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Collaborative speech enhancement method combining
spectral mapping and masking estimation
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Abstract: In order to improve the performance upper bound and generalization ability of current speech enhancement methods based on
masking and spectrum mapping, a collaborative monaural speech enhancement method based on the learning framework of combined
complex spectrum and masking is proposed. An interactive cooperative learning unit (ICU) is designed in the codec part to monitor the
interactive speech information flow and provide an effective potential feature space. In the middle layer, a multi-scale fusion Transformer
is designed to extract multi-scale details in the spatial-channel dimension with a small number of parameters for fusion output, at the
meanwhile , modeling the voice sub-band and full band information. Experiments on large and small data sets and 115 noise environments
show that the proposed method only uses 0. 57 M parameters to obtain better subjective and objective indicators than most advanced and
related methods, which has good robustness and effectiveness.
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Fig. 1  Flowchart of speech enhancement
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Fig.2 Interactive collaboration units in encoder and decoder
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Fig.3 Detail aware multi-head self-attention layer
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J2 , fof At o R L DT B e TR PR

T 1A T MEHERISEATEARR, ks d 2500
BRI B KRR, B — R A A i o 2 %
M C x T x F s, b T il A e K doe , B
XU S FAR R0 26 2 ) () AR B | ¢ b BT 7R Y Conv2d
JG ¥4 LN 5 PReLU 375 s BHRAE
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Table 1 Parameters setting of network model

Rk Evigacy LN 1S o o A4
Conv2d EF=1x1,s=1x1 2 xTx512 64 X T x 512
En_ICU_1 s=1x2 64 x T x 512 64 x T x 256
En_ICU_2 s=1x2 64 x T x 256 64 x T x 128
En_ICU_3 s=1x2 64 x T x 128 64 x T x 64
En_ICU_4 s=1x2 64 X T x 64 64 x T x 32
Conv2d E=1x1,s=1x1 64 x T x 32 32 xTx32

Z R ERlE Transformer( X 2V ) d=1,6,12 32 xTx32 32 xT x32
Gate_Conv2d E=1x1,s=1x1 32 xT x32 64 x T x 32
De_ICU_4(x2) s=1x2 (64 +64) xT x 32 64 X T x 64
De_ICU_3(x2) s=1x2 (64 +64) x T x 64 64 X T x 128
De_ICU_2(x2) s =1x2 (64 +64) x T x 128 64 x T x 256
De_ICU_1(x2) s=1x2 (64 +64) x T x 256 2 xTx512
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SCSC |8 |7 Ay R LA S S K L R
WA, FUEATEE T A, 5 A, J5 5454 15 st 2 [l B
BEBUJ AL &, FoR A, A, BRI B 0.1 5
0.2, 41125 R0 2 PR B L S

L= Lmg + ALy + AL (16)

2 KBEERLS

2.1 HIE&EEE

R 2 Ff1 M TE A SO R AR S R R E
FOSE R O P RS DA R TR S BRI T 5 T B
TLRE T AE R ZR A SO E K /NI R 1Y) v 9 3 2 4
P AR B AR STy B AT U 25 5 A, B 4 HLAAR A
WAT .

PR 1 MBS TP Y VoiceBank-DEMAND %% 4
AR BARIEALE T Sl S O R A MR I
BFEE R 14 2 B YR 14 2 M8 S XA A, i 5
M1 BB 1 & otk A ALk, e i R ok A
DEMAND %4845 v WLAY 15 AR T R EE e 75 0 %011 25
SEXEAE W LY ( signal-to-noise ratio, SNR) 4 2.5.7.5.12.5,
17.5 dB B R A T 11 572 % iE 3 Kt iR 4 78
fEME N 0.5.10.15 dB M55 N AERL T 824 X i & %
o ARG PRI T 1 157 X2l M i35 X HE

REGUEEE R () 10 415 XHES BRI N4

BHRLE 2 HEHL T R R AR A SC THCHS30
LR R 2l T O 38 S B AL R O =43 5 A5 )
2 000 #5400 51 150 £ 2liigit & FAE I 25 56 0F Al
W, FEVNZAE RS FE P RS T 115 RS Horp 4
Fik A SCHR[ 17 ] AR TE B 1S NOISEX92 H %) Tl M
FEAN Aurous FUCHE 4 HH B4 L AR TE MR GN9R 4 T OE R
ST 245 IR, BT AT e s PRzl — N R i, BEAL
VIR i A 2l if o S K B MR A I 7E £ M H ol
[-5dB,10 dB]RITEREIH LI 1 dB RIaI Rt TREPLIE Sk
BA. Tt W2 i3z 1k g8 J1, ik 4 I S
NOISEX92 H & $% T 53 4 4 Fh AS P Jit I 7 40 Babble
M109 ,Fatory2 ,White , Jf- 43 i 7E(5 M L [ -5 dB,10 dB ] Ay
JEEN LS dB S [l BR k4TI A DLAS o8 ie 4 . &
L OZBHREAE T 54 h BIUIZEHE 6 h AYERIERTH
F1 h AT
2.2 ERSHILERITHIRE

SCE IR AN R 2 iR, BT A R B T R R
16 kHz, R A K20 63 ms, TN 16 ms 3B 1
A7 I B AR 4 | H A T EA IEH FR P, R
172 B AT 25, mT2 2] AL A« o, 3
WAL E R 0.5, LK P HbARBE R /N A 2, Epoch 3 &
120, 3R H Adam EACERORAL 48 B8 S50, T 30 %6
BRI IR2: 2] R 0,000 5 F PR RFAAS 30 45 45 50 ik 4
PARIESE 1 NNGRES U 2 2] 3808 0. 5 %, 45
HEE 5 A UNGERAND W 125

2 ZHRELE

Table 2 Experimental environment setup

251 WA
R NVIDIA GeForce RTX 3090
RIS S HESE Pytorchl. 9
CUDA JfiiAs 11.1
CUDNN ffiAs 11.1
WAE S Python3. 8

ARSCIZI R Y % WA B < 18 R S 3
(perceptual evaluation of speech quality, PESQ) , H.EUHE
IR [ -0.5,4. 5] (MK 3R/ 1635 W7 36 Rz i e
At 2 0 0 2 BE ( short-time objective intelligibility, STOI) ,
HEUE TG0, 1] R 038 m] R e ™, A3
PR A E o HBUE K KR X B0EE B B (log spectral
distance , LSD) #FAL K &2 158 10 ¢ HRE B (/MR R R
HEER /D FUF PRI MOS, i1 T MOS 1l i
A, 2 AR 5k H A BE (CSIG) | Mg 7 2k L
(CBAK) L4 B 1 ( COVL) %5 2 W5 77 1 oA 41l
&, HIBUETE IR [ 1,5 (BRI 5 T i B
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1) VRl S5

HAEEEE 1 EEE DR EZ R EZRMS
Transformer FHe2H FO6 P 451 B 1Y 32 H[EJO e 3 Ak
N HYEC XS 28 PR REDE 46 B5 PESQ 1 STOL (152 0, 7]
DIRER I TE N BUE R 3 5% 4 B, R 245 B
FE . 25 N BUER 5, IR0 7 YA TR S 3
H1IZ M 26 S0 CICRIFRHERE ™ A= T2, RAEZR
FEflE Transformer 4 N = 3 B}, 7E STOT 154340 0 F
N =4 BIREART 0.2 HARLE S HIsD 15% , O SO
Tebrit i 5280 RLR G i N = 3 BE N ML E

x3 FAEEESHINEFIEELRMLEER
Table 3 Comparison of different model parameters on

speech enhancement effect

Z REERlE Transformer 15( N PESQ STOL/ % ZHa/M
1 2.81 93.05 0.38
2 2.96 94. 96 0.47
3 3.19 95.24 0.57
4 3.14 94. 44 0.67
5 3.09 94.93 0.77

2% 4 NHEFT N 45 1 Ty SUO0HE A S PR RE A
TEA SO R ARI LR |43 5 42 T LT IGO0 - il i 24
SR FH 543 St 1 S G L PR3 S Hh B SR AL 32
BCE 4 R R S ICG IF I s o T4 A B Al
£ 1 FHFATRAE, AT LA SRS P2k B AR5
B, Do 28 M R AF G T B H A5 100 34 R MR B2 7, 3K 19 I 16¢
GAtiTHREA R T RN R A T 5 S RS W R T 1 5

x5

LHPERE LI, F AN, A SCHE b SRR T3t — 2 X W4 3
i AT INEGR A 1145 PESQ 5 STOI 45 k543 42T+ T
0.08 5 0. 06,

x4 AENMEERAEBIRERILER
Table 4 Comparison of ablation results of

different network modules

iRy PESQ STOL/% CSIG CBAK  COVL

N KA ] 3.0 94.92  4.34 3.59 3. 79

S LR 3.02  94.71 4.28 3.53 3.74

A A 3.11 95.18 4.45 3.60 3.84

ARG 3.19  95.24  4.58  3.70 3.83
2) Xt He S s

5 BRI L T 22 RoRE OC Y 1 B 3 0 I 25 1 P BE
Hp g ralmmib KM Al TEFERTA
Transformer P52 18 55 A% B 401 Ab B0 A 355 {5 5 1) TSTNN
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Table 5 Performance comparison of speech enhancement methods on VoiceBank-DEMAND dataset

b PR PESQ STOL/ % CSIG CBAK COVL SHE/M
R — 1.97 91 3.34 2.44 2.63 —
Wave U-Net, 20182 i 3 2.40 — 3.52 3.24 2.96 10
MetricGAN, 2019"2"] EE(ERE 2.86 — 3.99 3.18 3.42 —
T-GSA, 2020’ =Rk 3.06 — 4.18 3.59 3.62 63
DEMUCS, 20202 i 45§, 3.07 95 4.31 3.40 3.63 33.5
DCCRN, 2020 SRR 2.68 94 3.88 3.18 3.27 3.7
PHASEN, 2020 B 2.99 — 4.21 3.55 3.62 5.05
TSTNN, 20211 i, 2.96 95 4.33 3.53 3.67 0.92
CAUNet, 20211 i 2 2.96 95 4.22 3.53 3.60 1.04
CPTNN, 20223 s} 3 3.07 95 4.40 3.59 3.76 0.76
Propose SR 3.19 95 4.58 3.70 3.83 0.57
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Table 6 Comparison of generalization performance of different networks under unmatched noise
SN PESQ STOL/ % SH /M

-5 0 5 10 -5 0 5 10 —

R 1.04 1. 08 1.20 1.50 67.05 77.32 85.18 90. 42 —
CCRN 1.76 2.22 2.61 2.96 83.97 89. 88 94. 13 95. 83 17. 44
GCRN 1. 86 2.29 2.63 2.94 84.47 90. 23 94. 34 96. 46 9.77
DCCRN 1.91 2.35 2.70 3.06 85.03 91. 68 94. 84 96.73 3.74
Propose 2.15 2.57 2.97 3.31 85.01 92. 445 94. 97 97.13 0.57
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Fig. 6 Enhanced speech waveforms using different methods under short time burst noise
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