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vol. 120, pp. 200~208, 2016.°l 7HA1E el wheb Bdd 4= ik,

A7) o)A FEoll Ml o] k) M= ® ~AY FE (k-th band mel-scale filter)®} LMPSC(the logarithmic

mel-frequency power spectral coefficient) Y"*& Z&3}H, A7] Wo|x|¢t FEE 482 99} o] viehd &

o]
AN

84 9

Yik = loglexp(sik) + exp(nip)]
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[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]
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A7) A 9ol A TE o) Mk F9 243 o)z o] LMPSCsolt.
7] v o] wo) A} FE= 74313k LMPSC WiEj 2] MMSE +4& .

A7) Fera 1004 s e

So NA2ES YEd

AU

sl o] 24 v E gepfa, e B2E oA &4 (uovie] 57

=Y 240l AF THAIRE #F BEE 7HA= olalH(ergodic) HMMel o3 iAE ] FAHEHE Sk, 7]
Ve A v FEomyE Wi o3t ws Gt Fgat A9 Ay ZeAlzsed o8] F4uR,
o= 484 110 e
784 11
o gl =) = Nl iyt Ta, o)y 1 = Ly oo 5TV,
A7) 58 1A 3 v A T elelA e BIE AEolE qlelash dule] WEE et
o] A% Zste LMPSCs+= =3H2] 120 &) Aejdt}.
7844 12
Ny
§ix= ZP(% =l e
=1
Fsq iri=t = Mo, alyi=t
sy iyi=102, ot Uik —10g[exp (e, g =) +eXP(pn )]}
‘ (li L“'erlnzv wlmest + (B ’151.1\-"‘/«:’)2”%1,)\‘ '
A7) SBEA 12014 et o o) o) T, 23 P S5 136] whe wlo) Xk B

of ol FAE 4 Qi ol @ AA gEle] Baom A,

=
784] 13
P(vi = ly1:i-1)p(¥ily1:—1. % = 1)
P(vi =llyui)=—=x
i Z;\f’:H P(yi = Uly1:-1)p(¥ily1i—1,7 = U)

3 ~ ~ ", O =] vi = " 2~ ST = PN
AEHO| 88 o -0 g AFgTFe], Fo-tnen = ot UR wAE F T
=
T34 14

N,
Py = ”ym—l)zzp(”n =1yim1 = U)P(Yie1 = U'lyrii-1)
r=1

T3 A e 2 2AREE, ol 4814 159 mheth
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[0081]

[0082]
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[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]

[0093]
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=
4] 15
PWikli = 1) = N@ikliy, ylvi=t:%, | izt
With  fiy, |y =1 = loglexp(fts, ,|y;=1) + exp(in,; ;)] and
2 i 2 i 2 2
Py klvi=t = (Isi.kh'i:lnsz.kl"/izl + (= ds, yi=1) T, -

471 DW2 vhFdh sfigle] o1 Aol dedom A8l uet #al 2d 2 s ZaAY FEoA

NeRA FEE wTh 7] | =
2 WESE 5o AgRTh oldw 47 DW JIw FE gHe 54 el AAAE Agste] A7k Ei
Foha Fol e A5E B 83wl wS f8at)

9 549 FHSnR, A7) CICAd o8] AEE He 29
[e]

o5 {3 WA wlolz P Zof Wi ~HEH
= |

S5 EWE MM 7|8 FE AelE AT s

d 5RARE GAA e dgaty] 98 e vl el g ® gt

dEE50], 47 DWW ¥ e ZHel F 24 @ Foge MES Ve dF ZHde] ARAE A
5047F € 4 9lar, el i 2471 2 S dk o] A9 A7) DWE = 20] EAJF whel o] Al 9] &
gojo]2 7pAm | 7} 3| #ololE 1,024 SUEEZ Jhdth. o714, A7) 89 ¥4 J5d ¥ fUEE
Alorel=er AE M st

<5414 45 B

H Z9¢9S E dwho] w2 DCICAS o] &3 DNN 7|¥k EAFNS Faets 2402429 4%

DARPA Resource Management(RM) database® AF&3F32™ Kaldi toolkit& o]&3te] 4 <QAAES
e A=

gl A4 914 Aol 13 MFCCSF 1 delta, acceleration X9} HME o] &3kl bl Aae
NoiseX-92 corpus®lAl @& babble &5 4o & FEL F539em oju k2 0.3%2=2 AA3 %Y. &
# weld e Sy A B2EdlA 2 babble S ol 4ake] S5 A$(natched)sh EIZEA 204
%+ o car, F16, factory, operation rooms F&& o]&3lo] 8h53t A -f-(mismatched) 2 Wro] AES %

Pshgc.

A7) A Ao= E dhgo] w2 DCICAZ ©]-83F DNN 7|8 EAAS Fastes SAA2 %42 tis] DNNgLo]

DCICA-FE9] Z3}, 7] DNN7]9F ¥ | noise—aware training(NAT)®} B &} TH, NATE 9 A3 < 6=y

A Fpks o)gst Fe AERE FAI Y Held sgd ol&ste ol m3h, B Iy il {AlsH
F_

DCICA-FE7} o}l Ideal DUETe|Y} B
I A3E vussi).

SoftmaskE ©]&sto] dojdll 54 HRE Hed S50l &&= Wi

T3 UA & 62 B 59 Sl B 84 v wsrt ke Aol oig A A3E yEbd Zlelvh. A
7] = 3 UA = 65 FEsd, B FEo] 91Aol tid Ideal ¥ wHebv|E gh-& AHE&-Sh Ideal DUET W&
Aelst AetskE WRio]l 71E MR vl Holdh Jes HS &l & Ak

()
=
(@)
=
i
o
oo

Fso Hy
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[0094] 100, 102 : A1 & A2rjo]m
104,106 : A1 2 A2STFT(Short-Time Fourier Transform) =] )%
108 : DCICA(Direction of arrival(DOA) Constrained Independent Component Analysis(ICA))*-
110 @ 2ALYR
112 WA 118 : A1l WA A4LMPSC(logarithmic mel-frequency power spectral coefficient) *2]%-
120 : HMM((hidden markov model) 7|4+ FE ]|
122 : DNN 7|49}t FE(DNN-Based Feature Enhancement) *]2]%-
124 : DCT(Discrete Cosine Transform) *]2]%-

126 : ASR(automatic speech recognition) # 2|4

k1
g

1
g
~

jl20t0| 3 &L
(102)

H1STFT HI2STFT
2| £(104) 2| §(106)
.Yl,lr i ¥ l 'J{.'-j_r'
DCICA%(108)
Y, ¥ N,

2L R(110)

h 4 A 4 l h 4

H1LMPSC H2LMPSC H|3LMPSC Hl4LMPSC
2|8 (112) X2 8(114) 2| 8(11e) X 2|8 (118)
¥ix l a-n,,
HMMZ| &k
FEX| 2] 52(120)
Xk S, l A

DNN Z|%t FE X 2|5 (122)

l Zh¥

DCT X{2|52(124)

|

ASR X 2| EL(126)

!

ASR A1}
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EEH2
Output layer
Hidden layer
Hidden layer
|
Hidden layer
Input layer
Estimated
' Noise
3 wf
: ¢ 7 Enhanced
' speech
1 i
) &R Noisy
: . reverberant
.1 speech
ZEH3
Number of interfering sources : 1
Input SNR
Word Accuracy [%]
0dB 5dB 10dB 15dB
Baseline 16.99 38.73 58.61 71.18
DCICA-MBFE 44.59 58.81 67.98 7085
Conv. DNN (matched) 71.61 84.46 88.91 912k
DNN+ NAT (matched) e 85.94 89.681 9203
DNN+IDUET (matched) 87.39 91.8 93.4 94.14
DNN+ BF-Softmask (matched) 81.45 89.65 93.05 93.83
Proposed method (matched) 89.14 93.13 94.69 95
Conv. DNN (mismatched) 48.34 T3 a7 91.68
DNN+ NAT (mismatched) h8.98 79.0°7 88.99 92.27
DNN+IDUET (mismatched) 86.04 42:18 94.42 94.49
DNN+ BF-Softmask (mismatched) 62.83 R 91.06 93.6
Proposed method (mismatched) 78.8 88.58 93.64 95.43
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EHY
Mumber of interfering sources : 2
Input SNR
Word Accuracy [%]
0dB 5dB 10dB 16dB
Bazeline 18.74 58.34 59.16 0.4
DCICA-MBFE 30.96 51.15 61.23 65.68
Conv. DNN (matched) 74.78 85.67 89.85 91.92
DNN+ NAT (matched) 76.4 86.68 | 91.B4 | 892.89
DNN+ IDUET (matched) 81.76 59.61 Be-d2 92.85
DNN+ BF-Softmask (matched) 80.24 89.38 92.35 93.75
Proposed method (matched) 84.5 91.25 93.79 94.69
Conv. DNN (mismatched) 4580 314 g7.15 91.6
DNN+NAT (mismatched) 56.03 78.06 89.18 92.82
DNN+IDUET (mismatched) 63.22 82.04 90.78 93.36
DNN+ BF-Softmask (mismatched) | 53.1 76.89 | 8954 | 9282
Proposed method (mismatched) bl.23 80.05 89.65 93.71
EHS
Number of mterfering sources @ 1
Input SNE
Word Accuracy [%]
0dB hdB 10dB 15dB
Bageline 195 15.23 40.84 h9.82
DCICA-MBFE 22.34 46.08 61.58 69.54
Conv. DNN 5.78 38.77 59.186 68.37
DNN+ NAT 5:15 40.34 66.69 7584
DNN+ IDUET 80.79 88.4 927 93.09
DNN+ BF-Softmask 6b.72 81.82 87.78 92.19
Proposed method B2.12 89.3 91.92 93.44
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EH6
Number of mterfering sources ' 2
Input SNR

Word Accuracy [%]
0dB bdB 10dB 16dB
Baseline 3.28 13.39 39.08 62.28
DCICA-MBFE 11.32 30.57 54.78 66.61
Conv. DNN -0.82 36.63 60.25 .44
DNN+ NAT 1.28 39:2 66.22 70.52
DNN+IDUET 63.49 79.7 £0.44 90.9
DNN+BF-Soltmagk 42.95 T2.71 86.02 89.93
Proposed method 67.08 54.61 91.1 93.4

(RAF=] H 739
(BAASFFE] 377 59 A =
(W71

7] DCICAR-7F &8k
(451

DCICAY-7} =¥ e
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