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(IR 7E E E2 7 (Deep Learning) {38/ - ATHAEF 22 ST 2 BAE 1L (Phase) & 5 AE5E &
b%58(Speech Enhancement, SE) 1 £RHE S « JVAERF 45 - 1A ARG I8 B IR A 5 2 0 R e
iy » ATLAE Rt ERRAEER - T AE TSR S WA - B IE - AR (N
IR 53 At WA e 5 A (i & e A B SRR i » WAR 21 f B I EE b
SIS ~ Rl SIS SN B R BUE NGB S T - TefMIFEH Aishell-1 HpCEHRHE
S 5 e EE B SRR - A S P SRR - R [F AV FEETOIR AR Realll R FORIE -
AL BRES FTHE AT 704 B B AR EAI I RS 7% - BT S - & WEh aik
EEFs-5dB ~ 5dB ~ 15dB fY=FFEREE | - (AR 2 J77A T E )l 4R (Retraining) 2 B E2
AU (Acoustic Model, AM) » BLECTAIFIHY J7 2 AHELES » 1 ELAIFERATHIENSE » 23 A4
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TRET 3.8% ~ 4.8% 2 2.2%

Abstract

Recently, many studies have found that phase information is crucial in Speech
Enhancement (SE), and time-domain single-channel speech enhancement techniques have
been proved effective on noise suppression and robust Automatic Speech Recognition (ASR).
Inspired by this, this research investigates two recently proposed SE methods that consider
phase information in time domain and frequency domain of speech signals, respectively. Going
one step further, we propose a novel multi-view attention-based speech enhancement model,
which can harness the synergistic power of the aforementioned time-domain and frequency-
domain SE methods and can be applied equally well to robust ASR. To evaluate the
effectiveness of our proposed method, we use various noise datasets to create some synthetic
test data and conduct extensive experiments on the Aishell-1 Mandarin speech corpus. The
evaluation results show that our proposed method is superior to some current state-of-the-art
time-domain and frequency-domain SE methods. Specifically, compared with the time-domain
method, our method achieves 3.4%, 2.5% and 1.6% in relative character error rate (CER)
reduction at three signal-to-noise ratios (SNRs), -5 dB, 5 dB and 15 dB, respectively, for the
test set of pre-known noise scenarios, while the corresponding CER reductions for the test set

of unknown noise scenarios are 3.8%, 4.8% and 2.2%, respectively.
pASEGE  shEsa(h - BEEEE YRR - FREEE - BEEE TN - EllR - A

Keywords: Speech Enhancement, Automatic Speech Recognition, Deep Learning, Single-

Channel Speech Enhancement, Re-training, Acoustic Models
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AR > BEE RSB ETN R - BS(0 H Z B R R B 2R Y B B bR S ek
(ASR) 2% AF fedfe s HEAYIBF I T AP NBRAIK AR - (22 18
HERIG P s s e S T8 B IIRE T - (L SES0TII4RHY ASR 247 -
HrtesE nTRE B E N - B T RIEEHERUE - REIDIKRE SR T 2 HE
FERANT > TAEE L FEAHR ST > 555 5% (Speech Enhancement, SE) J&—{[& 3%
AR - A Rl 5 (£ 5 SR B2 R (Acoustic Models, AM)RIT7E R AR B HY FH I 2
(Preprocessor) » J&—JH{f§Z EHARHYBFT T [A]

IR FERZ Y D 2R Y EEE N - B SE {{ii(Single-channel SE)
AR AR mne i E AR SR - PIAIEE S B BY EVAIEE (S (Perceptual
Evaluation of Speech Quality, PESQ)F1%5 i % #H %[5 (Short-time Objective Intelligibility,
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STOI) > fi{E 15 LRl SE IHEAA TRt WA FEA SOt LA E &b AM AUHERES R -
HIFRRE y Wit © — ~ FEEEF AR SE FEAURS 2 4= 3 Y MY - H (Distortion) L K4
TR (Artifacts) - EMIRCE T &0 AM AYPEB © — ~ TE8ll%f SE MRINF - HAEE
(Objective) s s (B LB UFEZ FERFRAYELE - {2 AM (Y3114 B AR R/ MB35
s ~ RIS PEaRA - WIREAYEISR B AR AR — B - AR IR UCBCHY R « By T
BRI S BB BRI A &3S (Joint Training)#y7572% - 41[8] » 4
A0fAT 3SR — (5 (Robust) 1Y BR 378 SE A1 DUR/ Dt ny R B > B —TE{ESH RN
J31E[9]

AR (EHHR IR A 3 - SRR B RE S SERAVIEDE - 5 e T BOR B L IR
[6]107]> o » S FBREHRH & 5153 BE494% (Fully Convolutional Time-domain Audio Separation
Network, Conv-TasNet)[ 7]£5E & 77 #fE(Speech Separation, SS){E#5 EHUS | BIEHIECR
HE T AR A - s EREE s Y B E SE HYAHRBANTSE - M [EIREERES AT
ASR %45 F[10] » HEFE > (i F 215553 46 (Multi-condition Training, MCT) #J AM » {f
ek RS EEE D - SR o 2B RS DRSS SRR F Bl A - EAS 0l L (Feature
Extraction)f25 BR (& FERE #I4E 481& (Convolution Neural Network, CNN)fFE R « P/ [it:
B H RSN BRI EUR AR B S R Ml - LA R A T RS R AR
SR > HIGSRR RIS T AR 1] -

AL TEAER SR FAMIHIE T ISR Z R — TR — 4 R Ak A
(Convolution Neural Network, CNN)I &R 2840 15 EIVRHEG £ 55— F8 Ry {84 STFT 15
FURBRISAH L %% Ry N 1T F512(Hand-crafted Feature) - [A|[EL 35 R fEFf2007 Bl R ATl SR
DURE FERY » BEZ B AR T 2050/ 0 B 1% 45 % 28 (Multi-view Attention-based
Encoder) » BiREHEEFEIA EHE (Frame-wise) Z R & HF KB — S8 EAVEE S TR E Ry
Fid 0 DAl A Z SE A -

Ky 1 SRR LAY 7 A HEE - AP R BRI 2 SCEE LR AISHELL-1[12] » WG
EH MR ERE - GRS TERIRAYEE S (F Rl Sk LR EE R - AR HE BB RS
K1 MBS RAVEIIE A - (BRI A BT AR 2 A SR (AM) > A ELRIERRAY
SHIENEE » P=FESAIREL © -5dB ~ 5dB ~ 15dB 2T > 43 RIS B FH B S5 5 3.4% -
2.5%F¢ 1.6%HY & s MAEARFFEERAVHIE S - RIS SRR Al T % T 3.8%4.8%
T 2.2% o
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=~ RRIEIER
e — B E B A e rh > AZ Il MR B R A R B A ARy (€ H AU
y(@) = x(t) +n(t) (1)

Hrpx(t)/& IR Z e/ a0at - n(O) B (Additive Noise) » /EiFHEIZRS] - 3

{5 HPR AT RRE Aty (O SRRV PERER N () > DABRIERZ a6 S alaix ()
FERZEAITFE T BEEIA ARG R 17 FE 8% (short-time Fourier transform, STFT) -

DAFE AR08 BRI IR AR AT(Time-Frequency Analysis) 73 Ao st s » Ho AT Rt

AP ER > AT

[0e]

Xt [f)= f w(t — Dx(t)e /2 qdr ()

— 00

Hrp w() REgerE > ATSRFERSEEGE » x(v) Ry RFEE AR ERETE - B R B2 0 fa A e T i
A% o RIEERSER B T &5 R B D o i B R o ()R — AV IR
x(t) 35 38 B (0 T BE R SR 15 X (¢, f) € € > T8 Ry 1 B A [E] (complex-valued
spectrogram) » & DUSAEAEZRIR - BI{FX (L, f) = |X (¢, )]e/PxED - B AR RS pE
i ] B LAY IR B2 (Magnitude) | X (¢, £)| SR (Phase) Ox (¢, f) » —fAER > AHALAE
{0 EER PRI - PRIEEARISE EAYRE S S s ROiT 48 5 S ST R0 E R 2 - RSl R aaiH
fAHnLLES) -

{H&EHY SE £y + et im A GRS Fast ot - slEE Rz F# S a1t - WERDH
2% (Spectral Subtraction) ~ 4E&AREY 25(Wiener Filter) <[ 1] - AL 12 L EH & 7 7AF#E M
HEEET TRy - E LR AEAEES (Deep Neural Network, DNN)A H 47 R
EEE ) - D EZERTN SE WHUS THEIZECR - [21E L5 I A TR g A H B4R
(Deep Denoising Auto Encoder, DDAE) » [31&H T 481 & 37(Time-frequency Masking, T-
F Masking) - (1% {H)15E 5 (RS E T T8 5E - 1B T7 A0 EH %= DNN 5
RIS EME SN RIRRER - R DURER H H ARy B S (Mapping) 574 B AR 7 =5 (T-F
Masking) J7,%[4][5][6] -

ATHARF 2 W 5E 383 - AR B SR RE 2 5 by oae ERAEZE[4](5][13] - K5 MM E
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Multi-view

. Mask Estimation Network Decoder
Attention Encoder
- - skip-connection
Noisy d = dilation rate
Signal _ 9X-1
ga d=2 | [ Enhanced
‘ 1-D Conv Ll ‘ 1-D Conv l_l | 1-D Conv l‘l Signal
|Ix1Conv] | STFT | : | : | - | [ PReLU
d=2 i | t 1 4 1 l
1 1
Wer  We \ 1-D Conv ﬁ | 1DConv | | [ 1-DConv 1
d = ' t 1 R 1 1x1 Conv 1x1
- | !
‘ 1-D Conv Fl ‘ 1-D Conv |—: | 1-D Conv |—' Conv
1
4  — [ ReLU
1X1 Conv | o o oo - i, a
[+]
Layer norm | :
L X |

[ — ~ AR T IHEE S Y SRR A
afl > PP R AR R RS SRS P [R5 R I (Magnitude) AIH 2 (Phase) - SR BEFE E 13
FERRFIER P AT EREsk - R DT A RS IR AR - I ELB R SR 8 5 R R E A sh
SEALRINT - AEAISGEE T SRIETAT » (13152 T (o8 F W {18 73 S &5 18 7 ] FRUII 8 288 55 AAH
frAyJ572% - RN ERREAEL - [SIERAEE A - FUAEE LA 2 (Complex Ratio
Mask, CRM) - [10]f2H{ T Denoising-TasNet » HERFH[ 7] B m S es ~ AEISESAIZRA -
FERRpIEk BB EEE AR GR(L - BRI ERY AL - HE R FERRZ (Kemel) DLRD
£ (Strides) A /M FE 51 2 5 (Convolution) » JE DU R {# 37 5 28 5 (Short-time Fourier
Transform, STFT) > &MLt 58 1 HERHIAH Az (Phase) & & ~ K H 4mbf /B £ 7o~ ={(Latent
Representation) o HFmEE BN (g £F EH5% 2 E LL(Signal-to-distortion Ratio, SDR)FS1EA Fit

feIt - EEREEAE H hRE 5 PER(ASR)_E ARO[ 58 #5344 (Word Error Rate, WER) -

=~ BV TE | SRAF R IR Rt

TEARE S AR 2 AR B MIRE S by sy » AR ] R — » W] DAYRARAY
% 58 = 7 45 TE 25 (Multi-view Attention-based Encoder) ~ = i &1 4/ % (Mask
Estimation Network) DL #5523 (Decoden)#1[7] » FEEL$HEm AGRSRAEITERR - E >
el A\ 2 B B R LB REF S R R L T EE R B &R B Xy, €
RVUEFOR - HpmPFBor G @5 BAVERS - m € (1,..., M} » MIBHER B - JATEFrE R
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Fftim R E—iL » TR R —SEHX € R HAeg—FIR R, o

(=) ZHAEEIHFESES
AR IR RS eSS e T IR L RS IS T A [FIHRE S R e — - B
LLC LG, For > RTEIF B AU 20 B A 150 Ry — 4R VA - 5 5 IHaRF (U2 78 Hh AR FAE
T XA ENTIVRHEUERC, € RVMUIT

C, = F(UX) (3)

Hrhu € RVM Ryl 55l > f& N (B %E(Basis Function) » B EZ|— 2517
sl SR —4ERETAJE (1-D Convolution Layer) {8 - I L(+) Ry ] BE=RA IS A EL(Activation
Function) » 7= 38  BEFEER MR BE T (Rectified Linear Unit, ReLU)[ 7] RU s el &) »
DINECRRFEURIERE - AN - SRR REUEIRC, 2 AR (4T STFT sk s AR X 4
TS - AHERY AT RAVIRF SR OB R C, - SRR RHBOE R G )2 S E =AY - INH KRBT
A BT SR RO Ry BOH R -

128 MY 2 » 2 13 (Attention) 50781 [ % 4t 8 1 FF 51 % F ) (Sequence-to-
sequence LTS » HAPTEREIERRAEAL IG5 T AP - AN - PRI
LRSS SRR E R RIRE T BB TN » (3515 —
FHECROTAT Rl AR - ASLBMSEREIHH] > (8 SE U DU IR 0 AR
o2 8 Variants) IHERS SE HIMERE © B T 3HFUERRE - RITE SIS EAIEHERS RBiA
HE /I (Projection Layen) i EAHFI4ERERIR » 401 Tt -

dyi = WekCr,i + bey 4)

Hrp o RsBE S RHEUERC 2 (BRI EHERY R BRI & | R FHEZR S [(Frame index)~ Wy, »

by 73 B2 Jg I RE EE A (Weight Matrix) F1{F 72 (Bias) « #&HFEAE] 2 M & d,; » 3

P R] LA 80 B B 4% (Temporal Attention Mechanism)3 B0 EE S Eay ;
exp (V)

ko exp(Vi,)

By 2 dy M EA dy, (K # ROEAYAR R (Similarity) » K2R EHESHAES - 55

IR S RIS R B L T K =2 » RV E R - F(FT5 8 7 =R [FEAE L 5%

sFEAF  FR—FR

®)

Upi =
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T AREB DGO 285 E GWEREINS > k=0,1)

PR =Wl il ATt
IR (Additive) Vi = witanh(Wydy; + Bydy_; + by)
B (Concatenate) Ve = wltanh(Weldys; diy] + be)
4 I BEFE (Scaled dot-product) Vi = d’{l’/‘%—k.i
d

E,jWA B,qﬁﬂ%%%ﬁ[@— by ~ bc#&fﬁ? Wy wc%ﬁi’nd%ﬂ@’ﬁizﬁﬁﬁ

EJ%?%%UW@FJ%E%(Dot-product)?ﬁﬁB’J%ﬁ“ﬁﬁﬂ%ﬁﬁz °

TR PRI PSR T I T o S S R DORERR AT - (550
BB ST ¢

1

2= ) @dy (©)

k=0

(Z)  HEEMEETHER
FEAERY SRR SE #5280 > 3 E £RA] DNN BA b ATFIReE S R B iE s - FEIL
AT EERERN LA © Ry 7 St AR e ] AR =5 e e 2 P R B OE P (Long -term
Dependency) EATA{GHEEE - AHE 3 BN ST i HE B 48 A R A0 TR0 18 & (Bidirectional Long-
short Term Memory, BLSTM) 8 {55 f81& & (Dilated Convolution Layer)sK &3, o Hifig;H ]
LIEREE BB S R BRI E M, - ] DUSEFSag L 5B E R R T 18 25 5 B B8 M, M,
[My, My, ] = Mo (Z), (7
HfMy () REELETERS > Z Mt AsB SR EUEM > 1] BzU(6)FTs Z (&5 HERF EHY
P8 Z = 24, z,, ..., z,)  AESEIEET 2R - TR AT DURRE & R B AR B2 2T
MRS R LR VEE S R BUED, € RV
Dy=M, © Z ®)

Hrh» OQFRZFE T EHIEE E (Element-wise Product) ©
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(=) f#ases
BRI LBHIFEE R D 1% - FAMIA B RS 85 (Decoden) R IR Mg BRI 1
B WP ER AT DI RBP4 =
S, =VD, 9)

HepS, € RM*V sl e A LA R S5 - T es sty € RM V2 iR B M
N EES B HEF T B« (EFRI - REREY o] DLE J S 2 {77 BE#4% (Inverse Short-time
Fourier Transform, iSTFT) » {4 » 4BV QI 2 — 4t B FE 8 E(1-D Transpose
Convolution) « & {%F A F FABAHII(Overlap-add)Ay )77 1E 1 BLAERES, B g5 = 3R 5%

g~ EEREE

Bl A AISHELL-1[12]58 R A TaT Al B s AU M HRHA TR A w2t
HIBRIEH S ASR EERHE » f1 8 400 fiZsB& A 170 B/ NPV OGEES » K 17 aHEFFHE
AV TTA » B HE AT SR & AR Bl T — e e A Bl SRR - I (oE A S AR A
HHEAE A FIRYEHFELL(SNR) B RS 2 IR RE R agat 1 VUREIH B A HIE S -

B T EEFTHISR > BRI B MUSAN[14] - DEMANDJ15] « QUT-NOISE[16]
FIEREE R SRAEENERIE[17][18] - 484k 2553 FlFfEEN - 823 5B S NIFER S8 S BB 2
16kHz - FeAKrE LA 5dB 2 SNR {EJE AR 4GSR E R RV EERER) » SRR
ZRMHEIET SNR 5 dB [ 120098 {E7A5153E )92 16 31(Multi-condition Training,
MCT)ERHEL N £ "MCT &) -

HEREVE R AR o PPIRERGHEEEEE S ) Bl FEah > fRIZ=7E SNR {H&%

:-5dB ~ 5dB Bl 15dB fILUES » 73 AlEEL T = (EEESMHEEE « 5540 » Rl
AARKIFERAVIF - TFIEH T A FERVEERERHE : Nonspeech #EEHERIEE[19] > LA SNR
5dB A Sk A IURE I -

(—) sEEWSsHEEEE
FHEFESZ IR 245 - FRM(EIE 4G AISHELL-1 |4 Efss e dr » F{EEE Bk 20
RIEEA] (5371 Fs 6800 K 800 FllEEA)) A ISR FAMAYEE S I 58 58 » FirA B RHI ATl
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MCT #EREA 5dB 2 SNR JILUR S © IISRAVPTA BB B v R ez a8 3Ilek S
N FEE S BT E [ 7] B B AR 885l 4f (Permutation invariant Training, PIT) » HJg%
PR B By & bR 4R s EE(Scale-invariant Signal-to-noise ratio, SISNR) > FHEE /A =040 F :

(S,s)s
s =002 (10)
target ”S”Z
€noise = S — Starget (11)
”Starget”2
SISNR = 1010gg 57— (12)
”enoise”
‘CSISNR = _SISNR(S, §) (13)
Hrs e R ~s € R SR A THARE SRt & iz FE e ot a & > TRt &

& o Stargetj%gﬁé\SZTQ?\i@% °

Bl RE T =HEA FERHEEEE S W Rt ay - Fra A B A 5 T4 s B (0 PR R PE AR
4% (Temporal Convolution Network, TCN)[7] » ‘Bl & 5E 7 %5 (Residual-connection) DL % &
J&g 1845 (Skip-connection) » 1 & — o fHEH 228 (hyperparameter)sX'E X =8 *R =
3.B=128 H =512 -5 =128 - P = 3> A[7]-P R LEATHIIRTE » FIE2 BRAER 405
R ARG 5. A

1. STFT-TCN
FESEI SE B E B FRPIEE STFT BUR: iSTFT {F B 4RTS 2 SURIE S  #5ri STFT
FRAT 15 0 9 B 3 (Complex-valued Spectrogram) {F £ SRS B » 5 BT H i
(1, o, N/2)E T B B (Real Value)i54) + 14 FEB(N/2 + 1, .., N)F T HE i (Imaginary
Value)ih 43 » BA[TIAIE - RIS (I SERmughy 512 B BB T
(Hanning Window) » HUET £ 5 64 ([EREA) » 558 5 32 (EEEABDMREUEE: » 195
512 46 BEISRETA -

2. Denoising-TasNet(M)
TR SE UM [ > M2 (10J§2HH Denoising-TasNet = %24 » (i i —4E 8%
I R R (B RS S RS 25 - ELARILT) » TS UM e o PR N
RO LIAREERTRER - WL EE &R 16 ([EHEAR) - Bk 8 ([EEAR)RH
HURSRL » TEEREO 5120 AR 512 de ISR - RV B
[16]3e tHEVIERL - 2% 7 5 g BaE H A3 FAFA8CR > Fifi H A8 2 & Denoising-
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TasNet(M) o

3. Multi-view-TCN
R iR 2 SR AR AR S sa it JMIEEA T 2R AR
ARt es S 1-D EEREEE(F HiRiSes - HL 256 4EAVSIST(EE 256 4ERVRIFERHE0E
fTRLE > R T EEREZEEER BMIREREEESER 16 (EREAB) LU
8 (EREAE) - WLt > 4eFEs B Ry 128 > AR5 128 4ERL &R -

(Z) BT AEE

FR1& Ut B A4 FfM{E A Kaldi 244% Hybrid DNN-HMM EE2A5A0 > j8 g 18] £2 (I
[ GMM-HMM 3| &A% 15 DNN AELRY 711460 - e e A8 7 g =R A (e 4L 4945 (Factorized
Time Delay Neural Network, TDNN-F) » £% HY za] [&] 4 58 £ A 3C G & ={(Lattice-free Maximum
Mutual Information, LF-MMI) HARREHETTHIGR - FHAT{ERE T2 ft 2 Mg B4
FAEER(7.46% F 6.51% 2 F-gianais » CER) AL 21401 F R B M B By A4 (Baseline) -
SN TATTEIGR T W e g B A (AM)HEL T L — R SRE R & R AGEI SRE R MCT
&kl BEIEESZ AM 0 L MCT-AM #oR © B—flSE kR a &R sk
MCT ERIAI(E F¥E SE AU 58 MCT ERHSEIRY ENH &k} > DUfFRE SR & HRHE
EUERIAUCECHI RS - Sy EHrH)ll SR (Retraining) 2 AM > DL ENH-AM 01K -

i~ BEBRER KT
FMIER SISNR E 5y SE ZaFfli 5 » BaN(1S) - Bfirfy dB E{EME LT ¢ ASR
HAMIRIPR A 55355 (Character Error Rate, CER){E Ry (i LAF 77 LR » (B Ryl (Bt -

(—) REEBIHFIZELER
T REDER SIS Z ELEL

Test (5dB)
AM Model SE Model Attention Mechanism
CER SISNR
Baseline — — 43.81 5.02
MCT-AM - - 18.75 5.02
Additive 17.05 14.81
MCT-AM Multi-view-TCN Concatenate 16.92 14.88
Scaled dot-product 16.49 14.91
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BFTE P HEHRHAY Multi-view-TCN 58S > EREEA FEDER IHEHIHECR - PRt E ik
FIAEHEC AR & 5dB SNR ZEEE - SE A EARN RS BRIk —Frr-
HEFR 25—~ AR ISR > MR AEREE R > (EH MCT-AM > fErr I ER S H al BL
Nt CER » FEAh - ARIREE — EDUSIZ BHR Rl A1 - £ B[R AR A A il
T Fr#ett 2 Multi-view-TCN JEE =R FELER IS T > AMEFRTEE S R TEEE
SISNR - [E]HF I I 1555 B (E CER [#(EK) - Hodr > DU 4EEEf%E (Scaled dot-product)
EEIIRHISR A Rl - NI - TRMEREIRAVESR - 7Y Multi-view-TCN 53 - B (i
EEH kR Ry =Ly il

(Z) ERFERREZ BT PRER
PR BB B R > P TR SRR E AR B A FIRARECRERES - Sy hl et HeE &
W5 KBS R RS TG > EhaEREERR = -

R EAEEREREE 2 sE Z et R

Test (-5dB) Test (5dB) Test (15dB)
AM Model SE Model
CER | SISNR | CER | SISNR | CER | SISNR
Baseline — 81.41 -4.94 43.81 5.02 15.14 15.02

- 58.19 | 494 | 18.75 5.02 8.66 15.02
STFT-TCN 49.78 5.43 18.92 | 13.71 9.42 18.73
MCT-AM Denoising-

TasNet(M)
Multi-view-TCN | 46.62 5.01 16.49 | 14.91 8.90 19.83

47.47 4.52 16.99 | 14.69 9.14 19.52

RIBER =2 8% > B RAVRER £ Frig ey Muliti-view-TCN FE BRI HAL R
J7ERFH RS E AT SISNR B - UEE -5dB 2 SNR HYHIEA SRR B RISHY U704
(STFT-TCN)3% ; 1EEE Yk aAE b » Multi-view-TCN FHEZEA R )7 74 155 5 = Ay B
skim TER » FHIEHTAT - SISNR FEERAVEETHHEA BESE = SWAE CER BY T > (HAZHE —
PNER SR - ZRIfT - FrAEAUAE 15dB 2 SNR BBBE T » B PRRFIR B LL/E 4G MCT-AM
7= MPE AR R VRIS sE S Bl s 2 s A S A R S B MY R -
ER RIS 2 A UCECIE 52 » N LT R AR 3 SRAY U572 - (SR ALE R MCT
BRI AGISRER, - BRI T REN T -

(=) EFmllRESERE 7 &R
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R0~ BTl AR SE R

Test (-5dB) Test (5dB) Test (15dB)
AM Model SE Model
CER
MCT-AM — 58.19 18.75 8.66
MCT-AM 49.78 18.92 9.42
STFT-TCN
ENH-AM 40.20 12.69 7.81
MCT-AM Denoising- 47.47 16.99 9.14
ENH-AM TasNet(M) 40.41 12.02 7.79
MCT-AM 46.62 16.49 8.90
Multi-view-TCN
ENH-AM 39.03 11.71 7.66

FRIGFR DU AT SR E S o/l R B AUTR - (£ [FIEHIREE Z WEIRET [ R B by
b PR > HAEEEHIRELAVEREE(SNR 15dB) > FrA AL L MCT-AM (£ - (NILERE
T ENTISREREARRINY A > ] PARPRAT &I UERCAYER R - M AT#ie ey Multi-view-
TCN fEE AR BRI A (£ - AHEHY Denoising-TasNet(M) > £-5dB ~ 5dB }¢ 15dB =
f8 SNR JIGIERGE | o[ JE15 3.4% ~ 2.5% f 1O%HEf FHhaR N -

(PU) RAFERER Z B Prlas R

R~ RAFENRE 2

Eatawst
E=g=]

PEEREE R

Test (unseen) Test (unseen) Test (unseen)
AM Model SE Model (-5dB) (5dB) (15dB)
CER |SISNR | CER | SISNR | CER | SISNR
Baseline - 88.42 -4.97 50.58 5.01 16.92 15.01
MCT-AM — 70.90 -4.97 25.37 5.01 10.45 15.01
MCT-AM 60.56 5.98 25.86 13.79 11.80 19.09
STFT-TCN
ENH-AM 47.40 5.98 15.51 13.79 8.62 19.09
MCT-AM Denoising- 56.88 5.73 22.82 14.54 11.44 19.96
ENH-AM TasNet(M) 47.31 5.73 14.88 14.54 8.63 19.96
MCT-AM 55.38 6.10 22.08 14.71 10.92 | 20.15
Multi-view-TCN
ENH-AM 45.49 6.10 14.16 | 14.71 8.44 20.15

RV ARFIENERIEAVE BRGE A (LRI T DU R - IR AR IREE T > &7
AR PR R B AT B B — 2SS > HAERENERLEERIR(-5dB SNR)IF > ¥ 77
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TEHRIA B SAISEY STFT-TCN 74 KR8k Denoising-TasNet(M)J% - AL > Arfrie
fY Multi-view-TCN> B3 T AEARRIFENAVERST [ 202 {b(Generalization)#JFE /7> #£ SISNR
Fo CER HYFHE EE1SRIRAFAIEER - AHELHY Denoising-TasNet(M) » ££ SNR £-5dB

5dB £ 15dB IR T > AJ458] 3.8% ~ 4.8% % 2. 2% FH ¥ - #EaRa N R -

(71) EEHEBORELRER
etk » FAELIR [F SR 4R ERE & 98 EHIRER - HEE&Es T &' - 5340 FMItbEcR
B R E AR 12 AV SALE] (Spectrogram) - A1IE 7R - B LABIERAT ARG JTHERY
HlE > S Z STFT-TCN JAG R 3T 2 FafVIHRE - MR LE [ HE TP ez aE S B AR
S —HEERR 5 AR IHRAY AL Denoising-TasNet(M) » BEREH T8 52/FHHEE K - (H
[FEREth a1 MR R 43 © Multi-view-TCN > BB EAE /& > iy » RS
13 7 LRI AR SRR ©

Frequency (kHz)

Time(s)

STFT-TCN Denoising-TasNet(M) Multi-view-TCN

B~ BEE SR S L RPSAIEILEEL (BAC009S0764W0193, HAIPUAEE, SdB SNR)

AR =i
AT et 7 20 AR I HEE S b SR A ol (e 552 e - [R5 58 T
BRI (1R B AR E]) LU RHERAVRT (2 B BT AR i & R el & R B — R

U https://smildemo.csie.ntnu.edu.tw/rocling demo/index.html
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FEER Aishell-1 BEJRSPOSGEEEREAYEHE B - BB S REA RV - BEER
[E R B A E Rl Sk SO, - Fe sy BURIELHT 7 7A S BN B s sE H 3 50 057 - 1T
FEE SR A s EE T > F2-5dB ~ 5dB ~ 15dB =7f& SNR B85 - {5 FH 5 7|40 i
R MBS ERY VA TR 3B MR T R 3.4% ~ 2.5% K 1.6% ¢ [AE
RAFEHATEE - PSS AHE SR 3.8% ~ 4.8% K 2.2%HY N -

{EEBRaS RT3 > PRSI B HRE S R - MEBEE SRR B R - [FINY
R P& e B PRI - ORI TSR B b9t - W5 %eE
B R ERT R 2 E AR IS 2 R R & U7k MR R — 20 i i 2 pm B

FEAHEER(Convolution Noise) @ 41E2E(Reverberation) ” T8 -
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