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Abstract

The masking-based speech enhancement
method pursues a multiplicative mask that
applies to the spectrogram of input noise-
corrupted utterance, and a deep neural net-
work (DNN) is often used to learn the
mask. In particular, the features com-
monly used for automatic speech recogni-
tion can serve as the input of the DNN
to learn the well-behaved mask that signif-
icantly reduce the noise distortion of pro-
cessed utterances. This study proposes to
preprocess the input speech features for
the ideal ratio mask (IRM)-based DNN by
lowpass filtering in order to alleviate the
noise components. In particular, we em-
ploy the discrete wavelet transform (DWT)
to decompose the temporal speech feature
sequence and scale down the detail coeffi-
cients, which correspond to the high-pass
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portion of the sequence. Preliminary ex-
periments conducted on a subset of TIMIT
corpus reveal that the proposed method
can make the resulting IRM achieve higher
speech quality and intelligibility for the
babble noise-corrupted signals compared
with the original IRM, indicating that the
lowpass filtered temporal feature sequence
can learn a superior IRM network for
speech enhancement.
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B bR B RAGE A FES
B 2R KX (HFR) > o B BGRIR A ~ BHR
(spectrogram) 2 H %% 85 4R 3% B (cochlea-
gram) > % # & KB —BAE F (mask)* A %
LR 4 B N GUIR A B 2 BUAF B H RE e AR
Ko AR RZ IR Z A XA L F
ARG o fR B AR ek X pr KRBy & 300
AR A TARET BATER X
REZEHRACTRNIFEREEL > MBEKX
PR IR & EH o AL RRE) A S
MR HMAERE (P wHER)  —F &K
o ABEX A MM HA RO TR
=L F (ideal binary mask, IBM) (Wang
et al., 2014; Srinivasan et al., 2006) ~ ¥ 4 b
5] 2% & (ideal ratio mask, IRM) (Srinivasan
et al., 2006) ~ 48 3% 5% B 3 % (spectral mag-
nitude mask, SMM) (Wang et al., 2014) ~ #&
#3238 F (complex ideal ratio mask,
cIRM) (Williamson et al., 2016) ~ 484 &% &k &
# £ (phase-sensitive mask, PSM) (Erdogan
et al., 2015) % o

AEARARARF > ERAHH LA RIAZE
AL IR Ao A BCE 0 AR H R DI R B A
A6 R ) B R R S ) B 00 TR
k¥ (pre-processing) * £ K &4 MKE
BK 0 SR 218 09 9| SR B 5 BRAE B Av ks
B M A TARE ik ABBHHE—
M B R #3 (discrete wavelet transform,
DWT)(Mallat, 2008) * # 45 #8755 % & &
&M A% 4R (modulation frequency bands) *
RS —HEZOAARAERZALET
JF 316 3k 08 0 o H R 46 KR 4 9R IR 7] 35
AL~ i — R BERCN & B (inverse dis-
crete wavelet transform, IDWT) &2 45 # 5
7 > BAR R LA EUT PRI F AR o i
WBEAZRE > EZRANAANE S EH
Fr#e 6985 (Vuuren and Hermansky, 1998;
Chen and Bilmes, 2007) : 3¢7% 3% & 45 #2105 5
FIER5AAEAE 1 He 2 16 Hz 2R 24—
Ay FAEBAR F 100 Hz M & @ HEUF71T &
Gy (GA%) JA% A [0,50 Hz] » B 3Ltk F 48
R LSBT RS WWHRILET R G HES
WARABKE A2 AP RIS TR - B
gk > AH K (Wang et al., 2018) At » 4 A
BRI R AR B~ R e B AR
# (detail coefficients * 48 & # A% SR %)
RERZZBEHE BMNBRT A ARES
BB E PR E 0 RSB ER MR R T HAT
W2 3EE HEUT P 0 IR R R B > I U
FEByE B IRE AR A AT B] B 420933 F 58 MLk
2 .
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2 RESFITE

B ABER T o RAVE S o LB R B 4G 3R
LB F (ideal ratio mask, IRM) 7% » sbik
WEARREETZ—REFIAE (spectrogram)
REHBEFHAE (cochleagram) ¥ EGYIE AR E
18 :

[s(m, £)I?
|s(m, £)I? + |d(m, f)[?

£d o [s(m, )2 82 |dm, )2 2 HRET
H 3B A9 B S H 4R B A B A 5 AR B R
m IR FE f Z R BN (time-frequency unit,
T-F unit) A7 4 JE 69 307535 F e e a0 i 2
FENEIRHENTZEGEGE > R FLT
1550 B0 F B RSB R 0 B LT ARIE
AT EAEH B EME > 54 IRM R
R4 BAZ o

BB GF T ET > TR A LIk
IRM R B AR B4k 8938 S 454005 5 51 > Ao
PR IR R e FE ~ AR sbdgr ] H SR % B SR 00 R
o0 BRI R L 693 F AU RIR IRM R
AR FAHA L IRM 452 AL AR 7 R 46 45 3L
HE 2 IRM #3 > s RER B AR 3 Rdp
FIAEIMHE G SAR LK E o EF— R
& 0 RAE R BRI (discrete wavelet
transform, DWT) 2R #4T L i 64 1K 38 JE KR
#o Ry REAL DWT EomudZei
BB EA > A MEERNBRY R
BT IR K B 0 AR B — AR 80 RE R
B EAAES o AT RV R
R

ElE R

1. #H9I4R%E (training set) ¥ 494 — 530 F
#eFE on) 0 BFEA (framing) 82
% 1t (windowing) 7 %] a8 %] & 1E 3R 5%
rmln] % (m BEELRI]) » BAHEER
FAE IR AR R 25 45 0 4w amplitude
modulation spectrogram (ff# AMS), rel-
ative spectral transformed perceptual lin-
ear prediction coefficients (ff # RASTA-
PLP), mel-frequency cepstral coefficients
(fi # MFCC) A Gammatone filterbank
power spectra( i # GF) % o #{A1i # &
B D #BERBER X T Xy B
— Dx1 #9470 & > Be%3E 6 £ 13k
M BEFAE > QI E R ZF R BERT

M(maf):

(1)

X =[x0 x1 ... Xpr-1), (2)

HER~FA Dx M-
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2. Pz HEER X BE—F 4 BES@

=
[X(d,0) X(d,1) ... X(d,M —1)], (3)

P Xg[m] REZ  HBIE X 9% d %8
MR R+B1xM>»EF 1<d<
Do HAVIAE — BB 5] Xg[m] A
— PR BN R B o DAy AR T

[cAg[m], eDa[m]] = DWT(Xq[m]), (4)

H+ DWT(.) K& BN EFER (dis-
crete wavelet transform, DWT) ~ cA4[m)|
1 cDglm| 5 %) A #8345 5 A% A5 69 AL 44
# (approximation coefficients) $1 4= i 1%
% (detail coefficients) @ H T4 & 4 5
5] Xq[m] ZAKB R B SER D 0 =F
BAHHERREFIRAN —F > B8
HORF o

3. HAVHE L — % BT AT 8 den 545 B Dyl
T E—E N1 HE o HIERILLE
PRt~ EB R AR ERE d
B HEER I Rk T

X4[m] = IDWT([cAg[m], a x cDg[m]],

(5)
H ¥ IDWT(.) K& R BN E#%
Xqlm] A 2 69 B0 5 5] 0 A8 B R
BT F] Xyim) > Xg[m] &4 8%
SiE Ry 0 F bR g A B ) SR R Y
RE -

4, 2B —# IRM REAA &h3400% > &AM
BLAHT B R 7] {Xy[m], 1 < d < D}
YEBHm N UFEHE IRM B EE A B AR
B oo IR IRM RESA - EFEE
AoERX () POHE =1 RIAIIR
&) IRM A 81 R 46 (Br{E A R 4545809
%) IRM AR w2 —2 o

ENE R

W R 2 B ) ke B D 4RE 4 X R E Y AT =18
BB~ RBRBIE R Z 55 B Ha
W T AR IRM A KA B MG > 4F 8
B 9B 3% R 2 R 0 5 A B AE 2 A (dot
product) » BP T 43 5&1Li% 69 FHR B S dil g
8 R 3k & 212 Ar 78 AL AR 8 B IRRIE ©

e 2
3 FEkE

% B X Bk (Williamson et al., 2016) Af 4% 4
&) 42 X 75 (Jitong Chen, 2016) > HFIER T
TIMIT BH# B 5T (REBER 16
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kHz) REBIFERMAIRE G T E L
VRE ST 5 MEH - HA 10 4 & 50 {8
FHe) o MARRER &2 T EHIRERE Y 3 4L
EH CBAL0 4 £ 30 E3EE o RV
A3X3E 4 B\ babble 331 0 3£ L (signal-to-
noise ratio, SNR) Bl & %-2 dB ° {3 4R $2 73]
A IRM ZREEA b AHSoERS
T AMS ~ RASTA-PLP ~ MFCC #1 GF w#% >
B BF » RAPE A A 4BAEE 5 BEFAE (frames)
PHER—MEEROE FAREEADGAE
fir o REBANZ KRB/ L2ELR (densely con-
nected layers) #8& » £ 8.4 4 BRIEARE &
18 1% & & & 1024 B4 42 7 (neurons) s Ak, °
BARE REGE G X H¥HEF3AE (cochleagram)
o RE o HAEEEAERA 64 4 AMEA 64 18
JA38 (channel) ° £ £ AIATH M IRM 3 4R07%
Lo AN F I 2 mE 8 (H4A
HE) FRETHHE o HR%ES 0, 0.25,
0.50, 0.75 » 4% Sb iR 55 4o B 4 S0 2 B A A2 B #F
7 IRM #RZHE (R IRM A7 ¥ e 2 H#
Foa=1)c° £1ERA BN R IR HR IR B
oo RAMER db2 AR R B o EIPERAE L
HIMER T PESQ % # (Rix et al., 2001) 1F
A E 4 H (quality) & Z#454% ~ STOI o
# (Taal et al., 2011) 4F A3&& T E M (intelli-
gibility) &) Z#451% > PESQ % # A 7-0.5 #
45 Z > STOI 5 # A7 0 #1 1 2/ » ¥
AR EIET G Y /TR MAME

4 FERERESH

RS TIEERL S RPBFETA=ZIEIRE
R By A HENMER AR
AT A AT sR BRR 2 IRM B A F
=3 HEAE R B — AR AT
AR BB 2 IRM A > KA RIS
T IR KA ik Z AR A A B 4
7 IRM ZAE ey B4 > % =3 5 R 2 4 b 854A
By R 0 R R R A2 IRM Fiigitey
EEMIRMEE -

4.1 {ER A AEBZ AT IRM
HAE T
G k1A E TRIRENEZHARER ~ &
WA IRM (BEHBBLFETALRZ
M KAT) BR4E IRM (2 R 45 8 A 458091
S0 ETHEERIMMA E BB RIZILATHE
&) PESQ #1 STOI #y-F344E - Kbk F » &
¥ LUE 3] -

1. METHRLBE M IRM REH > £
PESQ 1 STOI #r45 %] 7T Kiauyd st -
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R R¥EEET HEHEIRM B¥% IRM; &% IRM,
STOI 0.6130 0.9004 0.6763 0.6658
PESQ 1.6081 2.6408 1.7755 1.7748

K1 RERHEBHFAKLBIEE IRM -~ R4 IRM, (A RSHEKRER) ~ B4 IRM, (A R&FMEEL £
FHMRER) REZHIES STOI #1 PESQ “F3¥4 5% > R4 b w54 (AMS, RASTA-PLP, MFCC,
GF) #F%| M43

AEMHE o #pHEE HIEZ IRM
¥ IRM, -0 a=025 a=050 a=0.75

STOI 0.6763 0.6767 0.6728  0.6799  0.6789

PESQ 1.7755 1.7844 1.7612  1.7717  1.7760

& 20 RRIEFBFTHLHIZA IRM ~ B4 IRM; (ERBRAFHKIR) s REMHE o HHFAE H4E 2 IRM
(RBBEEFHH) REZLHEY STOI #1 PESQ F3¥ 4 - R4 d w454 (AMS, RASTA-PLP,
MFCC, GF) $£%| 4%

AEIH#E o #pHAE SR IRM
2% IRM, a=0 a=025 a=050 a=0.75

STOI 0.6658  0.6639 0.6671  0.6615  0.6682

PESQ  1.7748  1.7819 1.7916  1.7589  1.7996

£ 3 RARHEBEZHEHITE IRM B4 IRM, (ERARESHMEEEZZEMERR) s REAMHE o IHA
%392 IRM (A HBBEEZHH) RELHIES STOI 2 PESQ T3 u# - R4 d w44 (AMS,
RASTA-PLP, MFCC, GF) #%] 4%

AEME o WHFAE HIEZ IRM
=0 «a=02 a=050 a=0.75

STOI n¥  R¥ IRM;

AMS 0.6472 0.6430  0.6435 0.6458 0.6466
RASTA-PLP 0.6559 0.6600  0.6607 0.6611 0.6556
MFCC 0.6740 0.6771  0.6772 0.6761 0.6770
GF 0.6695 0.6698  0.6667 0.6672 0.6692
combo 0.6658 0.6639  0.6671 0.6615 0.6682

F 4 B—JEFAAEH0E STOI o #tbsx 0 A RIEZ L MEB3248 IRM ~ B4 IRMy (£ RASMmL g %
EHMRIR) S REAME o pH1A% 3982 IRM (AREEZTHM) RIELHEY STOL F4 0% - &
Fcombo” F o WEEAF L2 ah

AE#E o WHFAE HIEZ IRM

I
PESQ ## k¥ IRM, a=0 a=025 a=050 a=0.75

AMS 1.6721 1.6705 1.6712 1.6731 1.6758
RASTA-PLP 1.7463 1.7634 1.7634 1.7630 1.7426
MFCC 1.7966 1.7870 1.7916 1.7946 1.7977
GF 1.7641 1.7791  1.7669 1.7635 1.7633
combo 1.7748 1.7819 1.7916 1.7589 1.7996

% 5. BB PESQ » b 0 KRR E T HE8IF R IRM ~ B4 IRM, (B R4 HE 2
BRI ) s REAME o #WHA% 5982 IRM (AR EEZEHM) REZHEY PESQ ¥4 n# - &£
“l’”combo” FoR A A
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PASES i

2. B4 IRM R bAcm R ZE ik > {2
HMRBAAAMIE IRM £ 28 BRET
BamamEd (B0 PR EEEa

w2 8 E==]

AR D AT E BN A R R &S ER] o

CEEHHEA R RENILTIF IRM
£ STOI #2 PESQ #9 &R ELH A@H%E >
FIMER £ FHME EE IRM 45 2] 8K
#) STOI & # -

BT R R IE IR ZH IRM 34k
ko R 2B TERER ZEHME 4T
MANBHZEFI 2 2B GRARMHEE o
3|4k 2 IRM FF#JE By STOI 2 PESQ %
oo MR Y 0 BRITE AT HER

1. $EAKEBREZ IRM 85> #EF o< 1
Z % EHAIFE T B4 STOI #2 PESQ
B (a = 025 £ STOI S #EM%R4 > o =
0.25,0.50 &£ PESQ »#4h) - et
e T A iR ™Ik B4 IRM A -
DA hl s T8 A BAFegRR -

CAERBR (RER a=0) PV ERBSR (X
o= 0.75) FAYE GRS MF L B E
B —_HE2VETHE PESQ £ STOI &
R a=0F2&MEH PESQ & M
a=0.75 A4 STOI #F &k K -

v &R 3 HIH T EBEIMER £ E AT

NFMZ 72 53 G B AR E
o &3z IRM Fr¥tE ey STOI #2 PESQ
aB kR T RITAE TR

1. HEA RS IRM MmE > ERABRAEE o
(0.75) £ STOI # PESQ L#R# &2 #A Ba o
i R NMEE o REMEAEKR—
RMEHIT R AT R BTHERE
A EERETHUE > EEHUASHR
T HRAEH e AY SRy 0 Bk
R A B RS o EFHREHBGAY
BNl E] 0 BT R TR S

BB R 2 Bk 3 M BAE R R LR
REP| A4E STOIL & (0.6799) #9& T &
R EZEFHM - ER o = 0.50 Z3pH3A
%548, o9 IRM % » ™3| &1 PESQ
8 (1.7996) &A1 AL T £ A £ 45~ 1R
a=0.75 ZHpHAE 54, 89 IRM % -

4.2 & AE R FEFEZ e NG IRM
RE T

ER— B F o RCEL ZRES WBESRATE

Z IRM 893 R > 38473 B3 i 45 8085 - 7)1

%
N
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MR KT A — 384 IRM - £ A& 42 > &
i — SRR ESEEN 58 (84 AMS,
RASTA-PLP, MFCC, GF) ## IRM At
FE > B RAT AR AR E IR R R R T H
7] ~ i b B R AT S8 K 12 H Y IRM 2LAE
R Rk 48K 5 R 5 H &R EHFH
PEAKEJE R e 2 IRM PATAF 2R3 33 4] 4
STOI 2 PESQ 4% > A 71 28 ae kbt
R BEKMEZEHH— oA B &
FI5¢ AT — B W dAAF ey 484 (B “combo” &
) ZERIERGRT 7] > bbdx o

BB AR ZHIE 0 RAMTA AT S B ey R M

E

1. $REE TR 4642 STOL M - RAEA

IR IE K 2 R4 P 0 L MFCC & 3,

A2 (0.6740) EERART A5 EMOE

£ (0.6658) > K > ¥ BAIKIBIE R

MFCC T A% £4£ 49 STOIL 1 * ) 4o

FHEA o =025 9 EE - MFCC # &

Z STOL AT RE—F A Z 0.6772 ° &

b o AR JE R TR 3B JE ¥ — AR A AR AR

R plae N AMS HHmT 0 R

16 P K8 R & P $HE B9 R 46 IRM R B
I o

o R

CHAESRE4EE PESQ mME o AR
1 FARE IR R 2 wHa4E s+ > MFCC 17
KB &AE (1.7966) > BMT @5 4HH
(1.7748) > 1 AMS H#HERABARLF » R
# 1.6721 = PESQ 14 - & » & BLAK
BRI > BREBESME TER A
PESQ & > #law 1R o = 0.75 B £
B MFCC # JE = PESQ 1& T sA it — 5
®IE 17977 - o 43 PESQ &
ZHEMABASBEHMES o = 0.75 2 /K@
JE R 0 TiE 1.7996 °

BBEALRER wiESFmmadsish
STOI 238 EENBEHEEH > A PESQ %
R R AR AR AR B EARAE L 0 BT AR
FeH s (ko AMS) £ AR L Hib4F
MEBBR > BB AMOEERAN ALY 312
JERE AL a BB E - BAMARE
RE > SHEBHMAEEREIERRE o R IE o

4.3 ERAMERERER

RIBAEZ N 0 BAPE A 3B F IR0 TR L R
48 B (magnitude spectrogram) * Rix R 4
IRM $2 & A4% ) 2 K@ IR R 45 2 IRM #9738
Lre > B 1-5 A—Ea) £ &R ETAHE
BRERSARE > Bk RAILLERE 1 B1E 2
BARMENZ LT ANER LEAABE O X
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A oBF bRE 288 3TAH EAY
IRM THRBEHBZFRILKR &L B
R4 IRM K& R 4 2 IRM AT e
9B 4 1R 5 ABEMNE 2 MIMATERGK
B AATEIK W&%iK%EﬁIM%ﬁ%ﬁ
B9 3 flde LB 0.1-0.2 = M ey 4a e 7%
xl*ﬁﬁi%(ﬁﬁéﬁ%%TEﬁ%”‘
MmE 5 e LEIRIBE ETERLEHENE
45 RAFHLEBER > BAMTFTEHEE > K@
R Z IRM A2 335 &) 89 R 22 E ek 4F N R
¥ IRM -

8000
7000

6000

v
S
S
S

frequency (Hz)
B
o
o
o

0.5 1.0 15 2.0 25
time (sec)

1: B335 AR
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B 2: # -2 dB SNR % babble 332 3& & 1543
&

5 &mERRBRY

ERARY > BB LA FERET EEAL
Bl % (IRM) X R AE A K@ TR K 2 38
G AR ) R GRET AR BME R AR
JFF1RIER T LAAT 8] B AR 6935 F 581U R © &
PE R /D ok 3 R R RARRIE R 6 IR 32 > H 3R
ATHA SRR > ERRIAF L BT
IRE] A SLAR B IR & 04 B 5] R 32 A AR SR AL
ﬁﬁ%ﬁ%ﬁhmﬁﬁizﬁﬁi AR H AR
e B A A BGEZRE A By~ —AZE ST
on %"ﬁ%’f‘“"i °
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