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Abstract: Inaccurate phase eétimafion in single-channel speech enhancement tasks will cause poor quality of the
enhanced speech. To this end, this study proposes a speech enhancement method based on a deep complex axial self-
attention convolutional recurrent network (DCACRN), which enhances speech amplitude information and phase
information in the complex domain simultaneously. Firstly, a complex convolutional network-based encoder is employed
to extract complex features from the input speech signal, and a convolutional hopping module is introduced to map the
features into a high-dimensional space for feature fusion, which enhances the information interaction and the gradient
flow. Then an encoder-decoder structure based on the axial self-attention mechanism is designed to enhance the model’s

timing modeling ability and feature extraction ability. Finally, the reconstruction of the speech signals is realized by the
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decoder, while the hybrid loss function is adopted to optimize the network model to improve the quality of enhanced

speech signals. Meanwhile, the mixed loss function is utilized to optimize the network model and improve the quality of

enhanced speech signals. The experiments are conducted on the public datasets Valentini and DNS Challenge, and the

results show that the proposed method improves both the perceptual evaluation of speech quality (PESQ) and short-time

objective intelligibility (STOI) metrics compared to other models. In the non-reverberant dataset, PESQ is improved by
12.8% over DCTCRN and 3.9% over DCCRN, which validates the effectiveness of the proposed model in speech

enhancement tasks.

Key words: single-channel speech enhancement; complex convolutional recurrent network; convolution jump; axial self-

attention mechanism

I (5B B I MR 7 T, 9 R
522 S BRI 5T 5 9 T e 1 AL A
W7 RO T I 5155 5, S0 T
AT 5 2 R L5 N 2 37 e 3
R 1K 7 55 P P 5 90 30 0 2 5
AR, 2 R DR T PR
05 ik, S 7 VAL (5 A B v LR A i
i, B bR A 7 T L TR 7 R DA S JLAE
I B2 31 5 v WAV SR P BRI,
LTS e T, R SR O g, A
B, DRI A S 5 M 05 2 B 0
3 AL 08 5 BB v R AT IR — Sk
GoVE TV, E IR, AR,
LT 2 ) T R LR, (65007 B T
W 7 B R R, 5K T il £ M 7 5
2 IS, BT 1 R . 5 R AT

TR S ST R B 1G98 5 7%, tE M2 M 4% (convolu-. |

tional neural network, CNN)*', JEH 4148 j9 4% (recurrent
neural network, RNN)P°!, ﬂiﬁﬁﬁﬁm% (génerative
adversarial network, GAN)[G]\%E' XS Ty ny PL2E ) B R
B RT3, E T RN A R 65 5 7 S8 0k 1
P TR R F A PR BT AR, B H AR S
SR 7V B R e

1D W B 2 ) ) L, b 8 ) % R LA I 3 R S A
(time-frequency, TF) 134 582 A 15 5. H A, ik 40
#3745 3 (short-time Fourier transform, STFT) ff 57
TF 38387~ 5 98 L. 78 TF 380 e B4 H br £ %
SIAPR, — KRR T HE S 5T S A RO R
AR B AR, o5 — 8 0 BT 1 1 5 AR 2 7 1) Bk
Ut H b, FERE R T, BAR IR BV, HE

A

-

A

SEL (B (IR RIS 5 P 5 (SMIM)!®) H £
T ARV B2 IR R, K% M 20 T A
(VKNSR ES QSR ARTE R R R S L P SR DA 2 ¢4
HEH (phase-sensitive mask, PSM)!' & 55 1 M@ R HiAL
B R AATYER R, B E R (complex ratio mask,
CRM) "R DI S St 355 8 A58 1 R S0 40 A 1) 3 1 2 31 ok
AT IR S E A

IR, % E % U-Net (deep complex U-Net,
DCUNET)" 45 & 7 1R B2 52 Hm 25 UVR U-Net "™y £t s
KA HE A 3 8, DCUNET 3 il 4%, £t CRM,
5 I8 B -1 AF e (inverse short-time Fourier trans-
form, iSTFT) 4% tH TF 3% B 7 e A iH80Y J5, A1
PR AR Y5 e 75 L (scale-ianria\nt source-to-noise
ratio, SI-SNR)! 151 4 Mt ot i 1] v A iz 435 J2. (0 34
R 75 O BB 16 1R, Hu 28 AU T
HEGE MBS 1P B BCE FRIRER N4 (deep complex
coMolutional recurrent network, DCCRN), il it & #iz
HAWREEZ ) HRESMEAE R, S TG
S REH AR, RS T E B B R AT 55 B PERE I [R]I, R
MEHIEH SRR SR, R T HiE
B R RSUR i — R TT

A UL IME S BRI s R T 5 3 9 UR
DI, BT TR B S U R B R BRI
M %% (deep complex axial self-attention convolutional
recurrent network, DCACRN) fJiE& 3855 vk, % ik
HAERE T — P ARk A, 8 g B ) )
55 A0 J2 g N RE N B 4 M3k AT R B AR 3, SRR S
AR R 5, S aF AR B IR UG5 5. AR, fESW Y
- AR 2% 2 A4 N Bl 1) B 9 2 WL, A AR A i 1]
FFAUE T A B OC &, BN A5 5 R AE

Special Issue & i%5ik 61

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

2024 4F 55334 4

JEREIRE 7, Yk S 4R B, SR P A el L e P A%
WIS AR S A RS, 7E 36 N I 28 R0 T 550450 2% R 4
T, SR AT AN AR BT, WA S8R e v R S R ol
ORISR, BT DCACRN #5284 75 /N 7Y
Valentini 24 S 1K 8L A FF 55 42 DNS-2020 |- 5230
T I s R P RE.

1 REER B A H 3 2B AR E IR R 25 A5 A
1.1 REEHEREIAME LR

HRE IR 4% (convolutional recurrent network,
CRN)! T — P i 25 A T 25 42440, Hu %6 \U'97E CRN
BRI |, Sl NE SRR I IL 12 M 4 (long
short term memory, LSTM), $& H % B 2 UG R 5 IR W

% (DCCRN), %M rh 5 1) 55 - 53 ) 432 32 A TR

AR 17T SCIRPRFE R A7 L — R e PR A, 8 K 52 %
o 285 &5 4 E‘Jﬁﬁ%#fﬁjﬁ,‘iﬂ%ﬁllﬁﬁﬁﬁﬁﬁﬂkﬁﬁ. - xof
XA, AR SCBREE e R R A ) AR
TEIL M 45 (DCACRN), B4R L5 a1 s, DCACRN
PR AL FE X AR I i 25 -0 25 . R LSTM. &R Bk
B, e 5 VER N Y TR Es S, RRE
PRI A H ) J il B AR 6 (STET), 158 H 2 35l
()46 IR B IH- 25 B (Conv-STET) A4 A B IH-330 35 AR
(Conv-iSTFT) #/FE K.

BHBERR
BHBEERY

i

“onv- J
ptcnet
A%
¥ LSTM

|-¢M‘w-

41 DCACRN CES

GRS/ MR TSR A B AL R —1L
1 PReLU ¥is R A2 k. B %6, #id Conv-STFT i
3 S 5 e W I AR 7, 4 T B i N e
AT R AL, BRI T, U T, R S R
SR 43 I ()RR AL E 2 L) 8- 52 2 TR 47 N 5 8
LSTM, 5 75X 5 & H (i 1) 4 i v E AT 2. AR5, %
TR IR E R 1 P T D045 2 1) )5 EL RS 1 s 8,
[ e 1) 1 2 A WL A TR A LSTM 2 5, -6
VEHE B A S, 83T Conv-iSTFT ¥ i 4 % 1
A e AR 2, DAHEAT V5 45 1 T s i

62 HifZ5ik Special Issue

A5 DCCRN A LR X .

(1) DCACRN HBEAY AN 2 fif B b ke g i 25 J2 1 i 1
A7 ) A TS 55 J2 ) 6 A D, TRV I — 2
ST WL 16025 BB A R, K T 55 1)
BT 5 B A, B RS BAE AR
RSB B, S A RS B A i

(2) f£4: 11 DCCRN J& H i 5./ LSTM #4717
A, AR A G T 55 T 4% 2 R B 1) £ A 0
i, i 228 AT S5 1 TS A, A ) B 55
AR I3 A o, 3 AN 4 B 2 D fr g, £
SR Py ST A £ AT O H AR &, 2R S
2 AA LSTM BB — 05 1T I J R, 39 17 0 R
FROW i L ) AL SRR
1.2 SHHEBBEEHR

AR D SRR L AT B A S —
USRS PReLUM. S5 BB S A 4E S
U W, A, S 4 Yo RO el BB R
P E SO AT 5 0 — (L b FE DA 3 P 2 (R
5P, 351N PReLU fE 9 AR Mol 6 e b it
AL A PR RS . B BRI 2(a) TR,
B s R 2(b) P,

P -
W,
e i i
", AL i
\ } = —5
3 .. %Z éﬁ[
S :
< 7l BN . i T
5 4
s | | 1], P e

@ HH BB (b) SRR
K2 S
BREEBRE W E L RAW=W,+jw;, Hd w,
W, o3 3 3R 2 G R ) SE R AN K56, [R5 S
ANBHHEMEX = X, + jX;, B, Bl B HEREEXeW
CECRA L ThE
Fou = (X, @ W, ~X;@ W) + j(X, 8 Wi+ X;@W,) (1)
Hrt, Fou R —MNRECGRZ M5 B EHME. 584806
TR, S H LSTM [RIFEAL 5 S LSTM, AR LSTM,,
HELSTM H i o T ELRE SUN:
F,, = LSTM, (X,); Fiy = LSTM, (X)) 2)

Fyi = LSTM;(X,); Fi = LSTM; (X;) (3)

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

2024 4F 5533 % 4

http://www.c-s-a.org.cn

i H AR SN A

Fouw = (Frr=Fip)+ j(Fri +Fip) “4)

o, Fy iR BB X, FLSTM; F 513 2 1.
1.3 EFRPERR

7E DCACRN LAY A BE -3 5 S L ) 1 4 B 85 11
fif i 48 2 (B A FREEE, I ¥ gn i 2% 2 1 i 5 0
S AR D 2 J2 B A N AT DF 4, 5 ARk R A FH 2 0 4
T8 R U, AR RLAR RS 28 N C; 34T (5 B Rk
&, RBCE M ) B UE R w3 s, ¥ U A
C; ZH AT B G, 5 I3 B R JIBUE 4, FIH 4;
XF C; BEAT AL, 45 B T8 A B g5 28 N\ A5 &, 1
RIIBUE A; (5 2] RSO A 4RI 5
AT Sigmoid, SR J5 FHEAT B Sigmoid, 5 J5 1334
FABGZEAT R 1) % B,

| Y- \

!

U
K3 BBk

3 A EE R, KN L, W, Rk
8, W, R NEE, W, 2 w2 15, TR U ARG

LS5 ) vy 2 2 [ A HEAT B S Rl 5, AR BIER T

NEWE
A=o(WaUswed) © ()
St o f Sigmoid B, Wy 25— HEB BUE.
LARBGER IR B A
Bi=c(W;®B)-C; (6)

1.4 e BEEDIE

H ¥ 2 77 AT DASE 5 X 28 e SR AR A 2 (R ¢ R 1Y)
BE 7. SRS AP IR 3R i = AR AP, AR S
T B4 A H R /T (axial self-attention, ASA) 43 Hl| 7E
KA B 5 AT B R, AT RS H S
RE SE 4 M fl A 4 SR A5 2, g AR RIS FR oK,
HiEaTHEEEKFIES.

b 1R VR I LIR ) S5 A0 B 4 BT, S NRRAE

Y e CxTxF, C; RN BB, 1 L4 s 1) it
B, AEBSR AERE S50 KTy, 0f . KT
VIEEECR C, NG, FHE R TSR, 19 2k
BATHIER S 5 0" K. 0 K. Vi ilFoniE
BAH A (Query). # (Key) FIME (Value), ‘EAIE
TR R A A TS [F A7 BRI ) R R R

KERAEH.
lC,XTXF *‘
v ! -
A
y 1 Pre conw
Cy G T

\ 1o Ig
| EIiNEZ

TxFxC TxCxF

FXTxC,

Tim_conv

lQr l K

EiEZ

FxTxC FxCxT
A & R

RS

) FxTxT
Softmax \ L CxTxF

<
<

¥
Y
<«
-V

L
\ VR e
%
o AT 9 R 0 R 53 R R A i AT 5

T, 3 IR N A -y = )y (F-attention) AR ] -y &
77 (T-attention). 73 HU5E FE W] PAZR IR M

Mp (1) = Softmax (Qy (0 K7 (1)) ™

My (f) = Sofimax(Mask(Q, (N K[ () (®)

H, 07, Ky (1) € RTC, Mp (1) € RF*F IR F-attention
TEEE ¢ WM. ERAIAS D RERE. O, (f), K (f) € RFXC,
My (f) € RTT FRoR iRk B T-attention AU . 7
WAIAS 73 FE R Softmax ¥ IR % B Ja — M EREHE, T-
attention F [ Mask ()38 i3 A4 ASA 55 47 3 SR 7
MG R, PRAIE DR SR A

1.5 KR

R AR (5 L (SI-SNR) A2 M 75 101 b 5 FH 1

Special Issue &g 45k 63

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

i E R %N

http://www.c-s-a.org.cn

2024 4F #3533 % H 4

TP HE 47, SI-SNR & —F (5 5 ke, EEAE T2
SR . B SI-SNR #5112k Lsi.snr (7, 9) 7E X N:
Yearget = (5,9) ) /Iyl

€noise = J — Ytarget b t”2 ©)
R arge
Lsisnr(0,9) = 101g[ - ;)
”enoiseuz

AT Yoarger T, ARG EIRE D €)0ises
R AW E 1 SI-SNR. Horf, yAIH 2 5 T4
ST ISR, (-, )RR P )& 1 R, (|-l R
e (L2 7).

WAk, S AE S B E R (CRM) {377 3%
% (MSE) #5124 G40 M bU A 1128 102 5] . #6543

Latask (M. 1) = [, = M) + (W= M) (10)

Lf
FHorb, M, U M; 320K H bk A0 g SIS AN RS R, M A0
Mﬁ%ﬂ?ﬁﬁfﬁﬁ%ﬁ@lﬂﬁiﬁﬁ*ﬂ@%ﬂ, THE TR B 1] A
FNARZR SR T 22 2 R0, AT T PR A0 1 RS AT e e
i H bR AT HERY.

AICK: SI-SNR #5145 5 CRM 111457512 (MSE)
TRRER I, DAL SR A AL 10 250 I 28 AR -

L(.9) = AsLSNRLsESNR 0 ) + AMask Lvtask (M, M) (1)
Forb, AR -, FH T~ 4 2 TR A R R AL
0. 9) T Hbs G 5 R THE 5 Z K, (M, M) %
7~ H bR A v PSR 2 [A] )45 5. SI-SNR
BRI B T4 55 5 1038 J5 5T &, 177 Mask 453 5% T
A BT W CRAT T RS 1R AE R .

AR P LI B A g Y R TR A AR B R, |

P TEHEAT 23 W7/ 2. 36 T — A OB AR
7, ﬁf‘aﬁﬁﬁ%ﬂﬁ‘a%ﬂ@ﬁﬁﬂ@iﬂf’ﬁﬁV\]ffzifﬁiﬁﬁ
52 (15 5 Ak B B 5 AR , Rt I 315 5 e o
S B, I S R Ok A (0 A AT
B, K IR NI 5. e, RIE S S T RIE R
2% - S K R AL

2 SKIGTCE
2.1 LWEE

A28 i ) DCACRN BRG] 1 i, Ho
B ZSELE 1. LM 15 vCPU AMD
EPYC 7543 32-Core Processor, GPU ¥ F] RTX 3090 &
17 24 GB, W17 80 GB. fEULIEA I, AR 4545 KH Ubuntu

64 L itZ5ik Special Issue

20.24 £ 4, Python 3.8, CUDA 11.3, PyTorch 1.11.0 ]
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2 NN B K
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ASA 128x8xT 1x1, (1, 1), 128 128%8xT
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2.2 HiiRE
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(I ZREE RN TE SR 2 5 T DNS-2020 $b %28 7 5 FF U5
R A R, WHRAE /2K ] DNS-2020 B 75 & 1 TG TR
W IR, FH TR0 T S B PR AR AR 3R AT LA LR
S F A B A 1 LA A AT R

HORAE 1| IR RESE S 48 KHz, & WO 5 52 i
%Eﬂ%iﬁ%ﬁ%‘iﬁ%ﬁ% 16 kHz. T8 & [ £ i 45
RRE # RSO B M98 75, IR Voice Bank 1
BRSO T 30 NI, A EA &R0
)55 A LoV, 28 ANH 2 AN T TE N 43 A 43 B 21 Sk
SEFIIAEE. W75 M ok B 1 75 7 NOISEX-92%¢), i%
NP L B T MR R R LR S e SRUE TE S T
J IR Z M P A 15 B RS AR SCR A DA B A
AER T 50 h BIgRse, ARG E Jy: s & s
2 Lt (signal-to-noise ratio, SNR) 4 0-20 dB, H
40% P15 HUE AT G TR, AR 60% HURE TR TR
My (T60 A 0.3—1.3 s). B Bk Wi B (room impulse
response, RIR) /&M DNS RIR H#fE 2 BEALIE SR 1. N
IR IE AR TR AE AN [] PR A5 W B R VB M) BTG VR R 155 O T
PRt 7 R R, A B AN R VR e A A Y P
AR, BN ERIE &5 e LL #R 9 12 B8 0 dB. 5 dB.
10dB. 15dB. 20 dB.
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BE4E 2 & FET Interspeech 2020 4F DNS Phfil 3%
B B, BT A B RS Y 16 kHz. 8k
R 8 1) T 15 0 R R UE T A 3G R Y B
Librivox. Librivox /& — M EEFINEAL, 512K AL
Sl 1 5 8 SR 1) A P S, AR NATT AT DA e 2R SR R e
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ALt 180 /NIy [y A5 B AH i, Wi 75 150 AN 1
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Rk A8 R B LI I R BRI R S R B AR R T
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F| 20 dB. FEANIEE KBS BLK IR E N 10s. A
75 Bk A ) S g A A ) A M 1 R 2R AT B, AR L
{81 7 B DNS-2020 & J ¥ I Ve i I X5 ke At T 2
Hi L '

2.3 TENIERR Y

R PE AN 7] 90 25 115 5 3 5 v Re, 29 ) ok
ANTR] 10X 28 o PR 15 MR v B AT TR B 1Y 0, I LN IR
K] 26 165 58 F 1 1P S8 v e R R e R R, Horh,
B R VP AR AR 9 1E o I PR AL (percep-
tual evaluation of speech quality, PESQ) 7, H:45 7375
9-0.5-4.5, 1557 B = ARRAE & ot BBk T v T R
HIPEAN 8 PR A5 B W AT 2 2 (short-time objective intelli-
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IR
2.4 RENIGMELTSE

¥

ASCAE ] — AN AR DT o, B K AR B |
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RA1Z5, 3 {E A PyTorch 7 £ Adam 16 327,
PTG 21 % BB A 0.001, HEALEL Ny 8, 92511 25
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256,256}, BRI/ K E R (5,2) 1 (2, 1). KE

2 JZ LSTM 1 &N 256 4N, LSTM J5H — 4> 1024x
256 MAEE 2. TERmIL A Eh, TR MG
JZ VD R ) 24 B AT B 78— AN . TE RS ARSI R, 7R
NEREHEE

(2) DCTCRN: @& HHKEA 32 ms, WiF£5)4 8 ms,
FRAEK 4 512. DCTCRN HIiEEE N {8, 16, 32, 64,
128, 128, 256}, HBRUWLK/INFE KB E N (5,2) #1 (2, 1).
WH 2 )7 LSTM 1 s &N 256 A~ 75 9 il 25 B
o, FEREAS conv2d FRIT IF] 4k B2 i T 5 — AL 7R A
g rh, B AN B A AR % (1 5 — A
i) . - -

3 Baseline: B [ 4 25 ms, BIASEIA 6.25 ms,
BEEAK 9 512, R (BB HON (16, 32, 64, 128,
128}, BHUZ K/ MK E N (5,2) 1 (2, 1). F-T-LSTM
T AL E N 128, 5 DCCRN-E —F, 78 g i 2 B
Porp, FERA BRI GiD 8% )2 1 I ) 4 B RT3 7 — A%
i, fEMRRD At h, CE A B2 EE — I
2.5 HKUshzk

TEVE & WAL 55 o, {3 R AR (5 LG SI-SNR
HFEJ7 5 % MSE BCA R RO — R B ik, X
FRICA 3 FH 1) E b2 70 AR BRI  J = A, R A1
BSR4 (L R IE B R AR E SRS B S
AR BRSSO 25, BRAR KRR IR VI 25 391, A b
FORTURAA, SUE AR BOR R LT ﬁ_@}%vlléﬁéﬁkﬁﬁ%ﬁﬁi
Hh 2%, 35 (2 B ARSI S Hir . 751 5 401, B
S BB AL B S T . AR VI ZRa A o,
T B T WS B U 2 K, B B AT M ROR,
T2 25 V5 B . B I R, AR DL 3 T
HOHE 1) CHERRAE, 1R LA R B, JE— 2B I gRxd
MEREMIR T A2 KK, AT REIE 2 S80I 4.

-226 ||
228 + ||\
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Loss
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3 SEESr T

SEEG EEALHE 2 N7 TH.

1) 5T DNS-2020 KE#H 4T e il fd s e, AR
FEA AN R Al [ 3 R D G SR B RS

2) £t5%6F Valentini #4545, FEAFME R LTS LT,
W AR SCAITHRASEAY 5 BT (1 1 2 398 9 DX 28 M R KT L
3.1 JHRASEIG

TH RS e 8 AN FH 200 & RV FE AR PESQ
BofEHYE4E 2 EIIF DCTCRN. DCCRN F1A S fil
PR B DCACRN [ [ 1% e, Noisy £n K& TH S
T 5 7 R A B ) RS VT AL 45 R, 5 Noisy H#L
Al UL E A S 38 5 7 VERHE S g ). £ 2 2
RAE 7 PESQ FUPEAL 45 .

2 DNS Challenge 44 b 172 WG 75 5 & PPl 45 1

fF DCCRN I DCTCRN, ilE ] DCACRN A % T #%
JeibITERE. R 3 FIF 4 AT LA H, S 20 dB
i, 5o PESQ #3404 3.404, STOI #3434 0.968, 5 5
K /¥ DCCRN #H LG A B S48 =

3 AFBETEREm IR 2 1 PESQ 1540

[ 0dB  5dB 10dB 15dB 20dB  Avg

Noisy 1.559 1.876 2222 2560 2.870 2217
DCTCRN  1.872 2.143 2483 2731 3.016 2449
DCCRN 2362 2,690 2909 3.098 3274 2.867
DCACRN 2419  2.743 2996 3222  3.404 2957

%

%4 RERE SR EORLE 2 STOT 734>

R 0dBy 5dB 10dB 15dB 20dB Avg

Noisy 0.735° 0.820 088 0932 0960 0.867
DCTCRN 10762 0852 0.890 0934 0963  0.880
DCERN 0.809 0.871 0.899 0934 0965 0.896
DCACRN  0.823 0.883 0.917 0.936  0.967 0.905

RS AABR AR SIS 2 FI PESQ 157

A Param (M) GMacs ' Look ahead (mS) PESQ
Noisy - 0 P Yo 245
DCTCRNP 2.86 12.69 0 3.24
DCCRN!"®! 12.74 3.96 375 3.26
Baseline 2.51 3.34 31.25 3.25
+skip-conv 2.74 3.96 31.25 3.33
+ASA (DCACRN) 2.77 3.99 31.25 341

SOG4 SRR, A SCHRE A R AR Ll At AR Y L
A &1 PESQ 1545 45 Uk 4 K 4 Rr AE A1 1= 44
FEAHRL -, SCILTE A IS B AL 8, Bl B ) Re
B 4 SR F1 A T 0 A R AR OC &R, B R Y Rk
RE 77, 18 L e 0% B A b AR A N B TR R AE R G &R
M 2 HR] LA, 7RIS Rk A 1) 5 9 =)
B J5, PESQ FEF54rHI3E M 1 0.08 F10.16. 5 DCCRN

FHEE, A SCRERY A AR X > (2 HOE B 1 B4 1Y B R 2

B, BT SN AN A R, AR SE iz
AT LUk BRI A P REROREE.
3.2 Valentini ##EELINER D

23 A R O 1 5 IR T (PESQ)-
R 2 AT FE AR E (STOT) ME AR MFaHE. AT E i
WE B RTER RVE R e, R Valentini $045 82 RIS IE7E
BTV IR AN TR M EL A PR e 1 i, A% SR 4% A
AL1¥) PESQ A1 STOI 4533 40 T Bz, 3 3 MIE& 4 73l
TR AT TS N IREE EIRMAE R, & 5 ik 6
3NN A IR A A R SRRSO T, St
S5 A Ik B o R,

N VR M B4 A 0 45 SR AT LUK IR, 7E A [F)AS B L
ISR, AR RLAE PESQ A STOI AN FE#R_E 4B

66 L itZ5ik Special Issue

LT 0dB 5dB 10dB 15dB 20dB  Avg

Noisy 1.687 1980 2299 2628 2911 2301
DCTCRN  1.895 2.064 2345 2735 3.093 2426
DCCRN 2.126 2513 2.809  3.046  3.190 2.737
DCACRN 2234 2.613 2.891 3.077 3.194 2.802

FK 6  AFBIIIERMEHEE 2 LK STOI 154y

Y 0dB 5dB 10dB 15dB 20dB  Avg
Noisy 0.723  0.829  0.905 0953 0978 0.878
DCTCRN  0.772 0.804 0.895 0.955 0979 0.881
DCCRN 0781 0.865 0912 0956  0.981  0.899
DCACRN ~ 0.793  0.877 0921 _ 0958 0.982  0.906

AR SC A TR 368 3 7 4 ) e A PR 2% 22 TS 4
B E R, AR BT P A £ 61 R 05 A L 52 A
TR, A B2 =) 0 HAE 5 95 SRR, R miE
S0 205 00 5055 A R RN R SRR 7. T 1 1
TSI ML R SR AT LA R 2% B A% B N SRR S (S S P
B R, PR HE S A 2 AN B GG AT, 45 BT
i, DCACRN 528 AH bb H A = 98 9 265 45 5 B ) P e

ERMIIREE b, 32 5 FI3R 6 I R T A SO
A1 5 DCCRN 1 DCTCDN 5 it AR 784 00 17 45 1) £
PESQ 73 %A1 STOIL 73 %1. M\ r] % Hh: 7£ 0 dB I, PESQ
$&m 7 0.108, STOI #&% 1 0.012; £ 20 dB B, PESQ
27 0.004, STOI $27 0.001, ¥t B DCACRN A 7R
15 M LU 25 A1 T AT LAER L H SE AP R P . AR S 51 N B
BV 7 S LA T LA S 6 A (5] I ] f 8 545 5 ik
ATIIAL, B SR XHE H {5 5 S AR R 5 R A
LR T — 2 MG T 2 2 % B AR R 4 2 1 B 7S ARRAE,
PR FR U 515 5 TR BT A Af
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i H AR SN A

TE V5 5 14 53R S 56 Hh 1) 43 A R e RN I VR T 11 B 4,
e TR B S SR AR R AN R BR B X AR AR 13,
IS5 B {Sf FH A7 VI P R G VR ) ) 5040 4 T DA Bl A 2
SYRIFE Tz BB B REAE, A L A8 0% B 47 S XA [F) BR
B2 N HOVE S5 B ORAT 45, R, A SCHE A DCACRN A5
BUAT DA G & 3G aR 25 R &, A S R M e AR
(EX W
3.3 AL

N T BRI B H TR RN R I AOR,
Kl 6 JEoR T IRG M 2 BT A g i & . N 1) il
T AN 5 (TR . 3658 5 151 B 5 DCTCRN
FI DCCRN PAMBEAY AR T % b, 565 3 4724 DCTCRN [

TEIE I, 5 4 17y DCCRN HITEE K, 55 5 17 A IR

7 DCACRN [iERE A

M Time (s)
(a) Clean

Time (s)
g (b) Noisy
Iy
g
=
g
. Time (s)

(c) DCTCRN

Time (s)
(d) DCCRN

‘ Time (s) ¥
“(e) Proposed
®

Ble NEEE SR

ME 6 FTLLE HH, DCTCRN 2 H k. DCCRN 1K,
DCACRN 0 48 35 5 5 38 i PR B 4 5 35 1
B, R BT DCACRN B2 BEA 202 bR e 7 15 .,
B TR H A, X ik — D I0AE T, BT H AR
& S A 1) B R B RE PR I 2R A, AT LA RO %
H bR iS5 S S s, 3858 B AR 7% .

4 HEGIRE
BEXT LA 56 TR 5 51 1015 & 4 5 A 2 o 2 00

WAL BT B AT S v A 25 0 R, kS0
SR T R B HOB 1A 1 ) IR B I 4 B,
BT AL AR AD . BRUGE B, K
LSTM. 1 HF = IR, GRBGEIE T — 5% M\
) S 2 T 5 2 M 7 R, i 11 0 7 7L
T LA X IR T R, TS A TAE S K
FE {5 2, A MR HIGH o R 900 5 7 T R 0L (A
7z (AR . SEEG 45 SRR B, ASCH H ) DCACRN
) 8% 0 455 7Y 2 H5UE B AR BT 175 400 . RESQ A1 STOI ¥
SME T HA LR, 26 Rk, ASCH AR AT LS B 1
IR, 152 0 e R I 25, SR
TB%{EEZ}&%%D%%J%
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