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Abstract: In recent years, with the rapid development of speech processing and computer technology, it is becoming
more and more prominent that the importance of human-computer speech interaction. Among them, speech separation is an
important task to separate target speech from mixed speech. However, in the famous “Cocktail Party” and other complex
open environment, the separation of speech is far from achieving satisfactory results. For the multi-speaker scenarios in real
life, this paper is based on dilated convolutions neural network and bi-directional long short-term memory network, and
presents an audio-visual fusion speech separation model DCNN-BIiLSTM. In the training process, the model searches for
the corresponding visual information through the audio number, and the visual information can focus the audio on the speak-
er in the speaking scene to enhance separation effect. Experimental tests are carried out on the AVSpeechs datasets, and the
separation effect is evaluated by using PESQ, STOI and SDR indexes. The results show that the proposed method improves
the speech separation ability by 3.73 dB compared with the traditional speech separation method.
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i AU IRME TS . X 280715 U N RBR 2 7 S HES I A7
K TEVN R E R 5 PR 28 AN B 58 4 DL AT, fe 2 300
sitg AN B EL X I 0 H bR . A AR 2 T 81 HE S [
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Visual, AV) IS B, 1 T1Z 05 B AR BT 2l X 0Ok 27
JUEAFAE , IF B A5 25 BT A IR AR A 5 1] LA
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Hor, AVS, FlIAVS, JE5 [ AVSpeechs B 42 (19 A [A] 5
ARG T B s Mix 2R A TR &5t
3.1.2 SENEE

DCNN-BiLSTM A5 {14 5 45 i AL i 34 R 25 T A
FEUDR) 26 b B, 6 X A0 I8 20 17 25 T 65 FREE AN 2 7E 1 024
£ TN 8 /NS T T I i W (1= e L1 M v e B
b 3 B S T AT AR B R A 16 kHz, S AR E
YWt M ZE R IE L STFT R F K 25 ms, 7 AR I
T, WiEE R 10 ms, FET () K/ R 512, 1RG5 A4
3 s, REESH N 16 kHz, 2815 A 35 50 0B 1E
257 F1 298, A< SCXF AT Y B b PR S B B AR 1
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FE A BRI B, 38 G #5555 B R R A T
AR O, DARERD 25 WA SR AE T 3 s B EA T
FAE BT 7 A 754 NI AAE R A AR , o3 4,
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1 DCNN-BILSTM #E M ERRZAEMESH

Layer Num Filter Filter size Dilation Context
1 96 1x7 1x1 1x7
2 96 7x1 1x1 X7
3 96 5%X5 1x1 9%x9
4 96 5%X5 2%1 13x11
5 96 5%X5 4x1 21x13
6 96 5%X5 8x1 37%x15
7 96 5%X5 16x1 69%17
8 96 5%X5 32x1 133x19
9 96 5%5 64x1 261x21
10 96 5x5 1x1 263%23
11 96 5x5 2x2 267x27
12 96 5x5 4x4 275%35
13 96 5%5 8x8 291%51
14 96 5x5 16x16 323%x83
15 96 5%5 32x32 387x147
16 96 5x5 64x64 515%275
17 96 1x1 1x1 515%275

%2 DCNNBILSTM =B SAR M= RERESH

Layer Num Filter Filter Size Dilation Context
1 256 Tx1 1x1 Tx1
2 256 5x1 1x1 9x1
3 256 5x1 2%1 13x1
4 256 5%x1 4x1 21x1
5 256 5%x1 8x1 37x1
6 256 5%x1 16x1 69x1

P T 5 155 5 IR & 15 5 T 0 8, IR i
W TG B I 26 R AR S D R Y
—HIEF O B TERE R N, 2 4T AHE S IR A S E S
Wil B 2 4T el i i i 1 R T DCNN-BILSTM
o BB R A 1 4 B E A5 B W W 2 4y B R
BT EIE S s

5(a) 2 1B IR A RTETE IR, 2 5% E
S (b) WY TR S IR (42 ) R R S (o) B TE RS B (22, LA
KPS (o) i A i I () AL S (o) P A i 1 ().
FH G RT D, AR R BRI 5 R 43 B Ok

TG PEANAGE 3 5 PSR, ML A 2 75 RE R AT
B B F B B AR RE PP, 40 B AR ) 40
SO IRE LR R SDR PEM 64 , 28 R AR Hh B HLEL
3G BAEMB A BT, AR,
JE£ T DCNN-BiLSTM i ¥ 43 25 458 U X N [F) REPE TR & 1
BB S BRI, I 5 R A BB RS 1T 43
BN, 25 R 3 frs . Hid M1, M2, M3 R 3
PE B 5 FLLF2,F3 8RR 34 LA . 7553
o X TR A TR MI+M2 KU, 1T FR M1, J5 3 R

M2, HAB AR A1 & IR 2 it .

1 % 3 A] %01, DCNN-BIiLSTM i 35 43 B A5 8 S HE &
T M1+M2 #E 1740 5, 40 85 0 M1 G & 1Y SDR H N
15.1 dB, M2 15 & 1 SDR B0 14.7 dB, AH L T~ AV #24Y
3B H M1 SDREFE T T 6.2 dB, M2 15 1 SDR
AT T 5.4 dB. 3 3 Th A A 45 AT LA45 i  DCNN-
BiL.STM #5254 (15 ¥ 73 B RCR A W W g 4 7. 55 40, X
EAGEE RPN d SN NS == U
W, AV BT B A RN 55 AR IR A T 1 40 B F- 34 SDR
99.1 dB, Ifif DCNN-BIiLSTM %} H:i%& ¥ 9 43 B SDR {H ik
£ 15.4 dB. 3R 3 PHAWEAE vT A, JCIe R R TR A
B A R SRR AR & 2 B, DCNN-BILSTM #5
BRI 3 BS RO T AV A5

St HE A BT AV AR RN AR SC I 9 DCNN-BIiLSTM
BERUAE 2 MBEF RS T I P15 2 B8R I AR S
JT R R R TR 22 B ] B ) 3 0 S e U 3 42 %
PEF FH PESQ & . STOI i #1 SDR B #EATIEMY , 43 85 ) i
BT S RN 4 s

Hy ¢ 4 7] 01, DCNN-BIiLSTM-15 £ % 43 85 18 35 1
i SDR {fi 4 14.15 dB, i& 5 2 i SDR {5 & 15.88 dB, 4
FoF AV ARS8 i 1A SDRAEETH T 1.55 dB, i
T 2B SDRAEIETT T 4.08 dB, %f [1.2 4 ) PESQ E Fl
STOI{H , 16 B DCNN-BiLSTM-15 £ %I X} 18 & 4 43 55 3%
BT AV

K FH 55 233 31 2 FRUBRAZ A [R] 1) 385 3 o LR 42 1
CNN-BiLSTM £ £ 73 &5 11355 1 (9 SDR{E 4 12.73 dB,
T 2 B9 SDR {4y 12.02 dB, & DCNN-BiLSTM-15 & 1
A3 e B 1B SDR {EFEAIL 1.42 dB, i & 2 1Y SDR
AR T 3.86 dB, X Hb 2% 4 v 19 PESQ {1 1 STOI A , 3%
B el FH 2 T 2 BR b 28 AN S RB I8/ I 45 1 52 A= B T L
AT LA H T R U915 . DCNN-BIiLSTM (25 [ # 4
A3 SOOI 43 A EE T 1A SDRAA M 12.35 dB, i 21
SDR {H 4 11.45 dB, #] tt. F DCNN-BIiLSTM-15 5 1 43 5
HET 1A SDR{EFEMK T 1.80 dB, iE 35 2 11 SDR {H [
KT 4.43 dB, X L 3% 4 " Y PESQ {E A1 STOLH , 15 BH #1
L3 SN A 8 0 2 A ARG B 0 B A

734, DCNN-BIiLSTM-17 #5453 2§ H1 153 1 19 SDR
i 15.75 dB, i3 2 14 SDRAE M 16.11 dB, T AH I T
DCNN-BiLSTM-15 #7153 25 it 118 & 1 flif & 2 19 SDR
B3 942 TF T 1.6 dB F10.23 dB, 31X ¢ B 184 i 9 2% )2 %4
SR B W AF 4 B AR . AV R B i iE T 1
SDRE M 12.6 dB,1&E & 2 SDR{E N 11.8 dB, —FH ) F
¥4 SDR {fi & 12.2 dB, DCNN-BiLSTM-17 #& %4 3 &5 1 )
3 1 E T 2 89°F- 2 SDR M 15.93 dB, L AV i1
43 B B ()34 SDR A /5 3.73 dB.
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5 Sk
3 ARAEANEESEHSDRE
AV A DCNN-BIiLSTM #5754
. _ L _ i i
i J5#& FHE i e M
MI1+M2 8.9 9.3 15.1 14.7
9.1 154
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PESQ STOI SDR PESQ STOI SDR
AV R 28! 2.50 0.71 12.60 2.26 0.66 11.80
CNN-BiLSTM 2.65 0.75 12.73 2.54 0.69 12.02
DCNN-BiLSTM(Z= B A543 37) 2.40 0.68 12.35 2.11 0.56 11.45
DCNN-BiLSTM-15 3.24 0.80 14.15 3.04 0.86 15.88
DCNN-BiLSTM-17 3.35 0.87 15.75 3.30 0.90 16.11
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