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Interactive Dual-Branch Monaural Speech Enhancement Model Based on Critical
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YE Zhongfu'?, ZHAO Ziwei'?, YU Runxiang'*

(1. Department of Electronic Engineering and Information Science, University of Science and Technology of China, Hefei 230022,

China;2. National Engineering Research Center of Speech and Language Information Processing, Hefei 230022, China)

Abstract: Aiming at the problem that the current mainstream dual-branch single-channel speech
enhancement methods only pay attention to the full frequency band information while ignoring the subband
information, an interactive dual-branch model based on the critical frequency band of the human ear is
proposed. The main method is to implement the division method of simulating the critical frequency band of
the human ear on the complex spectrum branch to process the signal in frequency division and extract sub-
band information. The whole frequency band of the signal is directly processed on the amplitude
compensation branch, and the information of the whole frequency band is extracted. The complex spectrum
branch is responsible for initially recovering the amplitude and phase of the clean speech signal. At the same
time, the subband intermediate features learned by the branch are transferred to the amplitude
compensation branch by specific modules for compensation. The output on the amplitude compensation

branch will further compensate the amplitude of the output on the complex spectrum branch to achieve the
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purpose of recovering the clean speech spectrum. Experimental results show that the proposed model is
superior to other advanced models in restoring speech quality and intelligibility.

Key words: critical frequency band; interactive; subband; dual-branch; monaural speech enhancement
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AR ) JERHT 5 S B A R I X O R R — R AR M
WS 56 2R o N R LA S BT — 2 Wi i 8
PTG VE DL AE 0~22 kHz 4 45 2 38 B g Al LA i)
53 24 I BT, L FR hy Bark i Bt . Bark (1974
o R R R i L B A NS 5 M R (5 D0
S — AN T — AU Y P 2 A N A K
SR EPEAL o e, AR SOH i U R R o3 T v
I B M2 0 2 vh 3 F f— Rl R 4N HE IR
JBE B4 1T i 1 € R 48 . 1E IDBM-CFB h, 747 %1 4
g 1R
1.2 WEEIEFHEREREHRAEE

ST B H A Y 2y S S I G, B R
M S N A B0 S i B A T AT M B R A T
i I AR L AE B . Bk U 7R B HGE
SCEE R BN R MR 0 B R A A T
cIRM, I T 52 H 5 i & 04 W B2 AR 47, SR 05 I
JEE M S R P A W o ) R 3 O A T T Ve i
B R EE A, T D R RS B RO S
B L0 AR R BE R T B A S T R IR S
AOHIRE Ry N, M i 3 (9 B 33 X] 30

X(t,f)=S(t,f)+N(t,f) (1)

X X4 )=X (60X (6, f); S, f)=
S (4, f)+iSi (4, 1) N(t, f)=N,(t, [ )+ N, (¢, 1 );
X (6, 1). S, fIRN (2, f )50 i FoRa Bel  15is
BRI BCWRE TE IR R (e, ) AL BB . 2 BGE

SR ]S | (1 f )| SR 2 1 0 T

T R FE 02 S B 00 4| D (1) |5 2 4
T , 1550 AL 10 TV 37

S(f)=|M (1.8 (ep)
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EI6KkHz RHEZRMSREEMTHRAMESFT
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Table 1 Division method of frequency band under

x1

the sampling rate of 16 kHz and the num-

ber of Fourier transform points of 512

Bark Il 551 it IR AT I S A X 7 43
i R/ Hz FI7E il /Hz (NG
1 20~100 31.25~93.75 1~3
2 100~200 125~187.5 4~6
3 200~300 218.75~281.25 7~9
4 300~400 312.5~375 10~12
5 400~510 406.25~500 13~16
6 510~630 531.25~625 17~20
7 630~770 656.25~750 21~24
8 770~920 781.25~906.25 25~29
9 920~1 080 937.5~1062.5 30~34
10 1 080~1 270 1093.75~1 250 35~40
11 1270~1480  1281.25~1468.75  41~47
12 1480~1 720 1 500~1 718.75 48~55
13 1720~2 000 1 750~2 000 56~64
14 2000~2320 2031.25~2312.5 65~74
15 2320~2700  2343.75~2678.5 75~86
16 2 700~3 150 2 718.75~3 125 87~100
17 3150~3700  3156.25~3687.5 101~118
18 3 700~4 400 3718.75~4 375 119~140
19 4 400~5300  4406.25~5281.25 141~169
20 5 300~6 400 5312.5~6 375 170~204
21 6 400~7 700  6406.25~7 687.5  205~246
22 7 700~9 500 7 718.75~8 000  247~256
23 9500~12 000
24 12 000~15 500
ejgol(/./') (2)

S| M (2, )[R P (2, )b 10 FERMESH6RE, EL| M (2,/)|€(0, 1),
VAL R AN LB A T LT T A5 AL (LA S o 9 — L
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Imaginary
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the complex spectral branch

BT — A3 5 P A i 7 2

Fig.1 Diagram of the recovery process of one time-frequency point
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Fig.2 Overall structure of the proposed model
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Eok=ecaE, (10)

B, € RO IR M S B RS ER I S E e e ROTT
PEAMEE S I FRRE E b 32 AR RIICAZ M 48 (Long short-term memory, LSTM) Hiff 47 i i) | 3¢
AT, SR A TR AT AR, A5 0 IR R M S I Y TPEE?I‘%?@@‘ M| %

W ‘: Decoder,,, Linear(LSTM(E)) ) (11)
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Table 2 Composition of experimental datasets

" WSJ0-S184 MUSAN BB AL ) .

EES — —_— P — RAEME/dB
e S 39 H AN 384, 4k 6 684 FKiiH 820 3 (—5~0), [ KA 1
LTS 33 3 CR AL, 4606 &G 70 6 (—3~3), A& R 3
RS S 39 34, HA54 KI5 40 5 (—6~6), k&K 3

3.2 SHRE

S 6 K Al A A R SRR B 16 kHz, e KGR A BE S 3 s, SR T 512 601 B9 Bl 5L A2 46 | i 4 Sy 400
AL WURS Sy 100 a5, LT B o B AR R RN T A Al B A R AR A T Adam SR AR ER L WD R A T R R
Se—4, Bl 5 — 2% 2 R0 T RE N IR R 9700 . % 08 B R A R 4 AE 25 TR e R 2k M AR 55 P i A AL
PO A S A R A R A T R TR A A AR A AN AR B T o A R 3 AT R R TR 4
FHBCH 0.5, LAH4F #h 38 i 75 SR A o i A B2 D R 2 O DR AR DR IE I TR] il ) A 4R A
A5 AN, SCH T Y 2 RS T 28 R R A 4 T Sk 27 ]
3.3 iEMiER

Sz 3y R B8 3 B R IE M (Perceptual evaluation of speech quality, PESQ)"™ | & i % Wi 7] 4 Ji
(Short-time objective intelligibility, STOT)"™ {5 % B L (Source-to-distortion ratio, SDR) il 34~
W7 UL 4> (Mean opinion score, MOS)“ (I CSIG .CBAK Hl COVL) & b7 3 P4k 14 30 J5 1918 35 T ik,
Horp CSIG (.CBAK A COVL 2351 J M 4 555 2k 0 5 53¢ R 75 Joi &k 0 R (557 031 B DA . PESQ I
HIEF A —0.58 4.5, STOTW AT I 03] 1,34 MOSPEAFEF A 15 5, ik ir A 48 br 09 (A
PR TR RS
3.4 ELER

S e FH A A 216 10F A 20 % 245 B 25458 (CRN R DCCRNY) (WA S 19 H A i S (GaG-
Net'' F1 5 T P % ™ %4 09 & 3% mt 55 (Complex spectral mapping based two-stage network,
CTS-Net™)) 1 344 B4 A (Dual branch fullband (DB-Full) .Dual branch subband1(DB-Sub1) il Du-
al branch subband2(DB-Sub2)) 5 T4 IDBM-CFB #E47 F 8, T A A6 70 4 12 PR AR 7R

CRN FI DCCRN: CRN J& & T WS iy 8578, & R F A 5 52 25005 e S5 1) 20 42 10 0 1 v 4 5 52 B0
14 S R R A8 o CRIN AL 55 — A Gt fih 25 R 19 A ik B 248 , JH o o 5 2 B 45 Ak L 552 3408 Rl 368, 79 A fie i 2
) B T Ak B S R R S L A A A AR MR AD AR Z A LSTM Z 2% 25 5 Mt 1 F /5 8 . DCCRN &
X CRN By el A A, SR B 90 52 4000 B3 11 52 5008 I 246 445

GaGNet: GaGNet st — Ft Fi] T FL 38 18 7 7 3 5 19 52 B0 22 B B RS % 2 > HE SR 0 5 0033 R iE 42
BB S R HE B 9 4 O -BE B B o 78 B S - LR B rh 2SS ALK S D0 A6 AT 55 0 A0 2 5 S i R i
B S IR AR AR AR 1 B RO A A R B [ AR ARG A T, TR S R B T 2 B Bt
2 WS G B T - AR DL R A A5 R

CTS-Net: CTS-Net s — A P B B 2 B0 e 565 190 2, 78 55 — B B, >R FH R0 B8 AL Ak 3 190 288 Al 1 i 2
T, AR5 5 I b0 R AL RS 5 W0 20 18 B 5 S R0 s 7R 58 B B, S RO A A N 45 LLEUGG R E — B Be A
B0 2 HGEVE LA U8 S B[R B 3 — DA R i i R A A5 R

DB-Full \DB-Sub1 #l DB-Sub2: DB-Full j& 4§l XU s AL, 5 IDBM-CFB A LE , 16 2 B3 52 i
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H TR, L A S I R 1D A AT AT 5 8% 3 s DB-Sub 1 & Fai MU B A7, 5 IDBM-CFB M [,
P S o 1) A5 AR A 5 B % 386 s DB-Sub2 5 IDBM-CFB A Lt , B> 32 B b )4 15 B Rl & S5 & s i bk,
HE {5 B A &0t 22~ ECA B,
3.5 ZWERMOM

X BASE G TR T AR SC 00, R 3 A T ORI PESQ A STOLAY 45, 4501 T K[R8
SDR I CSIG 4554, R 581 H T AR AT CBAK I COVL 258 .

#3 FEH#EETPESQHMSTOIHITHEER
Table 3 Evaluation results of PESQ and STOI under different models

- SR/ PESQ STOI/%
100 —6dB —3dB 0dB 3dB 6dB Ave —6dB —3dB 0dB 3dB 6dB  Ave
Unprocessed 1.14 117 121 1.29 1.40 1.24 7255 77.63 82.05 86.36 89.51 81.62
CRN 610  1.58 1.78 2.00 2.22 242 200 85.86 89.62 92.07 94.22 9545 91.44

DCCRN 360 1.68 1.88 2.09 230 2.50 2.09 86.23 89.94 9244 9443 95.76 91.76
GaGNet 594 1.88 210 231 2,53 270 230 88.10 91.00 93.10 94.90 95.85 92.59
CTS-Net 435 1.83 2.04 224 240 254 221 8847 91.58 93.47 95.00 95.99 92.90
DB-Full 147 1.73 1.95 217 240 259 217 86.43 90.04 92.35 94.50 95.69 91.80
DB-Subl 333 1.78 2.00 2.25 249 268 2.24 86.67 90.20 92.48 94.56 95.74 91.93
DB-Sub2 339 1.81 2.04 228 252 273 227 87.09 90.56 92.80 94.77 95.89 92.22
IDBM-CFB 339 1.84 2.07 232 256 277 231 87.58 90.93 93.10 95.00 96.10 92.54

£4 A EHETSDRFCSIGHYIEfEE R
Table 4 Evaluation results of SDR and CSIG under different models

. SDR/dB CSIG
—6dB —3dB 0dB 3dB 6dB Ave —6dB —3dB 0dB 3dB 6dB Ave
Unprocessed —5.84 —291 0.06 3.04 6.03 0.08 208 227 248 2.69 293 2.49
CRN 7.74 9.99 11.97 13.79 1546 11.79 3.13 3.38 3.60 3.81 4.00 3.58
DCCRN 10.15 12.15 13.94 15.61 17.11 13.79 290 3.17 341 3.65 3.86 3.40
GaGNet 10.74  12.37 13.75 15.15 16.28 13.66 3.43 3.66 3.87 4.05 4.21 3.84
CTS-Net 11.02 12.89 14.41 15.71 16.89 14.18 3.3¢  3.58 3.77 3.94 4.08 3.74
DB-Full 8.95 11.22 12.89 14.63 16.07 12.75 3.34 3.58 3.80 4.00 4.16 3.77
DB-Subl 9.24 11.37 13.07 14.75 16.25 12.93 3.37 3.61 3.84 4.04 421 3.81
DB-Sub2 9.14 11.38 13.15 14.91 16.37 12.99 3.40 3.64 3.86 4.05 4.24 3.84
IDBM-CFB 9.30 11.60 13.31 15.02 16.64 13.17 3.44 3.67 3.90 4.09 4.28 3.88

WSR3 A5, BN A5 B RE 5 BEOR ECA B 3 77 T 1Al JIr S A5 Y 1) A Ak 1k

(1) 434 % Lt DB-Full #1 DB-Subl 1y 52 4% 25 3, AT DL & B, 43 45045 5 19 DB-Subl 25 5 b 42 0 4 19
DB-Full 45 R # A 5 , PESQ# & 7 0.07, STOI 4/ T 0.13% ,SDR#£ & T 0.18 dB, CSIG# & T
0.04, CBAK # T 0.05, COVL & T 0.05, 2% B 33 Fft i FRI ST 2847 20450 i) JEVARUZ A5 2000

(2) 15 B Rl & 548 356 810 . % [t DB-Subl #1 DB-Sub2 i 52 56 45 5, ¥R A5 B & 5 1% 3 A 5 10
DB-Sub2 45 5 H G £ B il & 5 % 38 515 1) DB-Subl 45 SR #0 A of — 2 5, PESQ 42 # 1 0.03,STOT 2
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x5 AEEE T CBAKFI COVL HIiE &R
Table 5 Evaluation results of CBAK and COVL under different models

— CBAK COVL
—6dB —3dB 0dB 3dB 6dB Ave —6dB —3dB 0dB 3dB 6dB Ave
Unprocessed 1.55 1.69 1.86 2.07 231 190 1.52 1.63 1.78 1.94 2.12 1.80
CRN 2.31 2.55 2,79 3.05 3.28 2.80 2.32 2,56 2.79 3.02 3.22 2.78
DCCRN 2.34 2.8 2.82 3.07 3.30 2.82 2.25 2,50 274 297 319 2.73
GaGNet 2.66 2.87 3.08 3.26 341 3.06 2.63 2.86  3.09 3.30 3.48 3.07
CTS-Net 2.65 2.84 3.02 3.17 3.30 3.00 2.57 2.80 3.00 3.17 3.32 2.97
DB-Full 2.43 2.68 292 3.18 340 292 252 2.76 299 3.22 341 298
DB-Subl 2.47 2.71 298 3.23 346 297 256 2.80 3.05 3.28 347 3.03
DB-Sub2 2.48 2.73 299 3.25 349 299 258 2.83 3.07 3.31 3.51 3.06
IDBM-CFB 2.51 2.76  3.02 3.28 3.52 3.02 262 287 312 335 3.56 3.10

77 0.29%,SDR4ER T 0.06 dB,CSIG #5517 0.03, CBAK42% 1 0.02, COVL 2% 1 0.03, £ WA 1E
IS Z BN AT B Rl G 5 e 8 AR ke 1 N R 2% S I 1 28 ELPE SR A RO .

(3)ECA B Xf b DB-Sub2 Al IDBM-CFB 1Y 52 5 5 5, % 5 A 7417 27 3 105 B e H ECA B sk
A FHBCRL B R 45 R T B R 224 T B AR B RS S R A P S, PESQ R T 0.04,
STOI$E /& T 0.32% ,SDR#2 & T 0.18 dB,CSIG#2&/m T 0.04, CBAK#& & T 0.03, COVL #2751 0.04,
XRWIR H R 0 ECA BEEHE B 7 5 B T 8 G 2 A R0 .

WAL LA BT LUE AR A AR T A R AR E A TS B RS 5%
BRI ECA B T2 S B IR KA OL T AR G 4y SRR Bty 4 T 1 A28 1) Rk
. PR, Zr i A5 SRl A 5 % s AR R EC A B HUR A SO H i IDBM-CF B $2& FF B 36 15 & 4 5 M
[HAES 8

% Ja , % Il IDBM-CFB . CRN #1 DCCRN, 7] LL & i} , IDBM-CFB G AL 75 (19 15 & B s 1k o XT Lk
IDBM-CFB #1 GaGNet, IDBM-CFB By & £ i i /> T 255 J7, 1 Ho 4 B SDR LLAM 9 7 45 % W8 A1 32 4R
Fr b ik %] GaGNet; %f H IDBM-CFB Al CTS-Net, IDBM-CFEB (& 3 & Jfi /b 1 96 J1 , 1 Ho /e [ STOIL Al
SDR PAAM TG &0 A1 0048 bR 4t CTS-Neto SR, 7 6 M IFM e 4n , IDBM-CFB A 41~
P38 5 bR LR AR 2 5 AR i — S s AR AR R R 0 B R S B 4 el D S AR Y
4 LERIE

Bt N B3 T T 0 R ) R, AR SORE TR O B R A b FUSH MRS S IR 2 IS L S
SR G 5 A Jof AR ORI R A0 T A 0 O R S R R A S B LS R L R T T I
S B A2 HE XS AR (IDBM-CFB) . /£ WSJO-S184 18 K 1 F MUSAN Mg 75 42 HE4T 11 2% 3 iE
ML L5 . 2525 R W] IDBM-CFB fg % LU T /D i 2 8 i, 76 K 43 % LA 32 UL PF AN 6 A 3k 5]
BRI XS LY RE LAY HE T T A G T R MR
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