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Abstract: Most of speech separation systems usually enhance the magnitude spectrum of the mixture. The phase spectrum
is left unchanged, which is inherent in the short-time Fourier transform (STFT) coefficients of the input signal. However,
recent studies have suggested that phase was important for perceptual quality. In order to simultaneously make full use of
magnitude and phase, this work develops a novel end-to-end method for two-talker speech separation, based on an encoder-
decoder fully-convolutional structure. Different from traditional speech separation systems, in this paper, deep neural net-
work outputs one speaker’s signals exclusively. We evaluate the proposed model on the TIMIT dataset. The experimental
results show that the proposed method significantly outperforms the permutation invariant training (PIT) baseline method,
with a relative improvement of 16. 06% in signal-to-distortion ratio (SDR).
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HESENHRZEMNRSWIE S EHH
PRIES , PR g R S 1, R AT
RGN VIR S MR G & b &l B 2
MHRIRAE S (HIE X T B SRR Gk U Ay
SRTRME, U HR AR B S LT o TR AT R
HE R — MR E SR H IR, BRILZ AN, R
BRI AR 1 R R RS B RTR AR, A E
LR T BLIE T ()T S S R

TERL LML TAF, T i o 38 2 15 2= [n) i, B
FHEMNC &M TRZ 2K, Kb, i a5
( computational auditory scene analysis, CASA )"’ 5t
BRIz A T 3E 7 46 B 43 f# (non-negative
matrix factorization, NMF )" &5 4h— /AN 4T 1 7
2L B HR ] AR S RS
KT T8 . HE, X T 2 UliE A IS & 5
HKeiit CASA F1 NMF B RCRA R

W JUAR TR EE 27 2 7RAR 22 S AR IS 1 AR 4 1Y
PERE. SR R &, VR 2R # 2
G T RTRERIWIES BT LY. M
S, T T UL N ST A 2 Ul TE TG A Bk U, H
MEASTE T AR 25 BRI 1 5l & 2 HE 9 )8, AT AR 45 A
P H T Wigk B ( permutation invariant training, PIT)
Fa] T2 5 B HES AS A5 P 1) 25 (utterance-level PIT,
uPIT) J7i ™% o AT 3o B — A Fe /N i 22
AIHESIAE I 5 H bp ok il e ix — ] @, it 4, Her-
shey &8 N$2 T 53 AT J7 2 8 g ke 3k A4 1) it
B HE B (deep clustering, DPCL)™' o fl ]3Il 2
— TR )2 O L8 IR A ] B, S A i A o) X A —
AT AT B 2 R A B AR Y 1 (B iR A%
GilyJy ¢, PIT, uPIT il DPCL XA % B i 725
e (%) WRAELIE A 1G5, SR 0 T AH AL 35 5 AN AU T AT
AbFE

(HJE: , el O RIF 52 22 A0 3l e ot K 7 33 A
AT DA = o B 5 e B A, X S R
E ST 5T R 1 s A i 25 4 1 0 S Y
P Williamson 28 AN 4R T — Bl T IR Y
M2 ® 4% ( deep neural network, DNN) B1E T 20 & 7
Mo MATT R S B A L it A2 45 (short-time Fourier
transform, STFT) %) 22 8053 Ji S BB FHRE T , 4R )5 3%
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C12 ] rp Al A e P — b 2 S B 2 M 48 v ) — A
FEL P TR & STET Z 82454~ HARIEOR A o
TEE BRI, AT AT 12 ] i TR e 2L
T LR IBURHE , O BT 8 A0 AR .

ST, g 3 i ) O VA AR 2 U IS T B
AR, L5 I B A R AR Pascual %
N R T — o F o 4 5 R D k. AT
FEAH B b A AT AV S i AR AIE T A 2 ]
STEFT (1) %L, S8 5 It i & b LA HAnfE 5.
PR EHSAF S & T AR B, B LSCRE st mT DA
e LS8 iR 5 10 AF 5 1% AS i ek 8 Y ), A2
Pascual 85 N1 JE &, A SCHR T — B ik 74 B G
it fi5 4% ( convolutional encoder decoder, CED) [{] Vi
)9 8 15 N ST 5 1 7 . B Pascual 5§
AR, FATTAS I A7 18 o R M T R 08 & A 15
N 58 R 58 7] IR 2 55 19 IR 5 185 & Hh o
HE OSBRSS R R S 2 AN
NS T AR A e, 56T, AT N 2 K
2R — R i HORTE — AN U A, R AR
3C CED i 2% H iy — > HARBETE AR & o
RA SR XA UG NG B 3B, B LA, O3 4b
— D UEE A BT 0] LLTR & o 0 ) 2% i s 1)
B PR

ARSI HARER AT o SCRES 2 Moy F 2
I BB T A (25 o SCREER 3 Ty E A AR
TASCHR I IR & 87 . SCEES 4 FF it 5
XA RAAT I SCEER S AR XA SCHE H )y
T RS

2 SREMEESR

CED 45y B B g i a 1R 26 bl CED LU 3
2 4% (recurrent neural networks, RNNs) £l T
BARZSE WA, B — D ERAIE BT
FE, KA B AMER RNNs {722 [0 54

CED f34& 1 XIFR 1) 2 ih )22 A i i )2 (Can &l 1 file
) o TEGMISIT B, AR T y (1) il it — L8 FRR
YOI LSS, e — R ERMKEHA —1Z
B H R 2k % BA 0 ( parametric rectified linear unit,
PReLU) 3% sk

e=fp(y(1)) (1)
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Fig. 1 The architecture of CED
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Fig.2 The flow chart of the proposed end-to-end speech

separation method based on CED network
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Horpr, TARRIE S WG o PRI, 4525 R EICH 152
ZE YA
J=J,+J, (8)
T T AR R BB T T, o X
JoEJ, 5, WAL B RS T EE AT RIS A
2 5 B, R, LAk T B, g, 5 T, ERET AR AL
b, B, B UE i AT LA DA KT 2 2 A B
EEDEER.

4 LIWREERSH

4.1 SKIGHIRE

FAI7E TIMIT ™ B 4 1 30 U A< SCHE Hh 1
Bio SCA I B R A U AR & 1 & 20 5
U, FRATTIN TIMIT %e4fs 12w A k228 W 1630 A\ i
TR A KA AT E A

TIMIT %l — 2L 630 57 Uik A, & i
10 A)35 . IR dE b db Ay 4620 A) ik, Horp B 1E A
3260 ], LA 1360 4], ASCHYIZREESZ N TIMIT
YA Hh BEAIL Bk 32 H AN [] 40 3 A1 /) -
TIRE, IR S 15 M [t ( signal-to-noise ratio, SNR)
A0 dB 2 5 dB #5) oA, XTI SR
50820 )i, BRUIGRAE 0™ A 7 20—, A STy
A IE M TIMIT 15 1680 /)l A4 rp Fifi AL Bk 326 HB PR
AR AR 8] F TR Ao 77 A g Il 42 2t
£ 18480 AJiE
4.2 EXWiEE

MHEATINZRAY g, FEATHIE 3h &0 1 3R P
Yoo B R/N 16384 4> i, RAHEE — R (P (g
T 50% MES) o 7R A B, FATAUL AT
e DRI S (HRE A EE ., REH0NEn
— RGP T AR R AR B e Ja DFHER i

XRS5 4, CED W 2% Bt A1 46 22 446
FRUZ R IR 0 8 [y 31, B K& 20 TESw S
W B, 2N Y 58 3 A8 15 5 A A I, 3 AT 4 n 4
JE U A A E, I RE R TT DA R B AR AR R
—JERYEARLGE RIS (FEAS R RRAE A ) 16384 x
1,8192x 16,4096 x32 2048 x32 , 1024 x64 , 512 x64 ,
256x 128,128 x 128,64 x 256,32 x256,16 x512, 8 X
1024, Horr, BEHLIME R 2 J&—1> 8x 1024 4 & fY [1]
i, IRMIES AN (O, 1) o fEfR BB, T B B
S B BOR XS FRIG BEAG F , PR T — 2 B R

2l i 9 B AT [R) R 1 208 5 i B 2 P08 5 4 A 500
B2, PR A Bk 2 e O A7 T8, BT LLURR AIE B S5 1) 4> %
TR B A

AR SCHRE I SR R I 258 50 50, L5
YR S RMSprop! ™' 2 ] %45 0. 0002, 4 K /)
J& 100, Xt F CED R 45 1) 2 % £ 202 2 7% Uik
[14 ] BER

ASCIHELR R GEE T2 uPIT™ o XFF uPIT
PR SR BOE , RS (8] A ST
PRAS IR A L (L (TAM,, Teal Aplitude Msk), X F*
W2 250, AT TR LSTM A7 I 25, )2 5 A
1024 ANFZ 5 5, 5 T FBCE N 00002, A SCHYHi
A AR 2 22 ek STET S I 257 ZE iR B

ARTER TR bR AN TR EMAG S, FY
S FCHE(SDR)™ fiy 4R 5 {1, (L FK y GNSDR, LA
BT & 1 BRI PR Al (the perceptual evaluation of
speech quality, PESQ)"™" . & 14) 12 A T1EM 15
B R R A PERE , AR RO S8 5 Y PR RE BT
4.3 LWHER

WK 3 FioR, JEén THEARIEE ST T
GNSDR f{E. i AR SNR JZ2M 0 ] 5 dB, H i,
LA R RA SR M 7 k. O T HIEBIA S04
HE AR R B AT SO FRATIE XS L T RAE T T, A
DGR BRI AN 2 T, S5 RANE 3 R 2R iR I
Hb, O TR A AL 0 2, RATHIR A 18 & 1Y
ARRLR s A S35 JE T WAL S, 45 R A ]
3L TR, BJE, WA RN A S L
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Fig.3 The result of GNSDR
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PAK B, i SNR 40, BT A 05 15165 7 B i 1k
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NGO PS8 S e (B S C R P e A LN
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B AR A A SO B R S AR R
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REAERFIE 22 7o PIRCUER] T AR AL 5 X T35 5 20 8
SEARTE BN o TR, AN o R (L 5 o1 A X A £ 3%
AT S 5T o B R RE . IO AR SCHE
7 B R AE S b R T Y, 3 TP & T R A A
FEOLAR B, PRI A SRt F) 075 75 X0 W L A o 5 7
PEAT THE SR AL, AT K B, A FA i IR
B AL I3 B 5 1 o B R AL, (HR
B PEREATIOR E 0 T uPIT BT . XUl 1T, A
SCEEH A TT LA 2 A IR (E TS 2L LE uPIT 4 X2
O BT A T IR S A7 A O AR A7 0 8 [
AT R (A A £ S, SR A T LA L
5i , DT 45 23 B O PR RE N7

e, S, AR B T, i T, 5
Jo BYFD T AR A5 K pRE0RT LAAR W] S 4942 7+ GNSDR
M. XRW T 5 5ME 1, HLE, f/ME T TR
FIEAFA o B ROCR . XM, T R EEA TR
AU BIE S A A5 B ] LA RIS

PR , PR T RT LAE AR XS 5 2 204 B T 16 &
IrEEROAE B, N3 5 70 B A o

F1 SNR MO ~5 dB X T & 70 8 7 i
GNSDR Hy~F-¥{8
Tab.1 Average GNSDR(dB) for different separation
methods on 0 ~5 dB SNRs

Tk GNSDR
uPIT(3£4k) 6.97
T T, AR5k R K 7.09
{58 FHIR 5 AR L 0 25 5 1 o FR R 6 7.27
AR TT 2 (], +),) 8.09

F1 R T SNR M 0 ~5 dB, Xt FAR[R 1iE
538551 GNSDR [P, R 1T RATRTLAE H
ARSCHE T R B B AT uPIT 7k, A
Hiid, B uPIT J7 340 EE, X F GNSDR B AR SCHE
B R T 112 dB AR TE T 16.06% o X4
SEIH T X F WA ULGE A5 B AT 55 AR SCHE
Ty e

Bl 4 J&oR T — A DA v i % 1B i 5, AT ]
g1 HARiE T (a) ] uPIT J73E 20 B TR &
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4 FRATRT LRI, BR H AR T 1585 A1 F e, AR S
()7 4 BE 06 AR B i AR A7 38 ke, 9 HL L IR g i AR 75
Wi, XRUNEA WIS 5 5 ARG o 85 1 ok,
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Fig.4 Example of target, the proposed system and PIT processed spectrogram for a speech segment
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I (&1 rh G5 s Y JE A R ) |, i 3
AGE T uPIT J5 ik AR R & o B T AR = 1R
B —E T

2 ARRGH MOS {51 PESQ 7443
Tab.2 The MOS and PESQ results of different systems
7k MOS PESQ/dB
uPIT( 3£4R) 2.70 1.55
ARSI +T,) 3.61 1.86
BRI s 5.00 4.5

N T XA SCIR Ik SRR R G M
P, AT XS A SR 77 32 uPIT B2 R 4t ik
1 EMP-F#557 (MOS, mean of score) o SEHR 25 2R
e 2 Jes , FATLA R 0 T B SR o S o
275 SR Ja NS FREALE 10 A0, 1k 6 iz A
FHEE LA BT FWFIAT 730 A 2 Fefl]
LA A SCHR I I D7 A W B 2T uPIT JEAR R
48, MOS PR RIS ST T 33.70%

BEAh, 2 2 30X HE T AR SO HE 9 7 35 A1 uPIT 2%
ARG PESQ 735y MR 2 Al LU Y, A SCHR
(771 PESQ #1373 WA % TR R 40 uPIT, HiAG 2
M 1.55 dB $2 73 1. 86 dB, AHXS$2 T+ T 20% . 4%
SRR R IIA ST R Ik A

5 #it

PR S, RAINH T —F T HER &
W 25 1) o 380 S 1 0 1S T . R T R o AU B R
A5 B, A SCHE i vk 2 3k e s R R AT
(o BLAM AR SCAARE Y 2 5L F 4 FR G ik 0 e DO 2 45
P, AR TR F At 3 T TR 88 2 20 i Ul i A 57 1 i
AR, AT & i s A — AN U A RS
B FIEE R, AR SCHR T IR E B ke
B . 47F uPIT J5 %, GNSDR $EM #8 bR X £ T+ T
16.06% , MOS {EAH X #2F+ T 33.70% , PESQ 153
FXFEETE T 20% o XUEBH T A7 ik A 50k
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