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Abstract Recently, speech separation using deep learning has been extensively studied. TasNet, a time-domain method that
directly inputs waveforms, converts speech into features by convolution, performs separation, and reconstructs waveform by
convolution on separated features. The convolutional filter is called basis signals and is trained to improve separation accuracy
between speakers. The separation performance of this method is greatly degraded when the speech contains noise. Therefore,
we propose TasNet with noise basis signals (TasNet-NB), a method to improve separation performance by adding noise basis
signals to speaker’s basis signals. We evaluate the method on WHAM! dataset and show that it improves SI-SDRi from 13.7

to 14.6.

Key words Speech separation, single channel, time-domain, deep learning
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UTCEiE & & IHEE DEIERE S DIERK %17 5 F1% TasNet with
noise basis signals (TasNet-NB) % {289 5. FHIFIHEOH
MR EFR TS, F72, T2k Y MIBITHEEOMEN
BRBBEAICHNI T2 H) Fa7 2 E2HTT5.

2. ek R

BFYRINERESHTIER, ANTIEAEEHEOHMBGES
x % CADEEHE s1,...,5¢ BT D, WHMEEY A5 A TlX
e I NIAE5551, .., Sc L BIRDIES 51, .., 50 & W HHEKBIEK
% Scale-Invariant Signal-to-Distortion Ratio (SI-SDR) [4] % H
e LTEEZTD.

2.1 TasNet

AFETIEZ < OIFEFHIK Y A7 ADIEIZ7E > TS TasNet &
EHTS. 2y M7 —JOfEEZM 112509, L Asteroid
Toolkit [5] % A =

2.1.1 2y MU —UkhE

FTHHMNROBEEFOHIESE 7V —LARL T8I
LR2FTOTHUANLREY > T x, 2155, kfHADE T AV
N x; 128 UC, Encoder 2 & > THREE v NDEHEITS.

Vi = ReLU(Conv1D(x;)) © o (Conv1D(xy)) 1)

ZZT, 220 ConvlD I& 1 IRILEHAAETHY, THTH
D7 « )& % BEncoder 1251} 2 EHE(F S B¢ &R, RelLU &k
151 ALEA %X Rectified Linear Unit 2 R U, oldY 7 &+ R Z
KT o7 HY—IVFERT. M EONEIZT — MMHE CNN
LIEERN D [6].

RRFIT—Z THD K DT AV MNEDEEEDE T IV
IZIRFERE=2 -5 )%y b7 —2 (RNN) DO LD TH DM
M - EELE (Bidirectional long short-term memory: BLSTM)
2V NI =D EHND. YATLAEY) TIAAL LIHND5HE
BT AW LSTM % fV 2. LSTM TIREd RNN (2
B2 AMHEEAMEEZHELTEY, RPKEFEEELZETIVET
5.

#%5¢ < Separator Tl LSTM & TD#HIZKi< fEEaEL Y /€

A REAKIZE>T, ANT2 vl UCEEEE C D~
I Mg =[my,..mc ] 2HNT5. 2T, YAZ m;; 13
Vi BT 2L i DEFROEHIGERTMETHS. HOLAETA
JEANT v T 208E%2175. ZOEE, v iU [7] T
5172 Global layer normalization (2 & V) IEBEZ1TS.

dix =vie Om; ()

%12 Decoder Tl Separator C#7z Rkt d; , e RN %
BIROAEW T 5. ZBHIZIE 1 IRTBEAAAE VS,

s; x = ConvlD(d; x) 3)

ZZTAWSBEAIARED 7+ V& % Decoder DEEJEE S BY
CIER, BAEDESIZUT, s; e RXL 2 UTHREFH DMK %
7%, BMRNIZ K BOKEEZREL, SiEa0nMi0EH%
BT 5.

2.1.2 H WK
MF Yy 2INEEPMOWERIZEWTALEHINT NS
SI-SDR % HIYBE# & L THW5.

(8, s)s
Starget = W (C)]
€noise = 8 — Starget 5)
[ Starget ||2

SI-SDR := 10log ()

10 2

Il €noise |l
ZIT,8tslEThTntERES LHEERLT .
yy 1Ex,y ODABEZRL, || x || L2 /IVAZRLTW
5.

2.1.3 Jig 5 [ &

FEEITOHTIE, 2y NI =IO IN~ s WEBE
IZIZEDFEEDEDTH DM DONE RN &S EFIE H
5. ZHUIx$ U T Permutation invariant training (PIT) [8] % ££H
U CHMBE L UTaAT % SI-SDR Aiuh & 285 & 5 IZJiEF]
EWOBZLHMEEZITD.
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TasNet Cld Encoder ¥ Decoder D#JE(E 5 % end-to-end 22
DR THR#ILL TS, —H, FEINLZHREFEORDYIZ
SHRA VY M=V Tt VANV I WD Z LT, SI-SDRi %
WETE D2 TEL, HEFBDOY A XEWS L TEMEEN
BEHLBENT LR EXINZ[9]. %72 Encoder & Decoder
FTRBL A HDAREGEE & BB L 256 TR 7 HEMEREA
HLBBLEVDFRERBB/ENT VD,
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3. BRERF X

TasNet with noise basis signals (TasNet-NB) % 259 5. Tas-
Net (2B W TFHEHE OILEF S ITMAME OLLRES 2 HVWE Z
ETHHEME T TRHESIINT oMM EIEs. 2
AU Z P BN % D B 7 DM D BRI LD HE 21TV,
FEAVFaATLFHEEATS.

3.1 HBOEEESOFEE

TasNet T end-to-end ¥ % 1T 5 1 C Encoder - Decoder D3
JEEFIIMMDINT A =& LFEBRIZFEE I NG, HEES BY(
x=e,d) B7V—LARLOES NEIZE > THEINTHD
EHADIENTED. LML, N 2HEFEOHREEGT S.

BX c RNXL (7)

F9, EZ2EERVFEZFOARDT—L2EY N (“Clean”) % H
WTEEES B 2%8 354, 20D X BY |E “Clean” DERES
TOFEAEMOMIZRLL TWd EEZ 5h,

BY = Ben ®)

LRY.

Rz, FEERDO DM IR THEE DO D MNERER 135 72012, HE
BOREESEMRT 5. FTBMOREES B € RV
EIED, TEORERSICHAT .

X X
clean’ Bextend

B(,nc = Concatenate(B ) € RIVHN)XL ©)

Z 2T, Concatenate 13X M DFEEZRT. MEz2a0EH
S HE (“Noisy”) IZBVT By ZAVTHEE LTI, By,

HMZBUTI/SS A — & & U CHEEHESICBY
DHAREREITD. ZOXDICERE2TH LT, FHEMODHE
PERE & (R D D ORI /ISR T 72 BY g W HEE 139 S 2 i RE
REEIES (1M2).

=B*

noise

Bx

extend

(10)

DL EB) . EHEONHILL ZMEORIEFS LT 5.

3.2 HMEOBERIEXROHE

Separator % Encoder 2 5 i /1 X N7 K5 E w e RIXN 5
FEBCEDIY AT 2 RDE HEENRE LTI AT Z C+1
MR UGB 721 TR HEOHMEICE L T ELK2HHET
5. MEORIKEFES LMAGOETHNTIRICBL | ZH
HOmEM, BY,, ZaEEOEMBICOAMNS &S IHIRY
5. EELEITNENRELDZBEHAAEEHND Z ETEEL
7.

N Bc:Iean Bc:Iean

Beonc ~

=

N'

B
= extend

B2 HEEOREESOER

3.3 MTAREBMNICECTH) F1S5L%EY

B ong ZRITHE ORE(ET B EFET O, M
PEEE N U TR ET T2 L ZE T I ROVATREMEN
Hd. TIT, HZOMNEEZBEBNIZECT A T2 T 4%
B2l 23, AV X257 L5FF ek, ARPEAHEL
BERD & 1R 4 178 U WS & BER U T < 2R HEK % B2
ZEWTERAMELZEDTHY, fHHLEAZTNORAITHL
WR A ZFPHIGDZL NI NV FaT AL o TEEGRK
CHEMREO A E2H>. T 2 Tl SN B2 BFEIZ/NY < ¢
5L TRATERZICHAIED 3EBEON) 2T L%
WUz, WINDOBEIZBWTEHRIBRBEOE T NV 2HHEE L
THWS. &b, #E2805FMMTHEONEZETVE 1B
BEEICEWTHIHEE UTHAL 2.

(1) BEWIZEBIIHCI S 20T —2%2y &Y,
SN tt#% 20dB [l EX € /27 —4%% v b

(2) ERMIZZEBICAVIHSEED T -4y M &Y,
SN kt#% 10dB [l EX € /27 —% %Y b

(3) EHENICHFHIIHVIHE 20T —22 Y b

4. = R

4.1 F—4tvh

WBHEOFHE S (“Clean”) I[ZFHVS 2 LA DRASZHEOT —
&t b wsj0-2mix [13] &, HZF 2 ELEF 2 (“Noisy”) 12
A2 TF—4t% v b WHAM! [3] 2 HET 5.

4.1.1 wsj0-2mix
DEFEORATHELUTC, YVINVF Y FIVEESHIZED
TIELHEAI NS wsj0-2mix Z AT SH. WSI0 2 —/SZ[14]
MWD 2 FEEE TV X LTERY, SN % -5~+5dB OHFHTT >~
SLAGERUTRAUVAFHEICEIEBERTS. ¥8ty bk
20,000 MEDFF 30 KIZ L DREEH, NV TFT—Yavey b
1& 5,000 fEDF 10 BFIZ L DRAFTENSRLY, WSJ0 I — /8
ADD B si_tr_s MHEATHY —HOFEHIZIEL TS, —
JCEMii Y M 3,000 D 5 BRI E DRAEE» 5 Y
WSI0 I—/8AD S % si_dt_05 & si_et_05 IZDAEG ENDEH
ERAWTE MDYy M BEOFEE 2 KRN, N—=Va v
EUT “min” & “max” MFFEL “max” TRFEFTZTD ST
WAL TWSDIZH L, “min” TIRRAZ 2 FEFD S bEw
FHOREIIZE V-~ ETRATS. ARTIIMLDZ < DOWF5E

-65-



L ARRIZ 8kHz @D “min” N—Y a v & AW 5.

4.1.2 WHAM!

wsj0-2mix 7 — &t v N &V EFEEBUHEVIRILE MES 7260
12, wsj0-2mix T—Xtw MIBRES2HE L U TRALZT—
Aty MEERLUZ. HEFRY Y7V AaBETY 7D~
v—yavs, VATV, N—, 742N, RERET
BRI NAZE0EHANTEY, SHEOMOLITICRZEERS
N5-6dB U EDFHLFEZFLEDIMEM LAV, T, HFD
SN kL% -6~+3dB DHFIFAT S > X LTHEIRL, EENKOD 2 5
FDO>HLHREDORKIW—HIIHUTERLUZ SN IR 5 &5
A VEEDTRATS. I, €5 —HDEEIIHLTE
U7V ERACTRER2TS. ey b - NYF—vay
Ty b - Bl Y S OIE wsj0-2mix T—F Y M EUTH
5.

4.2 xybho7—7

NR—=AFA & U THWS Asteroid Toolkit |23 1} % TasNet
ZDOWTHT S, HHz208IT67V—AR L4 2L,
Encoder $ & U* Decoder DIEE(FHDE N 1£ 512 &5 5503, M
HOILEESE N 1% 128 £§ 5. Separator (ZIE& S 600
D=y N&RKED 4 JHD LSTM 2#HH L, BBEOHE %K<
LSTM O IZiZ 03 0o Ry 77y M E#EHAT 5. FARKIC
S LSTM 2 i U T o ifttre 2 Ml 9 2 4%, V7V & A1
AT 4TS & SFB A LSTM 2 WS, ERKVIST
A—REEIFLETT L —2L7 —2 PyTorch[15] L T175. %%
N FH A X% 32 & LT 200 TRy 7R, EEHRITY)
fEZE 1.0e73 £ U7z ET3 TRy 7T/ F—Y a3 ViR
EDBWEHE LB GEITERIES. £/, 10TRY 70
fINY 7= 3 VIEANRE LRI BE I ER 2 EIRT S
early stopping Z f#f U7z, IEH{LE UT 1.0e™> DHEAREZ
AL 7. Bk 7V T) AL LT Adam[16] 2T 5.

I TIRFHEBD BN THEIZ 2 ATH I RN EREET B0,
A BDSRI DG E RS Y A7 AT 1 AT oA 2 Ml
TB LW HEEFRIIZITS Z L THHENAEETH B [17].

4.3 = BR

TasNet-NB IZ & > THiE 2 L HH QM2 T o /R &K 1
IZRLY. M OHEIE(E S (Noise Basis) HEH DFHMEKIELD
#5 (Noise Loss) 8 &V A Y F a5 A% (Curriculum) OF
T &2 EEERE 2 LT 5. FRIC IV E SI-SDR D43
Hpi2 Tl _EfE (SI-SDR improvement: SI-SDRi) % FH\ /.
HALIZ dB (FYRV) THb.

MEOEEESEHONTAY Fa 7 4EFLAL XTSI
SDRi14.6 & & 2 BEMERE S o 7208, MEX DRIEE S DAD
{#fHTld SI-SDRi14.0 & ¥FEA LidDTNE o /. ML D FEHE
AR DFHRE % U 72854 SI-SDRi 28 0.2 14 B U 7=.

HIEESICXL 20D ENZHEND S /28, Encoder &
Decoder IZB T2 HEEEFOMALEDLEE2EZ, T 2E0T

#1 #KHEEIZ& 5 SI-SDR [f] _Eff

Method SI-SDRi
TasNet (Asteroid Toolkit) 13.7
+Noise Basis 14.0
+Noise Loss 14.2
+Noise Basis +Curriculum 14.6
+Noise Basis +Noise Loss +Curriculum 14.6

2 SRS ONH

iclean B;(xtend %E,fé%@%%
X X Noisy Speech
O X Clean Speech
O O Clean Speech&Noise

*3 HEET I ORI

Encoder Decoder SI-SDRi | Curriculum
Noisy Speech Noisy Speech 13.7
Clean Speech Clean Speech 13.9
Clean Speech&Noise | Noisy Speech 14.0 14.6
Clean Speech&Noise | Clean Speech 13.9

FABIZEWTHRUA, 2y MY —IHEN RIS RRD
O, HEOBMEBLRDIRZITORVGE LT IHEIINT
THGREL 2. BIEES 2R 2 ICHEHTD. FHIIHWET—X
Ty hEWIETE LD ITamAL .

9, HTOEMEBIKOIEEZITDORVGEORER 3
IZF29. & EIT “Noisy Speech” D56, MG E GO FAEIHEC
BOWTAZIVFTEHUAZILERT. HBEDRERFSDHA
EROWTE SR L2 Z L 2R L 7.

RIT, ML OBEBEBRIOFRE 21T HEDOREE K 4175
. AUV FTEHUABE LHEEORERES AWV IEE
RO DRI B R L 2B UK. £/2, AVFaT
LAFEEFEAL RN SHEEOREIEFE 2 AW Tldomk
MEREASH B L 2R 72,

WINDOBEE MG DIEES 2 MM L 2 To MR
EEWEREFEOMAGDLEICH LAY Fa T AEEHEZEHL
7.

5 #% B

AFTIE WHAM! T — & v N & V723435 2 5055 01
% TasNet-NB IZ & 2 TITW, AWV FaF3L6FH%2TH>I LT
SI-SDRi # 13.7 5 14.6 IZ[M LU 7. F72, FHEEHED—D
CUTCHES OEMEIRLE WD Z L OENEZ AL -,

SHlE, BEEREDT—4% Y N WHAMR! [18] % Tl
BVEDME 721 TR < BHEMEDOMEST 1T 28 & MEEL 7200,
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