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2.1 IBM [1]
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10,500 o] & 5047t Fot ¢33 Helgd &4 D
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Word error rate

80 B Audio
al W Video
40
X 30 O AV HiLDA

20
10 A

HAV 1 Stream

] ' ] WAV 2 Streams,
Clean Noisy, A Noisy, synchronous

Lattices "\_V EAV 2 Streams,
Lattices

asynchronous

[Z23 2] IBM "l & A2z} ¢lA ¥ A3}

(2% 218 AFe IBM 9% A2¥el3 28FE A AF Aol
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For date/time

one, two, three, four, five, six, seven, eight, nine, ten,
eleven, twelve, thirteen, fourteen, fifteen, sixteen,
seventeen, eighteen, nineteen, twenty, thirty, forth, fifty,

sixty, seventy, eighty, ninety, hundred, thousand, million,

hillion

For month

January, February, March, April, May, June, July, August,

September, October, November, December

For day

Monday, Tuesday, Wednesday, Thursday, Friday,

Saturday, Sunday

Some additional word

morning, noon, afternoon, night, midnight, evening, AM,
PM, now, next, last, vesterday, today, tomorrow, ago,
after, before, from, for, through, until, till, that, this, day,

month, week, vear

[£ 1] CMU-AMP Lab @o] &=

=3} 37 & soundproof Z2FU LA WL ZAHEY EF 29 S
MAes st EYsigen, 249 Ful= &Y HAd AIH Y tie-clip
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o ¥ /pAl FEE, AAE 720 < 4809 &F AA U, AAE 216 x
2649 Y= & 9= Al HA4 g gdold,
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2.4 A [4105]
FHANE A37 ¢4 F4H4 2re-wFd ¢4 JNE BER
A7t ARA YTk F A BF wAE BA 9% 54 ARE o 4
i DBSA WS A,
A dEARE o1 8% o4 54 @ 34 2 SHUN A ¥ =

E= 3o 3o RE Sl A7 vlolHE A [4]. 20 11¢]

r ES AEs] 98 53 Fol, AUENA dAA Ad, 2=
8 9% AR 2 B A, 225 G 2 4 5 A S

=g wol @zo] ww g 57 (o}, ol, %, o, 2)

=58k = 23l 200 19, ZF 303 2

=2 8kHz, 16bits
A/D W3
4} 30frames/sec
871 A&
vl (d=9 Z3 £, Sd=dAM €729 Ag, 225H
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A AS$E 9o-vFd ZH X0 7|9 Lip-Sync €2 F 7

Sk E A [4]04 g} o] alAE 28319 2
o dlojeMle]x FAJAL [F 3137 2 v HF o & [19 519 2
t}.

<
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Ly
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=
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e

= = o] CVC syllable unit
Recorder SONY #=Z9
24 8kHz, 16bits
A/D H3
4k 30frames/sec
1971
=2 4 markers around the lip contour + 7 markers along the

jaw’s contour + auto-reflective round markers

[ 3] v}A & o] &% Lip-Sync 228 & /S 93 DB &3

[Z23 5] wA & ol &% DB +3
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2.5 ATR [6]

ATROIA &= AVSRS E3 22 3 AL ol zut dF 9d4lL g3 o
3 AEE JiEsle] dF 92 AFE A s AE 23 [F 419
t}.

m

Frontal face | 10 deg. face | 20 deg. face | 45 deg. face

Face detection rate 98.90% 27.00% 11.30% 0.2%

[X 4] face-to-talke] 25 dF A= A%

AZ AEE ;AN AZ A A5 AF AR, AW A Al
delo] 7k AHEE Boli} AF Fo] ZFW BolAE AN
A AE Wtk 53 255} 450 HE Al AT Aol HA R
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9ol dE AGEH e AAES BE B4 @ S5 PEd 9
2 ges g Aol
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g2 deolg FAL 93] Sony DCR-VX 2000& 69 A}£3}<, Sony
MiniDVell *3}s e}, A2 oA d = FH0e £3]+15°, FH0° e 3
0°, F£H0 e 3 -15°, $H10°e F20°, $H20° e F20°, $%H30°e 3

0° Fel = wjz] A Zlct.
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Aol g dolg s}t AFH-AL Holg F rpx FRE F3 35

2R 4% 2520 A Y 78 28 AL} FHR 4
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(60W x /el 1 ME, & 4 AEE A At of [29 6] 55 A
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20 » 30
44 WA o] A A
H] & 40% 602 100%
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H] & 90%% 10% 10026
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2t AR = s AR S, o|UA 3AE, A, vo], 4], 4% A Y
o] 7] Ee] H& 124 olA AAA, d AFAMA, &+ 25974,  AFA
AF 717004 29), A 2 deel Hg AREA /ARG A/FH ete.), T/
B EAARE A", o f [X 9]% 3tA AR "ol Ee|r).
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Jie | 24124 opa | B AFA =4
4 2%
5| A ol | A | AFA | 5 | 77 L =
1 |1sj o] 31 [ Ae (A= AE |31 2 |TE | TE
2 |smj |9 22 A& | A7 AE |1 i I - I e 2
3 |nek | 23 (M= (M= A& |20 e I A= AR R A
4 |enc | 25 |ME (A= A& |23 g4 A% |AH
5 |lcs =1 25 Mg (M= AE |23 g4 | AEE |AdEgx
6 |ljr o 25 |47 | A7 Mg 6 I e - s 2 A
7y o 23 Ae (M= A& |23 g4 |[AE (M
8 |pyy |9 22 Me | 271 110 g4 [Ae |(AMe
9 |Imj o 22 | AE (A= 371 |15 g | AMe |FAHE
10 [ kih | 27 A& (M= g |27 g4 AR A=

[% 9] iAW

2. dl°|¥ 7h&
2.1 dlelg A

TAE A 2"lox &dE F3] MiniDV Taped] =315 dolel & #A
FAS AAA 6712 avi dLF 6719 wavatd 2 7133}, MiniDV Tape
2 DCR-VX 200094 IEEE 1394 X EE F3 PC® dAdsle] AAH A
t}.

=

N

dole] & A s}7] Heo A HAA S A7 98] Keyframe©] w}
£ W3l s ¥A&E Bt g2E 23 HAH A MPEG-4 V12
3dg =S o] Keyframe A kol sl 5t £5fo] =4 ¢3S ut

Al eHIE 101 ).

it
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i khj
2 (Audio: 48000Hz, 16bit, stereo Time 01:01

Image: 720 x 480, 29.97fps, uncompressed) File size 220M
Keyframe every 8 sec 34.4M
op =3 Al Keyframe every 7 sec 34.4M
MPEG-4 V1 Keyframe every 6 sec 34.4M
Image: 720 * 480, Keyframe every 5 sec 34.4M
30fps Keyframe every 4 sec 34.4M
Audio® 43000Hz, Keyframe every 3 sec 34.4M
16bit, Stereo Keyframe every 2 sec 34.4M
Keyframe every 1 sec 34.4M

[ 10] Keyframe 2 Ao w& &3 W3l

uepr FAe] 43 DBE $sl oln|A] 2] Keyframe 3+& = A A3}
g}, ¢4 MPEG-4 V1§ A £33 frame 72 30framed AEE
720 x 48023 M A3},

2] YL 48 Kz, 16bit, mono el ol Al MiniDV Tape°l 4 2z} 7}
et 23 kAol wH" 6719 wavddd A wlolas}
SoundForge® AH&31A 1719 wavatd & 7719 wavatd S 7}&319l o).
22} Premierel & PCM3A & A ¥3A] ¢7] # £l SoundForgeel

4 WX DownSampling 2t ge] E L3519},

_17_



AZEY Premier 6.5
] =l eR o= MPEG-4, key—frame = o 3t
A4 AT 720 x 480, 30 frame
AXE 9o SoundForge
s A=) 48 KHz, 16bit, mono

[£ 11] dlole A=A 4A

2.2 AW H el A

7438 6719 AVISLH 79 wavtdERZRE 7 BEES A2
old st HAol Bo3dich AH AL dHIL wav L e E 7
hdle) M2 aael 3 6718 wav FAL FF AL g8 ¥4 A
g oA gl AadE o] F-2 Premier 6.5¢]4 o] FolFon] 7t
EFY $4 AEE 7|FLR A &5 Z7 0.229 silence T7HE FIL

Zall o] o} A exporting 3 o},

=h Ol
NI 1H avi IFe 12004
> Caplare | .00 me &) Blol& | (285x43 x 625)
wav I 64 wav I 12004
Tape 6H (225 x 43| x 62%)
Down K
sampling avi IF 61 El 0|44 wav I 204
—_— _ = _
wav It 64 225 x 43| 23
wav I+2! 174

[25 7] dlolg 7} A
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2S5 5ME 494 109 o] 2313 6714 25 wE avi Y 1200(5 X
X 10 X 6)71¢F wav Y 12007 2 A2 glo] A ). =3 Wx ol g
A2 wav 39 g4 2 200628 * 49 23 x 10")e] AR A2

4
3‘11
Aeol A sl dolE F 23 F FL A 260070l .
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Lip localization —+
visual
10% x 525 x 43|23t features —'L
extraction
6IHX 22 Y |-
normalize 1
visual
recognition . .
2 integration
target
L 9]
] select
acoustic
fealiresil > L v —
iti recognition
: recognition P—
extraction 9 i
1098 x 528 x 43|23}

WA 2 dole oA ofn & FEUS B2 A4FF oluA HY 1200
A (107 * SR * 43] 23l X 62 E)NA HFL FAL
HFY 54 AN ES ¥/ A AT AL %
Foz 4 A% 29V 54 F3F U 9L 5T AN (P

Bl Hsli A= VIdddA dAs Ayl = je
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w74 del" 20070(10% * 5E5 > 43 2wshHEHE |4 533931
MFCC: Mel frequency cepstral coefficient)S F&3to &4 94 A3
= FYsge. A4 A Ad AT AFL VA T &3
N4 Ao} fHeEde F3E 4 dAANA A A EE KR dA 2

Hel 5 AR A7 £ FHeo A E Ao} v H2 7
T WAL ® @ o3 AS A 44 29 ded AHAE 7l
#F A Z2IAE FAs e AME AxAAA S L3 AT 3

A& Vgl %,

412
*
do
oX,

o

)

%
T
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B =RgA &4 a4 AIdL HTK3.2 [9]15 A£35le] o] Fo]FH ).
HTK3.29 4+ HMM(Hidden Markov Model)& A}-&3tc), o} &2 gl
A2 FEE ALSE AS g e s A&=HE HMM topologye] ot

o000

[Z¥ 9] HMM topology

[17].

[28 9]¢] HMM topologyx 1 712] Gaussian mixtureg} 5 7FAl A€l
& ZtE  left-to-right Edelc}. 5712 e F 3 HA9) vl g Fef &=

F AES & 8A] #-& ¥ E¥ (non-emitting state) e o]}, o] FL

iy

HMM=} HMM A}e] 9] null transitions $13] A1-&€c}. £4 A5 & =9
H(frame)D 9 = M3l 54 A SS wSo|{ U o|zle] & HMME
5 A Ee|c. HMME Z Ad= 273 d3" &9 & 3 g4 E
ZRASL SelA, I deA 54 #5 HE(EA 9E)o| vepd FES A
Abg g gle}, ofd o] &8 FE Fo| oW I Bdo] T 9+ ¢
A 29 steAel Eohe S ovdd [7]

Baum-Welch #} ¢ & &3] F(re-estimation algorithm)®} Viterbi &
S FE ARl gaE I 2B}t $4 A5E BEF 16KHzE A

4 =9, [28 101 2ol # 10msvle} 25ms 7] 9] A% Y=

i
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| 10ms |

V%A

|<— 25ms —’|

[Z® 10] Hamming Window

zF = A 1271¢] MFCC(Mel frequency cepstral coefficient)
parameters} 3 WA} F WA £9 7 29 AFLE FAHAF 39((12+1)%3)

3 B4 WEE 2290,

(29 111¢ & 23] $4 A2 A% dojel Axd B e Yepuct,

G4
) 16Khz Hamming 39x}
SANT > > > MFCC &
A E5 Window EXdH oy
o] A
2]

[ 11] &4 A< A4

(phone list)& Y3 gdolv}. vh5 AR Abgte] S48 A4 57 &
A FAe SAES FoWd. dwkH o= LPC(Linear Prediction
Coefficients)'} MFCCE ®eo] AH&3lEd & =FdA & MFCCE AH&
Foch dFo 2 ¥ 2d S AAEE o] RS ghEH o R A

AAuoz weAAF A4 MEAAS ANT F A APS T
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ABSTRACT

A Study on Audio-Visual Korean Vowel Recognition based on

Simple Lip Features for Different Camera Angles

Suh Jae-Young
Department of Computer Science

Graduate School of SungShin Women's University

In this paper, we describe audio-visual Korean vowel
recognition experiments by using a limited set of lip features. We
propose the lip features extracted from a snapshot image, for each
vowel speech, when the speaker’s mouth reaches maximum variation
compared with its closing state. The proposed lip features can be
obtained in a simple and cost effective way. It is very useful for the
devices having limited computing power such as PDA or smart
phone. We also develop an N-best rescoring method to correct
Korean vowel speech recognition errors by using visual lip
recognition results as the supplementary information. Finally, we
perform experiments by using the extracted lip features from
various different video-taking angles. For the experiments, we
construct an audio-visual database from 10 subjects(speakers).

Using the database, we evaluate the developed rescoring method. In



the experiments, we use HTKS3.2 for speech recognition and
SNNS4.2 for lip-reading based on the proposed lip features. The
experimental results show that the developed rescoring method are

very effective on audio-visual Korean vowel speech recognition.
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