3-Q-13

HMMUOOOOOooooooboooooooooor
O000000000000000 (ooo)

1 0odn

gboboooboooobobooobooboooon
gboooooobooooboooobobooon
goboooooooobooooooooboooooooo
00000 1jo00o0000o0ooouoooon
gbooooboboooooboboooboboon
obooooooboooogon

oboooobooboobobooobooboooon
gooooobobOobooobooooboobooon
00000000000 2I00000oooon
0000000 HMM (Hidden Markov Model) O O
gobobooooobooooboooboboboon
gboboobooboooobooooboobooo

2 Ooooooo

2.1 HMMOOOOODOOOOODOO

oboooobooboobobooobooooon
ooboboooobooooooboooooooboooo
gbooooboboooooboboooboboon
goboboooobooobooooboooooon
obOoobooboboOoobooooboboooon
OO00o0000O0o0Doo0 sgobooooo O
gbooooboobooboboono oobonOoOO
oboocooOobooooboobooog

O(w;n) = H(w;n)S(w;n) (1)

00dlwdO0OO0OO0O,DO0000DODOO0O0OM 10O
gooboboooooboooooobooooooon
oboooooooooobooog

Ocep(d; n) = Heep(d;n) + Seep(d;n) (2)

oooodoooobooooooooooooobooo
gbooobOoboooobobooooobooogon
go0oO0ooOoOoOoOoOOOOOOOOO@)oooO
o0 sOo0dgooooopooo HOOOoOoooo
ooooooooooooo sooooooooo
gooooosoOoOooooOooooOoooonoon
gboooobobooooobobooboboboon
OO0o0oO0 HOOODOOO
ooo00O0O0000000Dbb00000000 Fig.
100000000000 000000b000000
oMMOOO0O0OO0OO0O000000000000000

N LIl

0(9) ﬂ's
observed speech phoneme HMM
from each position of clean speech

| |

phoneme recognition
using clean speech HMM

recognition result
(label data)

\4
concatenation of |
phoneme HMM

concatenated HMM

A4 A4

estimation of the frame sequence of
the acoustic transfer function

[:I(H) =argmax Pr(O(H) ‘ H, ﬂ's)
H

Fig.1 00 HMMOOOOOOOOODOOO

obooooboboooooboobooooobon
oo aMMOOODOOOOODOO eEMMOOOO
boooboboobooboooood

H = argmax Pr(O|\g, H) (3)
H

O000XxO00D0OO00O0O0DODOOO0ODOO
00(3) 0000 EMOO0O0OO0O0O0O0ODOOOOOOOO
00000QUO0O00O0O0O0oooooo 3|0

Q(ﬁ|H) = _ZPZ'ZkZ Vp.jik (1)
_ZdD:I{ log(2m)" ;()i)kd
(O(din)—p'?) |, —H(d;n))?
+ - GLh } (4)
Op.d.k,d
Vp,jk(n) = Pr(O(n), p, j, k|As) (5)

0000 myuma0 0l , 0000000 p000 40
0000 k000000000000000000
00004d00000000000QDO00000
00 ADDAOODDD0O000D00000000
000000000

D D A e
Z Z Zk ’YP(]s)g(n)

ap]kd

H(d;n) =

*HMM separation of acoustic transfer function for single-channel sound source localization

- 769 ~

200949 A



training data
for each position

) }

estimation of the sequence of
the acoustic transfer function

a9 = arg max Pr(O(H) | H, )
o

training GMM

0)

A4 A

test data

A

H

estimation of talker’s position

0 = argmax Pr(H | 1))
o

Fig.2 000ODOOO

22 GMMOOOOOOOOOO

0000 600000000000 0O0O0DDOO
0000000000 (6)OD0OD0O0OO0OO0OO0oOoOO
GMM(Gaussian mixture model) 0000 0000
0000000000000 00O00oooooon
00o0ooO0ooo0o0ooooooooon GMM
gbooobooobooboobooboobn

6 = argmax Pr(f[|/\§3)) (7)
6

ooooX? 00D e0o00o000DO00 GMM

DO0DD0Fig 200000000000000

23 000OO

gooooboooooobooooooooooon
0000000000 ATROOOOOODOOOOO
OO00oo0o0o A0ODOOOO0100D00O00D0OO
O00D00000000 12kHzO000O 32 msecO O
000000 8msecdO0O0OOO MFCC 1600
obOooooboboOoobooboooobooboon
26200 000000MDO0O0000HMMODOOOO
OOo0o0o0OD HMMOOOOO /00000 20408
goboboooooooobooooobooooooon
oboobogos00000b00bo0bob 10204080
60 GMMOOOOOOO0000C00C00O0O0O0OO
gooboooobooobooobooobooooon
oobooOooobooooobooooooooooon
gooooooooooooooboooooobon
CO0ooooooOoRwCPOODOOOOOODOD
goboboooooooOooooboodg 2mbonOn
00 300msec00000O0O0O0O0O0O0OOOODOO
ooooooooboboooooD 30°090°0 130°
0O3000000010°050°090°0130°0170°0 5
gboooboooooooobo

00000 Fig. 30Fig. 40000000000

=770 -

90

0 HMM-2mix
O HMM-4mix
B HMM-8mix

Localization accuracy [%]

1 2 4 8 16

Number of mixture for the
acoustic transfer function GMM

&2
o=
w

oboooos3sooboboooooban

65

0 HMM-2mix
O HMM-4mix
B HMM-8mix

Localization accuracy [%]

1 2 4 8

16

Number of mixture for the
acoustic transfer function GMM

Fig.4 00000 SHS000000000000

ooobDoooobDoOoEMMOODDOO 8O00DOO
gooooooooboooooobo3oooooon
000 84.5% 00000000000000000OO0
gboobooooosgbooooobooboobooon
00000000 60% 000000000000

3 0O0Odg

oboooooobooooboboboooooboo
ocooooooDoDODOBEMMOO0O0000000O0OO
oboooobobOoocoooooooboooon
OHOMMOOOOOOOOOOOOOOOO0O00O0
OO0 HMMOOO GMMOOOODOOOOODOOO
goooboooobooon

gooo

[1] D. Johnson and D. Dudgeon, “Array Signal Process-
ing,” Prentice Hall, 1996.

[2] T. Takiguchi, Y. Sumida, R. Takashima, Y.

Ariki, “Single-Channel Talker Localization Based

on Discrimination of Acoustic Transfer Functions,”

EURASIP Journal on Advances in Signal Processing

Vol. 2009, 9 pages, 2009.

[3] T. Takiguchi, M. Nishimura, “Improved HMM Sep-

aration for Distant-talking Speech Recognition,” IE-

ICE TRANS. INF. & SYST., VOL.E87-D, NO.5

MAY 2004.

200949 A



