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Subword-based Lip Reading Using State-tied HMM

A A GEx . A T Ak
Jinyoung Kim - Dosung Shin

ABSTRACT

In recent years research on HCI technology has been very active and speech recog-
nition is being used as its typical method. Its recognition, however, is deteriorated with
the increase of surrounding noise. To solve this problem, studies concerning the
multimodal HCI are being briskly made. This paper describes automated lipreading for
bimodal speech recognition on the basis of image- and speech information. It employs
audio-visual DB containing 1,074 words from 70 voice and tri-viseme as a recognition
unit, and state tied HMM as a recognition model. Performance of automated recognition
of 22 to 1,000 words are evaluated to achieve word recognition- of 60.5% in terms of 22-
word recognizer.

Keywords: Multimodal, Bimodal, Lipreading, Sub-word, Speech Recognition,
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frames/sec] 45 %% AAUE ol gt o, S4% ¥ Azull = UG. A4S
DB 2% ted E 13 2ok
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g Fo] dANME HALE Hste] E47F obd visemed ARE-Eok Fr)

4 Y uHY ol FE B2 A4FgEH EAHHRE, 49 7HH
E Alolols ANZH fAMLE OF A= AFe] vt o]y 2 visual® pho-
neme?] FAoQ viseme2 2 A YFTHIL visemed WAL AeEH BAHAA HIE @ o
MNEe AR T, SAHNA Y AN E Gl E AF @0 TG, oz T
A S5 Qe A BAFHY Qe BEA JIdEE Bege 2 gFe] 2AsA 2
o =3 S8 stelxe] S Z3E A FrHHoE AMgste AR ERE EF 30
frame/sec?] A4 E Y& G4 ZHPoZ o|FolA Qltt ol A T
Z g ol wsl G449 ZHY 7 A Avde A& £k o] Wil
S5 AFE AT 5718 FA U} F47% LAA ¥e Fde] FRE BR A
@g god F e Holth
- B AFYME visemed 7Hge] SAolA el allophoned FAMEITHR JHA S AME thE

PR S

Fl

grolAw Ao FAAY WA 1FHHE A5H B2 1§ NZaE I
sate] Fol1l §4L FAoE EF EUSH 4% ¢ RFE 2ASN 2 A7
N Be9) E 29 viseme® A4S, of visemed] HolE FTEY (1019 BAZA
CERIP D

ali HTK 8¢ 81 state tying® A% dojo] ¢ a2 ¥k HTKE &

3 Sl o] 24 ©YE o]4F Eflo|E TRE /A ER, EFo|E A&YE T55]7]
A8 HTK°1]*1-'= A& Ed 7149 28 2E 8(decision tree-based clustering)& #} &3t}
71 &-t& A4 A3 (Top-down sequential optimization process) @iz &g At



FHEFr HMME o] 88 MEHE &9 7% g7 127

g3t E2V} 9450 434 =Y 2H2632 A% 4 Ege) w=ceig Ao 8§
stk

Set of untied states

1% 3 54 2R EYY 4

5 19 3% 2on RE kDot 5F $49 FHES E(pooDe]l ¢
=y Mo 24 HAEE AL B AP & AXAM vATez 44" 4
9} leaf == H5H 429 £9E /MR HHE XA A

o] WY yes/no =EEH} R xEzbo] 2 likelihood?) ©]SE 4 (1)& AME3Ete A
A},

AL=L(A)—(L(B)+ L(C)) oY)

By IFE AUESY Aioin, B Ce A4 k:E(yes/no) Zzbel 38
E} c} 2 (1)& A2t 7} 2 23 likelihood?) 0158 AAdsts 297 o
gen] 278 AME3lY RE =29 HoHE yes?t nod F IYPLE
HEgE AYE AHEEIEE WY o]5¢] 54 threshold®t}h 2totd w7}z o]
gt 28 Aol B Ef S 7 leafs X S49 AHE 7h&d H
VS T84 9ok 28U £ AR OE leaf xEE0] "Wl$ H&
7 2AE, oA &4 BUEL gEE 53 wE Jdre ¥IE
AbA o] 71t WeEkA leafE Hed W@ =EEo] YEAE A}
o W3t Fl(merge)E FHFLEN FTH HHESY T8 £ 4 Aok

glo] & Ao e Hal HeiRe =Y FHo| oy, fEE eI

>
i

o
n =
o
£
=

r% 1o i
ey
3

iz o
(R ) r>'
rOl

—{o ox

o,
to o

oF Ol ]
m:]_‘ oft R ] [lﬂ‘
to & ox K
N
n
i X
M ox

2 o & ) B e W

o
o
o,
b
I
m



128 &4 7s A8 A3E (2001. 9)

T

nls

uj g 5

m[o

M2 s34

m
rfo
i

oA 1 Aol 3 Eg 4 =Y
oA 20 B $A 27|

@A 3 Aol Hris B g
oA 4 AR ZH 27

@i 1-E Aolol 3} ol A4Y E9 BYg 2=k BA 2004 E AA 29
o Ee] tgH ExEo Ugst EdE 31 BA 3ME EdY FEA Azsel 7
=20 linked-list FeH2 F3g Fejojg FrHtaA EdE €9tk 54 leafo] £23
¥ EesE BUR te v 404 44 JHE ReosA YTUS $RHES 74

sk,
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(M), 7, & | g | gee) kh bk kkj b a a, aa L gf g kh
w2 n n, ng(o), r E ya ya L— nf n
(), E d d(dd), th, t, tt 1 €0 €0, vV = df {d, s, j, ch, thy h
O, H(w), s | m |m, bbb), ph, p, pp| 4 |yeo| yeo, yv = l !
A(R), R(AR), & s |s(ss), ch, ¢, j(ii), cc| L 0 0,00 (o, d, = mf m, b, ph
AL yo yo 0 ng ng
T u u, uu
T | yu yu
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¥ 3 HEYE 3 viseme © Ao HE

Ao} (QS) T 29
"R EUVowel" { *+eu , *+eui }
"R YVowel" { *+ya j*+yeo ,*+yo ,*+yu j*+ye }
"R WVowel" { *+wa J*+weo ,*+we ,*+twi }
"R Close" { *tm *+mf }
"R SemiOpen" { *+n *+d *+s *+g }
"L AVowel" { a-*, ya-*, wa-* }
"L UVowel" { u-*, yu-* eu-* }
"L IVowel" { i-*, eui-*, wi-* }
"L EVowel" { e-*, ye-*, we-* }
"L OVowel" { o-*, yo-* }
"L EOVowel" { eo-*, yeo-*, weo-* }
"L, SemiOpen" { n-¥, d-*, s-*, g-* }
“R_monophone" {*+g}, {*n}, ..
"L monophone" {g-*}, {n-*}, ..

5. 4% A% 2 Y

51 @ &9 AHde v

WA AYE el Q495 vas] skl wo} welel HMM 94715t Hmel
ATk o1Z Slshed 1074 Wol F 22 Wolg Auele] vlmelgon, 1 ATNE E 4 3 50
dehigich BA & 48 29 RW, FE4s mixures] £7F F7Hgol Het Q4 go] g

2 ¢ % gow, AW ANES o 6% =7 9= Ag ¥+ Aok

£ 4,22 @olol ¥ wol wyl A4an

3s 4s 5s 6s
3m 3331 36.95 44.22 47.92
4 m 38.44 45.78 50.33 ' 55.00
5m 40.58 46.82 54.55 59.94
6 m 45.84 54.42 59.42 65.00

(s e, m 7HA S (mixture), 990 %)

H 59 AFE tri-visemed 2D Foll glojd A=) S 3 A, AHD 5 M9 Gaussiang
AFEE A S9] QA Folrt 22 wolo] foliAul BY to] @] Q12 Fo] Bl A e
va gith 28y o] 99 14 S 14 wojfrt ol H shgRdo] FrlEA Huz
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¢ ol 4N HE B AT AIAA) 99w B4F wolU4)E Fated 3
FoA wthm 2 4 Atk 2l Ad A4ES 605%24 B0 BARYA wse] ot
FojA7 AT HAE ANES HYS FAY £ Ak w2 AFlN AR A
BY= uel Yol ByYe nAFE A ¢ 4 Ytk

% 5 HTKE |88 A= &9 29 94 23

Viterbi beam threshold 30 40 50 60
A E 54.86 60.49 56.98 T 5540

(tri-viseme: 3 state 5 mixture)
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