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Sign Language Recognition Using Time-of-Flight Camera
Arata SATO', Koichi SHINODA, and Sadaoki FURUT

T Tokyo Institute of Technology, Graduate School of Information Science and Engineering
2-12-1 Oockayama, Meguro-ku, Tokyo, 152-8550, JAPAN
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Abstract We propose an automatic sign language recognition system using a Time-of-Flight(ToF) camera. A
ToF camera can measure depth of subjects and it has been applied to various tasks. Conventional automatic sign
language recognition methods are classified into two categories. One is those using a 2D camera and the other is
those using sensors such as magnetic sensors or accelerometers. Those methods using a 2D camera are not robust
against noises, while those methods using sensors cannot obtain hand shape parameters. Moreover signers need to
mount sensors on their hands. With a ToF camera, the problems in the conventional methods using a 2D camera or
sensors can be solved. We compared our method with a method using a 2D camera. While correctness was 38.7%
by using a 2D camera, it was 91.3% by using a ToF camera. This result confirmed effectiveness of our method.
Key words Sign language recognition, Time-of-Flight camera, Hidden Markov Model

1. i C&ic FEe LT, RILSHETHES E%%aéﬁ?%%&', ER
ZhBENIIIT7ETIL (HMM) ZRWi-EHFE%E
HFE, BOAVWEOUHSEENEATVS. TOKI3%E SHITBZCLNTES. LEA->THER, FHOBR
HRICBWT, BPAWELOIaZFr—2ar2ZE3T  HF—2Hh5 20L& HSMBRHHT 2N THS.
CIIERICEETHS. HERENVE L DRE, HEHT ek RENGFFEORMEBMEAEL LTE, #&F
A2 a=—ary®TH>TELAEREDN, PFEEEZ DEFAAASZTHB 2D AAFICE>TEHENET—
ZEFREEANTIAI2=F—a VATERESHNE 2HhLEMEBEEMHTEAEL, FRO Y
ATH2. LHLahse L DAEFFICNT SN Tehll L7z 7 — 2 bR EEHH T 2 AEO0 ZE b A
Wiy, avEa—RICE3FE0EEERIRD 5 FET 3.
T3, 2D A ASHSOEEME TR, loaEEHLT
FREThEESXFRFAVEOD, SHEO—E FOMBLEEZEETAIWE R, BEYTTELGS
THBEVWHTENTES(15]. DEOLFEEZDHT S LERAWTFOMNE L ERHEET BHE[2) AT T

183-44 1861



B0, Alosicit@AZENEE L, L0 E
KNEEIFZTE, HriClled S Gntorss &
FNEEERLTLES C A EHEO/NA FEICHIE
MECTLES. i, AATICHLUTRHRICEIL &5
BFOEEZHNTACENTERNEVIRELDS.
ZORMBEICHLTRATLAAASEZRANTHLTZC
EEABERED, AT LA A ATEGS L OEMERI,
AT LAy F o7k EDFTREDOS VI LB
D, V7 ILEA LEDHFENLILLIERBETSH 5.

—AT, UM o EMmEHTE, Mtevh
BESNMBOT—2h CRMBEMLT 7% 4] [5]
R, MEELOHEBRENINEEDT— 2D S RFHY
BEMHT ZHET MTDhTERE. ChEDFET
BAEoEEEZHIC VR, FOREROEE ZBIMIT
EZREATR D AATIKLEFEEREIDES THSD,
ANHDEGETHEN2HFOEERDB T ENTER.
i, FlceyHEZROMHTZHENDY, TADFRE
EEDER LT BAREMEND S.

Z T T, &AM TL ToF(Time-of-Flight) #1 A 7 & H»
7= FEEZ R8T 5. ToF A XS LIIWERE TOMR
HEFNEERANTEETACENTERAATTEHED
SEEE, BEELAEATEC ik - THIMZMTFICA
NoNAES 1T AAThS. TOME, RE
TREBEICEIZSHTEOE X2V 7P, ERRY
V=DV E—T z— AR E, TETEEDHFDIG
ADHEASN TS [17). TO ToF A A ZEHAVWNIE,
RSt R Y & B FRERARERRICF O
BRYHEE=RNTTRHET R LNTE, £/, 2D A
ASOMEETH-TNILoBEEESIAC &L, F
OEZBET R LHARETHS.

ToF # ASHE RN A 2—VEBEoms s LT, fl
ZE, BEFHR (13 BB, COWKTIE, FENR
EHEIPE LT WA TEBICHFELUIERZIT> TR,
ExZicmz, BEAY I AFv—aamamiTo TV 5
712 £HBD, TESEFNFFTHINEFLSL -
DWERKETHAT EERELTWVWS. iz, ToF
H ASTHEESNERERICN L TFOETIVT 4
F 4T ETOTWVWAHER 255N, EEEETIV
T 49T 4 VI ETo TS St AR IEREICE.
ZFZHWZICUTIVEAL LESERTET, EEOY LA
F v —EERICIEE - TV,

FEOFETIE, ToF A5 TERE I NIEEE G,
5 AR L, FOBED 5FTE LIcFO=RTHE
@y, REEEESSFHE LEFOEOFEEEZHNT,
HMM CFEEERTS. i, RMELEREED,
iiERd- e FiELEMONRL TS, ToF W AT%EH
WBT 2T 2D HASREUFIC LB FRERROMES
ZERL, &5hk3FHEOEREORLLEHET.

1S3-44 :

& 1 SR4000 7

2. ToFAXS

ToF 2 X5 &, Time-of-Flight(FRITRFRT) Sl L
WKEDSWTHEEBEFTNTAAATTHS.

2.1 | H

ToF AAZd, AAZTEEICHBEL TWAHEAENS
HEANOHFYEEREL, LU —BT2ET
OHORATREZEFHIT 2 T LI K> THEEFRT 5.

2.2 SR4000

SE{#ER L1z ToF 71 A5 T34 % SR4000 i DWW TakiR
T3,
2.2.1 =
Time-of-Flight |2 & 2 EEBFHEIZZHRT 2w,
SR4000 i, HE&®D LED YtiFAZHEH, CCD/CMOS
A A—THUHEIBRMET LICRF L TELERESD
(HEZEHAS 5. BEETOEHI, TOLRESORE
HOSEHLE LTESEENS. D L ARERKIC K-
THIET 5.

€

D= 37 (1)
2L, i3, fIREFRAERAEES. SR4000 O]
WAz E F oo IR E RSN 30MHz DT, 5.00m £TD
HEEHIATIRETH . Fofct, REBEDFHZ
TEELRTE, FRCE>TY L—AT—IVEGZE
BT EEURETH B.

SR4000 DEHAHE([16] ZE 1ITRT. ToF AATD
HBEE 2D H A S XD EHE->TENBEDD, Sperling
SlckhuE, 7L—ul— b 156ps D 24x16 EZ IV
OEETH->TEH, A SSKOBETHMTHTLNT
%311 BT END, MREIC X BEMIEREDER
Pz kEzZ 5hE. £, BEREMAOSIZELTE,
MAASODBELEBLTLFERRICELTELL
HoTWBEARENVWENZS.

2.2.2 R LZ OMRE
ToF #1 A S OEEM & Z DEFERICDVTHIAT 5.

1862



TR

s MESA Imaging AG
ERACE 176 (h) x 144 (v) QCIF
HE A 43.6°x 34.6°
R 40 pm KEEELE B
i R 0.23° RROEFEICT
W E 850nm b A |
2 T 30 MHz AR E
Eh{EfEE 0.3~ 5.0 (m) BHETEICT
PEBERERS +/-1cm z-71 W, 1 EIZEET
JL—LL—F B 54 FPS A A TREICKE
# 1 SR4000 (L
FREEE{ROD EAZE

ToF 71 A 5 Tie b2 HEHE{RIX, WEAERE TOHEM
EHERTEOTHD, LD > THEBICWAATLE
3 VS RENHS. LA L, SR4000 TIHEMREAEZ
SHTERICERMTF Y U T L—2arvEiasicdh, ¥
{RDELWIEBIEZES T LN TES.

S

ToF AAZTHRONBZEERRICIEZ LD/ A4 AHHE
NaH, SR4000 TRRZTNFNOEE TEEDREHE
DEMERERET BT LICL - T/ A RO H (i
UIctERE{ Gz G2 &N TE 5.

AETHEAN DE

ToF A AZ, XDOAEOTIH CEEFETE Tk
¥, BIESFENOEERRES TR TLE S MEL L
5. PAIEHERFAEEBED 5m OHE, ToF 1A 5% 5m
FOMBILH WAL 10m EDOMEBICH 284 E 51
FERIEFEU bm L7 ->TLES. SR4000 TE Z DRFE
WELRD, XoRMEEZMEE LT7a VR 5
THTLICL-T, RAHEEEBAOLELVEZT %S
BLENTZES.
3. FEIFHMVATL

ToF AAZIC X BFEERH Y AT LI T OFN TN
METS. FTRYNC ToF ARASICE>TELNAME
RS FEREME L, RICZFOMEEEEDEIC Y S
ARV TTR, VSRAZ) U TENELOEEIS
KMERHEL, RECZNEORMBEANL LT
NW=IVIATETFNVTREETS. LB A T LOEMN
HOFMEZLL T T3,

3.1 SFElEHEE

ToF #1 A Sh 5B NEEHE &, & OFERH oMY
i, BITEREDEZETI IR ) FT BT LTITS.
Tihbhb, HAWRTEEERRBELLT, ZOMELD
LFAICE> TV AYELNFOERTHELEZSZ L
9%, &k, SEMERFINTRELE

1S3-44 :

K2 HTEEETOT «)L2Y Ik 3 FHER O

B3 MlLEFER (B) 223 R&) 5Ll (F)

3.2 92XFUY

Ric, HH UMD ERE, Ak, %, Elo 4D
WKKIZZRAZ)VIT B, RDEIEREFFICK->TS
SRAV T HERER 5.

RFEOHHNEET 185

i LB OBELNFRE D EICHNIE, FOMEE
BEFTHS LT 5. Michlichbnid, FomEsEid
EFThaLYMT 5. RICEEE k-means & HWT
TOHaEIL, FRIPEINCHE B IS AR, F5T
gD i L Hlrd 5.

BFEHEENTEET 255

TODMREOELEEBLT, Elllch3EHEET
ThaLtlEl, GHICH2BEEEFTH B KT
A, TNENOMHEAE k-means iH% FA LT Z2Ic 4%
L, FEivEllichr /o R2%2E, F35TENES %
i 1] =

AFEHL 2DV THEETBES

i U7z % k-means SET=2IC458|L, HEICH
B0 ARG, BMch3 S A42ERTES
i s, FROIZRAAIEEELLOEICLEETS
T EiCT 3.

iU, e k39S A% v FDAhOES, 8|R
MDVFELRTWV. L, EFEECE» LTS
G, COAETRBRFISZFOFIIEFETHS LTI
SNTLES. ZOL5%E0HIE, fiEReEr2smT
LIS TEMTZCENTES. LoT, HREEE

1863



\J

B 4 REEEE

B3 PCAICXABOARHAT : PCAIC X BHAMOFER
BEMECAR Lz BEBRTTHRIEL TV 3.

BEEATS.

SEDES, KOEODREREST S,

e N:EFLEFEEELERW.

e R:EGFOBRNFETS.

o L:EFORNEETS.

e R|L:WENENTHET .

o R-L:WEN oDWIRRETEET 5.

AREAREERIREIN 4 DL 5IcT S, TOKIICHRE
EREFHETAT LICK ST, EROFID X S a8k
AEMTACENTES.

3.3 =it

RIT, 3.2ICEK > THEL &L DHEED SHHUER
FHET 3.

£33, BRLAOFEEOBELEGERIGT 2E0MO 3
JoThiBEEE L, ZOREESZEPHOEEL T5.
Fiz, fEEE I ITEERL DADESTSAGNATY
B0T, WEMICHLTPCA (FRGa46n BZEALT
1 Tic RTEREL, ThOEEEENEEE~Y MLE
BomEELT S, THIZ, EPWD 3 NTTHEELEIOME
EORFMBRIANT Y T AL E2ERCTHIERTTS.

BEEE, B, FORICHETAIRMELRETS. &
T HBERE R, SEFSTERERHL, LITOoRD
FEMEE LTHNTS.

e FEEMICETAEEROZ)S

183-44 :

B 6 EfEEh s ORHSHE
HERAKT

EERSUERS, WAL

o EIED 8 HADOBEMCBE T BEMEBOEE

o ERBICHN T B RMHE IO R & Fmio

o EERIELICN 3 B RS FLE LR Rk £
ROKHEREEEDE L, LUTDL3ICk3.

o FOHEE

o WEOELEE (327T)

o MWOBELEENE(EE (35D

o WOHFMAT ML (30T

o HOAMARY FILOELE (3RT)

o EOTLEEAD (3R7T)

e EFEoBELEZOELE 3R

o EHEEJTHEEANICEIZEERROZES

o HPEHESTEED S HRADEMIICHIT BHE
Ho#E (8:km)

o EEEICHT HEMEUREOER & FEio

o EFUEIC T A PR OO 1
£oT, FFICDE 30 kT, WET 60 RnOFE=EN
(1 g o s
3.4 BEh=/ILO7ETIV (HMM) lc &k 2588
RBICETHEHEZENI I 7ETIV (HMM) TE
THAEL, 3.3 TROIEFHEREANE UTFEDME
75. HMM OFREDHN2MEE - A8mEe L,
MM OREIEIZIRAERL 15 O Left-to-Right B HMM & £
EH 8D 1IKEAF v 7H D D Left-to-Right B HMM
D2\ THAET- /=, Y L id HTK-3.4 18]
EEHLE.
4. FF i R B
SEDORBETIE, 2D H AT & ToF h A SOWA ThH
FHCFEREE AR L, FOT—4DEEFNFNEYUE
EFEL, HMM ZRWTEY, JHETS.
4.1 EBEH
4.1.1 RRT—X
SEERACBE LT ZRUTOLIBEDT
HB. T, WEEICIZ 2D HASHHS MR
BENKSICEBVREETLE BT, HASOFHOD
RTPCE-TEDY. RMRAEFETCEO LICBWEIR

1864



EZLW 5H
=T
TEAWES ST

E 1<
~335 ¥bh
%2

3
%5

RS

B9 FEEDH 174

= -

B 10 FFEOM Bk

OO EMIBL, FHERToHRICEFEREDTD L
KRLUEDRERRTTS. iEL, BEL-BEHD
ZL—LL—hka&, ToF }hAZIE 10fps THEDITHL
2D A A3 60fps Th 3. WHEIILBRFEREDA
WEFIEDREEEE 5 £ T, 32175 FEOEL, &
BIIC [14] fTED DVD OEE CHREL T 3. NELT-
Falld, R2ITRT 12 HETHD, 18EECHOE, 29
HF—%2%Z 10, X FHT—%2% 5 EUSELE. L
TeioT, BRAEEETF— 2L 6000, FX F5—
S2EUL 300 @77z,

Wi LIcFRER, bIEESHESUTVZFERTIR
AENDOIENS 2 & DEBEAFE. HIZE T35 TEL
51 DZDDFFETIE, FOEIREL THINHENR
Zo T3, BT 7<) T ¥ L5485 Luis

Bl 14 FEE0FI: &

EFRTRE, FOMBREHEMNMUTVLENFORDEx
WRZ->TWD, i M3R3) (~F3] MEi Luvvoi=
FREEATEOBZHLRAA L N FETH 5.
4.1.2 2D A A SORHMEHH

CTTTR, HREBROEDICTS 2D A ASDEME
AT DOV TERICAR S,
FrEE O H

FHEEE G SAEORSEHMETEC L TF 5.
EREICIE, Ei{% RGBIEXN 5 HSV Baic T L
H OfEc L TREERY, Fhril- e FiEs
THEHLYWT S, L, ChF3TRELHE XA
TUES /¥, Haar-like Fid%E A= X v i

BAREINV T 3. ZDBOMITE ToF A RSO L = LIFF
FIEETH A, 2D HASHLOMEGETIE, Bk OH

ENRM T, BRI B 3R > TU L
HMBOHE
FOMERHEDHRMRBICE, 503 ERb I Fhlln

- 1865



o

B 15 2D # A ZES, b OFEHOHM | ATER () H
BAEEEERA L (F), BEAEEMIC X - TS A&
HER< Ch) . ARCHIEFEFThFhOBEROE
JC\’EELTL‘%.

GEFRELCELEEZE L, ZOELEEDELEEHNS.
TNBEETIL—LTEIChILT T 2 LA HCTHE
EZTTH. FREOFMBICELTIE, FERICHT 5
FIE{EIRE o i & Hh oD Lk & FREBRIC IS 2 #E P
OEIDOAEORER VD, Tiud, BTV AFEAEG
HTENTLEICLIcLh S =L Fiagemmbtelh
WHERBEGSEICIED LEANS T ETHRLTNE
e, ZNUCE - TRl FREARDZ T N TER
NeTH5B.
ROEEHERE DR EUTDESICES.

o FOHIE

o EDELEE (2 KT)

o BNELEEOCELE (25T

o  EMREEICHT BEMELRDOET L EEho

o  EREEICH T SRR DDA &

£oT, ARIEDETRIL, MFET UL RTORYE
MEENT=C EICED. ToF AASOESLAERIC, &
FEEFEE HMM TEF/UEL, TheDRFEEBIcLb
HMM D%E LER#ZTS.
4.1.3 FF fii & i

AEBTIE, —D0OF—R|T—D2DFTHEIHIG
THREVWSCEEFHE LTH->TWEDT, FETIL
DFEMIEREDFHMIC 1L EfiRZR (Correct) ZHWVE. Th
ERARCE>TRBB T ENTES.
N-8

X 100 [%] (2)

CCTNBTERTAFEHET—20HE, SEBEHEELD
BETHS.

4.2 ERER

T T IV RAREESL 15 @ Left-to-Right B HMM 0 2
FOERERERILIWCRT. 3@ 2D AATHED
HMBCTIRLLEDOyTa—VarysbUvw 2
THY, 43 ToF ARASHLDOGMEBTRH#L L
EDND Y Ta—TAyTFUBS R THB, D AHRS
D L EDIFFERIT 58.7%, ToF A XSO L EOIEMREIL
85.3% Loz

Tz, BRETAERRERSD LIKEAFTyTHY
O Left-to-Right & HMM D & 2 DEEBRFEREFE 56 IC
RY. EH5E 2D AATHEORMETRHALZEEZD

Correct =

[S3-44 :

E‘ T
&
== g | b [E
= T T\ | & || E B {
2L | |B |35 |55 |/F|E|a»
=95 |14 4 1 y g 2
ETS 22 2 1
174 1 1601 1] 86 Tl 5
ELLN -8 T il [F - 1
4H 1 2 |18 ] 1
kB 1 3 10| 5 g5 2] A
L35 8 1 2 || T 3 1
~F3 1 2 |2 19 1
Es5 |1 24
IERR = ] T O < ) - 9 (O [ nf
] 2 =B Eal il 7 - ) R
| tha 1 1 2 21

F*3 JIVFa—TParyvrUviZ (2D A Z-HREH 15
@ Left-to-Right 9 HMM @& & &)

=S |
P ‘
E Sl & | B
&= T | L& |k|&H|F|5|8H k
S| < | w|Bls|B8 5|6 |8 0| &
=35 |28
E 25
1< 18 3|4 |
ELI» 25 1
4H 23 2 |
38 22| 8 \
L5hS 256 ‘
~T3 | 2 23 \
5| 3 22
A 13 g |2 3|3
Wi 2 23
A 1 2 o5

£4 AVTa—VarIhrUy 7R (ToF A AZ-IKEEE 15
D Left-to-Right T HMM D & &)

AV 7a=9ay<rkUwsATHH, 6L ToF b
ASHhEORYEETEALELEDI Y Ta—Yav<
FPIw&ZRATHB. 2D W AZDE EDTEMFEIL 55.0%,
ToF A ASDE ZDIEMERR 01.3% ik 71.

*9, [EfERBHEET % £, {RAEE 15 O Left-to-Right
MM D56, REES 8 O 1KERET v 7H H D Left-
to-Right B HMM OIFE DA T, ToF AAZ&EMH N
FiEDIZI NEOCEMREERLTNE., DED, ToF &
ATDEIVFEBRCHEL TR ESHITENTES.

SHIRBLLRTHB E, DD AASOESE M7
MEk5a51 MR Lo 8EHLE-> TV FE
FELLEAETETOWREW T DDA B, Thld, M
KELTARTEFFUEL LTHE->TVWERNWT E, F
DIEOFMERTTICANTWENT EDRETSH S &
EFEZOND, i 32 THI BV RiRICFEZER
TFEOEMELHE DEHLI R, ThEETERRM
BELTHE->TWEWC EICERTEEDTHB EEZ

1866



z
&
ES 3|2 |£
= T Flk|®|T| 5% 23
5|F|[& || E|&|5]|3 |5 || #|&
23 |12 b 3 3 | 1
ES 21 | 3 1
7 15| 2 2 1|3
ELL | 3 17 1 a 8 [
4H | 2 1|18 i 2
) 1 10 B | 2
LS55 5 3 |10 6| 1
~¢% |3 |2 43 0] 2 1
E5b | § | 2 19 1
il 5 | 7|5
i 1 g|1|2]1]2f14]1
| & | 1 BFEE | 1| \ 12

£5 IYTa—YaryIhbUwsX @D AAS-REHZOD
1 HBHERFw 7% D Left-to-Right &! HMM D & )

| A EMMTo T LE - BE

=
&
B2 g [ 2 2
2= FlL | S| ® | &[T | 6|8 &
3 | H|< | W B |3 |63 |6 | F|di|#H
25 |23 2 [
Ed 25
fre 245 3
EL 25
<H 1|20 2 2
E ) 22 | 2 |
E&3a5 24 1
~g5 | 2 23
Eoh | 1 1 23
T 1 1 a3 1
fill 3 21
A 2 23

#£6 TvTa—YVarxhrUvIR (ToF AFT-IRREH 8
D 1HREAF Y THY Left-to-Right B HMM D & &)

5ha.

ToF #1 A S DIFEE 2D 7 A FICEHARB &bz D Efig
EEHEWV. ULHL, —EEHDERTIE FRT) LW3F
Sﬁfib)‘%b(]ﬁ?aﬁb‘{&bm Ehbms. MRl &0
5 FEElE, BERFTCTICAGEIRET, FhE B
STIETATEVIEETE SN, EEDRE LT —
AERTHBEL, NLE-oTWEFE LICEFAEBIC—E
BAHCEEBI S CHOMICHT EVIBEELTY
. 2hic kb, FHEENNBEILTLUE > TFOM
BEMETELR A>T LE 7T N EMEBHENR
HTHzeELIO5NS. —OHOERTIZREE X F v
TTEBIMM EZEFI L LTHWRD, FOMBEN
ﬁ?f%&wh%#zi)jﬁé ERTEBRESICE

, BTN KIBICHE SN EEZ NS,

5. FLHESEBORE
KM T, ToF HASEAWEFEERY AT LER

183-44 1

ZL, BEOEFAHATTHS 2D AATEAWVE
& L OFERIERED LR AT o 7. EROER, 2D &
ASERVICESORRERRTE fﬁ?%tok@
ICH L, BEFETHS ToF AAZERWIEES DR
FRREIEETIIREAD, BEFEOFANEHERE
TARCENTERE.

SHOBESLTE, UTOXS3EFHREALNS.

o FEHEOTE{L: AT, ToF AASHBEELHN
A BEEEETOEZHEAL TV AL, FRENTRE
T, ACFEETEEBEATEE->TWS. TTT, T
NoOEZERFEET 3 C 2 k- THRFEOMN A
HFTE5.

o RECEIMER . FWMTWE, FESOHMHZEF
B TRELEBEE KXo TiToTW15D, BEERFIC K
NFFEEEOMNEEHET A LT, MEZEINICTHR

ETBILNTERBLEALNS.
o EIODEHFOFOTH: FMOFETE, #HLD

RGN TERY. 1T
NEOMEICE, EPEOHSEERMLTHDERLCE
L2 THIRT BT cfj‘f‘f%kzz%fh%

o FOLRERICEUBELVEHR: EFOTET
i, Foxz %H%LLIEUJ‘{WECDFEE@.%EKKO Tl
3. ThiE, §iAOEIBAOEERELTLES Z &I
KNI RARV P TRELLITAGRNT EHFERTH S.
Lichi=oT, COEIBRBEEICENLTERZFOITA
) U THEREZ DPELHB EEDNS.

o HEEROEA: FHBVT, BEOEBLLSE
DL, FEERBICFONEERO—DOTHS. L-THED
HRLCOWTOFHMEEEBNT 22 2IcE-T, FE®
Dh AT ES.

e WILFAFI—LHMMEDEA : £FTIE, F
DATEPEE, BOSEMER BT Feature Fusion %
KL THBLTWABD, ThEOEHERRLIchlT
THoESHENENS T eHbhoTWA[3]. Lk
MoT, RIVFARI—LHMMEERRANTI IS DK

HEEDITEY, BRAETICLICE-T, FE=ED
m AR TE B,
. unﬁ%ﬂmﬁ $%ﬂf&i%$nﬁ$— % HMM T

TIHEL TEBE T o 720, KeEsaladizir o>, B
AR ICl HMM DAAEIC A D, SR MMETFLTLES
b5, TOls, EXREFZ HMM TE7T /LY
3T L TRERTBICHIET 3k (6] BRI T B SE
NhseEILNS.

o EHEFRA AR TRINIHBE#ET- 2
HY, K DEAWES AT LEHET 313 EREER
MTELZHRENDS.

Bl &
ABTFEIEBL A IE Bl Bh & R 57
BB EZITTE,

(B) 20300063 &

1867



X ik

[1] T.Starner, J. Weaver, A. Pentland, “Real-time Amer-
ican Sign Language recognition using desk and wear-
able computer based video,” IEEE TRANSACTIONS
ON PATTERN ANALYSIS AND MACHINE IN-
TELLIGENCE, vol.20, No.12, 1998.

[2] O.Diamanti, P. Maragos, “Geodesic active regions for
segmentation and tracking of human gestures in sign
language videos,” ICIP, pp. 1096-1099, 2008.

[3] S. Theodorakis, A. Katsamanis, P. Maragos,
“Product-HMMs for automatic sign langnage recog-
nition,” In Proc. ICASSP, pp. 1601-1604, 2009.

(4] AOE K vHE B, WA BEHE d S, fIE e BhE
DOFFERICET  Filalilic S 3851, In Proc.
WISS, pp. 129-130, 2007.

(5] A& X, [EH B, | HhE, 25 BE, “FoMEs
BEIcEH Lz HMM IC &k 2 Fas oM, 7%
HEE2aE Y, PRMU2008-20,pp. 7-12, 2008.

(6] LT IE, B8 7%, “BAFHEIUENREOD OEAT)
R, ESGEEE MM M RERE S, No.21, pp.
485-491, 2006.

[7] P.Yin, T. Starner, H. Hamilton, I. Essa, J. M. Rehg,
“Learning the basic units in American Sign Language
using discriminative segmental feature selection,” In
Proc. ICASPP, pp. 4757-4760, 2009.

[8] P. Breuer, C. Eckes, S. Miiller, “Hand gesture recog-
nition with a novel IR, Time-of-Flight range camera -
a pilot study,” In Proc. MIRAGE, pp. 247-269, 2007.

[9] E.Kollorz, J.Hornegger, A.Barke, “Gesture recogni-
tion with a time-of-flight camera,” DAGM, vol.5,
No.3-4, pp. 334-343, 2008.

[10] O. Aran, I, Ari, L. Akarun, B. Sankur, “SignTutor:An
interactive system for sign language tutoring,” [EEE
MultiMedia, vol.16, pp. 81-93, 2009,

[11] G. Spering, M. Landy, Y. Cohen, M. Pavel, “Intelligi-
ble Encoding of ASL Image Sequences at Extremely
Low Information Rates,” Computer Vision, Graph-
ics, and Image Processing, vol.31, No.3, pp. 335-391,
1985.

[12] X. Liu, K. Fujimura, “Hand Gesture Recognition us-
ing Depth Data,” the Sizth IEEE International Con-
ference on Automatic Face and Gesture Recognition,
pp. 5289-534, 2004.

[13] S. Malassiotis, M. G. Strintzis, “Real-time hand pos-
ture recognition using range data,” Image and Vision
Computing, 26-7, pp. 1027-1037, 2008.

14] & T%F (Bif%) , DVD THA 2 Fa56rH, HMESE.

15 FRE 03, B b RTFREY, WATHIAR,

16] SR4000 User Manual, http://www.mesa-imaging.
ch/customer/Customer CD/SR4000 Manual .pdf.

[17] “SwissRanger SR3000 and First Experiences based
on Miniaturized 3D-TOF Cameras,” http://www.
mesa-imaging.ch/pdf/Application_SR3000_v1_1.pdf.

[18] HMM Tool Kit (HTK), http://htk.eng.cam.ac.
uk/.

1S3-44 1 1868



