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Dual-discriminator speech enhancement algorithm based on

variant attention

LI Zheng,ZHOU Bin"
(College of Computer Science, South-Central Minzu University, Wuhan 430074, China)

Abstract In the realms of everyday communication, speaker identification, and voice-activated systems, pristine audio
signals are imperative for ensuring clear speech comprehension and optimal performance. The prevailing voice enhancement
algorithms are encumbered by substantial model parameters and a disproportionate focus on evaluative metrics, often at the
expense of the authenticity of the enhanced speech. To counter these challenges, this study introduces a novel dual-discriminator
voice enhancement algorithm that leverages a variant attention mechanism for the enhancement of noisy voice signals in the
time-frequency domain. The noisy voice signal undergoes a sequence of transformations, including short-time Fourier
transformation and power-law compression, before being processed by the generator. The encoding phase initiates with a
dense convolutional module to extract salient features, which are subsequently subjected to dimensionality alterations to
harness the variant attention for capturing temporal and spectral characteristics. The decoding phase then reconstructs the
signal’s amplitude and complex frequency spectrum. The algorithm employs two discriminators of identical architecture but
distinct inputs, trained concurrently on evaluative metrics and Mel-spectrogram data. The results indicated that, compared
to the SE-Conformer model, the proposed model in this paper achieved significant improvements in terms of PESQ,
CBAK, and CVOL, with enhancements of 0.15, 0.27, and 0.25 respectively.

Keywords speech enhancement; variant attention; dual-discriminator
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Al ZHE HEE PESQ STOI CSIG CBAK COVL SSNR

SEGAN  9747M T 216 092 348 294 280 7.3
MetricGAN F 286 399 3.18 342
PHASEN 8.8 M F 299 421 355 3.62 10.18
TSTNN 092M T 296 095 4.10 3.77 3.52 9.70
SE-Conformer T 3.13 095 445 355 3.82
MANNER 247M T 321 095 453 3.65 391 956
FRCRN 69M TF 3.21 423 3.64 373 231
DCCARN TF 2.83 391 3.60 343
DDSE-VA ISM TF 328 096 451 3.82 4.07 10.70

1 2 2 Al 1, DDSE-V A 5256285 5 B MANNER #h
B I = vl b e ot 1 i S S R U 1| R
X} F A AE PESQ .STOI,CBAK .COVL 1 SSNR 1) %
ARy # 1 0.07.0.01.,0.05.0.16 F10.52. 1% 153 25 T
XU 1) B 25 R (R 8, ) I 2 R 9 5 7 5 ) A3 1R
FIVME R A0 LA A AR B AR BT S A 4R
T R R RPN 8 bR I 2 S 2 0T A
T i o 2 AT BN AR 43 K R G Conformer
(14 BRBEHOR 4 TR B T o3 B 5 RS L rp IR
B RS VE B0 G A R DR AR AT S B
VB, REE BT 2 )5 B IR — 252 05 6 UK A4 i
TH 55 FC A 38 T AH 45 G DA 2 2] 5 38 B REAE 2 R VEAE
SR D 1 DL T AT BE 5 4 4 2 A B )
BLRHIE , # DDSE-VA B4R 78 CSIG VA 48 br L W&AIK
T MANNER A | {H HAF A SR KRR HL (T
MANNER £ 2 Z: 50, H 43 46 75 24 B MANNER #%
T PR R B RTINS e A el 0 1 5 Bk B
Vo T 118 R A RAE S (B A AR S SO U il B
FROEANFE 43 9145 5 1 U 52 (] . DDSE-V A 1581 )
T IS DL Sy B e 1) SIS R A A i AT
K FH ER AT AR B0 0 A5 48 43 50 AR B A T e SR
ARIURFAE , DL 7853 R USRS A 14 Jy 35 R 42 JRy R AIE

hy Tl J A5 AR 2 i) 1 B 22 5, TR
XF HG A 5 Y 3 4 28 BUAR R SEGAN , MetricGAN |
PHASEN LA} DDSE-V A 25 53547 nf AL A 2, 43 51
JE 7 A TR A A SR T 1) B SR O PR RO T T
AL E (] 4) 253 R W3 565 1 30 S i g s i e



250

R B R 24l (AR B2

5 44 %

L5052 80 i WIS 1 . A2 B B E R ARIK
F UG TR S B SEGAN  MetricGAN |
PHASEN LA & DDSE-VA DU A5 384 58 7% i w] 41
FEE T Ry BT JR T (R IR AIE | A3 T DA 43
DUSR AR bR . DASE VAT IR G T 188 25 10 I8 BRI
BRI LE , vl & AR AT B & B & A KE AL
W MR 55 2 47 a4k B AT A1 SEGAN A
MetricGAN BB FE Bf SR /3T MRS R AN L (H L

R A % SRR AE , S BUU R O ANE .
155 347 AT AAL I AT 01, PHASEN 2% AU A iy
A fA DDSE-VA 15325 T B A AR R B 1 454 , AR B
SALT PHASEN. i DA b 2504l v] 0, 6 AR A 5 )
GERE) P RS ) ZR AR I A A 718 B MR, b BRI
0 B4 B INAR 7, AE BSR4 A A B T
DA R A U8 T M, RV 1 o A0 LA Ay
ITERE R B .

212 +0dB +0dB
04 ioE -10dB -10dB
o 2048 - 20 dB 20 dB
g 1024 = 3048 30 dB
N £ 512 aE BE ~40dB F 40 dB
3, 256 - o \; s0aB = .
128 L1 h- -60 dB -60 dB
04 64 70 dB ~70 dB
0 = = = 0 -80 dB -80 dB
’ Time ’ Time
212 +0dB 8192 +0dB
015 4096 ~104B 4096 =10'dB
Oi0 2048 ~204B 2048 2048
2 005 1024 3048 3 {694 30 dB
2 000 Z 512 “40dB F 2 osp 40 dB
2 005 256 s0aB % 256 50 dB
-0.10 128 60 dB 128 60 dB
01s 64 70 dB 64 70 dB
0 - 0 E
0 015 03 045 0.6 075 0.9 1.1 0 0.1503 045 0.6 0.75 0.9 s0dB 0 0.15 03 045 0.6 0.75 0.9 1.1 0 01503 0.450.6 0.75 09 BUaE
Time Time Time Time
+0dB — +0dB
04 -10dB 04 1096 “10dB
" - -20 dB " 2048 : “20d8
2 = = S04 3 _ = = 30 dB
% 0.0 = E: !31::‘ -40 dB g_ 0.0 S s = E ’3{:5 40 dB
: - e N 50dB 2 256 o 50 dB
' a1 ] :; -60 dB 2 128 - t 60 dB
04 70 dB 04 64 7048
80 dB 0 80 dB
0 0.5 1 1.5 0 05 1 15
Time Time Time Time
FEl4 X Hscs T AL
Fig. 4 Comparative experiment visualization chart
2.5 HERSCIS 3 IHEIIIREER
%ﬁ(ﬁﬁEZlK i@f&i+é§*@ E@ﬁ&ﬁ,r@ , fr%ﬂj:_ﬁ?_l:ik Tab.3  Ablation experiment results
S E S T NN = A A A o TRy S| PES STOI CSIG CBAK COVL SSNR
T S A ST S 8 o 43 A R ) or ¢
Nr s Parallel-VCon ~ 3.20 0.96 4.26 3.73 3.89 9.87
IR Conformer 257\ A2l Conformer 2544 No VC 299 095 416 364 370  9.65
o on . M " R . .
2 s S o4 s
{2 )54 Conformer 5 2 22 i Conformer 45 44 R HI WithCon  3.18 096 440 373 389 1056
DG BRSO 88 5 ) | 2 e M ) SR A % R B 2K OneDisc  3.16 095 441 370 386  10.60
BB 43 | TR s SR FH BRL S 50 2% O 25 3 AR P e B ) 454 No Mel 323 095 446 378 399  10.65
iﬁ ﬁ Xd‘ J: 5& “;; E/ﬁ -L/E"— i«l» E/‘J $ ZE i f)la [/\J\ g/\ﬁ\ iE /E ﬂ&:l:] No DVC 2.96 0.95 4.17 3.60 3.71 9.64
DDSE-VA 3.28 0.96 4.51 3.82 4.07 10.70

Conformer FUBUSE 51| 25 25 ¥4 (4 VE F T 78 . AR SZ 5645
RANFE 3P .

Parallel-VCon R H 4728 Fi g 22 77 4546 LAy 1)
IRGE R AR A 2 3 TR IO AT AL b TR ) 4
g [6] BF 3 EC A A AR P s R A R I R A 4
TIE Rl b PR A SR AN 3 AT 1 3 ) 45 Ll i BR AT
BERE LN K A B 5 72 4 59l 30 I A AR E 1 I SRR A
FUUARFE , W] 5843 3R WU A Y 42 Jm) L) K Jmy F R

No VCon {8 FAH FHAZ F Conformer £5 ¥4 , RIS %
TR 450, AR M 25 DA S X B A
FEAESRIBOR 783, BERUSOR T R With Con AUER{EH]
J5Lhf Conformer 25 , HAREEAAAS | R TR W] 73
B BRI DL R B 22 JE e i e BB ROCR IR
K .One Disc AU A B4 8% , Y 2R 48 51 femf 2

JEATIE AR LA S ATPAN B3 . No Mel AR 4 1] 401 2K



52 W ARIE G5 TSR TR ) ) WUAE Sl s T iR A ik

251

PRBUAR 25 FEARF R AT 43 No DVC AR 2 fifi FH 2% 53]
AT R BRI S5 R L b T AR ST A
U9 BT 6 4 I 45 25 44 AH X T DDSE-V A W 4% 45
F, FEBR STOLPEHr 4R bR AN AR 8 bn B0 AN R R BE 1)
TR DRI 20 Al S 58 AT HIE B A SCHE DDSE-VA SR
FHOZER 3 R T AR BE A PE
3 RBE

AR SCHRE T I T AR Rl B T AR 0 R )
TR T, DAAREU U )18 PSR . A i D
FEAE AR LA A e i 22 5 r= e h B A [ it
AR SR FH 2 BSOME: Re SIS e 8 LA R EBCEE e ) B A3
BURRAE . SR HR AT AR P I 2 0 435 F 43 1) A0 BRUR 20 By
NPT SR SRR I, LA /N ) 2 50 AR O TR0
) 4 Joy LR S REAE L SR DU S 2R 4544 L A 34 T
T YR ) T M A R A SR L A X B S 50
UE T AR SCARE TR 285 1) 76 504 £E VoiceBank+DEMAND
1 EUAS A S A MR A R | S T S B S B v
SER A R

JRUEARSCR A 2 AR M R IR TR (1
AT5AT AR 25 ) AR TR i — 20 i o B X e 7
PR DA v LA A i M 75 A R Tk g L P27
SRR EE R LIS R )2 B I 2K

£ % X W

(1] WA, Bk, iR, % . 52T Transformer [ 558
TR AR R ZE AR [T ). SHEAL TR 5 R, 2022,
58(12): 25-36.

[2] EXTRAPOLATION 1. Smoothing of stationary time series
with engineering applications[ J ]. Policy, 1966, 10: 23.

[3] DENDRINOS M, BAKAMIDIS S, CARAYANNIS G. Speech
enhancement from noise: A regenerative approach [J].
Speech Communication, 1991, 10(1): 45-57.

[4] XUY, DUJ, DAILR, et al. An experimental study on
speech enhancement based on deep neural networks (7.
IEEE Signal Processing Letters, 2014, 21(1): 65-68.

[5] GOODFELLOW I, POUGET-ABADIE J, MIRZA M, et al.
Generative adversarial networks [J]. Communications of
the ACM, 2020, 63(11): 139-144.

[6] PASCUAL S, BONAFONTE A, SERRA J. SEGAN:
Speech enhancement generative adversarial network [ C ]/
Interspeech 2017.Stockholm: ISCA, 2017 : 3642-3646.

[7] PHAN H, MCLOUGHLIN I V, PHAM L, et al. Improving
GANs for speech enhancement[ ] ]. IEEE Signal Processing

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Letters, 2020, 27: 1700-1704.
PANDEY A, WANG D. On adversarial training and loss
functions for speech enhancement [C]//2018 IEEE
International Conference on Acoustics, Speech and Signal
Processing (ICASSP). Calgary: IEEE, 2018: 5414-5418.
ABDULATIF S, ARMANIOUS K, GUIRGUIS K, et al.
AeGAN: Time-frequency speech denoising via generative
adversarial networks [C]//2020 28th European Signal
Processing Conference (EUSIPCO). Amsterdam: IEEE,
2021: 451-455.
BABY D, VERHULST S. Sergan: Speech enhancement
using relativistic generative adversarial networks with
gradient penalty[ C J/ICASSP 2019 - 2019 IEEE International
Conference on Acoustics, Speech and Signal Processing
(ICASSP) .Brighton: IEEE, 2019: 106-110.
FU S W, LIAO C F, TSAO Y, et al. MetricGAN:
Generative adversarial networks based black-box metric
scores optimization for speech enhancement| C ]//International
Conference on Machine Learning. Sanya: PMLR, 2019:
2031-2041.
FUSW, YUC, HSIEHT A, et al. MetricGAN+: An
improved version of MetricGAN for speech enhancement
[EB/OL]. 2021: 2104.03538. https: //arxiv. org/abs/
2104.03538v2
VASWANI A, SHAZEER N, PARMAR N,
Attention is all you need [J]. Advances in Neural
Information Processing Systems, 2017, 30:5998-6008.
JIANG W, SUN C, CHEN F, et al. Low complexity

et al.

speech enhancement network based on frame-level swin
transformer[ J |. Electronics, 2023, 12(6): 1330.
WANG K, HE B, ZHU W P. TSTNN: Two-stage
transformer based neural network for speech enhancement
in the time domain [C]//ICASSP 2021 - 2021 IEEE
International Conference on Acoustics, Speech and
Signal Processing (ICASSP). Toronto: IEEE, 2021:
7098-7102.

YU W, ZHOU J, WANG H, et al. SETransformer:
Speech  enhancement transformer [1].
Computation, 2022, 14(3): 1152-1158.
RAMESH K, XING C, WANG W, et al. Vset: A
multimodal transformer for visual speech enhancement
[C]//ICASSP 2021 - 2021 IEEE International Conference
on Acoustics, Speech and Signal Processing (ICASSP).
Toronto: IEEE, 2021: 6658-6662.

GULATI A, QIN J, CHIU C C, et al. Conformer:

Cognitive

Convolution-augmented transformer for speech recognition
[EB/OL]. 2020: 2005.08100. https: //arxiv. org/abs/
2005.08100v1



252

R B R 24l (AR B2

5 44 %

[19]

[20]

[21]

[22]

KIM E, SEO H. SE-conformer: Time-domain speech
enhancement using conformer [C]//Interspeech 2021.
Brno:ISCA, 2021: 2736-2740.

VEAUX C, YAMAGISHI J, KING S. The voice bank
corpus: Design, collection and data analysis of a large
regional accent speech database [C]//2013 International
Conference Oriental COCOSDA held jointly with 2013
Conference on Asian Spoken Language Research and
Evaluation (O-COCOSDA/CASLRE). Gurgaon: IEEE,
2013: 1-4.
THIEMANN J, ITO N, VINCENT E. The diverse
environments multi-channel acoustic noise database
(DEMAND) : A database of multichannel environmental
noise recordings [CJ//Proceedings of Meetings on
Acoustics. Montreal: ASA, 2013: 1-6.

PARK H J, KANG B H, SHIN W, et al. MANNER:
Multi-view attention network for noise erasure [ C ]//2022
IEEE International Conference on Acoustics, Speech

and Signal Processing (ICASSP). Singapore: IEEE,

[23]

[24]

[25]

[26]

2022: 7842-7846.

ZHAO S, MA B, WATCHARASUPAT K N, et al.
FRCRN: Boosting feature representation using frequency
recurrence for monaural speech enhancement [C1/2022
IEEE International Conference on Acoustics, Speech and
Signal Processing (ICASSP). 2022, Singapore: IEEE,
2022: 9281-9285.

WANG K, HE B, ZHU W P. TSTNN: Two-stage
transformer based neural network for speech enhancement
in the time domain [C]//12021 IEEE International
Conference on Acoustics, Speech and Signal Processing
(ICASSP). Toronto: IEEE, 2021: 7098-7102.

YIN D, LUO C, XIONG Z, et al. PHASEN: A phase-
and-harmonics-aware speech enhancement network [1].
Proceedings of the AAAI Conference on Artificial
Intelligence,, 2020, 34(5): 9458-9465.

RAAE, KR, B, A T AT H SR A SUR B
BREERABAML ] TP, 2023, 43(10):
3217-3224.



