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Abstract

The .conventional feature recombination technique 1is
very effective In the band-limited noise condition,
but in broad-band noise condition, the conventional
feature recombination technique does not produce
notable performance improvement compared with the
full-band system. To cope with this drawback, we

introduce a new technique of sub-band likelihood

computation in the feature recombination, and
propose a new feature recombination method by
using this sub-band likelihood  computation.

Furthermore, the reliable sub-band selection based
on the signal-to-noise ratio is used to improve the
performance of this proposed feature recombination.
Experimental results shows that the average error
reduction rate in various noise condition 1s more
than 27% compared with the conventional full-band
speaker identification system.

I A&
BANRE e SHNEE o] §dte S8 HA
E FoAAN A fFA A Folde Aoith H
e Zh¢AIGH £ Zd (GMME ol &8 29 59
A4 vj1je] F8 FHoch sAndA S %
EAME e AZdAANPAER AF (MFCOE ¥

o] Alg3tt), 71&9 WEFHPEA ALY AlFE T
e AF Fay WMEE olg3y, AXFIHTE
o] 435t EAWEE T3l Wy S, SA44AZT)
H| 2 Fa4 ddo] Aty g (Band-limited noise)
oz gFe] HugtE HA SAHE AR %=
ZA fr}. old EAFEE FHIZ 3 tFsHE=
(Multi-band) ¥ o] A=At s o= =2
A $AE AZF (Likelihood recombination)® &%
WE] )23 (Feature recombination)®H o2 1o
Ak, A, & gEU=E e A5 3
¥ xo]|= (Broad-band noise)ol &3] =¥ F¢
= A AA 7|95 E3ith
—> —'O Likelihood
Recombination
Speech Recombined
ot — > "'O | kaiihood
-0
Flterbarkc  Cepstrum  Sub—band
(Suoband) GWM
(a) _
] —
e S~ H- O
—- r-rie
Filterbank  Cepstrum  Cepstrum
{Sub—band) (Combined)
(b) |
a9 1. gEas 1Y (a) AR AR 2Y ) 5
e A2 W

- 127 -



o

_|>l_'

R|J

o

Bl
Ih
1o,
o
&
o
a2

o
-—-?-3
K

)
>
X
dm o ot

2
L

tlo
g dlo
oft

2
o
ol
-‘—l
2
= i

i

£

2

|z

=
I

(2

R rE o> oo o (0o orir = NN R o
i, ok

oo M (L %

FCCI2]& ol &%

GALE A4

ME

M MY MEMEe NAel WEHE
A4 2+ MEWE @ [e] MFCCE 3%
WA ArRwEse WA MFCCE T

A A xd

o,

=3 . ')
e wEe 4

B}

1

(LI 24,
| NM
X ; i):v Z_'LFB(Z)COS((W 0. 5) N/M) (1)
N
,1</<L< 7,

A718 [FBYE A ABM=el pHA RE
A 23 Foltt. 39 2= F M MEdH=s N
o "EE 7lXE FBEWES Alxgolre HEwc
MFCC & & HoFE

N/2 Mel-scale E N/2 Mel-scale
filters filters

]
4
]
1
]
]
]
]

.
-
’

/2 -order DCT

1
xl(l) {1) (} (2} x§2)

subband #1 subband #2

O 2. F /Y MEWMEE HA = d
A 2" MFCC &9

O

L

- 128 -

ME Aol A A=

T

7 Arws
72t qu

h =11

olgt 7t

14
HXN = 3 Contlt, 22, . x MM
|14 M .
= 3 Cop [T #x )

N @4 Tansts AEAEE A9e Uwx

(2)

Wl=Zd o8] marginalizatione 3tH +& 5 A
2=

; px ')
x Jw,N) m=Hm=#i fp(x "w,Ndx ™(3)

W .
= 3% Cplalw)

W
=3 C

HodFEY, 0¥ 38 B9
ANz By gErs

Ae & 5

Sub-band
tikelihoods

—’

' vy
VY

Multi-band
GMM

Filterbank Cepstrum Cepstrum

(Sub-band) {Combined)

a9 3 MEYUE {FAIEE ol &3 SAME Az

Y

oz ol

H B) =

— Y

A

o
=

I AFAAH =& A
o] &3 3} AH

o A AEWES A 99
Ao 2 o] g5 o= oAt v &
o BF AUNE AHLSFRT. F ZHY
M o4 Zgoz st WHe HS
10709 Zd=e] B AR =W &4 T
o2 ZHow u ¢4 YR [HFIFUT. pAA

Qe Nx o) Fevle A (@ 2k

o
AEAY we



1S (A
SNR“'=10log 4 ;1

A o 2
2 MR

S AR =max{|X (B|—1.1] M&)!,0.001] M&)|)
| (5)

(4)

Aewe Azdda A Zede] A A
Nz o FeHE A 65 ogsd T# ¢ Yok

Z St (k) :

SA\TR ; =10 log 0 keSub-band | (6)

U

| keSub-band |

A7k IX (RIS (A2FAT | N(B|E &
72 Foe Qg g A5 oux WYy 49
7 e Az U Aog, 1YL w0z oy
A Adge dehith 4 ), 3), 2d3 O o&
AN AEw= fARS B Be ARws Hdg

1§ HANEE g A (DT Py,

S= agl @—L (leog(p(x ) (7)

S

.. log (p(x'1M ) (g
={ log (p(x\ ) if SNR'=> threshold
0 otherwise

k A FAELE Yed, N T AHA
& MBuwicol 42 ek AFA =
S °]%f§f_ 7]1_4 Xhﬂuﬂce o] &3

S= arg1@—1— leog(p(X ) IC)

S

log (X tl)\ k)) (10)

{ log (X /A ) if SNRY“> threshold
0 otherwise

=Tol A e YAIZ-E 30dBE Asty ),

IV. 4d € A3

- 129 -

2 =5 438 Y3 TIMIT dolgHueo]lAE
AH-& 3 T %%51'7(}-‘?: Az 1008 A 1008 o2
T 2008E AMEstdY AR dE2 Maximum A
Posteriori (MAP) &1g|&& o]l &3std RdEdHsA
[3]. ojul, AF£¥  Universal Background Model
(UBM)S FA3t7] 913 EA 508 o2 5082 A}
2439t 5% A T 1084E HAF L 5FHLS
AR A A 5—5— 4 HXAEo ARG
‘—°]7~ AAS 93 16kHzE 8kHzZ vt &EH S 3

3 Aurora 2 dlo|g el 2[4]e] 8714 #FS (Airport,
Babble, Car, Exhibition, Restaurant, Street, Subway,
Train)ja S9¢ 7FA A5 of FF2 S48 Q34
Ao Adel AT FHAEEHR UBM2 16074 9
mixtureE 7FA & Gaussian mixture model-2 A}8 3}
At 7€ AA Foge N=F ol &3 M 33
e HYE VM= EHWAE ol &3t 1834
MFCCE F=3t3dt. tsHeg o435 5FHUH )
Z% Wi HEwAaY gy 9 MFCCY A&
Fx 19 YE A

E 1 EA49Y QA 29 ZY ¢ MFCC A4

System Multi-band system
2 3 4
Parameters~_| sub-bands | sub-bands | sub-bands
N 32 33 32
L(Total) 9(18) 6(18) 4(16)
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Method FULL-BAND Error Reduction Rate (%)
spRes \ |Accuracy (%) CFR_2 | CFR3 | CFR.4
20dB 81.64 -2.25 2.18 -0.41
15dB 67.10 7.18 8.40 0.47
10dB 47.10 5.60 527 3.57
5dB 28.13 0.77 0.82 -0.45
Average ERR 2.82 4.15 2.04
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| Method Error Reduction Rate (%)
SNRs over full-band

CRF_3 FRS_3

20dB 2.18 17.29

15dB 8.40 16.11

10dB 5.27 8.13

5dB 0.82 1.06
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Method Error Reduction Rate (%)
- over full-band |
| CFR+RFS FRS+RSS
20dB 4.97 32.33
15dB 1539 37.08
10dB | 15.19 28.31
5dB 763 1066
Ave. 10.80 27.10
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