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Establishment., Realization and Effectiveness Verification for
Phonological Representation of Chinese Sign Language

NI Xun-Bo ZHAO De-Bin JIANG Feng CHENG Dan-Song
(School of Computer Science, Harbin Institute of Technology ., Harbin 150001)

Abstract  Sign language is a language. Linguists summarized grammar for sign language from
the view of linguistics, and the theory of phonological representation was formed. Not having a
system of sign digit in Chinese sign language, this paper firstly proposes a phonological represen-
tation according to the characteristic of Chinese sign language and language habit. Secondly, a
method which combined data template of hand shape and Latin spectrum is proposed according to
the characteristic of recognition system of Chinese sign language which is based on data glove,
and the recognition system above is realized by the computer by means of automatic label. Final-
ly, recognition system of Chinese sign language of data glove is lack of transcendental informa-
tion, thus a confused word assemble with transcendental semantic information is established
through the system of phonological representation. During the process of setting up the confused
word assemble with transcendental semantic information, the semantic recognition function of the
system of phonological representation is illustrated and analyzed. The confused word assemble
based on statistical identification is compared with the one based on the prior sign-language se-
mantic information. Without any change of statistic model, the experiment shows that the recog-

nition function of phonological representation will to some extent improve the recognition rate

which used the HMM,SOFM/HMM and Effort.
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T —FhE A FRIEE 2 E AN
AT G B 3 T de A SR R 28 b T R BT, X F
TAE R0 F LA FE IR St B AR, B
PR RS AT e A AR 4l S I (R, B i T
a0 B AR B L 1 T A T AR AR AR A A0 (B Y
855 X SERF I 0 TH 5 T AR Y S SR T R 4F
PR 1 22 1 R R D) G S R AR R O SRl AT
Wil H 25 T Stokoe B YCK B F 4 W T AE T4
¢ L R T8 [ A 15 F R . Stokoe 1 T 1B Y
BB 55 Bk N F-H 2% (cherology) ik b F1E A %
ki E (place of articulation) . FJE (handshape)
FNAE (movement) =& & ZH0H BL. X 15 4F
() IX PP EE R PE R 23 A O Ja R B THEBE AT T 1 A
fili. HRGHE AR R Z 8 FHEESHEF ML
B stokoe M TR Pk TR Tl B W — KR
J5 b AL 45 1 A0 5 [ 7Y kyle 1% M Y Bergman fy
TAE. PA prillwitz 258 09 0 308 K 2= 0 T 1B w41
T stokoe [ AR TEARIC T A SR MIMA T
FE PR br (IPA) L 42 ) T “ Hamnosys” #5 i 5, I 1%
Ty ks FL W H T T8 R L B AR R
Mg FE Rl FETNTIE ALE . S E
INAHRE R TIAH FHRZIEE R0, ARl
f). Liddell #1 Johnson T i iy #3135 5 3% B8 19 HE
2R R TR N BS W T B AR IC T A AT DL s
78 T8 ) 22 00 0 R A R AT TR AR L. AR AT 09 AR
FE SCT R R R A (segment) , 435 H T
#(the posture of the hand) 1 & {E (activity) 20 .
AR TIE A8 R0 J7 0] T 09 J5 ) LA S T 19 3
VE5E SCR— L 1B BBl e & A= 78 SR Y & 1 5
XA ] LK A A 1 T # iz 3h 1 Bl B AL L
(Move-Hold model). Sandler™™ F 1989 4F 3L F & 15
e Liddell 5 Johnson 9 TAE$EH T TH LA
I T F BRI, S -1 X w Ao B4R T 4
Frfge 28, 46 H A1 T bR ic i oF o8 b A % pirH
FENTEF 155 T #A8 E T s o, pp
' 7E 1986 AEFEAR & At 1 F I Fic ik M LAl L,
T HARTFEHEN BB TR LT

phonology noting; labannotation; semantic meaning information; confusable vocabu-

Bl R4 HSCBUF I H SCFIB & R0 #f
T 1991 A48 T R 58 3 1) H A T8 bn ic 14
AL 1999 AE4R TR T AP AR g R R
FiH SCF 2007 4R 3 T FIENEIZE RS
1.2 FFERNGIBHFRKR

THAEAL RIS I T HLAS 22 > R A
F2 171 45048 S5 7 THT ) AR 3 4 4 I Y BF 5 O T Y 2
X 15 B ERAE L RAR 2 AR AR e TR R S
Frg N F i R0 r 22 5006 T 20 th g 90 4E AR
Marble" " fiff ] [&] 15 4k B Jy 75 o PR i 56 B 15+ 31
AR T Fdn 3% 5 B RE T IR H iy 27 A
Hinton™* fi F§ VPL #{4E F & fl Polhemus 7 & iR
B AR R AR B RO Dy T3 e e AR T
WIS TIE T 093z 3h 5 1 T 10 B8 i DA &%
T-1 iz 3 3 B N REAE TR B 5 > Dp AE ) ke #E 47 U]
Kadous"* 3% [f] PowerGlove {E i T #i A% 45 Fl
FHHE T 52491 1 2 >0 R ok SR 4 51 45 07 i SR L T
Auslan 1 95 A4~ 3] (1 P 51, 1E 5 K 15 5] 80%.
Assan""" R 55K ] HMM #RE 262 AR T
L IE#RE 9L 3% Z R E TR FIEEW LA 0
F& BR300 I e RRAE. Sagawa ' il ]
FETERM T EEEAT H AT EHE R %07 %51
60 A~ H A F- i 3a , 1R Ky 80. 1%. Kim"'*) X} 5 5if
FHHHFAT THEIE. RGA ] — R EE T EAE R
T K T4 1z 3 W B A TR fie K i /) 1 22 ) 2%
FEARXS 131 F-Ham S 1778 LR B0 F k94, 3%.
Deng" " i I3 T 3#47 1) HMM #8230 192 4
£ E T80, 19 E K 93, 3%. Sutherland "™ %t 2%
IRZEFARIAT T OFE AT 52 B 20 )2 1 T i PR 5
P RS TR BT R 100 S F0F R 3k
#) 89. 6%.
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A4 N T80 AT LAY B h — A Pl 25
JI A BIAREAS S 4 3 T 15 TR ) 2R g S Ak B A 5 i
TR IR) . N BAT Y — Sl R N T35 R0 45 R ok
A ARRE N5 PO 5 R AN T A AT A
MR 2. AEHRE N T 15 R 38 43 B 98 AR AT
SEETERR 1. 4. HHERE 2 i AR R € AT 15 301
TE I 55 A i B A A 46 2~10 N By 8 ds. dE4
E N TP B ] e R IR A RS 22 20 A%k
P G A F U R — A KT R R B
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1526 ~80 20 i W A 3. Assan'™* i Fil — > A A9 B0 H
YR, i W 4 0 I 0T 4R i 45 2R 43 ) Dl 9406 R
51%0. 2 AIHE 2 A BB DI 2R i OR 24 i i3
Vamplew " i FI 7 A~ A i 4. 13 20 00 0 &
94. 2% AETE WA 85. 300 MBI 25 . AL % &
T K I A S T A A SR R 2 R
AL AR VRE PO 5 A B A B AR TR B
AR X B/ Bl s SCHR [ 25-26 14 & 1l T B
GrRARB RN T ML 9320~96 00 AR TEMHE 8506 ~
91 0% Bl 5. A BB Y . Kong™™ X 45 € A 3D
Bl BEAT r 38, MR T 2R LAY B A5 R M 4R

99. 7% AR TEMHE 91. 200 (i B % FR AT AT T
) SOFM/HMM 7, J2 5 R8s i i — 4~ 3K %2
L R4 R B 3 B R B O ik A R A 4R
IR S R B BB 7E il /b o T 1 3 2l B A 1 15 B0 T
PEAT A PRI AS ] 3l G 3t 2 A AR SR AR Y 22K
FETEE PR U AR S A A& B 535 e ik
P g NFIHERRE N R G4 A 1 Bl R A2 (9 31
YRili H R R G SR (R R SR RE A P £ .
Ong™"f MAP 3 U407 [9 25 (49 i 7 23 26 %
MG T, A5 2] T 88. 500 iy R I . AE KR 1 1R
B AR GE - MAP 5035 68 38 B 2508 5 b i BRI
AR TR AT PR A AOR BEARE i Xk R B 7 R
T 3 N R A8 HLPUN R A

F1 EHEAFBRIANAZEERS
Signer-independent SLR approaches
o ) Subjects Rec. rate/ %
Researchers D/V  Recognition methods Sign Vocab. -
Train Test Reg. Unreg.
Kadous D Instance based learning and decision tree learning 95 Auslan 0 ? 80 o1
4 -15
Vamplew & Adams D Multilayer perceptron NN &. Nearest neighbor lookup 52 Auslan 7 4 94. 2
7 3 85.3
Imagawa A% PCA+clustering 33 JSL 6 6 72-94
Fang D HMM/SOFM 208 CSL 5 2 92.1
5 1 85
D/V:Data Glove based approach or Vision based approach
DL F X 287 g AR SE T IR) R B A [m] 2 T 2.1 FEMHFiZES

R B AT TR] 25— S JE ity 1) ) A dn fa 3 3 op ) 0
M FRIbRIC T R W] SE B FiE A0 A shbsid? o
PR e 35 B 5 AMEG MG N R Y rh e A
SO X 3K 4 ] A F R BT I ST

2 HEFEFHRICERNEL

[l — B 1y A AR G2 Bl JE AT L . T35 A 4 S Y
LR, XM Bk AT TR A BB
E S IF AT L ek R ) T R R R R
X T 1 BB T R X 5 A R A A L PR B DT T
DU T AT RE % B 4 o i 3 PRAR IF R T8 AR
BB TS AT AT B A B B S5 R 8 RIS 56 £
B AR R 2 AR IO PR RE L 2 — I V) il ZHe S At
FE IR il 1 R AR L B A X IR 7 A AL R
18 AR LA S T35 1 T 15 4 L0 23 5 I O
AR IC RN T3 L8 g F AT TR R G
P S

KT EE T TP E N FRIER,
FEFT T8 1 2 78 o 32 I £ 15 B BT % 1 1) B
— AT O TR 0 B BT T o
(I 0 Aff o 1. FRATT LB RO DB DR & O 2
HFIEARL. X FE P I T RS £
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T 0 7 10 AL 45 T 45 59 J7 [ AT 0 Iy .
T T I8 M 00 B O R s T2 A T
i 7 7 1) A AR T4 09 O 1. G T 1 50 3 A
(A% g AR A R AE T 5 2 BRI Y 5 1] 1) = ZE 4K
it 220 T 5 0 ) SR T 1 AR T4 0 T )
CIRYS i R = Uil i A Cilked i i <y o M N e
P X FEHE P FoR, FHA W Fox. BT m
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AEBOLAYIC T VT B RS TR ALY B B I 5 A K
PIFALE R RMIL S (R 5. Hh 75 5 k%
AT ASL ) B 5 s MR B A ) TR 2 AL R A s
B B S B T 5 B R A5 AL A o AT T
VIR R P O AR R AT 3 1A Y 2
TE L1 T15 5 3 BLE b 5 XUT 9 A1 ) 1 T2 B
NRRRAEAE s T T I A — B @K T GE W6 78

FORBNEO TR Z R PE AL 55 A FE X R 2644 5 3k
XPRREAE T o W T-000 B 1 R R 05 R A AN [F].
Horp 4 i) SR ZEX PR AT S BR T AR Gdn) L 58
# (alt) .38 X (cro) 3l Ccon) DA A8 I Ath (19 457 B &
Z. FHR(FDF/NE (LA) 38 X (cro) W7 B X R 5
AARie, aniE 3 FrR.

x5 SHEBMUREEBESCENRIZES

BiRM&4 HD: L, FAJ,FH. 8, EY . iRE5 . NO: &, MO 1 ,EA. H ,NK. £, TH: %, TN. 7, CK.: & 331, CN: %i , TM: K A/, BR: fig ,
AL MiES  BL:E,SH:JH EL: 5 UA: FRE LA NE WD TR, WV F BN, HB: T3 . HP. F.0  HA: T JE . FG . f8 R

F5 5%
AN AL HY B
Hids

con: % il near: T F B s mid. P far L B
T T- 1B O R A T FR g A [0 < C7 FRid

X B A
(SR AR D] Tdn:[A],alt: 3¢ 8, cro: 38 X s con: $% i, lin: 41 &
KEMILE  FE P&

ZEA TR E SRR/ A b s 1T GRF 8 FHOAE/” Z i Bl KT GRF 58 2 FHO 1R /" Z )5

(a) REFREAF R WUTFTFEAH A Gdn)

(d) RIFREAT T T FIE T 4558 X icro)

(b)) REFRGEA T F R (alt)

(&) XFREAT T RTFF I 1Bk (cro)

() RFRGEA N UT-F I X (ero)

D) XFRSATFRFF KR Ain)

B3 XFRAAE T T TR

2.4 EBHHFICIES

MW TFIHES ¥ T, 250 RA N NEARK
WA A R 7E AR B TR R B b A8 S M )
ST 32 3l (path movement) Fl J& #5 i1z 3 (local
movement). fIT i 1 &) &R i 3l (local movement) 7£
XEAEMHETNEE. Tzl TRz,
T Wi 0y iz 3l DL K 32 3y, dz Bl ) Bl 2 1 R b AT 4y
s AR R VB Bl AR S AR B R AT o3 R DR R R

(B VE e i S 0 S A P AR R i S A PR
M SR (HRAE LR BT AP TEE IR Z R is
gy o ) 40 py 2% iz 2l 4G I BT A S AR E Y
18 3l s WP RO T35 J M 09 A 28 45 i T3z
SRS IR AR R T — SRR
TRRUEE FIRIC B 5 Bk L IF AR O 0 4
fif TN 6 R
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@ P & CBRFFE I TIE O 1) V43 [0 5.
@I LH{FES 1 H{FEN 2 - (TR
Ly« {8 20 e S0m RIARic.

3 HEFEEFHREIETHEFEN
FIEIRA R ZEH L

H i AT T 55 00 2R 48 i 1 Y Bl T &
FERVITIE 510 s s A 8 SRR . B
o T B A TE Y S0 B R SR b A R AR 58 AR
FR9 o 1T b R R A 2 3R AT S B rh [ T35 B AR TR
ESUF L
3.1 HIEFEMNRINRZREHNNEA
3.1.1 CyberGlove BI 5% £

FATH AT 78 09 TR R G, 2 L3k
Virtual Technologies 2N E] A P2l B A 18 ML RS
() CyberGlove #4554 T4 S B 45 3% % Polhe-
mus FASTRAK 3-D i B IR ¥ 28 1E A F # i A%
oS NEE T ENR T Y5 B Mk s T
B HIZ B R Y TR B RS R A L A
FE R B ENE 6 frrs.

K 6 Cyberglove il ff & 7/~ & &K

FIHEA 18 ML) CyberGlove BS54
TE AT 3 T SO A O 1Y i b A% U L B/
$§ MPJ (Pinkie MP]) ./N4§ PIJ (Pinkie PI]) . G4 $§
MP]J (Ring MP]) . Jc % 45 P1J (Ring PI])) . 1 45
MP] (Middle MP]), #t 45 PIJ (Middle PIJ) . £ 4§
MPJ (Index MP]) . 4§ P1J (Index PI]) #8445 MP]J
(Thumb MP]) 484§ 1J (Thumb 1]) . /NE TG 4 45 [A]

&) J& (Pinkie-ring Abduction) | JC 44 1 4§ [6] 4b Ji
(Ring-middle Abduction) , /£ 4§ [6] 4} & (Middle-
index Abduction) , #}45 #p & (Thumb Abduction) |
& JiE #% ¥ ( Thumb Rotation/TMJ) | i 1 &b f&
(Wrist Yaw) . Jiii i) i B (Wrist Pitch) . % 89 91 &
(Palm Arch) , N F-& Mg K 45 (A fg il [ CL I 7).
XA FEAA I T 46 00 Al S AR T 0l R L
UERIN) 2 NGNS VR CRT s VA R
At R R M OC & LY Dl 0~255. MPJ L P1J.DIJ
Sl 0 567l BE Bl A/ D Y 3G I L A R L
S i 0 A/ D R G SM R ST I T T i v 2D
ST /N — M A 25 il 6 R A/D A RS .

Posterior (Dorsal) View

Right Hand
Distal
Phalanges Middle
roximal

Thumb Distal N
H

Phalanx

Distal
Interphalangeal
Joints (DI1])

Proximal
Interphalangeal
Joints (P1])

Thumb 1J 4!
Thumb Proximal ‘ Metacarpo—
Phalanx ¥ Phalangeal

Joints (MPJ)

Thumb MP] Metacarpals

Thumb Metacarpal
Metacarpocarpal
Joints (MCJ)

Carpals

Uina

Trapeziometacarpal

Joint (TMJ) P f
Radius ‘4\;1# /i M
B 7 ANFfEHE

3.1.2 FASTRAK f{ii & B[ 5 o

R T AT A A B IR A
RE N — B e B0 T8 i A B 5% Al T A A
FRTF i 2 0 #e 19 Pohelmus FASTRAK 3-D fif
IR B AR AT B AN T A S A 0 T B 6 B N T 5
] 4515 B.. FASTRAK JR 5% 2 48 F o #G  ok 0
b O/ R N R A B T - V- S Rl & 53 N
(1) FIH 3 A8 1k R 2R 4 Y B4 2 B (FR
SRR 7 A AR S AR 3 ) R 5 (2)
FH 3 AN 8 18 B OR 2R A B A 2 CFR Oy 2 i
) K D R Y 1 i AR 3 AR A B T A A
T 14 g F8 R A B L iR 8 .

T AT B R R AN S S T A S A
R B AS W A B KT ) — A REAR S — S i
A, W% N 10 ~20. — i Hy 48 4k %5 8 41 1%
B3 T BB AL E AL A B FRAToR A T
JUAAT 53 #1950 02 4 5 4T 798 38 00 % T R I 1k
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BEYERAE AR — LB 0~1 Z |, & KT 1 24 4E 4L
Pafiiik 18 4E R m T .3 4ER AR T RN E L 3 i 5%
/8T BT 1) 3% W A X A LA G R e 9
R,

B8 Kudls TEM =4 B As (3 MR cE
2393 I8 7 7E T A ED

P9 R A X R S i B LA E &

T2 WS 1 7 & AL b B T ) £ BE AR A 3 L
B 10 T 7R T s Yima » Zonax > Tonin » Yosin » Zmine 1Y {EL 53 3]
N 200,200, 200, — 200, — 200, — 200. Amux s Crmax s
i s i » €min » Tmin WA {EL 43 B 2 180, 90, 180, — 180,
—90, —180.

/

ENVELOPE BOUNDARY
x WITHIN WHICH RECEIVER
MUST OPERATE

Kl 10 FASTRAK 3-D {oi % BRER A5 19 32 Wi

3.1.3 CyberGlove & 5 ¥ #E £ Kk FASTRAK
PR 2R 40 R A 1 B AE U
FAT B P A TR g s D2 51 4k, Bk

b1

O A T ARXS 2 B8 CRIV SR A 4 e 28 ) /Y 3 4k 7
] K54 A3 4R A

@ & FARXS 2 B CRIV SR A 4 i 28 ) /Y 3 4 U7
EEVE TR IUIRE IR A&/ TE

@ it T2 B BB B L 1 408 60K

DEFESHMZ RIS, 1 45 = s

OAHTHZMZE M. 1 488048 LR

© Z& T T 18 4e s . 5 T TIE 18 4.
3.2 FREEFHHRIEHEIH

it FHEH 36 4ERU A7 il /e A T T
ZEF 18 4k 45 F 18 4, B 3. 1. 3 Bk i B v i © i
©. FATE X T Hm) h FRAE 36 4E M TR & . 7
SR Ze A T U B s WU AT 3 B, 3R R I [
B 50 2B (GLATA, Greedy Clustering Al-
gorithm along the Time Axis) , f#i Z fE ¥ T E &
WA o3 B R ARAT T AR 0 DU DF & A1 B 1Y 28
DTFIREE . U Thricd & TR 46 A~ TIE
s CHD 2. 1 95 i A 8 TR AR D). B - AT
GLATA il 4543 (TAGLATA, Training Algo-
rithm based on GLATA) . ¥ F I8 %45 Il 25 1 1 T
Pric TR AR, FR AT {88 1 3l o R AT DL b W
S S B[] A5 A6 JIT Ay > 1A R 52 ), 33X 8RN R 5 i)
S FH R 1R RIVRR AR 4 JBOAS 58 38 18 iRy TR 1 TIE &
FIARIC I A 28 ISR T8 2 %5 SCER(30 .
3.3 AEMEHEFHIRICHEIR

T TFiEEg Z2AEWE RN £ TiEES ¥ 1
A %o — S ] B B B A T B SO AT R
B DCTE 11 J7 ¥ X0 32 Sl ABOhr 1 2 FRDUE Y. o B T
BIAR IR R X T 1512 S W R B T A 07 AU RE
RS B OB L JF N BB R TR B 3 i Al
W7 T TR A RO IS B 0 R B S R G A
B NI B 565 T ) i A AR b R R N R 3
VB IEHI AT R R 1% R XF J5 10 ¥z 3 & 3 Fn il
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Background

Phonetic analysis of sign language as a kind of vision-
sign language, which is completely different with sound lan-
guage style, should be like that of sound language? The first
trial of structural description to basic vocabulary unit of sign
language was done by Stokoe. Before Stokoe, people believed
that analysis to hand gestures was impossible which, as a
whole, had only iconicity without internal structure. Stokoe
firstly used the linguistics in sign language research to de-
scribe natural linguistic characteristics of sign language.
Stokoe called the research on sign language structure the cho-
rology. He thought the sign language consisted of place of
articulation, hand shape and movement totally three factors.
The structural analysis to sign language made by him laid a
foundation for sign language research later on. The sign lan-
guage linguistics afterwards made “grammar”-like summari-
zation to sign language and hence the theory of phonological
representation of sign language was formed. However. these
theories of phonological representation of sign language are
not realized actually in computer, which are mostly just theo-
retical description or noted by hand (in the form of video).
Besides, these theories of phonological representation of sign
language are not able to describe details of sign language
movements.

Basing on the situation that there is no notation system
for Chinese sign language symbols, firstly, the paper propo-
ses a phonological representation system according to the
characteristic of Chinese sign language and language habit;
secondly, a method which combined data template of hand
shape and Laban spectrum is proposed according to the char-
acteristic of recognition system of Chinese sign language
which is based on data glove, and the recognition system
above is realized by the computer by means of automatic label;

finally, recognition system of Chinese sign language of data
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glove is lack of transcendental information, thus a confused
word assemble with transcendental semantic information is
established through the system of phonological representa-
tion, which is recognized with HMM, SOFM/HMM and Ef-
fort in the confused word assemble construed by the authors.

Experiment results show that the recognition perform-
ance of the confused word assemble basing on statistic recog-
nition comparing with that of the confused word assemble ba-
sing on transcendental semantic information, without chan-
ging statistic model, the method proposed by the authors
helps HMM,SOFM/HMM and Effort to improve recognition
rate to different extent. A confused word assemble with tran-
scendental semantic information is established through the
system of Chinese sign language phonological representation
helps the statistic model or method to a certain extent to im-
prove recognition rate, however, there are still a lot of recog-
nition failures. The ways below should be used to solve the
problem: (D make improvements to statistic models or meth-
ods such as HMM or SOFM/HMM; @ train model factors
with more samples to improve recognition performance of
statistic models or methods.

The research work in the paper has been supported by
Chinese National Natural Science Foundation Key Project
(60533030)and Chinese National Natural Science Foundation
Project(60603023). The paper is a bold attempt in the com-
bination of sign language linguistics, kinesiology and comput-
er science, which realizes effectively the phonological repre-
sentation of sign language linguistics in computer and is
meaningful to a certain degree as a reference for sign lan-
guage linguistics and the recognition field of computer sci-
ence. Meanwhile, the paper is theoretical basis and practical
assurance for effectiveness verification to signer-independent

sign language data.



