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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
network (DNN) is often used to learn the mask. In particular, the features commonly
used for automatic speech recognition can serve as the input of the DNN to learn the
well-behaved mask that significantly reduce the noise distortion of processed
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 employ the discrete wavelet transform (DWT) to
decompose the temporal speech feature sequence and scale down the detail
coefficients, which correspond to the high-pass portion of the sequence. Preliminary
experiments 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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1. 4% (Introduction)

RS R BLAH B B2 BUAR S R 5 [ 5F S R FT Ay 22 A 2 hs B Al 3
HWIEAVET 2RSS - H AN R EYE - G 2 B E—E T 7% - T
AT T AN > A RS EE A BN G E4E ~ I ARZEENRITEE
fErE byl > MEEERAREEZE () MBESERE (ml) avBHE MR REE
AR DAEERE - DU A Hr RS2 RE G B TN Y B RE A A5 5

EREE PRIV T > AT AR RS 23 Al 2% A E BUA IR B - ARG
RGN ] B MR A i Sy - 18 B U AT 2R B TRUNIGE SR AV RE ST B 2 o o DUARHT
FEEBENREE LA RG] » PR R 2 £ o8 L AR R HL R IR R R a g
HEASEHERRBEEEE 2 U BENEEZENER (prototype) H# - (B &%
FE R RS R R B AN SRS 8 [ HGEE BB ELE -

TRIZSCRR(Wang et al., 2014) » 512 R A RS 238 7 5B S i LA TR =34k B AR EL
FILLGY Ry WK A - $fBR X (mapping) BAZEEESX (masking) - 7l B FEKHL—{E ¥ B el
B (5 00 S iy B B AR R RZRRE I 2R AR ED  A0FREGERITE Y~ B E
(spectrogram) E{ELHGHFHEERE (cochleagram) 1% /2 KHL—{EIEEE (mask) - FHLABLFE G
i AGHOR R E B E BRI REAYAE R » (AR SRR HYEH IR 2 B AE BT R B AUARAE - ff
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BRSO SR AT er B - B A GRS R B R ] DU R R A 2 R B
AR E I RER MR - B SO SR A e B L - RIS L e SR 1 Ry Yt A SR
TEgE (BIIIREER) - &5 - (HAT AR P2 DU S A sE 5 o b S 2 S i
R MHBEEB AR 7B T IrEE  (ideal binary mask, IBM) (Wang, 2005;
Srinivasan ef al., 2006) ~ FEAEEL S (ideal ratio mask, IRM) (Srinivasan ef al., 2006) ~ #§
HEOR T (spectral magnitude mask, SMM) (Wang et al., 2014) ~ ¥ 83 A8 L )35 2=
(complex ideal ratio mask, cIRM) (Williamson et al., 2016) ~ fHA7 AU #E S (phase-sensitive
mask, PSM) (Erdogan et al., 2015) % -

TEARWTE R » FE R Rl 7 e EEE s LA A » B2 37 Bl Sk
AR AR GE S AR VI E RS SR THEE 3 (pre-processing) » ( HAL & HYHER
FEBEK - DA 2 & A3 SROE B0 BRAE SENIEHE » MEFHTHEREE 7L - BEBE S
B —Pe EES U Nz A (discrete wavelet transform, DWT) (Mallat, 1999)] » BHRHEIE 515y
B THERTHEHEMA (modulation frequency bands) » 2 HFE i HAAT FE A (S5
BT 2 P A AR - Fo iRF 5 B SR A B 3 BB P B B ~ 25 8 — P S B0/ N R R
(inverse discrete wavelet transform, IDWT) B4 EFS » B AR E B KEIET
o PR 1% N AU 71 R 3 o 2 B A

RO 2 R - SRR S ATRE B TR AV 22 (Kanedera et al., 1997,
Chen & Bilmes, 2007) : 82556 & FHEIF 75 MR 1Hz 2 16 Hz Z [ > DL—f%
HUETERUE SR 100 Hz TS FHEUFFI B2 (8588 #H77 £5[0,50 Hz] » [RIFL1& FARHT
e DR EEEE RSy o MRS N S RS SR BB R H - E AR HIE A B -

N FEFASUER(Wang et al., 2018)Ff it - {5 F/ Nz BEHA oy faE B R IR P 71 ~ DR PR
HAMERAE (detail coefficients » fHE R S IT) BEREZBERE > AR
THHEED RS PERE > M2 REENHUEREHR AT 2 58S R E Ty iR
KRR IR o HHEF T e R S R A R S B B YRR S R LR -

2. R A (Proposed Method)

TEARTZE T > FRAPI8EFE N DU 25 24 e 11y 2 38 AE L (513 25 (ideal ratio mask, IRM)SZ: » 3538
HRSREGET 2 — RSB (spectrogram) SUELMEHFSAIE (cochleagram) EFHEAY IRk
HE
_ [s(m,f)|?

M(m, f) = Is(m, )12 +|d(m,f)|2’ 1)
Seb + [sCm, £)PERId(m, £) (25 B2 T HEHAE B S o L M S B P et
AR f 7 B 4E B (i (time-frequency unit, T-F unit) FrtfERYEZ R 552 B4 FERVEE & » FEA
A SRR AR o RSB TS R H R TR S S AR A Ty - BRI AT AR
(Dt EHEHAELLGIEENE - 7R IRM ZEEEEAITEII SR 5 AR -

FEFRAPIRE B ikt o B LGNS IRM 5E RS AU i (o FH A 5B S5 R i e 1
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DOLME R BR s - &5 BEANH H R AR oy - B E R R A EE S R oKL IRM
PRI - THIAE IRM SRR A FAARHECE E . IRM A58 - BESKHT S (A 8 25 2 H)
Hl R R e R EAYRE -

BHE—ENE - P FHEEsN i (discrete wavelet transform, DWT) (Mallat,
1999; Wang et al., 2018) 5K T it Ra@ e R 2 > 053 IR A2 7E DWT H o3 fig il e 7
HYBER 7 (2 L AL » AE ) R Bl B Y AR A g P SR AL AN B - BEAHEA—REHY
(B3 R B8 1T S AT (B -

PR » FRAIBCI LT J7 /A0 0 B -

Sl SRFEES -

WBE— ¢ KElIGREE (training set) TPAYE—FERTHENVEE S x[n] > &5 HE(L (framing) Bieg
& (windowing) PIJHEIRAE R FHER S, [n]18 (mEEHERT]) > FARHE RS HE RS
FEENREL > 41 amplitude modulation spectrogram (f5f# AMS), relative spectral transformed
perceptual linear prediction coefficients (f&5f# RASTA-PLP), mel-frequency cepstral coefficients
(f5f% MFCC) K Gammatone filterbank power spectra (f5if§ GF) =% - FfM & FERY D 4EEE S
FHEUA B LAXn BN » X Bs—D X 1 W TIAR » ekt H LI E R MAEEHE - R TERY
B R EUEM ARIR Ry

X=[Xo X; " Xy-1] ()
HERSFRD XM -
BB ¢ Rl RO — S d B kY ) 2

[Xa0Xa1 - Xam-1] 3)

DXg[mIRFR 2 HRBEXNE AR Ty RSl xM > il <d <D -
RATHE— 4R 51X o [m] DA — P& Bl R N s N DA R0 T -

[cAgq[m], cDg4[m]] = DWT(X,4[m]) “
HPDWT(.) XFEEEEU N (discrete wavelet transform) ~  cAy[m]EL cDy[m]55 7l By
A S T S5-I AT (D4 B (approximation coefficients) AT £ {48 (detail coefficients) » ELH]
R FEARF X g [m] Z AR AL o B e R oy » B E N R ey R —F » B
BB -

HBE= MR E— P BRI 58Dy [m] 13 E—{E/NA 1 AV a » FFELFE AT
BB S ~ &0 SRR N B R S AR Y R T

X4[m] = IDWT([cA,[m], a x cD4[m]]) (5)
Hf X [m] By S R S 5] A AR S P X g [m] > X [m] B &8 KA =
oy RILIEE B e DSk eI A E -
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BRI © S A% IRM GERRITHI A% » BT R B0 51{Ka[m] 1 < d < DME
Foli A > DIEEFE IRM BEEE(E B HERH LY - /IR IRM A - ERERHE B3 (4)
TR = 1 AIFTHIGREY IRM ARG (BIEE A FAERHEEI9R) IRM fHAI5E 4= —
e

HEAPSES

IR 55 R W0 [E 36k 5 ) 2 PR R A A = (B B8~ SREUE AR < RiiRe /31 - i
A SREE Y IRM SRRV AR > 638 58 (B B 5 8 2 T R IR B {ERGSRAE. (dot
product) > BTG58 B & AYRFARIE » & 78 & B RCEE B i s A B R I RF IR 5T -

3. EEBE%E (Experimental Setup)

SRR (Wang et al., 2014)Frig EATREZCHE > FAPIEH T TIMIT EiRHEME 5raEH (HY
B By 16 kHz) SRESSHEIRMIFTRENTE - Ed o JISEEET 5 EEE - BA
10 AJ4E 50 EzEA) > MPHEREAIE & T EYISREREM 3 sk ~ &A 10 A3 30 {E:E
) o FAMHFINSRELHIEEE 7)#2 A babble FaHl - 5L (signal-to-noise ratio, SNR) [&]7E
-2 dB o TEFIISRELHES IRM 2 B [ > i ARSI 5 T AMS ~ RASTA-PLP -
MFCC Ei GF VOf# - [EF - MG 5 (EZHE (frames) K —(E&ERE > (F
Ty AR FE TR iy A BT > RSN > Ze R fy 4 iHi45 Jg (densely connected layers)4fps » 3
e 4 EEE  SEREREEH 1024 (E#HLET (neurons) R o BAEEKEGES 2 B
BEAEE (cochleagram) HY#EER » HAHEEIERA 64 4 > fHE 64 {Ei#7E (channel)

FERRAIFTEEATHT IRM FI4R0E L - S AR 51 2 SHETGE (SIGED A
ETHIREEQ 7 HIEIE £ 0,0.25,0.50,0.75 » FELEIZSANET A8 2 BAIIAZ 7Y IRM 2%
Rz (A IRM T fEZ EHa =1) -

TE {55 FH BBl B N Rz Bt B R gt > FRAFIE AT db2 /N7 ek -

TERHEREE b FAFEH T PESQ 73 #i(Rix et al., 200 ) FysB & fnE  (quality) Y%
EHFEFE - STOI 43%(Taal ef al., 201 1){E B35S ol 38 M (intelligibility) FYZEHFSEE » PESQ
SPEUTA-0.5 81 4.5 ] > STOI 438910t 0 B 1 2 [ > Bk s (AFReE i e/ ml3E
PERRAE -

4. EEGERBES S (Experimental Results and Discussions)

FERMIHIEHEEER L B R=80 KERWE R - 55— B HEREMATAE
B2 i N\ EH S Rl R R HIE - IRM AL > 55 30 07 2 S B > 68 P BR — T 2 iy A5
EATallER s a2 IRM 18R > e MRAEERTER 73 o - BRFTPTIENT 5 A Z AR Ry ks
FRAIETRY IRM SRERYECE - 55 =B 73 A2 RS chIRH A E R o - R R AR B R 2 IRM iy

! Matlab toolbox for DNN based speech separation .Retrieved from
http://web.cse.ohio-state.edu/pnl/DNN_toolbox/
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SRALHIRE S AN R -

4.1 ERFTERER I AR EFTSHVIRMAZEE ST (The IRM Results and
Analyses for the Case using all kinds of Features)
B R A TREEREE R B AT - & HEAE IRM (SR H R FEE 2 B ik
ZHERORTS ) KJE 4R IRM (fiE R 46 AR B4k IATRE s MINAE B8R B R
Fir¥fERY PESQ 81 STOL fy~-19(H - fEttRd » WA AIEE]
1. FEsHEE 2CEIE AR IRM RFR1% - 71 PESQ B STOI #1521 AR IS -
2. JE4A IRM BEZA T REAT AREEEE O - (B R BH TR IRM A 722EE - 15 AR THEH
FEREES (R0 Hpfifofilaziset o B R ey 2SR A TR R0 25/ -
3. EBREIVARIABIRIISKMTS IRM /£ STOI Bl PESQ Ky EA A% » 45
{5 FHZ= SRR 2 IRM 13 EIE{RAY STOI 538 -
T 1R B PEE B HE A PER IRM ~ JRA5 IRM, ((E/FJRFFREL) ~ JR45 IRM
(SRR B ORI ) I PR #/EHT STOI B8 PESQ 25578 + JRAF

B VTEE I (AMS, RASTA-PLP, MFCC, GF) HEZ)jiiie
[Table 1. The PESQ and STOI results for the baseline, oracle IRM, original IRM,

(using the original combo static features) and IRM; (using the original combo static
and delta features) |

KRR HAH IRM J5 45 IRM, [E4A IRM,
STOI 0.6130 0.9004 0.6763 0.6658
PESQ 1.6081 2.6408 1.7755 1.7748

PN MR HE TR IRM BlISR0E - 3R 2 I THEA I Z EREES - 46
TE AR FY 2 SR A FIEE - &GI8 IRM ArffERy STOI B2 PESQ
T8 fErER T > BFIE LU RS

1. B R RS e AR RN » 2B aEESCE A S E] T E &Y STOI
B1 PESQ {H (a = 0.257£ STOI 73 #iFRY} > a = 0.25,0.50 #£ PESQ 53 #RI1) - L5
B 1 T ARSNGB A IRM AR~ DUIH TR EAFATRCR -

2. 2ABRGRE a=0)BVEBER(EIE a = 0.75) FHE MR DRI EEEH

A Z/VE Al PESQ B STOL {HizTT » a = 015 & EAY PESQ {E > iia = 0.75/1{#
STOL 0 e A: »
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2 2. R e PRI IRM ~ JRAG IRM ((E/HIRTFERAL) « T ITEE a

IR ESZ IRM (KRB B ) B2 ERTSTOI £

B - [FIHEIIREEAY (AMS, RASTA-PLP, MFCC, GF) #EFIT#%
[Table 2. The PESQ and STOI results for the baseline, oracle IRM, original IRM,
(using the original combo static features) and the lowpass-filtered IRM, (using the
lowpass filtered combo static features with different assignments of parameter a)]

4 PESQ FF7

A EREEafIHEHESH IRM,
JF 46 IRM,
0 0.25 0.50 0.75
STOI 0.6763 0.6767 0.6728 0.6799 0.6789
PESQ 1.7755 1.7844 1.7612 1.7717 1.7760

HA o R 3T THEEIMERZEREE > i AR BRI 2 SR GER F
fUREE - &38R IRM FrffEry STOI B PESQ 738y > fRIER T - TfIALL T HYEEA -

- AERGRFELG IRM (1

{EFHECAfEE (0.75) £ STOL 8 PESQ #VAHHHRAHTL

#E > HAEY ME R asoE HANR — RIS 2B R - ErERNE - &
(B FHZ=E R - Z R B S ELSNH T RS SR > R A
KA P SRR 0 SR S SR o/ NI - BT R] 22 2 PR A R -

2. ERRFIRER 2 B3R 3 AVRUR [EIR LR - SEHUERRE STOL{H (0.6799) HYZ " A
ZERHE (FHa = 0.50 ZHIFIEFHE S HY IRM 7% - [TEEFIR(E PESQ & (1.7996)
HIRIE T EHZERRE - [FHa = 0.75 ZHIHERESHE ) 09 IRM 3k -

K 3. R EE e AP IRM ~ JRAG IRM, (/R R =B

ERFER

B ) ~ e E a AIFFTEEH IRM (GREIEEFE) E2E 2 EFT STl
H PESQ FE77 8 - [RTFEHIVIREFE (AMS, RASTA-PLP, MFCC, GF) 5l

[Table 3. The PESQ and STOI results for the baseline, oracle IRM, original IRM,
(using the original combo static and delta features) and the lowpass filtered IRM;
(using the lowpass filtered combo static and delta features with different assignments

7#

of parameter a)]

A EHREE IR S 2 IRM,
JF46 IRM;
0 0.25 0.50 0.75
STOI 0.6658 0.6639 0.6671 0.6615 0.6682
PESQ 1.7748 1.7819 1.7916 1.7589 1.7996

4.2 The IRM Results and Analyses for the Case using each Individual Kind

of Features
FEri—&it > JMAEKER

g
&Fa

VUSRS 2 IRM HYSSCR - M09 Bt s (s Fr 51

(R F] DAHE— 205 (L IRM - AE AT > F PR — PR R S EERIAVR (R & AMS,

RASTA-PLP, MFCC, GF) %f* IRM %§AE

> [FR AR A (R

R A P L Ly
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B ~ HE T ELEURRRE AT B 1% B 7Y TIRM SRS 2 - 3% 4 Bk 5 73 plI%I I S Fd A [E] A
PR I IRM P S 2 HIEEE A)fY STOI B PESQ 7381 » K T (HEEAG AL (B
e, BRI EEREHIOA - [ IR — SR ErY4H & (L "combo”
FoR) ZEERIERNE N5 DLHEERER - fEE IR 2 B - M DUT % BhHvE
LS ¢
1. HREEE AR EAE STOL M= » A AR Z PR T - A MFCC R i+
(0.6740) » E R TAHERFEIIEER (0.6658) 281 » EHic & KA » MFCC
ATLUEFE(EAY STOL {H - FlANE e = 0.25HVREEERF - MFCC $ffE2 STOI {E ]
DUE—PHRTF 2 0.6772 « b1 » (R AR E 5 E g — TR BB e 2 - B
Y AMS B s » A RN P EAY R A IRM RER AT -
2. BREEEETERE PESQ ME » AN MR 2 TR B - MFCC {/53& i E
(1.7966 ) #i#k 7 4H &7 (1.7748 ) 1 AMS FHEGRIECA 4 HA 1.6721 Z PESQ
{H - 2800 > EEC A R - SRR Al DUE S Ay PESQ {H - FlUIE (]
a = 0.75HVFEEN; » MFCC #ffig” PESQ {EHRILUE—DHETHE 1.7977 - 2411 » &5
PESQ £ FHEUZHERHEC S a = 0.75 2RI - AlZF] 1.7996 -
RIELL EE2E > TR & RE STOL F B F{E R BRSNS 3 > fifF PESQ F£IH k.
PR LR B I BT - 15 T RE IR INE Y FBR A (4 AMS ) 3R B B LA A28
72 FROR > BRI Uy 2R A AU A E B2 3 ch il ERE M LIS R B & i s 2 - (HZ AR
SR b R RV &R SHERE AT R -
#4. E—FRF ) STOL S BILEG » FREETE AR IRM, (/I
VR ERHORAY) « T/ E a IG5 5 IRM ( GHEERHE) &
PR A fERT STOI PF 78 » B if"'combo " 2 PR Z #
[Table 4. The averaged STOI results for the original IRM, (using the original static
and delta features of single type) and the lowpass filtered IRM, (using the lowpass

filtered static and delta features of single type with different assignments of
parameter a)]

A AT EaIFIFE =R Z IRM,
STOI 77%; | JF46 IRM,
0 0.25 0.50 0.75

AMS 0.6472 0.6430 0.6435 0.6458 0.6466
RASTAPLP | 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
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7 5. BE—{EIEFETY PESQ G BILEE @ K Bt E HEAE ARG IRM, (/R TF
VR ERHEORAY) « T/TEE a HIFITa a2 IRM (GRHEERH) &
HE1E /T PESQ X578 » B combo" Z IR Z 45

[Table 5. The averaged PESQ results for the original IRM; (using the original static
and delta features of single type) and the lowpass filtered IRM, (using the lowpass
filtered static and delta features of single type with different assignments of
parameter a)]

PESQ 53 | [Fitf IRM, A EIEEaIHFZE S IRM,
0 0.25 0.50 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

4.3 3 h0s)laf ke Al &kt {8 A B — T8 2 iy AN BT Y IRMBSURE 77
ffr (The IRM Results and Analyses for the Case using a Single Feature
with More Training and Test Data)

FEpT—Ei » PP AT B S AR S E AR B - BB(E A MFCC F 0y IRM S8E

BN FA AR ECIE] R AR Bl | R s B B 51 [ 5 2 £y STOI (a =

0.25) H1 PESQ (& = 0.75) 73 %~ fEAEH - T TEE— B L M FRF RAFAYAY MFCC 7

0 HEWIN 1 BEREE (B JIsELS 7 10 firsE#E - & A 10 A3 100 {E:E

A TR AN & T B SR EE R [EIRY 6 fizsE# ~ B A 10 )3k 60 {EEEH)) AR T

H IRM HYRGAE - [EIRFEZAE PP (B A BT MFCC RHEUEILIRRE T

Z IRM SRERTEE » 15— RV EBRER D HIFIIER 6 (EEERNED Bk 7 CHEE%R

B -

e 6 BiER 7 TR AT DABH 22 1 DU 54608 -

1 {15k 6~ 7 813k 4~ 5 fYREBAHELES - FRAMT AT AR ERE G SR &2 m] DU EEHIETE
HH PESQ 81 STOT Hy 3 Bl HEEHED - 111 Bsa 3 ISR E R AT RE =] A IRM AU
sEE TR AR R AT

2. EREERZEREEE S I0FISEER - /£ STOI 738 | » JFAARY IRM EL{E AIEE
TR A ER IRM R EE - RIS RO R AT AR STOI 3 8y » 24
IMAE PESQ 738 b » EFCAEIEIERT - AJLIELR R IRM ZEF|FEREER - FIaE
e = 0.75HYREERF - MFCC %}~ PESQ (B 7] LI 20427+ 1.8192 « 2K > J&
5 PESQ s EHEE e = 0. Z{REEIEL - AT 1.8214 -

3. EfERZ=EREE . bRy R AIMIGT 5 EE - RS R IEIISREE - £F PESQ 78 b
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JFAGRY IRM LR MBI A S ERY IRM R - 14E STOL 3 # | » Eft&1K
AEIGHE > FTLAELFAG IRM S SR - P& (e = 0.5AYFEENRF - MFCC
HIEZ STOI {E A LLE 204271 2 0.6880 - ZA(fT] » JE15F PESQ My (E#EE Ea = 0.2 KiE
TEORE - FIET] 1.8214
4. ELhER 6 Bk 7 iEEE - AU BT - #YME M 2= BRSO [FERFE PESQ

B STOI 1 73 B PR » IEEERIFRI - fEFIISRE RIS I - Z RN IS ER
7% IRM U SIS TR 2 - BR &R TSR LT IRM SRS 15 %
P iEE - DINESS MY ZBREG RIVE R M - FRAEFLE IRM A2
HIEEE T » A= SR AR SR ERYEEEE - [FNF I &R iR - A PESQ
TYBUE— ST

7 6. FSEEEE B BTG IRM, (/IR MFCC R ) » FIafEE a AlE]

ﬁﬁgg{%% IRM 216 #5817 STOI £ PESQ FHI77 8 - JRTF20 51

MF 2

[Table 6. The averaged PESQ and STOI results for the original IRM; (using the

original static MFCC features) and the lowpass filtered IRM; (using the lowpass
filtered static MFCC features with different assignments of parameter a)]

MFCC K IEFE E oI = 5E > IRM,
iz 0 0.25 0.50 0.75
STOI 0.6947 0.6900 0.6926 0.6918 0.6928
PESQ 1.8182 1.8214 1.7996 1.8056 1.8192

7. RSB e BTN AE IRM: (&R MFCC R B RFRRE) »
|THEE a A EEIR IRM, (FEAEERHE) 2% 21/ STOI £ PESQ
P - JRFF O E— 58 MFCC [fj#7

[Table 7. The averaged PESQ and STOI results for the original IRM; (using the
original static and delta MFCC features) and the lowpass filtered IRM, (using the
lowpass filtered static and delta MFCC features with different assignments of
parameter a)]

R B e B 2 5 IRM,
“gf%c [ IRM,
R 0 0.25 0.50 0.75
STOI 0.6863 0.6841 0.6840 0.6880 0.6837
PESQ 1.8003 1.7966 1.7966 1.7853 1.7972

4.4 [FEHFEEETREESE (Spectrogram Demonstration for Each Method)

BRARAEEE —/INETT > BAPI o I RE & ARt A 58 L R ] (magnitude spectrogram) » Z&t@ /546
IRM AP tH 2 (AR Rl . IRM HYSR(EAYEE - B 1(a)-(f) B—sBAESTERRE T

BT MERsRERAAHTE - Eot - TRMIECEE 1(a)ERE 1(b) > RS

FERFAFE |
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FEEBENAE > #2  TREE L(b)EE 1(c) B HRAY IRM o] AR B E Y365 78
B3R - B f% > BlEE IR G IRM BRI R IRM BT ERYIE 1(d) B2 [E 2(e) -
BIFRIE 1(b) > FERRATAE pRATA E ORI - (B8ORS 203 A IRM AT ERVIE 1(c) - 1
WITERFHE 0.1-0.3 b Z IR SHEESR N AR A S E . (EALEHERTEERERS) -~ ZA1MIE 1(e)
AT SR A A SR AL A (B HO B 1(d) > IRIRIGELEIGS R AT AT - (KiETE
RFHELZ IRM FE IERE AR B (R 46 IRM
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time (sec) time (sec)
(a) [RIGE FEE (b) #2A-2dB SNR Z babble #2372 55&
[a. the original clean utterance] [b. the -2 dB SNR utterance with babble
noisel
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§

§
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time (sec) time (sec)

(0) FEFHZESELEIE IRM B ZAEE  (d) FEaHE S ARG IRM B2 2 AE &

[c. the oracle-IRM enhanced utterance] [d. the original-IRM enhanced utterance]
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[e. the lowpass-filtered IRM-enhanced utterance]

B 1. SR T 55 & % B A

[Figure 1. The magnitude spectrograms of an utterance at different conditions]
5. &EsmEaRAREY (Conclusion and future works)

AT Tt L0 basg 17 E AL AR (IRM) 2 A AR 2 58
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R0 A5 SRR LA A TR K O R P 51 i P P AE B R EL AR Y 5 2 5 LR SRR T e - A
BRHE A RS A U Z R A ATRAE ~ feTHah S < b B S AT -
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