cixli'd olo|= &tAol| A Naive Bayesian Network<l

SEAL

Decisionoll 2|8t 2MolAl Mgkl

A vl
FFHHFAR TG

o oy

o

3y

$44HNedT4H

Performance Improvement in Distant-Talking Speech Recognition by an
Integration of N-best results using Naive Bayesian Network

Mikyong Ji, Hoi-Rin Kim
School of Engineering, Information and Communications University

{lindaji, hrkim}@icu.ac.kr

Abstract
1A2 SAAAANM A E HePdsg A 5
thald whola #HACNA T gte] X AL
AAY vlo|zE ALY TV, 2% F9 Fd4
& Aoz Aoz gt olg 5 A Ad
o] QAAAANE Bt AH AAE duA A9
N-best A3} N-best ZFol g™ hypothesis?]
frame-normalized likelihood %<& Al&3%ta] Bayesian

networkS ER@stm <AARE Bgtste] HHe A

d m 5

ES
A
&

& decision U Ao EH dA AU
qAss %“”\]7]-!— 3 hands-free 582 A 3}s7]
At wakg A Al
I. M8

A4 SAAAA A2=de FH7hE AgelA AME A,
£ AHES RAF QAT &4 3zvt vlo] A
Al Arr oA E wg 529 wlF FE Ee A
ZAe] SNR A3t 52 olf-2 A2 go] 73] o
A Ae B ¢ slvh A2 949 2494 94 F

ol M= 1*7‘1?4 BEZA oo “]’013 A 2'E AL

2131, hands-free 8"3?1—] —Ev—°lﬁ°ﬂ o3t 3
gl sfwe AASL Yo, 2, 3. 2HAE BFe

3 ojgje] wlolam Al2® Al& A, talker location A
oMo} o7t 238 AU ATAE 2t
Qlth4]l. fHAEl A 27 AM hands-free S&& Ht}
HAaHoz 7] dAMe g4 Jled A8 +44
A taAgd wola 4o oA Aol AMEH F
79 ARg Azt & AAFAE FHE dhe
710 Hastt5]

2 =Fdde daild 49" 23 likelihood
score Zol 7|vr& ¥ T3 w3 Naive Bayesian
network& o]-&3td EF?'(HL‘Q AN ATE Tt Py
T Mg AT 2 A vud 2ok T3
o glojA, 2 Ad2HE ?JE'—“]% J& mdo] FolH
S o A2 EEHA #A dcta AFsACt A
d2Ree A44AE B3] AT AA Alad F
Ze 1% 33 z2th

27l e thAld wholAe] 9§ N-best Q12 AHRE
9437 9% F 714 9wy likelihood 71%ke} B3
#3 Bayesian networkell 9J3t &3l disl) A5 4
Hata 3FdME 7 HA B e AvE vlxst

rl

l=J

AFel PALu|cio)

- 151 -



E i Laboratory C HI
== I A N B RS
o i | | | I
L i | ! I |
L P L L |
?ﬂj‘ S
=
I M A
; ?r | 1 | !
T L
| I A o N !
=
fI | i i ! i
==l DI © S I O
G (O Microphone
' X Sound Source
Iy 1348 9A8 ntojzel 94X ¢ AdEA

IOI. N-best 23} 9] Integration

1. Likelihood 71%}F¢] Integration Method
hetel mxjol BEAkslo] Qle Zh wlojze o3 ¥
T 24& Bdo] FolAE w M2 5y Ao)e A

i

3, A (DF oM Zol o] ¥ Ade A S
AJoll t)¥ posterior probabilitye] %l 2l <A}
& A3 & Arh

W = AEMAT (X, X, X,) W

M)W

_argmazr i=1
w

__argmax_i=1
= w 1

%;HP(XA w)

i_.
P(MX;)

_argmar_i=1
W 1

211

Wi=1

1
~ argmaxnp( WX,

i=1

WX,

X, = Ad i2FFH B0 SA4Y#HE v,
W 7t gelrdg dehdt & A4 4 g4
o] FARE W, P(MX,X,, X3, X,)& A=z 3he

wol Addsz ARuc 2 AL9dd Xk W
FolAw Nz HdHeld g sAgd s A (D
(@9 o] AAY & Atk B =EANE 4] @ o
@ gol W 7 Ao g
gol oo A4 stol® AR}

posterior probability 2]
we] AAMTS &

etk
. 4
W= TR T P(Wix,) )
i=1
_argmaz . PXIW)
Yo Y Pxiw)
e N— best
_argmac 3 log P(X|W)
S Y Px)W)
e N-—best

2. Naive Bayesian Network 7]%¢] Integration

Method

Naive Bayesian Network(BN) 7]%t2] integration %
Hel g, N-best 279 likelihood gt &0l £ AR
A}-8-3ta] Bayesian networkS TA ST o] & FH
tel chxid A7 AN 402 g T
Atk 29 2904 B npe} Zo] deo] ¥ 7 g
FE19] N-best listllA9] EAABe kA MAudd
likelihood 7]1%Fe] integration®] 213+ QA AAE o] &
3te] BN& 748t Ad9 AAZAAE STFHst=d AL

£t
(D)

mlm

[

EgE K

o 2.z Ade o7k N-best 23E T§3lo] Mo 24
}ZE AAs7] 93 Naive Bayesian Network

Oie Ad 9 4ol 9% N-best AFolA
@] We EMAARE VeI, L2 A AEAH
likelthood 714¥F9] integration el 23 A ARE
et WE {12 o3& vetdth 18 2949
BN 727} Hedl X dA"e W7k FAd Oie

- 152 -



Recognition

0

///Microphonel

Recognition

o

=
[}
3
3
®
~N

icropho

Recognition

0

3
o
w

\ Micropho
Sound source N

N
N

Recognition

0

Microphone4

Distant-talking
Speech HMMs

¥ 3 dAd 49

72
74
74

7t Oie 1%E N7AA 9 ke
F o3 2 307449 @ge
otk 23 20 HAe = e Z+ W7}
A& kel dg ;AU

g4l & vlelaE B 4¥HE 4 Ad Aol
3 N-best 2122 #E 2& 5 Uk N-best 44
7 ol EgE BE go] Wl W & A9
N-best list Well £A19} likelihood 71%H] integration

N2 5ot
A, Wk L &

4

o 93 AXAF FolH S d, Wi ALY FES
Agz se Wt QAZEA#HZ Z2PZd. webA
P(MO01,02,03,04,L)& Markov conditione 2|3l
21 ()7} o] M 4 gtk Markov condition ©] &
BNelA 2zt node= node®} parent7}b FoXH ZE
non-descendant node?} SHAS TAS UvkeE =2
olt}, o ®H3A A (49 T
W= 2§ P(MOY,0%,0% 0% L) (3)
_ argmaz P(W,0',0% 0% 0%1L)
— WEN-—best EP(WOl 02 03 04 L)
W
4 .
pP(w)PLiwIIP(OTW)
_ argmaz i=1
— We N-— best
Y (W) MWﬂIP o'l W)
7 i=1

4
aremaz p(w)p(Lw) [ P(oilw)

i=1

IR

I(X,ND,|PAy) 4)

P(w), P(OIW)st P(LIW)E= 2+ node?l parent

ool &AL mHstd FTHE FI 2 G 2o
Dirichlet density function®. 2 2d= & 4 <t}

9|3t N-best A7 535

N-best result

N-best result

N-best result

N-best result

Integrate

A AA A2 T2

N-best
results

Best result

)

P(flva"“’fr—l)
:Dir(fufzv“-’fr—1;a1aa27~--7ar)
_ F(M) a,—1 pa,—1 a,—1
-7y J1 ) Sy

11rG)

i=1

OkaSI, Eszlk’ M= Eak

k=1

k=1

A% A sholz BN FF Q4BHE 37
98 Aol ¥ PDFE 23 3% 2ok aelA B

=ekel ol Z+ node?] PDF Function node?]
parent THT FHE T & F Itk

PO1WY

1Y 4. Naive Bayesian NetworkS ©]-&3% N-best 912
93] P43 PDF function

Deewy

r(oziw)
! )

B FHe 9

f(os(wj

m 44 2 23

1. Database

7

EREERED

21
integration ¥y el AsHrE

REE

£ga 9
Aa 29 1% e

B4 BN WA AAEI] AT 30749 wol T

- 153 -

Z

=

PLOAIW)
o .

xomx S



ddte %83l 1 A%S Hrtekdad A9 & #d
A gA wlelaE MRt 1 o] Ao FAEL Tt
EE g3, J¥dA BHE ule} Zo] & 539 91X
M 4zt 5 NEAE Z&sAth &2 1293 o=} 4
9 & 1699 dAE Zg3s AF4L e HFHA
A &g st HLstddth 2 F 9389 X
39 ox #9 DBE Ag-dtd R ymA 39
of 3o 198 4z e A% S Hristed AEd
Ath  context-dependent EHE& A& od
Gaussian mixture 1 A}-435l9 FAstAt. AAE A
g2 ¥ 13 2t}
1 ¥F48 2 ¥42E DB

M

ol

o 2

oF 48,000 &
wah 5 | e e
16(™)x30(] 3 )x5($] X)x5(3] )x4(7}o] )
P AGPA Aoz o dio PC7t AYwe
o
Sampling 16 kHz
Z 16" (A 124, o= 49)
gzt - (Fd9) 129 (&= 99, 94 34%)
- (Al 2E) 49 (&= 3%, 9A 1%)
CE % 30 @Ol
A a2y 1904 FAE 5%
! % 48 AFA 7o)
2. 4943

AEE Eol7l 918 Z slde] N-best AH#E Fg3t
= wge A%S E 394 v} Base@d whola
T, & 4719 wlol=zol o 7 AddE A ES
MLel& 4709 wmfelz ¥ A4 HF9
likelihood %9l Z7|el ute} &3 AFAE Yehlz,
LI& 279 1delA A3 HHE likelihood 718
23 e ou|gt), nlxjzto g BNeA& naive BN
& Abg3sle] Adel N-best 2¥E £t A
oA B% BN, LI, ML 2.2 4 Al%o] #kr}

# 2. %4 A4 N-best 23 5% < ©E A4
547t

MIC#
TYPE

Base 99.22 97.12 97.94 99.53
ML 94.65
LI 96.18
BN 96.21

CH#1 CH#2 CH#3 CH#4

V. 28

FHlAE L 7oA hands-free &
Qe AN 7€ ohAd wtolz &
Egsts 7les AYS 2 AT
N-best A7 E T3t AL AL
st AF}oA EX naive BNE A3 S3hibyol
71 =& A%S Hioh ES 9¢d  maximum
likelihood®l] ¢]3 AABT}= likelihood 714WHe] 53t
HH-E AMEskE Zlo] o U A%ES EATh
Baseline?} %5l Eol % wie Bot AET A
5 v o@go] Atk wWElM FEAHeozE I}
&7 WX Fe& 1estd ¥-& DBE 7319
743 H e 3 BNS o] &3 N-best 23 53 24
AsE AFAL Aotk EF TE FH A=
43 RAol™ naive BNo|A W@ BN 722 T
AlA Yz ol

e

-

2 o eoox

3L

il

M

[1] Q. Lin et al, “Experiments on distant-talking
Spoken Language
187-192,

speech recognition,” Proc.

Systems Technology Workshop, pp.
1995,

[2] T. B. Hughes et al, “Using a real-time, tracking
microphone array as input to an HMM speech
recognizer,” Proc. of ICASSP, Vol. 1, pp. 249-252
1998.

{31 T. Yamada et al.,, “Hands-free speech recognition
with talker localization by a micophone array,”
Trans. Information Processing Society of Japan,
Vol. 39, no. 5, pp. 1275-1284, 1998

[4] T. Yamada et al, “HANDS-FREE SPEECH
RECOGNITION ON 3-d VITERBI SEARCH
USING A MICROPHONE ARRAY,” Proc. IEEE
ICASSP, Vol. 1, pp. 245-248, 1998,

[6] Y. Shimizu et al, “SPEECH RECOGNITION
BASED ON SPACE DIVERSITY USING
DISTRIBUTED MULTI-MICROPHONE,” Proc.
IEEE ICASSP, Vol. 3, pp. 1747-1750, 2000.

- 154 -



