAEGEA D F)HA

TR T IO 0 b [ TR ST U (K SR T AN B0 2 2003 4 4 (P ETE)
AT T3 AR 10 730 M, oo 1T T B A Ga] R 2R R mT AR 70 D PR IE 15 b, JFoxt o [ T2 i 2% 2848 A AT SO oy
I BT LERLTEA I BE v eV 3 AT A A R 4.

Table 4 Proportion statistics of basic words (basic movements) in Chinese sign language

R4 P ETER I GEAR D) LI ST

Category Type Number Ration in total (%)
Hand shape of single alphabet 29 1.0
Hand gesture of finger writing alphabet 15 0.5
Hand shape of alphabetical variant 88 3.1
Hand shape of alphabetical syllable 19 0.7
Alphabet-+hand gesture of finger writing 3 0.1
Hand shape Imitation Chinese Character 31 1.1
Hand gesture of finger writing Chinese character 16 0.5
Basic vocabulary of hand shape Chinese character+hand gesture of finger writing 21 0.7
(basic motions) Hand shape of Chinese Character variant 12 0.4
Hand gesture of finger writing symbol 16 0.5
Hand shape of single action 749 26.1
Hand shape of complex actions 1685 60.7
Hand shape of continuous actions 30 1.1
Out coming hand shape 80 2.9
Local hand shape 17 0.6
Total 2801 100.0
IR BN AR IF S FE T B TR 0 )2 AR A AR RSB FRATT S B PSR bR T 1 1]
WIZ R A0, I8 J5 AR Al 1 PIEAZ B AR BLE 0 88 32 4T 3R 2R K 2 b AR B N AR T 3B AR A <A 53 DR 7 N 31 3

T A S 0 T SO 1 2 O
223 T NAKIBZ) 00T V5RO AR i A I

WAVEAE—WEIE S 4 DESLE . T ZF TR, HFETFRA T ARSEEAFEAR L RIE UE
RV RREA S TREANE .. AT FREIEN S MR ALS TRANZE . 4 TFFRIEAS 5%
SR SRR AR (37 R 7 170 B AT RS S T 3 S A AR T e A A e R e B 5 A B
G ) L) A M 1 TV ) B A (000 B R 7 7 s 4 D <28 S D 5 LN B R A8 S o A v, DL o 1
37 1k AR B R A A X AR S R I 9 TR

BA TS 3R LT 5 7 41 [f) DTW IGTE S04 WA J5U 06 T 86 B0l 1) T-9848 3 ok DR A5 5 51 1 DTW
VCHE,FEHE LB(Qupy Tea) PRAT T KA Ny IS T4 T30 3l A AR FEE PO 0 B30 (0. 3 45 WA T4 T 3898 3 AR U R 1

(A I B 0. @ FIAEAE S 1 T A 2 N T4 B0 2 5V J 9T e 52 100 A D s 46 50 5 6 5040 R A e o
R _F SRS i 3R FAT AT AR AR — R B4 T UG T VE B ) T ¥ T 9092 3 MU B (A D B 0 X
6 I (AR T 15 TF 39S 3 0 22 RN SRR 6, F0 G, i T T 2R OB 5 5 A B ) by FE3E ) A AL
FEVEAE (O s Orin) (K1 T2 0N g 242 F8C 1) T V8 B0 1 32 Bl K D0 140 2 T2 A 28 (). T 98 26 B B 1) E 3B
BT BRI SR I 0k 4 PR AZ S I R EL N ] 10 TR,

Bk 4 TG OO 10 RS S AT RS I 5k

N ) T O 1 TF A8 Bl 1 LI IE B RF5 TP 9 [ 00 ) P SR TV BU0IE (1 TF 42 3 10 1 LIS B) 755
JF 5[ Lot al.

Byt TV B 3B SR I 1 2 TR T A K

LB(Qup,Tq)=0;

Fori=ato b {
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b-a L b-a
If Z min d@+a,j+c+k))> Zwk return false; Else LB(Q,,.T.,) = z mj{n d(@+a,j+c+k))
i—0 —r<k<r =l i=0 —r<k<r

If LB(Q,,.T.,)/(b—a+c—d+2)>8,, ORLB(Q

max a

poL)/(b—a+c—d+2)<@,. return false}

return true
Frame of sign language Frame of sign language Frame of sign language word
[ word sample 1 word sample N | sample 1 of similar motion
{LH,RH, P01} {LH,,RH,,P,,0,} ” \LH, RH,.P..O\
A .
N
L Frame of sign language word
P o sample N of similar motion
| | {LH,RH,,P,,00}
Frame of childhood sample 1 Frame of childhood sample N
ALH1,RH\,P1,0,} ALH,,RH,,P,,01}
{LH\,RH,,P,,01} {\LH,,RH,,P\,0,}
\ \
% DTW with samaple 1 ‘ ‘ DTW with sample N }»
Labannotation inspection Labannotation inspection
with sample 1 with sample N
Generation data of sample 1 ‘ ‘ Generation data of sample N ‘

Fig.9 Sign language data generation and detection algorithm based on human kinematics
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Fig.10 Principle demonstration for the validity inspection of Laban movement
of sign language generation data
K10 T08 A2 B B b Ui Bl A I (0 i 22 1
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BT TR S %5 NRIE S 22 A0 S5 5 1 S AT 2 UOR R SO BANAS O 3, O R AT I a5 RAAR Al
S U, AR D) T 800 IR A RIS 1, 145565 55 S A O PR B0 AT 38 A% S0 (R R 2 A BB RS I S92 4 i
Pk BT Tl 5 e S NI ) 2 1 45 A 1T 1 Btk 1 2R AR I R R ) 11 .
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Principle demonstration for the integration of sign language linguistics and human kinematics
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1. ST SRR AT T AN ARIE )y 2 10 T 1 B 28 107 v A T B 8E 85 3% 0 7 742 ) B 10 hr It 3s sl A 28k
.
2. S2 WMWK FE T Tl il 5 % I T I EUR L O i A Ze . A TR B T RO T 25 i 2 AT
AT A
3. S3 MR REFIE S BALE REFE SE BAM G & K FB Es B o7 ik N e A FRT
TEASEAR 5 b BIE B 0l AR 45 45 1) 7 V0T T8 A i A T A PR
HI T T2 3T 0 A D B AT AT AT 20 p SR A o A5 56, DR T 7 5 060 R0 £ 8 v b, BRATAER 38 N G AS: 0 ) 52
6 2R BT eh T N IR ASL I o ) FR G DN 1 e, vy T 9 T R 2 SR PR U i, PR T AT TR T AT o
(KR st TR IR T T 3T 0 el A 0 26 v S0 AR AT B A o 5 3
(1) — YA A LU s T 35T ¥ 20 A DA ik e AT A6 I, 2 1 f e 00 281 T ¥ 2 i A A 50T i e e T
AL B A B v 23 B
(2) RGN 2 - YR A 2 I A 10 1) T ¥ 7 R KA A 32 B s e 3 Y ARV ) P B AT TR TR0 5 R K
JU e T 34T U B A D v BEATAS I, 2 LE A A 0 2 T A R A A BT o DR AGL R A R T
AR BB A ) P ) L
(3) VR ACHHR B AL I A 1T R AR R A £
W 12 PR B U AR SR B A AR, AN TR] B TR s AN [R] ) T 1 3 Y B 7«27 AR o D o 0
AT = AR5 B A2 1R & A AR, 80727 275 TR A 25 BSGFR RE AR B el — R D00 345 1) 2 J B8 o AR [
el B 7277 oh T A 5 55 DR 3R AR A7 A A A 1 0 B R AR 9k 80 ) A i s R B 3 o (1 LA T3 45 B
T RS B A5 () 2 K R AR 5 BB <273 71 2 S AR DA 3% (KA A, A A5 26 B 1R Bt A AR 5K 2 ] — A4
J e b R GV LA H Al T 9 ] B T R AN T T

All original data set of sign language words

Fig.12 Original sample based inspection principle
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Table 5 Statistics for the inspection experimental results of some generation strategies

RS LPNE RIS BRI S 5 £ R GE it

Generation statistics Size of generation samples One time detection rate (%) Two time detection rate (%)
s 613 621 86.30 2.02
(average 69 human/word) (1 error-detected number) (3 error-detected number)
S 525960 74.48 0.49
(average 7 human/word) (20 error-detected number) (33 error-detected number)
93 8006279 79.91 3.96
(average 137 human/word) (31 error-detected number) (50 error-detected number)

Shy T U BRI 9% A A FRAT AR R T R R R 2R e A R i vk 1 A R SR s
1. S4 Sk 6 AN F M (1) T T A A 40X 6 AN A D 3 DR A B, I P 6t A IR AT T AT I B A
B 6 NMBE R AT E. EF R EFFR. AFNE. AF TN, AT,

2. S5 SR AN U T8 B AT 8 1 AR, BB ] Mean-Shift SVREEAT T 8T 15 10 20 2 k.

6 HIRAERE E AU ZR G4 B RS I = B A AR R B 1 TR e 6 IR DR FR e A R vk (¥ AR
SRS BT A P TV B 22 YR 5 A R I R A R ATT Y F 2 A T SR BT PR ARAR 5 b IR B AR 45 5 10 T vk
P HEAT R0, 2o A I R LB R R AR S BT A R AR W LU SR AE R 6 WO A DA 1R 2RS4 S0 o1 & 5 SCR[14]
B S5 WHF & SCHER[15]— 3k

Table 6 Results of inspection experimental for generation data S4 and S5 after recognizing

the system of identification sign language recognition

R 6 S4 IS5 (1A K 2o AR e N I AR ST IR 5 RTINS 5 45 R

Generation Size of generation Detection rate after recognizing the system of Inspection-Error
statistics samples identification sign language recognition (%) rate (%)
S4 12 739 922 (average 218 human/word) 84.78 34.40
S5 10 460 758 (average 179 human/word) 80.30 19.55

& 6 MSEsh 45 W nl LG AR B 20 1R 0 28 G0 WU 5 A7 48 35 A5 K RS WU A6t 10 236, 3K 138 11 0 ) 3 4 1 119
A RS A 0 T A, W) — e <R I F BB R S B — AR S UM R T — AN A 5
B P 2R G A 7 L TR G A 2 D6 2 B T T 9 A SO S U, U A IR s B TR O A =
B i AR 2 A T8 U 2R G0 (R U R A AR AR
32 EHEAFBEFIENENEREIEIR AL

A AR E N T8 B 1 B 2% E R B AR NI TR U R S U Z AR G I B T R AT R A A
(HMM) I 257 335 T S8 TH W2 (1) 5 R ABL SR ¥ I (maximum likelihood estimator, & # MLE), 7E I Z:FE A% H &
5 KIS DL IR VR LR HIS 1T DAFS B S A 1 45 9L IR, R ATTAE S1,82,S3 S 28 — YAS I BT A B (¥ 3505
PEFEA NN B HAERE & A T8 U0 R G 1IN G4k b 05 AR R e N 00 T 46 B A R AR A, I7) i) SR 328 B iF
(177 2.5 A N BB I UIZREE, T 1 N6 3O VR D R DR 4 (UnReg). A 5256 5 77 i MRUTBT A 92 36 1R AS
7] s 2 ARG A S 545,

th3 7 o LR HH,S T S mE A 8502k s Bt n N B 2546, 78 AR AR BT 38R I 204815 T 0.17%.S2 SRS 4%
A BB 0N BV R4 A AR MHE P 3 U 4 1 T 0.02%.S3 SEms A 30 A e 3 n N BN 25 4, 4 Al it
SR VU R T 0.39%. b bt vy L, FRAVT 9 A i SR s ARG I 7 R A AR (E H T R A O A AR A 11 PR
AR TR ZBOCHOHR T RSN T R B2 A% O R T TR 46 48 v R R S AR /N g — N ) THD A 1 B R 8 N 1 4
P BT AEAE (0 22 S0k 22 o B A 19 52 0 LU T B F 1) 5 i 22 K45 %

SR 3EF MLE HE ) HMM R0 2R 56T AR I GAEA S B 2% KIS 00 T A4 BRI FEAR K 131
BORHER 7 BAVR T A AR AR 28 VU R GEAS I % T AR I — G508 AR T, A T SORE A 1 AR O R Tk B AL %
KA T AR R TR F AT IX 23 12 1 25 (discriminative training) 455 HMM [ 75 12:(DT/HMM) Sk fig v il T
VI ZRFE AR A T2 36 AR 1) ZE AR 1) 1) R0 L (9 52 56 &85 SR LR 8.
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Table 7 Recognition results for the unregistered sets of MLE identification system
7 MLE YU R G DU &5 2R

Recognition rate after S1 Recognition rate after S2 Recognition rate after S3
Signer MLE/HMM (%) effective generation data was effective generation data was effective generation data was
added to training set (%) added to training set (%) added to training set (%)
A 78.30 78.47 78.33 78.65
B 74.23 74.43 74.25 74.59
C 75.26 75.48 75.28 75.61
D 76.19 76.41 76.21 76.62
E 79.57 79.59 79.60 80.02
Average 76.71 76.88 76.73 77.10

Table 8 Recognition results for the unregistered sets of DT/HMM identification system
&8 DT/HMM R FR G AR IR PR 46 21

Recognition rate after S1 Recognition rate after S2 Recognition rate after S3
Signer DT/HMM (%) effective generation data was effective generation data was effective generation data was
added to training set (%) added to training set (%) added to training set (%)
A 86.32 91.10 86.50 91.63
B 82.26 84.65 82.45 87.51
C 83.29 85.69 83.47 88.57
D 84.23 86.73 86.92 89.74
E 87.61 90.01 87.79 93.02
Average 84.74 87.64 85.43 90.09

XPELER 7 FAR 8 BT LU H, A R AR R A 1 TR S IR 42 w2 AMKH TR 50 &R G 1)L AR R AR S R 4
i1 TR FHAS TR 1R 2 BN 5 7 33, 003 W R A [ A0S R 7 3 A [, B -5 80U 2R 42 o5 1A i P8 AN — B0 A st
HER S DT/HMM AL 45 HMM (R 51 R 25 8.03%. 78 5E T MLE YE ) ({45 88 HMM R R G0 rb B 3 FhaEng
A BB N B G54 rb AR TR 1 R 0 42 & 2 43 T A 0.17%,0.02%,0.39%.7FE DT/HMM 1R & 4t
LT b SEON T S B R SR AR B AR T, AR A U Ze g =i B 4 i A 2.90%,0.69%,5.35%.

4 HRE

WIZRFEA B = S Bt 1A 2P 45 RO AR e PR BE i oKk 1 B Bt X T 1 IR B IE 5 VI AR e =2 B Qo
DN P A7 280 T 0 AR s T 35 T O RS RACSCHR Y T 3R T TR A N RE 3 2 5 B I AR S AT 15
Hys (1 2 AR I 5 75 Mean-Shift S35 B AT 142 10 A2 o B RO a3, BATTHS 50t (1) Mean-Shift S92 T
TG H T ) A AR B T T O DR RF Bl 7 RSt 1 5C B T TS £ 2o 98 B A ple it B2, LAy /b o S B
TETC R 1 A SR DR 18 T 35 T8 13 5 A 1 B ] S B T T 10 35 A A0 1R AT S50 A 280 P s D00, O 22 P i
AT Ry SC LU BRATIAE 1A% SR3OS MU 20 4 Bl 41 O 2 5 R 7, LR 38 T3 sl AR iz 3, By
1k T FA A 13 2% BRI N R BT B0 i 0 I AT Bl A R (G, mT BT 1k A AR R R B AR T R
1713 A2 S5 8 A A BEAA PR T 3 ) sl A T 0 1 Bl AR A0 T 5 DB A A AR e 22 X0 Bl A A A X —
L FRATTHR T3 T SR A R A A AL I ST 30 A 2 MR HE ST 45 380 B S 36 45 SRR W, FRATT ) T 345 1 1 2 1l SR
ARSI 75325 A AT 280 10 AEL o D s 2800 A 7 i 1) PR A, A 2880 ) 2 JSRE A (1 2 AN R IK 21 2 0 K I T A% 4
(1L MLE Jy #ENIK) HMM U530 28 GeEAT IO, UM BCR IR A BEAEL 78 DT/HMM U3 3 48, i 7 X PR 25
X T2 BB R WSSO AT e 28 1 Y DT T A3 4 P TR ) 2 8 v i S O BAEL
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