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Thirty Years beyond Sign Language Computing: Retrospect and Prospect
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Abstract The natural language processing of sign language is an important task in the field of artificial
intelligence and information processing. Currently, with the development of information technology, the focus
on the information processing of spoken language and written language, is gradually shifting from the word
coding and input method to the grammatical level, and then to depth computing. However, sign language
information processing is seriously lagging behind and remains at the starting stage. The main reason for this
situation is that no ready-made sign language corpus resources can be used for machine learning and deep
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learning. Sign language machine translation, sign language question-answering system, information retrieval,
and information processing cannot be applied because of the lack of research foundation. The essential
difference between sign language computing and traditional language computing is spatial modeling and it
leads to that the core task of sign language computing is to convert single-channel representation to multi-
channel representation, while the fundamental task of the traditional language computing is disambiguation of
single-channel representation. From the lexical, syntactic, semantic, pragmatic, and applied levels, sign
language computing is reviewed, and the sign language machine translation and classifier predicates in
computing are emphatically introduced. Classifier predicates are the key of sign language computing, and it is
the breakthrough point of in sign language computing. New technologies, such as the emergence of
somatosensory devices, the rise of cognitive neuroscience, and the progress of deep learning, have brought
new opportunities for sign language computing in the Internet age. From the perspective of outlook, sign
language computing is compared with spoken language computing. The trend of sign language computing, and
the breakthrough points are analyzed. The cognitive computing of sign language has been regarded as a
mapping conversion process from the physical characteristics of gestures to semantic representation. The trend
of sign language computing is to fill these intermediate steps, such as phonological features and semantic units.
It avoids the semantic concepts obtained directly from the underlying physical features, focuses on the
machine learning on the relationship between sign language behavior and language features, and establishes
the statistical learning model of fusion spatial features. These breakthrough points include resource
construction, text-to-scene, and metaphor understanding. Among them, the text-to-scene in the sign language is
helpful to realize the spatial information extraction including spatial orientation, object position, and the
ambiguity of natural language can be eliminated by combining with the knowledge base, so as the three-
dimensional scene construction can be achieved and creates a breakthrough in understanding the spatial
relationship and generating the virtual scene. It is pointed out that the sign language computing is from the
embryonic period to the development period. Driven by the interdisciplinary, sign language computing may
make a substantial breakthrough. The astonishing progress of traditional language computing has promote
artificial intelligence and human-computer interaction to develop further. If a series of problems about sign
language computing can be solved in fields of theory, technology and engineering, it will greatly speed up the
development of artificial intelligence and natural language processing.
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presentation). ¥ F 25 F4 18 H I R SRR
B, 41 Wendy Sandler 1A ASL (American Sign
Language, KEFiE)AAMFEAETE, Bliz
AN BEIXANE RIS, ol NAESE S
B CE MRS, FRGE A Baus 5 AAA,
TFEWHASESEES KU “HE-oE-4
7 (CVC) #ity, Hikmti “frE-izsh-fr
B 458, (HESIEXHKMRAAGMNESH.
ZTHF. FRIWANSE, BIRTTRES X K
WM TR, EMRRIEERP, X
PR FEAR DB T 18 BUS A 3 AR
HATARZ 55 T BUR A B H S, AT o
PR UL, BIFHAERER S 8], BIEE
FIFRHESR IS 23 A, AT IBE R St S ARIX JL
AW BAEAT TR R IR, R T
IR R AR B T AT AT, LR
FIERAIE R BT R gk g, IR R 247
ANFAR . I HIX L FAE R AL T S2 96 A 7T
B, SRR E TR RO, BEIE
SER AR SR AR — B, g
FIEHEER, T CAERIT.

3.2 1k

AR F A GEAE 5 0 /NS SR —— 1]
(word) , FifF H i & /N iE AL N F 3
(sign). H BT %F 18 i vE 0T 70 45 v T T E
. FHU0. FASRERESETE L,

3.2.1 Fifdwmhd

Yao A BHE T i B FE NS BERP,
NATHAEFIERLS RS Stokoe™ .
HamNoSys®! . SignWriting* &%, 48t ix =4
RGATAEA 5y BLARAN 5y HLIE P 3 AN AT e 15 1 1)
o NFBmEMMALERE, XERENMUHE
T FARGME N, EFETUNEES
B, Ho s E R ORI HamNoSys %
4, His R ENTFIENSRRGERER, X
Z0F IPA (International Phonetic Alphabet)
BREibr, ERSHE T FIENSBEE,
1 o, R8T 2 T 15 AL 1 A F
B = YRR A A

P ) 1§

S g LS)

ToF e e «

g o o =

£ B B g
HAMBURG E & S <

T O

1 F#H “HAMBURG” ] HamNoSys Zifit
CE R SRR T SCBR[31]), Zdmtgmt & T -
s ALE. EshENN SRS, Kb TR
F5=FRnCFE (UMESA. BEFRFHM
1. 2 FEHFFRMEX D), FRFFSTSER
TR, A BT 7 1A CRAE S At T 1A A
X3, FLEMGGS- KR BERS L (L
RS RERALE . WEER AL B S H AN BAH X 43D,
BHFE T RNEKES, AN TRAK
7 0 F (UMESHAMMhZEs). [Azss)
S X ). X AR kR £ OR
“HAMBURG” & .

MICHRAT IR 22 18 51 15 15 R A A
M T AEESRE SN SIES . BOYHATE
GiEE M HBOR OB, A A E FiE R
i FHAS [ AL G 18 5 2 AT b, U RT 78 231 A

1Sign Writing. Sign Writing, http://www.signwriting.
0rg/2016,4,23
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AR E AL SIS 5 U E R AR . Kk, H
MFERESEERANTRES, KEKS AR
CRLAG T B @ T D xF 31518 B2 AT %
G, AR AL G S HEAT RS, AR T
BRI ON G A I TR RS A o fJm A
fegiit 5 AR s K% —iE s, Wk —
R XEE, IR AEESIESNHEE 25
VENAEFIER MY, Uris Nz,
R, RAAELGE ST PR 8k
RZ G B ML, (HIX2 H AT sRA R
I R T 1E S T %

PRI T T8 g Y H AT AR %, — o2 Al
BT R, LA BETE . IHHEMIE X
FRR, eEEEIWTHILE, W
HamNoSys Z4t; 73— Ff Al F B 1A [ 1%
GBS MR, HFENTFEHT SR, it
N B FEE N TR0 2 S A &
M2, JRE SRR . XRPT
DUESHAD, DUEMSA R LR, w3t T35 K
TR gAY TR A gmid . BT 2RI
i 55 50 It S, 0 DU 2 4EGifs, B
LEFRTH . TMTLEN B & R%
PP X300 R 0 5 4 A 2 T B 5 1D O S N
%, RUH P AU N ES DS T, BT E S
BEATRE A A >, IREE A BTN SUE R A iR
IF4 XS BLIPU,  H AT K B e 4 g
NERL Y BRI AR . IX Rl N\ 7 S5 i DA
NA, REFER RS2 d8, AR A
ITROT TR . DT AR A TR Y, A P A [ A
Gk S BE ARG NAEFIERT Y, JFEE
— L RE I TR T R IR R

3.2.2 FiEY) 4y
FAEVI ARG LB & 0 iR, 02
Tl B A B F 5 Y100 A SCAR RT3 Y

I3

FERGLEBWFEEYIS: L5IES NG
BRI T B X R DU AT &)
gy, TR NAE SCE BB R BIREE
P 2E B AU B B S 2 AN, FF b AT RS T Y
KI5y . fEHHAT FIBEUG R, R EE XF
S R, DMERATFADIS, k]
DT BT AT B B A B AFE & S AT] 11
KZF. 1986 & Liddell £ AN$2H T & MLA235)-
{757 (Movement-Hold Model) B2, %
RO FHRAEFIN, BAAT 5 Rz

RFFPI AL Z B (phonological segments)
AL PV E R, X B A S T B F
OB R E E AR (FIR. B8, MEMT
), XEFR. B, J7RAAETF S RE T
5B AN TG — R B RFERILH K
X AFE, 1999 4 Vogler 25 A HMM
(Hidden Markov Model) X} 22 /Mali#fAT T FH
Y14y, AESE T BB - R R R A AT R,
J&, MATCUZAE AR, $RH T ASL IRA R
GUHERS, UEBA TR A A, B REAS Ab
TR ZFE R . I )5 — 2 TF15 1)
BRI T s

A7 BIF 50 oAt A B2 4 T 35 132 3h 5 oo Xl
Iy BCF T SEBLF ) 4, i Bk TR
BN E TN ESRE T HS, R
) B Af A R B R R B iR, AR R 2 T S A%
TG A 70 i BE AR e, R B R o P AR 22 1)
TEFRRIATESO, 1990 4F Wilbur g i04%58 1% A1
THREE X e 3R R 3R W] AR Dy B T e R ) R At
7, Kong % AR Han %5 A3 A T35 1035 5
I H BT o, BE s A F
T FEE 1 oS P AR 2 4 TR T 3 P 1 ik
RS0 ) F B A2 RIS BT AN S, SRR
Bl E BRI e Mg R, AR5 fEH DTW
(Dynamic Time Warping, zZhZsHa)#1%) B
20 1 & B¢ KR iIE PCA ( Principal Components
Analysis, FICHHT) VIR 1] REFIFE A
8o AHIX LR IRTE FIE1E T A ARL IR,
PIHEAES L. BIAIRZ %3N Stokoe HERYSE
br b RIEER GERZH/MOIE A B,
EAE /N IE & AL (B R R/NMIiES 5
B o IXFRZE AR T 15 IR E BA R A
G, AT TR 5 i T ARG M P A )
1

HEAETAE R B T A S B E TR BT
EHRETEE, NAFIESHEHIES HDIE—
FE, ST BT 5 A 2 B B
G, FEA) T BT B0 H R 5 BAAS R R
P, M HAMEEW. ZhERE. PEE
MR, FiEWAEEZIR, M FE
B B TF BT 5 5 RS AR KB
[F. Db EFEANG, B kWhEFEA
WA EAIG, 2l2iE3 % (movement
epenthesis) . {RFFELSS Chold deletion) . 1%
4 (metathesis) FIfF{k Cassimilation) . H
HORIFBR 2R 151 R L5 1R 2,
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B 1:
bR FiE: b B
Y B ETORE R

BETRa TSR0
B2 FEOT TR

SR REWE 1R,

£1  FEAT REWTHR 0SELE

BEATFH. PG Nk
H M H H M H

B H M H M H M H

RfFERE - H M M M H

Hrr, M A H 45 Riz 3 (Movement) Al
& #F (Hold) W A~ & {7 &% B (phonological
segments) . X A& E FAEE LK — A EF A
Fi, AEX T IX 5 AR B R @B AR D
1999 4 Vogler 5 A5t ASL HIZ &0 %34T T
R, A HMM X 22 Ml T 7 F R4,
IE T ARG 2 B R, 2007 4 Fang
& NBER P E T8 KR SR T E R R R
i, HLlEghiEE AR T S i A
(TMMs) , ] K-means B3SE A DTW 15
BT 91.9%FH R B, R FALHF] T 38
P HE AN ERRR, HE LI R RE S
2, FHHARKEFEES SR TIE RN
A IR FVRAE, A BEER AT & T35 T S
T, TR FE T H T8 BUR b 2 5y
Bk RS, TSR R EAHFE
B AT ENLEDE Z AR R A, 20
HFIEE S H MR, 10 Wang 5 A FEH
LT RPN A E AR S0E S P S R
— 7t (bigram) (=7t (trigram) M £
SCAHHEEIR ), RN FE R IR R e X E K,
M TEE ARG S @R, XM HESRTFIEES

R WIHLYE . Vogler 25 A\ F8 H FiE S0 E IR A i
TFIERG R ST EEERESE S IHEY
RS EFCAHRE HMM, R FETFES
é%ﬁ%%%%i,@ﬁ¥%%ﬁﬁﬁﬁﬁﬂ

HEVANFERYS: B FIE#HTER
AER, R TFIE RN S BOCAR, KESCER
F AT B % [ TR R A R —
Mt AR B AL RIE S 1 BE REHHT S Abr
FER, BUEES BRI A SR S V)R
RS F A 2T BT AESIES N
— M B B ZA R H AT, KT 4A
MR . HFEREAR, RiEEEER
% 1) 2H R S AS 2 FAL BG4 1R R S
A, bt AR A “RSR” XFHEANA
(173 SCHFARE R B & I o 4 “ ANRK&
7R e 1T T AT 2 R
BXHIHE, BT EEHER, msesk. b
Ah, AR GAE S I — AN NS BLE R B
MKEAE, HWATUSMEE, %S
B, HFEREES N SR IX LR R T
B AN DU R, e — AN FR A
e TWEWHME, EGIESHEMEERN
B S22 R SCA B HIE SR F FI AR
] 59 (Al R AR 2 BRAF BT DA S AE B
MRS B S £ — 0 TP, R E 1A
[P 5 o AR AR A SCSCA BT 35 U0 73 AN 2 T
ERANFRAMLT, EFEFEHZNFAA
AMRRME GFH, XFEHAREH TG
KPS SR, RO DOE 5 E
TE N BIMERIE 5 5 SR B — AN n] e . 2
ANFH, ZAEATREXS N —NF#H. Yao HA
RPN TESFA. IEZFH. EETFRE
HERI) 4y %03, %] CRFs (Conditional random
fields, Z&AFRENLID #AT 7 FHV5, WG T

Ysfr B oRAE . BE L bRiETFAEIURAE R EBHAT
Z WA, M2 EERHIERZ BRI ES, A
FABMATARER RTF (Real-Time Factor) 24 100,
B 1 /DRTFESE RN R EL 100 S/ AR
VE. RARTE N A AT B AR K & K B ] R AR v
SERENE S A, AR TR, EFATER
B B W FRTE A bR N AR T L
PEIISCA . BRT-W A PR, Ay N B A K0T RE
XL F B SCABIMF BRI R UL E G FHbs
ide RIHAERZFARME A, d2 N THPE
FRABSCA, NFAMVIF AT LB,
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F A 77.4%0V14 %, TESKT 55 ORI T4
YIS T,

3.2.3 1] P 25 ) A

H Al 151 P S el 5 M, Rk 2 Ab A
TREFENERR 1 ERALETCA & & L F 5
LR, I 7 B AR B B A 1R R R K 1A A
B BT 38 R TR AE I £ £ AR AA i 320 1 2 1]
R A AT R R AL T B AR O R, i
i FR B 1R Ak M (A A Y, DU
SKHLHGIE 7 2 A E . ORI shia
N, H T AR P R B 3 AN O R AT A
() B3 2B SR ARAL, XXM 2l ] 2 18] Jig 1k 5 Bl 1] 4
WBE SRR N=K. RN, IR SR A
B o p TR B B ] R AR
MLEE AR T Bl e AL Rl B T8 B 1F 2 T, HLky
mE AT B 3 2 R BOR RS R
B THE S R RNFR Behbh o i 5245 s
PrEAARIA O 717 2 F 4728 16 FA 1 1)
i, RN T PR E Ko AA R T e T S I ] 25 5
AR ) o T ZFHN A NER T
it 5 1Al o e AR T H R PSSR A,
e 7 fy ] A5 Y ) 925 2 ), 1 4 T 2 ] A 4 41
7 R B HABVE G R o P I I ) 1] 75 4
NP E R E BB AR KT A, SOV S AFRAN
HEE R bd. sl 2 FE 3 . eAII#R 2l
MAEEESRESREIN, XETFiES MG
AR 2 Ak AL G815 — A R 1A 5 15 T
BoRFIE BAETT 1, B R T A0 R 3 iR AT
CARIAL S L (5 TR AR R FE 5 T, SRR R 18 X
I o

1 2:

BTl # GHFSE=AFD B (f
[ Fih ReH A <)

PUE: FAb

a#l b E25%

B3 B

X I 2 ] (BRI AR B, R R B

TTETH AL B B3 5 5 i T ANRR S £
SHJEPThRICL, EEMA A RKZ MEME. B
TAFE p S AR R BN R (1 AR i b, 2004 4F
Jorge Toro {1 [ 1 6 ANFERZIE, FIH CA HI L
SRR T A2 TRBhiE, H—IRBE T
AN REPY, Ik Jorge Toro 7R Lig ik
7 B L DME AR ASL [ — SR B 1A
B, EEEMRFIEMEIEME . ShdiEshigki
(PR, 53 H 256 2 75 B 5 R Blia] 1Y 51 F
Ko BT FFE JUAE B e UR] A B R
A F-AShmE, OSSR R
Prbric ikt kP, (E AR I TAE T R
EF R EFNALE, FFE T AR
br, RJER— ML IFREE MR, KA
FIMLAR2: 2 Tk . 2009 4= Segouat 1 Braffort 75
WAL ETFAER, BT T AR T A
BEN®AE, HINGETHAFZEMESIEER,
K3k B A R 53R T34 5 ARPS . (E A AT
HIF 70 A 3 T F A0 FL 1 — 4k IR OoRk 3R ELZ 3
B, %M HRCRK. 2010 4£ Huenerfauth
LKA T SRR IR, FhRBET FH
B s, DL A FE AL R N B 3] HEAT T
B, ST TS B M BCE R, GRS
PTG, B R ERNSNGEEEN 3 M2
AR —— /DT RE . IR G ENT N B 1]
FHBIFURET, 25 @ HCEE R TN A T 1 AL AR
P, o5t 3B RSB AR T 3 B I [ 5,
B, WK 4 Fros. VRS SE SR 0 A R 3l 2L
RS AZEPCRA 4T . 2011 4 Duarte %
AR FH B E Sl B AL R T AR T4, B
HESETEA TIMERIER TR IFER T F
im0, 2012 4 Lu % A\TERT# IR |,
FEH T T M R R IR, DA IR B A i
HEW R FHMASKEs), mMAEFARELS
RS, R A ST 132 B ) B AR A B T35
(1) = AN AABRAE,  FH A K FH BB RAE S R RN 28 T
IR 6 ANME, T A2 BT T s SR T
WFMALE, FIABAT 2 A FAE LI
P 25 AR BHAE VR N Bl i F 3 A il H I T & 1)
2 STRSRIAR T AL ) 2 31 Sk Y, Gy g 7
R I I 23] 14D 1) AT A B 2R
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0.9 * 0.9

*——o—e \ -0.6 0.6 /

3 0609 \ /
03, 03

TS s
K 4 T35 RS T AR

-09-0.6 -0.3

I Ja — KB B 2 () Zh ], W] LU
ARG RAE 7 2O 1 AE R AE PR .
5 3 FIEl 5 Fiw, WWESHT H REREET
# Blnm) . KRS REFIRIAR ()
YT , RMFRARKR -G CHIE
Hb b AE R R K A R R,
Z WK 5b) o AT, ZA MBS H T AR E
B B B RS iE FT A (6 21 2 3
FE, DLECH RIMERIALE . 25 8 3 i A 5
gr: BEERASIEFRIERY, FNSE
RURSRAE T hr BANE S 280 B 3Eal, ik
EJE T REEE N — AT R TR
B TE/EF IR T T 2, JRATH Sl
— T RS A o R T

11 3:

L FiE: 5 CP (classifier
predicates): T uu_#& ~K.

Dk PR TRT .

b CPHFsr_ET%

K5 TR T

3.3 aIk

FAEA) T 5EG0E S KA R Z AT T3
FAE T AT AR RIE A T S Rk
NP L RS N S T AN Ry SN 5 3 S (B
S5 2SI R FIL N L HE ) - B E T A S
HUGRARIEAL BP0 WA E B SR, &R
BRFEA TR B, ANMEIESE S A
TR NG HE AR T RE ) o R P AR 23 A A
RERZHEENINE, REZZHRT THAK
fRURTT %, AR A R O o P A 4

54 NaWE3D W%, Hrp NaWE3D ##fI4
T UHE 6. MEAMBATEERH T8I iE kA Bl IX
e 5RO, yao NS T e,
TEMA TR . B2 IX et 8 18RI s 1) 4
Mrogik, BAERE XA TF LS U MIIZ
B RS RN AN g 4R, X TR EREN
AN SJabRiEERL (WD) ISR, BERAZ R
AR I T T AR R RN A BBl 1 R) v gy
VIR,

FiEEMMBEBMEF T EZIERRER
Can=E 84D s, DRI FRAT & DL 2 Wy B o
A58 B AN 7] D05 7 1 4% 8% B RS 3 F - 35
KEEFFEMEL., BRTIBEFSERES A
[, JEFBIRFEA I 278 90 1Ay, Wifd
FH KRRt HRBSVEAL AT BE 2w 2 ML 4t
EE AT R, W04 A R B R
. RAEFIESIER TR EFT S FAE
JE] B 23 TR) (o7 B AH ORI, She oA ) mig IS B 458 A0
FAEX XML E, K@ IEFIRFE, 5
EARRN TIXNEAR, FiBAVETEFREE S
FAR RIS ) R

L]
| [ -4 A_\
d o w el | %
IR
ol e [ % ]
[ mmikes |
[ ARk ]

Kl 6 3D iBEyEm

UeAh, PP FIENLa B R, N
PP IXRE R 3 15 AR T FIRE
R WEREDMTRI Y, TR W2 BN
PERAFIIE S, fRoiE S0 SHER T3
BRI, BFEMEERIES 2 T EHE
P, EACCRAWEFS, R FErRaE D
PrE e giin 5 R 2, £ HANcEA T
TEARAE 20 A ARAE T A RN I 20
LA (A% G018 5 W P e 5 08 T T2 AN
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IR A7 FHE N EBRREANE, &b

3.3.1 FiEiERIE

Yao % N\ XF FiEiE R ES T T 5,
H AR F s R E R TS %00, 1R
HTHL2E2] . AT — D ReH THLE 222
FIFIEERE, SESRESIERE—F, T8
KFEARANE L H BbRiER AR . (HF ISR E
5/&50E S WAFR B E T 75 B — ] 5 F
FEM TN F B R E @S — AN FRAE 4R
i,

H #1505 e B AR E AL RIE S W
PERGRKIRICTIE, BAREAEM L2 TE
SEILFE S AR, L AE ARk
EFRWE S ER. LR EFIEN, f#
FH A [ 18 A0 0 5% 2 i) T 5 S R4 I
NBEBRBL, AHEEDOE SCAS, X pp 7 A ek 2
5 B ICkEg, e B F15 4 & W 3 1Bk
W, MMEREE IEE. FEARAKRSSHE
B RFALERFIER TR, HATMEARGEA
BT HTF B, BIRTF B EFH 2 E
P E T LUE A AR R, X R TR
FIXE R G AR TR . (H A2 B T {5
R GEIEF IR A S, (RS 4
s, H TR A Bl s A ] DL
B, XA DLENFIEEREES FAE =4
A, WA T FHE S, EREA
A AT BE AT i T8 11 2% ()32 B S5 T B RFAE AN 1
RIEEEFIE. BEEFRENFAEES
FEREMEE . 2002 4 Cox 2 N1 H sh/EHi e
FR G T TS A 4% O, (EARATT i T
ER NG TFH LB -5 HESR, HFRE
EEAA) P EEE S ARIEE R E . 2004 A
EE AT T FHL R AR U F1EE BT
PIBENERE, HZR TR E, XFERER
P = 4R R AR T 5209, 2009 4E Seguoat 25N\
R AL AR (— P SR IZ W IE R B Sikis
SIMIENE AR RIS T VR E FEE R E R
=Rl mT L [ B e S TR A
FEALE . 2010 4 Lu N f I ERMIREAR
BRI AR, L. ARG B4 A 34T I8 B
U, ey e T ChRER) ASL 1ERLEE . HIX
e R EF A MBEIEFE. 7] 7 IR
%, MERINCHATEE G E, SRR E
Bi. B ATIEERE RS — A RN T
P RS R BT EE TS 2 —.

WEAE B MBS 2 2 R AT IR, K
R 7 R BT AR B 1 B AR R 5k
BB & . MAFHEARIL A “/hEg”
I, B — e SR, ZT3HE 1R
TIEEALE, XA ES B ERNY], B
JE R KNI, 3 U ] B i
AR A, —ANPIRATIRRA R E
AT TE R, T 58 T 95 O R I AL ok T
WRHE A AL E, XA AT HEALL T
EE RN SR R AR AL
FNENRIEE R, WPIEsE A . shm. Hl
SRS RGOV A S AL B TR I A A
o B H HT R W2 PR TR A B)
PRESORIIRIE, BUA TRz s EAEAN
TARER B

3.3.2 43 K igiE
SREEE R FIERRE LNIESIR,
— M B 3B B E R A4 280 TR AR R B A
B, R TF IR IR RAE IR M F I,
3 BT IR T mT AR R Fifi b b (¥ 2 A0
KK YT —J8, KPR T
SRR TRel A, W T S N AR AT TR
R, LR B B — ko FRENE G
BRI E I 17 k. 2. KA R TE
i, HEHBR R KE LR, IfE. K
AN, UL eSS/ A A s /i AR I B A
B, KiaiEiE SRR RE TR, HR
WIBE AR A GE 5 B KRR . AL 1960
EIFIRE S = FAT— 80NN, FBMIES ¥
FIEART VLA G0E S SRR, (HFEHM
Sy KIAEIE AR MR E S R, mT
FRFBIERTFIBETEFIRERANFEIR
GBH S5ZMIE XA R, BRETHARES
FKIEMMEG e L, X R SE 5 i
TCIERRVI, 1 B ) R A fe] SRAIE 4y 2R 1A 18
BT RAE A, W B35 SR AR ]
B3 Sy A anda B 207 (A SR R R, X
SRR AR KIS . T S 21018
ERITEE, 720K JSENEE W A AR R Sk
Wi B B S (R AN B 25 A), B4 i I 7 R
oy FREE RIE W EE B E A —
BER, BEHREZMERARRIETEHEM 5K
T EE A S bR b 2R SR T B R IA K
2 B L R R E L, 5 2 iR i 2%



LR
2017 CHINESE JOURNAL OF COMPUTERS

T E B P B IR RS AR 2 (R A ] 5% &R IR
B, SRR SES S, Liddell %I {&EH1 5
FKiEiE “—MANEMRI DN BT g
B, SERRITFE 28 MERA REEBRIAT
B (5, X g B XA AN TH XS
M. AZEA—NMEERE. HELBEE
. EAER KT B RN s S AE 2R T
ARG AR ANV 4 SRR I 2 AR W 2 14E
REERBETL, RN SIA1BE N 1 RENS 52 3 i
RIESMEFEMZAEE, THREMNERNE
TR KR, BRI,

BT A EE R E R EN, BT
U SR o G B4 AR AR FE R = 37 5 1) 50 5 B A
Gt i — R BRI FTE, AL« — A A E T 5
—MN” ONBI, AT IEES SR, BT RERE
LR RN EE R, EFEENLAT R “—
MN7 EBIFEMEROME, fELIEIE
LRIz 5, 1B 2R 2 M i 1) 00 2 1% 4 e AR
1, XFEFRAELF R RIEEHHE. 1t
HMEF TR Z KR ER, EEE. Tt S
FiEdok, AT R IEE B NAE RS R I8 3 1)
AR R I, 0 B AR R R R
ESIRIAD /% N1 AN 115 R (R NS R 50 A 1T
AR AT L A E R AT K E
(V8 SCHEAR . 2 ) SR AR R 2

BRI LG DA b A A 3 3t 1 23 20 V8 T
MR 2, i iErRit R BREH T H
RAUMLES THERE S, DIEITFiBE S ¥ E B
YA NABE S 2 E TAE . MR T RSB E
BREEARIY, i T 2 2905 E R TR B R
PRIE SIS, RN oS, AT
A 3 B AHE 2 28 E I T S 0K o B
R B — BB R, E AN TF BN
#I1ERR T ZARDOZ 241, HAh RS L T¥IARE
fifg R Ay 2R B E B . R R
Huenerfauth Matt 5, 7rZaiEEHE 2T
TR & Er, RASEM T 20888 1Tk
B R B I A v I,

M H AT RE, 4 FdigiE iS58
THRFHE R 2 EE R LR, 5HALTF
EREAFR R, 2R EEENT A T
K& )2 A B A son Tk 5. [/ A5
1o B M 2 SCRV 56 8 7R i v 43 2l 18
EHE R, (EREK T N HEFE—EM
FERE R S 1%, (R GE S Rehs o &
0 R, BN EEE A KT Web, #K

PR BTIEONIE ST ER M T KA & SRR
e S T ) KRR RO o TR TR A A
PR AR B ARE A, BT RS
T B B B ) . R AP R R R T TR R
BHEE Z R, HLAR 52 2] AN 1T REfR U BT (1)
FAE B A AN A B . R AR 2 K R A P
X2 2 AN PR T 1 32 ST ok 2 i il v
A3 A VTR VS A A R T SR
R AEAE GG M B B, T — 8B4
Wi PR HbTH 254 20 5B 118 SCRFAE, 1]
B SE 3] B 1] 5 A 2 AR AR AR O,
MG E HEAT 2 20 18 8 T S5 I AR 4 3 2 )5 2
HNTTRERI 2 KA F IS, BEAE TS
[EEsh. A HAETF e T & S e,
WARIEE N R RE AT R T — A E
FIBPLBMIERE™, BT HE X — RN
M BR, 12 5 G0 bR U 75 9 1) S R IR A1) Al
AL IR Ao AR R B KB iR TR E
BRI ZARE, I R ) TV A2 4 R i
B PTA TR, I HLIX S ) i K
s, R R AR L E FLU AN B BT e o
HEAR, W E BB A . X TV
DRI sl A R = 3405 28 — 4 % [A] o0 2% 1 g

M 5 B 5 R BE AL HE — A 4 208 5 1E 13t
H, KRSEEL A OaiBiENItE . MEA
SR T 4 SR E T I A ) R K A Y
0L f A 1IN A% B35 F 2R TE R A 49 2537
TETE, AR RO RS AR BRI TGV RS B 1 1A 7 2R
W, 2 REEER T R E R TR
(R #2400 DRt 2 [R) R RIS 2R 1) H b A2 92D
THE T N R S8R, Wit — RAIAR
LIRS . k. FEMESESH, JFS5TH
VB SO SRBE LU S =00 B, (5 S8 iT
N #FAE  ( Parameterized action representations,
PARs) BRI S n K, Ry ikt
THEHE PARs Bibl, ~EEH THTA 5
FAAEE IR T IR . R AE AR A — B
BN, 2 S I T B DL = 7
NE, FBDIRATTE E T VS A E T KN
I, AN RGCREIL R REAT R X4
FAIEE T E R R B —E R, R
R FOAIFIEFN LI, AT REPE 2
WIEIE TR BRI TT . A RN 43 2K
T T T (AL T 3 A 200 52 Bz — 28 7% ] 3 17
KRR T EALE W S g5, T ERTE RN
IR ARAER, RA XA R RRE S ——
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DU, JF I I 2 8] e raRe = 4 73 83 5 15 1 3R
IR R R . BRAN K (M & X 2898 e A e
AT AR g b, X LR R 2% 5 2 i A
B RERNC SRR, S AN, S e T
HILTMER . XL 145 B M 28
HETRER R, X TR s T34
KRyl i BT A B PR —— = HARIE S
XS AR FRA 53 S8 1 T ML s B 1 AR A
FRIEFE R RSER S S SRR AR R A
PAE AT RR R R A 2 (Al HERE, M0 ASRE A A A%
GEil F TSR SR A UM R 2 R, A
S AR A% e 5 TH LRI BREE o

347X

FEME B MERESHEE R, LR
Wy “HAE—FR” A, AEDGE B PR ]
DL 58 8 AN R AR 338 281 A SR 3 ) Bt B, ARLAE
W, AH—ANF T LR B R AR YRS A H
brik, BI—ANFHuCAFRRIE “HH-FHFR”
PRSI S, BARRBEA RS, B GIER
KE. HETFERNESOH B Ry, FEAE
R AN T 3498 ORI AU, I [ 43 XK P L 4 1)
SRR, — eSOkl T AT SRR
Ky, 1993 4F Brian M E 15 w45
AR EL, 2008 4 Von £ A g T AET
HIFFAE VR, 48 B E 5 v] DU Sk EBiE 3
RS Y, LAX % NOT 1 TO HiAF-95,
e [H F1E W 575 2 A s AE R X 4 NOW Al
Today, DAi& 2T 3 05 o i v s H R 8384
Van 25 N3 7 2 Ml s R s, s S
AAC ( Augmentative and  Alternative.
Communication ) #z 1. i FH P41 52 450 38 15 VL 0
POS #5i¥ (Part-of-Speech tagging) i/ )
HoEss, CLSCEoeis B g 3E F B ML R
551 Yao &5 AU MO BEAE 25 2100 BE SR A T T
Wi 3 A o R At 2 ) B ey B PR i S PR 5 4 iy A
AR, R H T A R By R ST S B R
IWHI AR S B0 . By, FESELE
W EEAE, UAPEE NG, DOEPE
RN TR, fFEERZRET, FEOHEN
M, T BRI A ES A AN B AR
EHREME, EFEE S EF S RE R A B
WL FEATEELE 2 BRI U B A AR
HANZ BT FiE AL AT B 7R S, 15 XA
bR T

351EH

5&E40ES R, FiBEEES RS S
TG, RIBHIE A5, faREt . 153
i, AEMR IR SRR, S E g
W A K. WrkEFHRHFAERILEERN, —&
S H B AT A A B R — AN sefk,
L E 18 BB AL N A X SOk R R
. 183, TEAREE Fr T 1R i —L856) B 3
S S SR HAt B A . T AEE B 40 BT A A
1T F 320 L AE S P 0458 B ml DO FEAR
248 5 B RIAA AL B, X ey B n) DL
RN TR RN S o IR SR 430 5] F AL B
(8L “Fric” ) BIfi . BEMEEZ MR
ST, H R o R T A R A 2
i, 2009 4 Lefebvre-Albaret 2 A4 i 45 T
PAETEMIR B SRR ASAE, A TEE
FABRI & BRI R B, FF AR it ad yiE 25 A
Kalman -8 5175 2] 5 th 2330 167, 2010
4 Huenerfauth $& H AT Frid 23 [0 2% 1 (SRPS)
RGBSR BA B E) , XK X5
Fi#2i530F0 SRP (Spatial Reference Point) , /%
s e 2 8] E R R R —> SRP I, H
R R /A SRP AHOG . IX 4L SRP [yl
51 F #0510 A 5 HANE 5 SR S P
AT ) b B L X AR R 1O BT R SR AE
FHIE 52 T A — LAk igE 8 SRP HIA]
Reth, XTUEAEE H ST L 2% ) B ki &
SRP LAY, U Hbfg P T A3 2/ EiE
X Y VAR A LET)

3.6

AT F8 TS R 7598 R BRAE FiE LA
ARG, TiE () EARS, UAEK
AL BTSN TR 5 AR ARG, HER
BRARG. FERBVIRIEA RMRIE . Hrh
TENLGBFE RS S KL SE S AR,
TAE (BhE) A pse T B HL & 8 B 0 B4 Rl
oy, WCPAEAE BRI — T iR .

3.6.1 HLARHH

1949 4£ Weaver 7EFHi3C HIEEH T HL
ABIER A, 5 FEEETRAKNFES IBM
NFEVEE UGRE T L5005 5 L e Eix B
49 5, HJ 1998 43 [E Veale % AN A HEH
ZARDOZ %%t (—MiEif#| ASL AL H1
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24 P S TAEHL SRR AL S0
BB R, HES I LERFREmR, &
it 20 ZERIRRE, O T AR E IR,
EARR E3AE KRR . BIRMEGIES LSS
FHPESCIL 7R dntl, AER. B ST LR
PR T NA, BT R E A s VR
J7¥% BLEU (Bilingual Evaluation Understudy)
SENLAS IR VP AR AE, T ENLES BRI B
TESEI0 S A RN B .

VLA R 2R i 2 = B
P e EE S HElA K2 ARG
Wb TR EE R, AR R IT B E R
#4". TEAM %P3, ASL Workbench®3,
ViSICASTI#90Mat Z i i b 22 48 1 A ] 1 4%
GAE T IT R WAL s m e, HRgH
THL] CMULinker 7% 53 BT 48 K il M 5 SC
w,

KR E R E TESSAP S 24, BT
N BE R DB R R A B AT, UM
AR ST . BT IX R E T EHIF,
TER AT M A 4, FF REF X F BB SRE
mtAT AT A, R B AR 2 E S E= XK
VE, WSEE %2 Huenerfauth 18 Hi A Lo b1 25 HH
PR TG B R O F AR A B AT
T, 2T IEEAM ASL 2 RIAE S 20, AR
I T TAEN LA B A T el

I ENE S R Ra b, A
447 ZARDOZ™, % RGifiR vk T 2 KAIE
Sy, RGREHE R HE A A A R 5 IR
HEEL . TS NS SO AT VA RNE Ly
P15 3 145 B2 HE H R IE R e A r i,
X e OB e S T A R AR AT CitAT]
Bz, B, FFARIX R AT 75 20
B A R 1] 1% R SG H R R IR T —4id. X
M RGAAAEETLER ASL SLRIIRAELEH, 1
Hixsepist— 2 5185 LRm, efiln] iy
I —Fh R EE S . ZARDOZ & ME— W3
WP T o B B AL A B0 2R R R 4
FH T 1% Fb A (8] 08 5 200 © 0 S BE X2 IR IAL
WP, HFHIFRXN RGN TEREER, K
HAZ RAH KT

LA L, FIENLAS B R G AR LR
RETFETEMNE G, WAL &
AP 2 B R LA, DB — e
M, AH T 18 vF S a0 fa] {55 AR A7 A 38 2 A8 R
B, FAB AL BRI AR E K o M ik s RE AR

I B T B AR GEil = K A L2 B
PR, XF A B A RS
T AFAE B0 TP A RIRAIE T . AR G810 5 St
PLES B RSO T, 1015 32 PR TR (1
UL, FIRHL A8 R A R A ST
(530 BT R R G5 VR A (5 A
%

AT XS T FIENL SR E R TT, i
FE PR ) 8 B PR B AR A, IR
INA A B R, B LSRR Lo
e e H ATl a8 S, WFHBmMN
ME RGeS T, (FUT TR
VERE R, AT BB RSN RIS, W AL RE
i tH L S0, S P R T L e BE A (1 3R RS
FRADIEAIR, RN B T 5 31 I A 1) T4
)T LR, KAERIA L, B AR
RN HAEGE S ER S B, FENLSE
PBEAAE G218 5 HL A B0 A0 2 AL 25 R
O AL EAE R SRR SRR, R
FEA A AT AR L e e T 15 AL 25 B0 2% 1) )
Al

3.6.2 FiEAE K

A8 A2 B AR 2y Wi BRI
98V 25 B AR 991000 o LA A A A
Tl ) SCAR L T H, ZHA RS
TiBF HMARE R, 7] LR € T 5 W]
HIL,  NARIRTan ] WA 450010 Fi 2 AT
AIFaG, UL P ARER R 25 Fh 25 R 1 oAt 3l
16 ) . AR YIRS NN T AR AIE T 08 B0 A A )
A RN, SRR T B S AR UG e R S
X A E AT R O TR T B absid, X
FAEH T Stokoe B[ — NS HORAS I A fik
FAREHE . 2E R R B T — L BRI
FAEAF, WERN DT W 155 % 5
S AT H SRR B s, B B g
NE B AEREST MRS A, MERER
F, FiBNSEIERSEMEHBARGNEZ,
WA A1 TEAM R4l ZARDOZ #%:,
ARG R T AR RS, W ViSiCAST
ARG, X B LUX PS5

TEAM 1 ZARDOZ 2 KA RS iE % 75
BH O EshE B AL, 3 e XEH
A HNE F, XS 22 e T8
B, WRETE ARG E — A D EMA S
HHISWEBUE 1%, (H2 RS HA R &8
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& JTCVEDRIEIE T B REAE A& 511 1) L SE v
M5 # B0 AR R (R /NASH] 20 H1 ) 5
A AEF IR LM 7 Fp ke, AT RLRBI T A
TR R SR T H#AF, (EX T EARMAET3)
FRE, WESN . ZHWIEFIHEREA, &
2 AT BRI R FE BRI (BT A8k, #TGIk R
kK.

TE A S N B Oy T E, ROy E R
R Ax #E B PR bR SGML (Standard
Generalized Markup Language), 1% ViSiCAST &t
i 7HA HamNoSys FiE 15 &4t XML
(Extensible Markup Language) i 4 2% #n
SGML. WA %# HCE L T iR, i
E N Ye & ANFEET XML 1B 450y B FiE e
SUT s kg A A 70, IR e
HFiE G A, kR R E T F
B FEITRMIBEAMNT . HR N T ERTE
A, JOFERHSEANE KA RN E 2 1E
Bt ViSICAST & Al f Ax v wll B 45 iF
SGML FVE . RRFRIKIEWE . A9 F T 25 R AE
o LM B E A RS, R R G
S 50 18 A B o

XU TIE A R G TR PR A i
RE, HRXPE AP, EHRZ )BT
Bt AR H R & B o, B 2ITR
EE AR, BE AWK G —iRiE, It
HhBliE AR B EA RIE, Toik il
¥R, HRZEEERTERIE. HELENZ
XL T 5 AR B A AR B0 A TR A B HEAT 9
Ak, AMETFRIEFEREW KBSk, H
I T 55 45 1) i ) ) 1 AT S Bt T 4 1) A A
FHAN TR (0 R A AR (00, i {2 P 7 BALf5 38
B 5. Blan Sign Smith Studio #K£F CEFXT
ASL JE Hil DAL A AT ) i A s T
RZH ASL Bia] (AR BEAT T2 JE &
A DRy R S 1] (R 18 ) T VS 0 ] 4% i
T FHEAT A BB T2 ARt R4
FCS R I JETE,  H P  ZiAE A BT ) A
FEw s A BT a0E, SRAEREE T3, K&
SRR KA T A il ASL RIS B i 72

I A1 IK L 2 Gt Y50 AR G i Ak B T AR AR
AR TERAE, FELRSZIR T )R A B
25 [A) B i PR IR E AN TRV E i X FhAE T3 RFAE
REEONE . KB A 223 T B =

! vCom3D, Homepage, http://www.vcom3d.com/
2016, 4, 25

W, PR RS NS T RS SRSy
%, LIEE . B3, KI5, SKHEEEN Y
W2, TSI E A 2 8 X AT A R
PR RITO, b A AT T BN TV B R o (4
HE S HAE Z MR RIAT TR, F
F % 8t B A 5% 23 # J7 ¥ (kernel canonical
correlation analysis, KCCA) & 72 T34 5 3L #5)
PEZ TR T o6 AR, KK & T AT
NENE S R E E DO, YR T 25
(8 28k, 7EIX 7 R A 1R £ TR B,

4 BEAMBTXF BT B EATMA

4.1 BN S FETEERTHNE

HEATIFRERL, BUaT DU B vH SRAL5E K
MITHESERE ST, P 3 I A BCA AT, At RT B
FZI W ERAR . A TN E R S 2 2
R i I S PR N R N AW B AR ORI s NV
AT AR T HIILE.

4.1.1 AR 25 1 H I

E A2 BB R PR I 7E T 8 AT
R RIbR AR BB, DU T RETF
BEE, REARSF I E R RE, 8
I 3 AR kR R T B A E R B B R (5
B MrEME—-RE SRR RES, RED
PR TREMR—EHFR, AL EERE. &
B A ARANIZ B, HIX R 750
AR BEEENS, P AR B TR
AERIORIY; | B S I S ey PP SUR s $ii
A SE IR R PR T N o T A R 6 T Dk
BRI FAE AT SR SR T AT Re . B stk
SR A R T35 BB E 2 H AR IR FE AL
HMEGAE R, EEE T NIREE A5 4
Bty e 1) = o A R) o o R BRI R L IR A AR
ik (EHfEE, [FERE 2 T 1515 R H ShbriE
(R =k BEAI SR IR 75 24, BL Leap Motion 2y
fil, Leap Motion A] AP 290 My FE iR 7 A
RTFHI 22 NIBARKR", W 7. FEfEIX L
SR DA TR PE A f T A = A, RS
DIHSEHFHNME. FRE. iz shia
B BRAE IR AT AR, AR R TR AR
B A RESZEHMEE, W5 EETY

ZLeap Motion, Homepage, http://www.leapmotion.
com/ 2017, 4,25
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JE T AT T8 PR 2 TR ARFALE B2 H O PR )9 0 B
BB MURE . RORHE ) R R B # W] LR AR i
SHEBWRIL, NRRE PRI A
LR, @ TIET NS IE S RIEN S
TR R P Z 1B R R PR T AT RE

K7 F 22 RkA T mrEl

4.1.2 INFIH AR 22 D4
HETHESHESARB LU Z N, FEK
TR P S SRR Bl R X s N TR RE I A%
Dha il SN ar 2 i Mg & . Hil
B H R OGE T T ENE B SOR, X
Ja R S OB R OEANE, W R AR AT 2
NIAERE S L B OGERSERE ) BN AEIN
L, HFEBESTHENEG G2, WEHES
THHEA T KFFER) . EmielKrahmer MO3E2ETK)
A PSR R B LR T T, AT
A T8 7] B FH ) T SRR R AR AE A . VA
PR A B TN A& W 2 R
BT SLPURT 1) WL SR 451, oA 7
HHEIE SR AR . il — R R R B
KA S AZ B8 0B H & N 2% (Long Short-
Term Memory - Recurrent Neural Network, LSTM-
RNND L& BN 1S 5 TS — MR vERC &,
AR EU AL G IR B Ao 22 D 248 7 32 AT LUK
PR TIR PR 20%~30%. B AN 1 28 WX 4%
FEIS (8] _FEAT 15 B RAHSEAL, @i 2% 4 b
S8 B ARAL RN 2503 T DL SIIRONT FP 81) 1 i o 4
HIALFRE ). BIEJUAEBES fMRI (functional
Magnetic Resonance Imaging) . ERP (Event-
Related Potential)%s o 61473 Fixi T e Bl A5 5 A A fing
HLEOR A AR I, (EFRATT AT U BE B SN
R BB Lo 2, IR R H 5 S 1 p
ZiaAEHLH . XN AE R T By T8
RN i i FL AR At T VF 2 B E RS .
un, EAMEF R CAENE RIE )T, BHE
NBEE R N BRHE N TER T EE . BRE
T 1B HEIT NI =B i) R B 8E, 45 3R

PTG 5 00— REABT T 2008 25 1
S AR, (L5 K
TAEDCH, BF5EH T g5 T
BRI o T SR A ST S
BRI, BT SR T, 5%
R RS R L A
T 495 I U S0 0 T BFSL 0 . U
59T SCIL SN £ B 5 AT RO
£, WA T RIS BAETERLS], FIiEHL
DT BRI B AT i, T
SR IR . AR YIT
SEREATRISE . 1 2 SR SHLRL 2 5 3
XM, RATEEIING (R
BESLF AR OB L T R B, 175 2
M2 LA T AL ROR B, MU
UL B 4% 9 35 1579 R fe
e UK RS A T R0 R T —
SRR, H AR (AR R B
TSR SR AR BN 1 P A
e T

4.1.3 R It R

TR EE 2 20 H TN T8 fe A0 10 B 7T 44
R R BB AR KR Rk . A2 3
HR ¢ BH VAR BE 2 ) TR AR Jo A J 0 ) R A 8 PR 4%
FHVR 2 IR H AR N iS5 3, IR 2 AR S 1 o 245 2
P E T HH 28 WD BORE A b 22 S BRSO AR
JRAFAE T RE F7 . e AT LUK B E b 76 1 [e] 5 2% 1)
FRINERC R, M s SRR HER . SR
TR 25 ) 02 B S A0 18 35 A0 BEG Adk Ak Y A5 5%
vkt e, 54 N 23RS S A E A,
T IEEMEG, CARIES EME—1%EaH
AR I TR R B AR5 R 48, 3T B i
FEARIE R IR FE AR 4 N 8 AR AL B ARE =
oy T w7 N 2 I S P 1 o O 0 I S | By A 1
BRI FEEZ R MRE. EEH
FEUG B SRR, NG5 0] DR & 2
BN RN, AL S 5 7 2R i)
O, ARIENMEMNS AN . Fib
MERLE T EGMAN LTS RAERNES, HMN
b giE s HEA TR NERR. HIH
YRG5 AL 55 AT UG AL HE 1) X R R T A%
SRIE T ARG R )T, XERE TR EE S
R B PR R IB AL R, JUHAE B AV A
LIRS T RIS, #4028 B B Ak HH X
PhES el . 7 REE S & Pl U 25 4
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R, L RE % A PR W09 B ) R R 2
WEEfy, CIEILT LSTM Z 8RRk 4 /R 4%,
R RIE 2 B IR L 22 P 28 K& N IS 5 THE
PSS, VISRl EHAES Pyt . FiEM
— S 23 i) SRR AAE Q0 SRR R S PO 285 Ak X 1 A £
PEAR R, 45 20 % VR BT IR AIE 7] 2 ] 3
AR, FETUEERSENERE. FAK
B AL S, CIHBR TR GRHIE 51K
JE RS IR TE o P e s s, AT A A B R R
AU P VA A 58 R Jir G R AAE 1140 A O FEE R R BE n - K]
WEEE R L I At g, FrReRILEH
TETE 5 2% 235 R R U] 1) TP B AW 0 55 = 45 i B i
HIA FRAFAE, T N SE I Fig i O 40
XA G018 F R S I O B T B
IR,

FEITEMNAREZHFEEMITE,
NGIAM ZE KRN A T 288 E5 2
KM, 7 CUAVE FI AVLetters B4 1
SEEGSE RRIABS 2 M) ] R ERIR, [HHZA
PLZS ] A5 3 B U (PR AE o v SCAE N UM S Jo
KA HBIA SR 73T 280 O 52 B
B, BFiEED . B, AR IER I LR R
SE T B AR S5 A, MR T B A B R
THARER, DA s B 55 i = 2R 22 i
(M2 Wb, A8 3 Bl T3 A 18
B, Helnfd R R RIS R, Mg
TE — B OCAR SR W FL AR B ) S s R R ) T3k
fiE, XN RRAE, BB R S S M
HTFiEEHFEHTEZ M ARNRR, &
P15 ) 25 Ak i 7R B R O R 2R 1A 8
2%, W E RO FAT R G BRI T TR
3K, IXE G2 S B U R4 25 1570 1) &
M. SHEGER. INgRE, DL RS
AR Tk . WAEMFIMES,
B TiESEE, JUTEEE NISTE NI KES 53l
YR A RN e J1 . DR eSS TR A
s N AP 4%, A 3E = nlRE 2 Lb i
T /5 B AWM, W15 A DAL s
B HRHIE S AN EH S0 i o T T, R
B IR E S A FAB T E AR KRR
A, GRS B SR IR A 4
W 2T 522 ST Ee, ARSI E EANE S
5 R PR RS RS B, T
I A M 2 SN B BEAS ] /b (1) 5 B B
Tz

42 NEGESHEEFETHE

FEE ST R AL T 20 el 40 4F
R, gt 70 ZEMKREHE, Gt
IR B CONIE B TR R T, SRS
BIUFH IS I GE FIAMZ, FEH 715
AP EEAT S IOV T v . HLAR 2 S R s
W AT S TR R

XL GE S E L, BHRTMFEET
AL T A . AR 22 B0 A) B R A5 3R AN
gk, RV 2 B BAAE T b R
EFEHEENER, & RESE ghiEnklns,
{EAR 2 JE At 11 R A 5 R A3 B R L (313 1)
Ve, WS (AR, AR R AE . 4 2REE
BN FIPLEESSE . FiEdE MR EL R — B
BAGNHEBHELA R, BR—FiEHHH
WAW 5B R RS S, s
R BIEFE, THEREE%E, HTHAMIT
RFHEHE MR, FAiBERES, HEZH
FABETFEAL TYIGE B, WE HERERIE
SFE RN S v, B U B e Y %
PR B 2% . XL H 2R H e — i
I BB RN RN, B R R E SRR
() — % FAR A @, AT IR REMAR A B 4
SR B R T R . MR SR 5T R
SR OE % S CR T R EE XS 1NN
X5 B A FIn TR R HiE 2, AHOC
(STt it By B AR S5 M AR AR G S TR
BARKRESERE, (B2 0502 T8 B E N i
HERE, @A R R 5 S 7 (5] S
PR TR AT B KA RN
J7 .
43 NEAREHBEFIEIHTHE

Y Gartner 2015 R 504, WK 8,
PLEHAFIE N EEWEE A AEEHRES
. FREEHL EE RN ERAE B H AR
AL ARSI, Th AR BNA S A 1
WA A T A AR 2 3 X R R )
FEARTT LION T8 T S HR AR IR S (1) 2 0 PR [ A 4
VNSRS
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Slope of Enlightenment P‘:L:;z:::’"'y
>

Plateau will be reached in: ob e
Olessthan 2years  ©2to5years @5t 10years A morethan 10years @ before plateau

solet

Kl 8 2015 4 MFE AR BT Hh £
(KdERIE T Gartner’)

Yao SF NMNFITHEIMAE, 38 17 KM
BAIAFE B MARONEE, 3RE TR E A
N 9 FrR. BT, FEERASITHE
FE T 38 B W FE R AE B3 SCRAE 1 ik 5 4% ik
o BRoRPE, MWEE. %K EREZEN
TGS R B RFAE, PR AR ¥ B AR AE N T R A
AN ITE TG TR % = O S X
BIL 2 B RS E, R T BAE UM
& AW, SE=TZENTERD S5
HAANE T HERHIE . B R T IX R A B
B, HEBEMNKZERESENE SO S, X5
PrRAKAER . MARBREANHI, T
R H, B A] DL E B T8 R E Y HL
AEAE I S 5 2RI —— S e . BN
W IE X BTG = A AR HET A8 &, ED
T LY P 2 A PR A A T A SORE 2 T T
T—RKP. mANEBREZE N TR, &2
M5 SCHTG, B AW SOMS, RIE S A S
i, MAAHE—E, RIS RHER R —
o TRTE RN 245 5 AT DA DR IX A A . Y
SR, B SOBES 3% IRAANE . A)VERNE FUSAE
SEOH A R R O R SURRIE, RR A BN
MR T-B . Friederici 2 AFIH fMRI
LIS R I, NIAEAE =AML X 3838 K BiE
FEDAR™, BRSNS A Y 13E S B
Higs RS A S ML Ak 15
MG B 518 WM& EE 5 8 & 0E & g
1) BUR = HA TN &R 5
P AN

! Gartner's 2015 Hype Cycle for Emerging
Technologies Identifies the Computing Innovations
That Organizations Should Monitor. http://www.
gartner.com/newsroom/id/3114217. 2016,5,1

sign
semantic
concept

high-level
semantic unit

low-level
semantic unit

lllﬂs Phonological
n features

= MBS (ombination

- l ‘ o of edges)

K9 Tl rniH I

DR 3AT 1A 24 P A O T35 T SR AR AR 2
R R SR I, B SCRT B
EXPIRTT AT R, BT R R
—APERIER, HRZ N 72 g A5
B, WMANTEEE—RIUN, K R HE
FEfF, HETIRKEES B 2138 (5. B
AR PR B A AR AL HEAT YR, $R
EE T FIERRAERSE. AMMESIESHE
5 7N e s Fa TR R A, [HE
i BAE T IRAT N 518 5 RE X R L AT HLAS
3], FEALRE A R AE A G ST

5 ARKRAVEF S 5[]

fegiit SR e RAEREY, X
I T — RV E E A ER T SR, A
Gl E FEERA R TR R R I Z BT
o PRI INAC B AR 4 TE THE R 1AL
i, EFETEA KRN S ERE SIS
Rkt AT RE R EEAE LUR LTS A L
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WAG oA, JiRetishBA PR R IBIEF T
HARRIIKIE

5.1 FRER

TR EA R ZE R E G, I E B
R AR A RPNV PN { €T ESEfaE IR S IPS
Fo MIBBLEHHIL, AR T AR
TR RE, Il X —HoR5 GF T
RO R o BRI DU A U T 15
TERLE SO AT RE, PO B3SRBS 2R
b, AFEARETIR, 1R, POV TR
BB RIE SRR, gy KA 5T &
B EATIRIE T, XA B SRR
o

PATREE2 31 R0, T &R b8 7
FERNEEXER. RZORY, FiHEHN
BRI ——— TR E M 15 U
S LTI AR 15 2 T LR
A YA B SCRTR, TP 72 22 5] T3 3R AL
AREXFHEEXFTH MMM, LipE
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Background

Research on sign language information processing has
continued for 30 years since AT&T first obtained its patent
on data gloves in 1983. Sign language computing is an
important topic in the field of natural language processing.
However, no major breakthrough has been achieved
because of the lack of a raw and annotated corpus. In this
paper, we presented a brief review of the development of
sign language computing research in the past at the lexical,
grammar, and pragmatic levels. Milestone works were
specifically recalled to provide a comprehensive insight
into this technique. Then, we analyzed the opportunity
brought about by the petabyte era for sign language
computing. On one hand, benefiting from the rapid
development of computer hardware technology, the
emergence of the somatosensory equipment and the
improvement of computing speed make annotating the
large-scale sign language corpus, which could not be
achieved before, possible now. On the other hand, new
theories and methods for sign language computing continue
to emerge, thus further promoting the development of sign
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language computing. All of these developments indicate
that sign language computing will go from the embryonic
period to the development period. Moreover, we discussed
the next pivotal frontiers, which are possible research
directions in the petabyte era, including resource
construction, text-to-scene, metaphor comprehension, and
classifier predicates in computing. If the four issues can be
solved in the development period, then sign language
computing will likely develop into a discipline that can
keep pace with spoken language computing.
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and Chinese Sign Language. An important content is to
explore the neural mechanisms of brain processing of the
Chinese Sign Language, based on which we can simulate
the cognitive process to implement the cognitive computing
of Chinese Sign Language. Our research team has been
working on brain cognition and linguistic computing for
years. Currently, Chinese computing is heavily dependent
on the support of big corpus data, based on which machine
learning is applied to achieve natural language processing.
However, in addition to Chinese, English, and other
mainstream languages, other languages may not have large
data corpus, and corpus construction can be tedious and
time consuming. Our team focused on the issues without
the aid of a large data corpus and how the human brain
perceives and processes language. Sign language is a
typical human language, but people pay little attention to
sign language computing. This review paper can help us to
obtain a comprehensive understanding of the retrospect and
prospect of sign language computing and thus advance our
research toward more intelligent information processing. If
we can learn from the cognitive theory of sign language,
we can realize the cognitive computing of sign language to
avoid the problem of data sparseness of sign language
corpus, which makes possible the expansion of the natural
language processing theory of sign language.



