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Abstract In this report, we describe a method using HMM to recognize sign language from an image sequence.

Some methods using HMM have been already proposed, but the topology of their HMMs is fixed for all signs. We

should use topology suitable for dynamics of each sign because some motions in a sign may be skipped or modified.

Accordingly, we propose a method to extract and match motions from multiple image sequences for learning and a

method to estimate suitable topology. By some experiments we show that the proposed method works well.
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1. L &Iz

FREOHOBEORIL 1FE2 EF 5, [FE2ESD) 2¥
DEBTZ LV —LIEEBEIE L EoRBHERNHED, Z0%K
BE AL HS>ORBIIHE S Bh~1ra7E5 )0 (Hidden
Markov Model, HMM) [1] iZ X 2383 EB LB BN D, Z
NETITHEG, ORI L RBEEZEIC L HMM ICL 5 F
FERBMESR SN TG [2]~[4]. L LIERBIZE Tt HMM
OBEVNEFEICIOTEEIRTREY, $bdghEicdLT
RENRFEEEDS, o' 2o L TERBEIIC 25 L0 )
HHEEERELTOR o7, ABRECTRIINLOHEEERLE
HMM % B BRIIHERLT 2 HiEIC DWW Tk 5.

2. HEREDREER

HMM % %83 3BIIEATS o TEF R L BB L R
ETAHENRHSD. HMM ORFEEIC OV TIRERD HRERAGIC

RKODEWVIFIEP] bH DM, FHEBI LICBMEOHEMES
REREMICHF INIBBBRIIRZ DO THEBOHEIEL
THEEERAVAONEE L. ZEAT — 45 O REHERD
BHEE LT, FEBEOBBHRES FICHWS (3] 12
REINTVDED, BEMIZEA LB LRVEEOREES S
HHTET, ERFEC Lo TFFEIMEORENRAL D729
HEEZLICHEERLELWOBEARh o, F, REMD
EBEE L LTI 1 0 & 5 2B left-to-right & [3]) %,
EWEFF LR 2 0L D s 2] BREShTVAS. Ll,
HRINLOBEARIIEFE I LTRESATEY, EEO
FHHEBIIEN DRV IR LEHES, —HEEOEBFIINIGT
TRNVBLDERS TV,

%72, HMM TREREICBELTWA L XIS D —EDH
FidbOHARBOND Z EBRBEEINTVDA, BXlZOoN
TORFEEIX—MRIZITE S X220, 3 TF:5LT5D)
MEXTToTCNWDEED, FELOY FBEOELERLIZLOD
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Fig.1 A simple transitional topology.

K2 HBEHFAETEIEBMEE
Fig.2 A topology with a skip.
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Fig.3 Y coordinate of hand in motion.
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Fig.4 Y coordinate of hand in stationary.

THD. HHO p,0 RENENZORETO Y EEFEOFE
CERERERZRLTND. ZORNLLHALNLRE DI, TFE
EFB] EVIIEBMEIRONTL, (7 L—LATO Y EEEN
EENTE) WD 2N [Fx LT 28MEOBRFTTHD) &
WO ZEIZEBEDRP S TRV, ER, ZoBEOHEIZIT
[FEOMIBR EIZBNTWVWS] RETHELOT IE7L—A
DALE)] BEETRWE»D, B3 TOY BEBEHITTY R
SAIZEI b L LTEHEHBNDL [FE2 BT TV 5IKE)
DOLEERDD L, [FEHIESETWE] BEOFN [FE2 L
FTWd) REXEVWEWVWIBRENEZS. ZORRETRLE
OB 4 THY. AP0 p,o xR 3D 1F2 LT D] BHE
BOY BEEOEHESHTHS. B30 [F2 LT3 8
DEFE LV LB EHLEMEEL 2> TWEDOTEENREVE R
EhTLED. HEXKENTOELMIE LY LB HRDT-

and Conmuni cati on Engi neers

DFE YT YRS ERE L T LB AR OBIEDRLLEE XIS
LTWRWZ LITRB.

HRED HMM OFEE T, FHETAREZ DRI E EIT
ZOHRECFEERAT —FOE 7 L—LEE DR > TRED A
FA=FEBHFL TV ERE~O7 L—20F VRV ITH
EEZRERETHIHITbhald, RENPBEOELE X
ISLTWRWEELLSFEHETO Z LB TERV. LEDOHT
i3, BEMIBEZRHEEIIEDDIL (FrEiF5) KEOFEEIZ
[FAHIESETCVD] ZL—AOESEEZAWVWTLE S T
HRH5.

IOBBITIMBOEEOLOEBEEL LT iZ L v,
— TR CHOBR I LR Ba Y, MEAEELRBF
ELEETS. HREDXLHICEHELEEEX L >HMM % b
WU T, REBILICHWIREHFEENRLR
HR|IZRETE 2. UEFREFEEISDLLLLTY,
BERECRHEMIBRLEIIZEALEFS LR2VEIIIANT
A—FRRBETENEIEEOL S MEIIERTE 5 EEbh
B, FOXHSRFPBEIT O OICIEEOERFIN LB X
EfTFoTWAEAEZHMHL, ThoDFEREBRELTHEZOR
PG U B AT HERD D, FEOFITITFRLERENRA
BEBEALRVBEOELL L BRIV EDHEP, R
Lo TEED—HERERTI28E 0 H 510, HIERFICIT
EENTVWABEBFNOERFIIIEEN TRV ELHD.
IO, PBE OMIEMIT 2T BICZOFHFRETHS
NOREBBLZLEREL2TNERZL2W. LT, 3. TET
FEHF— 2520 LEEEYOHE TG LIZREIICHET S
FEIZHOWTRERR, $< 4. THEOKEFN b XISBRE K
D ORESBIEEERHET D HEICOVTHERD.

3. FEAT—2ORMAE

RIEBEBEE L HET B0, FEAT—4% [FE LT3
BOVOEFLEVOBEEFEME LERMICRETS. 22T
RET, AFEOWTOFEEELOEE LBIZ DM X 2&IZ
LZUTFO LI RFETCEROHIEBXORE A2 LT 5.

(1) ELNBEOBEEESBE vo AT DA ITHEXHE
L5, BIERBUAOKMEBEIXKE L T5.

(2) EBBRMATHELEBEOBEOMEOMAELRD,
A—RKENOEERRT L — L DAEEYHETS.

(3) BEOHMZOHEENBMBE G LLLLRDT L—0H
B CRMNIZHNEEOBBREZ5ET 5. BEomE 0z
MO LLTIZR2DETHEIERY ET.

(4) BT57L—280BHELUT, HIVIEEENTOR
BEERESBELTOXBILBERE & U, @5 5iREXH
HOEDICEEDS.
ZOFBZL-TFEEAT— 21 TFBFLELTND) FFLEKX
M, TERHDFRICENTVWD | BEIXHE, [FXENTWD D
OOEEOERSBE L] BERRBOD 3 2IIHEEND.

EAEDFEHAADLETRERZHRT LD, ThEhoF
OB E IOV TROLKEFIORMER S MLERHH. ZIT
K5 0LH1z, EAORBBHHBELS 7L—252F1T55
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Fig.5 Synchronization of intervals of hands.

B, HAHVREAOKEAIET S 7 L— AN TORB BN
BHEHEVRBERT LT, TO>hRVERIZ7 L—
A¥HARL, BREMLEVD X, BIEOF A I/ bhio
TWRWOTEETRWERRLTEATS. ZnkoicLT
DEFEETDOBEICONTOEBRERDD - LB TES.

4. KEBBHEDOHTE

INFETIBREFET, DESOFEFRHBEBRIINGOEE
LEVOBIEZORMFIZB/DZENTES. ZOKBSIOZEN
FRARBICHE S ERIEESEIC HMM 24K T& 50, F—
FHREECRADEGFLBLEBINIC OV THLEET D%
EXHD. I TEHIREINLHMET AVEERL, &Y
DOEBFIOFEREHET MTEML TV &) Hkd A
5. BERDHRMPNLOEREEGRT DI, BT LHOKE
BEDEKMOB & L3IETH0ERONTI . HlE LTH 6
FEOX I REFABEOLNTVD L EIZK 6 PETTEND
XKEFIEERT D LE2EXD. Z0LXx, XEFNIFHIEXH,
BEIXRE, #IEXEAEA TSR, EF/VIIBENREE L #ik
KD 2 2DHTHD 70, BAIOHEXEITET L PITHIG
THREBFELRY. ZOZEND, ZOEFIILRNIDO
BERBICHEYT2RENSENTHARVEWVZ DT, &)
OFIEREICHST 2RELZHF LVEE & LTamdng, =
DOREBFIEFEESEDHZENTEDL (K6 TE) .

IDEIE, ETAPORELEZLNERBFIOZNEN
ORI N TERE, 5 ONEEKMAIEHETHEOE
TAEREHLTWS ZERTES. sHSfFITOFEE LT
2TORELRBOBIZZAaT#ERL, Aa7 OREFHIR
Ked L5 iRkE REORTORINERDTERERAL
2. AL, K& LTiEAbhEIEFR#HE S L O %, KiE
F|& LTEETAVOBBEGRERET ORI OPVWT AT
EEZTNWD. AaT7OEE LTILTOL S 2% Huvie

score(state, segment)

1.0, (F#IEAIRTE & $F 1L X))
-1.0, (B REEBBXE, H5

= WIS ENREE & Ik X E)

(BERRIE L BBIRHE, B8
REE & X

c08(0segment — Ostate),
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Fig.6 Addition of state by matching with segments.
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Fig.7 An example of addition of state (“warm”).

1)

Z Z T state, Osegment 13, EETHRELKMTH, B1& DM
XOEYTHD. BEBRM L L TRIBIE—EDREICBRE TS
XMZfHLTWEDT, 2. TOMBERFRE TR0 FEHN
LD, TOLIRAITERND I LT, BIEKHEITH
1ERER &, BEIREILM & OB X OF X O VBENRE &5 E
ERBILENTED.
EBEOFEFEE» O FRERUMIBOSE 2L, Ado bk
TIREEBREELZHELZERSIR 7T THD. ZOFHEHIT B
M RRTFEET, BEZROE CRF%, mREEIET
B L FESE28ETHD. ERICAVEZERSITIE, F%
ETEEIEEORICTSHET LEILREDRVEDO L, BE
DRICHIERERAD bO L BH 5. B 7(a) ILEFILRED
WEBTIN S ELNEETH D, THIZEFEREZ S OE
BHOEREGHT S Z & THE 7(b) DX 5 ITHILRENSAS
BAELHFETEDI LD ICREMBNShS.

72,7189 VI BROFFHEFBIZOVWTHEEITo 1
P S THA. [§9) EWVWHHEOHE, EEOFOEEL
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Fig.8 An example of addition of state(“match”).

EFHbAbESEVIBEICE- TS, X 8(a) i8S
EbEIHIOBE L, AbEEOFHLKENRHIWER
Fim b AR LICKEBBEETHS. BN (b) iZ&HLEIAD
BIED/ N XN TE TRV X S RERYIS, BEEE
bERETY LB OBRE SN 2EBRFIOEREGR LI
LOTHD.

IO I L TREESEELERT 2 LB RBICBETDT
L—ALLREBICREZ DT, HREH S OFEEIZS>NTON
S X—% (EH, H8) LEHICKROOLNS. HL, 2. THH
L X D RREBICE s THEN EDBEEIC L TRELHET
B, DEWHUAGHERETDONRBENTRVEELHD.
FEGREEBEIC OV TIIABEHRFTCREIREL, £
BEOKIBEEILEZDHELHROIFENEIONDH,
EDORBBIZ OV T ZONEEITI A, 1T b EDRES
HBERENIONWTRETHLERDHD.

5. BEER

BEFEZEFOFFEGINCER L, BEEREZITo.
HEO-OHEEL L CIBIZOREERTHEUS PV E,
HEOMHEEF AW, REELOLBORYD, EBHEEIIN 1
D LD REHZ left-to-right #FEIZRE Lz ) L TH—0%H
F— I PLREROLEHE L TEFAEERLIHERICOW
THOERGLIToTZ. T OHEHMZ left-to-right #HiEDHZEITIX
E9DLd B ERS 5] LV ) FEHFENK 10 O L
SBREE D [E—F—) LW FEFEHFLEAB I,

E19, 10 DU TIZHALMACELRIEIE THIMNERRI
NTLEHIDI, RULEFEZ2BERTIFHETH-TH, FEE
PO b OB & B R D DICEE WY R b DT TN
EHhEEILND. [E—F—) WO HEEDRSE, FEMOR
DO FFAE8ERHY, T 2ENCFFLRESADEZIIHA
LRVEBSILEZVES. o), MEHTEIXMEIIE L
TIE 11 DXL 2007 —riBhd. K11 #ol
AFBIIOE >ORBZRLTEY, HAKOHRDOL & RMXE
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Fig.9 A trajectory of hands in sign, “match”.
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Fig.10 A trajectory of hands in sign, “sweater”.
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Fig.11 Variations of sign with the same meaning (“sweater”).

NENEE, HAFEEZEWRL, M & SBENETNBENRE L #1E
WHEICELTWA. KIZK 11(a) PEBFINLHHMET V2L
FRL, H$i7 left-to-right &2 {RET 2 L KEEBEEIIE
BREN LR ILRE~, SVIOBEZAEIND. 20X
RELEE L CEE LT EBHREBOFRIITEERSIOK
OB V—ARRAVBEZ LIRS, Z0DHE 11(b) DX
FIOBFICHN B IEKEICBT 287 L — A RBEIRED /S
SA—FHFVTHORBEAEINTLE D, EBRCTFHIEKRE
Th 5O THBEHREBOERICIITEN TH 203, T DiFk
KRR OH LRV OBEREBIHVIROATLE Y. BE)
REEL #ILRIETREBONAHUENRRDIOT, TTALHOD
BREL KT L— b L OFERHEE (Viterbi 74T U X4) ©
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SBIEF LIRS, % 104 %, pp. 21-28 (2004).

L:M:0.07,0.99
R:M:-0.08,0.99

M 12 TE—%—) ORESBEE
Fig.12 The estimated topology for “sweater”.

BHIBENREBIZRILE 7 L—2A0E 0ROV E ST T B8R
B A, METORENE L LFEELRTNE, #EYkext
ISBRIIE LNV, ZORDWHET LV TIEIBERETH-
TOREDBENREE & ILREBAREE DR ARATA—F L 2o
TLEY, FHEHELARTIRETIRIRoTLEILE
ZAbhs.

—%, REREOHAITEH LM LOEROFEERT—F 05
BIVEIBEZOEREREG L CEFTVEERTS (K 12) ©
T, FEROREOREIITEZ 52V, EED 145 220
THELSEBTHENTE A, FHSEIOERTIIHD 2
FABIIT-o TR VR, EFADARATA—FZEZEDBEICY,
BERETHIMHIERETHIh LV oBIZOBEELZ AV
T, TERRNRTA—F (BBRECET ST L —LTOHE
OUERY) PEECEEEL RIS RVWEIICHETS L
bHREETHD.

6. BbHb Y I

AHE TiE HMM & AW FERMIC B 2 EiEoME
IZOWTH, ENEMRT 57202ET 28 % 2 BEAITK
OEFEERELE. BERECLVFALERE b H>FFHED
RO SR TR BBEE A ET D LR TED.
EROHE, BIZORKEVFEFEHEBIC OV TIMAE LVWERS
BEMRDOOLNTWD LI THD. SEIOERTIIFMEL L
THEOmE LEEE MWD, BEIZX > TUIIBENEET
Hold, NEBILETIREELEATINERDS. T05
A, BBRECEW I BFRENEECHEL LRV E 58
FA—FEMELRTNERLRV. ZOBIILELRD,
BIRERETHINE I DOHEES, RAETHLLTED
EDATOIRED, EOBREFELBHDIRENIH>VWTAHE
BHT2TFETHD. £, FEEDLYIBESCESEERY
FEMIEOBHEENEMEIEVEVELL BEIC, FEFEIC
B ILRE S BERES RV E LR SRS 24 &
TLESEWOREGHD. ZOHEITIIB N D&Y IR
LAEKRELODOT, —ESE L-KES+HERETILE
BB, ZORIOVWTHHRLITI TETHS.
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