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Singing voice separation algorithm based on high

resolution network and self-attention mechanism
NI Xin, REN Jia
(Faculty of Mechanical Engineering &. Automation, Zhejiang Sci-Tech University, Hangzhou 310018)

Abstract: To address the problem of low separation accuracy of the existing singing voice separation
algorithms, a singing voice separation algorithm based on high-resolution network and self-attention
mechanism was proposed, which constructed a deep neural network based on the frequency-domain model,
used high-resolution network as the backbone network to ensure the separation accuracy, and integrated
the self-attention mechanism into the network to capture the repeated melody in the song. The process of
singing voice separation algorithm is as follows: Firstly, the short-time Fourier transform was used for the
time-frequency transformation of music signal to get the amplitude spectrogram; second, the amplitude
spectrum of song was separated by the established neural network to obtain the amplitude spectrogram of
the singing voice and accompaniment; finally, the time domain signals of singing voice and accompaniment
were obtained by short-time inverse Fourier transform according to the phase spectrogram of the original
song. The experimental results show that: on the MUSDBI8 dataset, the signal-to-deviation ratio index of
singing voice and accompaniment is 7. 68 db and 12. 85 db respectively, an increase of 21.52% and 1.26 %
than the benchmark model, indicating that the algorithm proposed in this study can strengthen the feature
expression ability of neural network, and effectively improve the effect of singing voice separation.

Key words: singing voice separation; high-resolution network; self-attention mechanism; deep neural

network; frequency-domain model

Wk B #7:2021—07—06 2% i iR 3 - 2021 —12—17

FEATH WA A R ARBFFEI H (LGG20F030007)

TEH A AR RA993— LT3 YL E M B0 AR, 2R e M5 5 Ab B )y B oE
WEEE F 4, E-mail:jren@zstu.edu.cn



406 o oM T Kk ¥

e CHARBRA RO

2022 4F AT %

0 35l

Wl 22 AR 1 PR i s 3 AR AR i R 3
I NIRRT 5 A B R 975 5K H 4 55 . 3K
FE AT BRSNS AR 22 U A 23 2 AR 3R
S0 AT TR AR A R R AT 55 ) o T A R
W A EER N M.

RGeS 43 B B AR U B A ik
FROIHED R G PRBOE T A AR SR R
B IR AR SC IR ORI B . SR SEBR
AR R RS A S AR T DA SRR Y
TZALPEREAEE HELAWE Y TR . IRk, BiE T
JE2E AR EME . A SRR & FE & A S iz i
O 3 B U L R — R A B T UK 3l 5 A3 S
HOER M FAL G B ST TR B 2 S Sk, sy
TR AT LA O B i A S ) SRk B T A
SRR T BT RS, R S A (1 B R
FH 3 v I 2507 2 B B3R I S0R 6515 5 4 A
PR 28K 73 25 05 09 N R 22 1 B B
B4 Wave-U-Net'™ Fl Demucs™ ; T 3& T 5 daf 45
TR ) ) 2 SR P A5 5 0 A e el L o A
(Short-time Fourier transform, STFT), 15 3| i&{H
TR SR A A pi 22 2 45 2] B AR S S iR A
FEA], B o 28 1o Jed A L 130 28 36 (Inverse short-time
Fourier transform, ISTFT){83|0t5 H AR =5 .

H AT O 73 B R K2R T BIR 53 1 45 s
I U A2 45 4544, Hennequin 550K U-
Net BRI | AR 73 BAT 550 8 & 2R A5 5 1 iR
EIEALVEMR , e Z2 00T SRR BRAR T P 4
BORZFHIE, Pl 20K R R o 3, S
Z R ERE R4, Takahashi 28108 U-Net #1119
X2 3 R A 45 i 235 4R A P HROR 1 i o 245 22 ]
RES1. Park ZFP 0 24 U BRI 45 sh 4735 52 T 0L
He B VDT 25 , LA 5t I 28 22 ROBERRAE Rl 5 BB T o
BIRSRI U AL 2 R AE Z KT R R b 4y
PR R R R A IR R, T 22 WK E SRAE D) 25 5
WL R RS E . Sun 88 7E ARE S AR ITHT 55
AR T E 0 R R 4% (High resolution network,
HRNet) , %M 844 Z2 A [6] 43 BE R 10 - 9 43 32T
AT 4z , [l i —F X 4% (B REAE B AR A4l 5 o ik 175 1)
28T LUK G BE )RR R 1], PR I HRNet 7] DAAR
Sl ok b3k U B R0 28 7 78 1Y 1) R, 4 TS 0 2
ROR

H AT » K H0E T TR B2 i 28 X 268 1) RCRS 43 B 3

[l

12 FUR A7 B bR R SR A T B 28 BN AT
55 ARG IR AT 5 B R AE A 28 AT A ALRL G
AR FEV RN o B A v 23 I — LU AT A 461
FIah ok b A IR R T 8 . Tk RBILAE X
RS R T BT 2 I S R A () R o B OA
25 GURRIIZARAE W] LA R TR 7 B RCR
PRI o A SCHE FH T4l 48 38 S v i 52 T A 1Y) I 4 235 4
A =T 25 DU 9 I 2 RRTE 2 2T BB D . SR
P T S T 1 R A ) R P ) AN LK
K, R HAE I R) 48 B I 2 IR ORI O &% L 9 an g
B 4 s DL B USR] BB A 23 323 W] — N e . i 1Y
GIRRZR 4 T & PR/ B BRI B R
P AEAE T R BURK T D A T DG R . IRt
AR SCRFH B AL e A e A A
F R IALE 58 3 — 27 8 T R AL
B RE B R TE AR AR EE A5 BIAR URE 2R [ TCie 7 81 v
P BRI 7 B TRI B A 2238, B AT AR i ARLARLJE B 2
HEATEARI, BERKERZE N LR AEES
BILT AT ARG Al AR SRS OC 2R

AT U B 28 25 0 1 #A o B Sk i 1
KT HBRATH B R RAESS ), 3 80w 70 HER R AE 7
DUASKS B X LG A v ot AP 70 B R oK . [
A TS i B LA BRI M T PR Ul Y T 248 A
B RN & SR AE S A 1R R IR 28 0 28 AT A L
Rl o PRI AR SCHR M T — i R 7 0 40 R I 4%
H 12 S #L# (High resolution network with self-
attention mechanism, AHRNet) 18K /5 B & 1%,
ISR 3 T 2 B i e A PR M 2 AU R
g5 U AR, ) FH SRS B2 A e ORAIE S 18 5 NS
AP E S BT, 5 R SR bl i e B A e
HEX PR TE R PR M2 Rl A 8 T P
FHUAS P 8 5 Jie A ) Ml G 3 LAHE— 2B 4R TR

IrE R,
1 AHRNet iEHBE X

1.1 BEIRERIER

ARSCHE T RS 73 B SR O B R P R 2R i
SERERY EE NGRS B B, AR (RS
OYESIE MRS A 1 R RS 52
ol TEUIZRPT B i A BUE CIR & 7 A FifE
ZE R 15 5 L S i i N5 A5 5 ] STET i
A e o A 2 R (RS AR AL » T AN HXS AR
AL AR SIS SRR i LI 5 B B B 12 HLfd
(BTG . R A I (R 3 28 3k AR SO Y A R 2% 455 Y



%34

i KA BET o BRI 28R [ 3R L) AR 23 B SR 407

AHRNet J 7433148 15 . K5 48 15 0 3l 8 1 385 5 ofe
et S TN A9 NP (T o LA T 0 (L 9 AR S
T TR ZE R /N F AR RN ZRA L . A B

FETR At 0 1 A 1 S A 25471 AHRNet £58 %4
A B TN R G L PG AR A O A AR 3 18
i3 ISTET 452 5 (g BH A 5 5 .

IR
N ...
R B

e
NN

Bl ABFSBEEREKIESR

1.2 S5 PHERMZ% HRNet
ARSCR Sun 25 HE 0 40 R R 25 i DA sk
N TS B v a2 fros. kil 40l
2x512%256

i -
e

16x512%256

64%64x32

STFT JE #5321 B e (B35 1R A 48 A AR SO Ho ARy

AEER ) Ry 2X512X 256, Hidr 2 Al i, e akth

SRR 512 A STR AT £, 256 At (] 4hiing
2x512x256

SRR
ECHi

16x512x25

s - H

S AAANARS (AN
K-

" BEE —— %

/RN FRR
1283216 Y—f—}—|

B2 SaHENLZ HRNet 4544

A SCHE H i HRNet /4% 355 i =300 20

a) i A JZ Sl R 3X 3 14 ALK 1 4L
B 2 HmE] 16, [FE AR PR AR . 2Z 5 A
AR B AT 5 R ORAE B R RST ) —2  RRE A
RSFAE R 16 X256 X128, 5 J5ilf HRNet 4 Hoig />
— T RAE R, A5 BAS DU A H R B

b) Z REER G2 A 4 T T3 4
KO SRR PERAAE 2558 3 IR Bottleneck %
F S S R R T ORFER LB 43 32 BT 40 SRR
B e ROT Y B EE B . Ani&l 2 Fos s AR5
4 2557 S RRAE 40 5 AR T B G ik A7 6 oR » RS
A3 BIR 16X 256 X 128,32 X 128X 64,64 X 64X 32 I
128X 32X 16, B 4553 32 W R AIE RS IR R 5 AN
AS RAEAN ] 23 HE R ERAE B A0 HL A R . BRI
AT 53 SIS B AN TR 43 S B A ] 3 B SRR AIE B
G AR 1 Y B 2 BERR R E IR B T A
(R T AT A BRI T 1 15 2 DT B 2 R AR A

M. 3 JROR T 3 FORIIH SRR I
YR, A 5 AN [ 5 HE 00 B AR P
(MM, oo M s AR T 5338 0 R P
(NN o N SRS I th 45 G P 2
T AT 6 06 AREAE P BN, = 337 (M
Bk € [Ls], Jorh (Ml Femls s i 1
b AR E VI 5 54 e Bt R 1 g
Jr RAAFI U LSRR T RAE . 4 AR
HHPREAE P4 BRI BT Se  E 1h %F
i A s SHTH RN TR HIE T 1XL HBR
WAL A 0 1 O P B 0 SRR 2 40
o5 M BRI TIR R I KR 2 1y 3¢
3 P BUIEAT TR AR B A Y —F
2 A L A B BRI L RRE L
AR TEAE PV BUG I B b 2,78 310
{55 5 MBI A T L A



408 N N B N

e CHARBRA RO

2022 4F AT %

: 1\. t‘ l |%ﬁ@
t/. | t\: : B A
/ l‘/'%l—ﬁl

(O APRER () APRFE (o PR
B3 AESPHETHHE LR
R 3% 2533 HRNet J& % il H b5 15 5 16
5% FA P SRR 2 N 1) AR A 5 W R i
LA T M5 L 1% 0 25 S MR {EL 3% 18] 114 5 22 5 I 5 )
2%, PR BRBCR T8 75 DR 22 R HE SOR

| =2

Y S B BAME S IRETE .
1.3 BEEHER

ARSCHE I Y BB BRG] 4 R, il
BAFRERIR ST A CXEXT, Hrp . C R miEa g,
F oM, T ACKRIE] . 1 Se b Rk BT 4k
K (CXKEF) X T SR JG 3 =A™ 4 3% 0 P e A5 2]
AR (Query, Q) VEEHE I (Key, K FIME [
(Value, V), £ J AR 4l 3 =~ 06 P15 210 g o0 AR B
SRR FoR .

Attention(Q,K,V) =V « Softmax(ﬂ(> (2)

VD

Hrp:Q.K.ve R ;0" FonMFE e E ;D N
W B4 o i ) 48 B2 L RS R VE T B 1 ARG

L=]Y—XoOM|, (D Ko EEHR QML RES 2 EREERE RS
Forpr X Ot (B3 - MO T 9 FARAS SR, S ARRE A R R
f__________________________________________________":
: = T g |
I 0 I
l Lot Softmax I
|
¢ T |
= Reshape= FxC %J@%V 5 |
| T r T |
| X |
' I
e - l
— I ‘ | Lt '
[Attention]] ||Attent1on2” | o |
LA} I LR ) Reshape I
D FxC > [
| T r )|
| A L '
HIA | Attention |

B e

1 BEBNERENY

L B A B 7 AR AL i 353 1) ]
FRALRE , i DB AE B SR 2 G SCHR M 1
BUER . ASCHMITF AR Q Mg K 41
[ 2 (14 S AR HARARLRE “FT 437, 45 B AH B A 1
280t Softmax PREH—1b )5 5 A V A7 15
B JG TERE AR . F T 9 SRR A
R = 5 IS A 3 5 ) — e AR e e A5 3] R Ut
PR BER LS. G b 20 A e )
AHISLASE AL A AL A, IO 28 465 B G 12 e A 110
fEfE R

N7 RREFEWRHFIERE AXS R
Vaswani S L. 5L ALk AEB L
Hil. B T Z A Attention, B Hof i #EAT
PHE G RRIBRE T WAE. AR5, A 1X
1 B BB A B AR B RO A s ik i A PR — 3. i
Jei P AR N, g 4tk H—4k (BatchNorm) 45 1| iz
2 THEE S TRE S

TE 1.2 ik & o PR M 4% HRNet et -,
A SCHE T B AE AT [F] 43 SRR Rl 2
J& . 75 3 AHRNet 2%, H 458 & 5 fr s,
HRNet (%5554 % £ % i1 Bottleneck #5: fRf Hel1)
FVRFAE Rl A RS2 2 4, 4 B T8 ) B i AR
FHERL S 5 T LU 19 289 JRAS ) 40 3% 3
AL P A A AR AR (R B . AR )F 18T Bottleneck
BB BURIE I T IR 25 .

| ‘ﬂm EVER SR |
.
N | I

R
HRNet AHRNet
B MA BTSN AHRNe 51




%34

i KA BET o BRI 28R [ 3R L) AR 23 B SR 409

2 XBWERSH

2.1 EWEERHIESE

AR H] MUSDBIS #4688 #4752 56 i 88U
£ I 2018 4F SISEC SE 388 SR 43 B AT 55 bR HE AL
P VN ZRAE F A 43 5 100 15 R0 50 &K
Horp g ol ¥ o XU B a7 R TR, R AR
44100 Hz, £ & A 75 . 8% U137 A0 Al £ 25 0O 4>
Blo WA ST A M 70 8, PR 35 DL
FHABAEZE G I — SRS . PRSI 2
BREE PR (5 A TR A R R A 2
16000 Hz, %5 I B 28 4 e 48 30 7 1 ek R TG
k1 1024, WiA% A 512, SR Uhlich 2074 B4
S e 1 Rero VA B i BB A 2 N i i 2
NS 4R R B R D 78 2 5OR Y 64 %,

ARSI i IS ALEC # 4n T CPU 2 Intel
(R) Core (TM) i7-4790 K, GPU >4 NVIDIA
1080Ti, NFEHN 16 GiB, &%y Windows10 64 {37 %
YE& % . % Python3. 7 il Pytorchl. 6.0 %52,
VIR 2% pRECH ¥ 07 182 25, Ak i 8y Adam,
Batch size i 8,222 %4 0. 001,
2.2 FMNHIERR

O O3 B B 2 WP R v — A T H 50 15 T
HALNS ORIl R IRE S s (O MHE 5
S‘(Z)ﬁ]\ﬁgrj"j IEI%M}

s =s, (O +e () Ae  (&)+e (1)
(3)

Horfos, (O FRAEHE B PR TS 0445
e (OFTRHIABE SWEF IO IRE e @
FORIIE B A M TR e (D) FORH
TREAH AN RGN 1R,

BT R Z2 50 G0 T R DL Z B W S 1 520, e LA
e (OTIZWE, AR E IR S5 N (55
W2 R M52 TH I R, IRGIREL R, &
S35

R, —10lg( I e 1 ]
» ¢ || einlerf<t) +eenrlif(t) H ’
Ry —10lg( e ] ) (5)
¥ ¢ H einterf(t) || ’
s )4e ()2
R — 101 ( target inter{ ( 6 )
w10 )

O R R B AR TR BOOR R R B
B R FREE I B R, = AME R

(B 5y o RN TR o B R BT

AR H SISEC 3% FE 42 £ 1Y museval T. A
AR = AP e AR, B SISEC SEFEE R 5 ifE
—FE A 50 Il A HE b AU E S S e
4k
2.3 THHER

R B 7R AN [R) B335 1 43 B AR B AR SCAR
A UMX™  TAKINY 4385 (9 N A 22 i (E 5
PEAT AT AAE X e, o UMX Al TAKL 43 514
SISEC 3E3E T AR 43 B AT 55 114 5 1 455 A0 1 S5 pI A
TAKIL R T U #8554 , FHRXT S8 IE = 40 HF
RMGEAT T U AW 45 B it . R 5idis 4
i BB Punkdisco-Oral Hygiene #E417 85 43
B8 6 B/R T 2:00—2:05 BRI B P (B 5 ) 4l
e NP 22 W IR A 3 ] DL AN TR B3 oy i 15 5
R T ], RS Al v A7 1) e A 335 1 T LR 3
552 BhEISE 4 P AR HA 2. UMX H
TR AERE S AR AHRNet N85 4 i
WAEZRAES R0R T . seAh, Ml hi s 4 B35 5
FU R N R P AT A& B, A0 e T HA B, SR
AHRNet 732545 21 it N7 i (8 1% 1] 55 4l AP iR
(BT 1 22 MR AR /0N, A0 f B R g, U BH AR 40
ARSI 28 L PRE T 20 B8 J5 N 75 it
W22 A IR AEL T P mT LA & TR AN ) 35092 1) ) 22 B
AN B (EAS 1 AP35 2 #2 2000 Hz F] 4000
Hz Zb 7] LB 5 %% 30, AHRNet fi4 2405 {5 & 72 B 5t
IR AR

1 A SO HRAR T 5 o 43 B8 R e T
e B & UL PE M 48 A AR 25 SR, AR SCHR 1
AHRNet 7ERRfEZE R AMYHABTE bR LA T i
EE . NS FIEZE R R (A A L T B iR R UMX
A HERTET 21,52 % 1 1. 26 %, 136 B AR SO AR VR K 43
BIPERBRLAT . 1A A B O I . AL SR (B R G L
S5 —3 UAEE I 7 B RO 224K R TH Y
KT 12 dB, BAF M58 B T HEZE o B AR 45 . N
o3 7, HRNet A HF U B 2% TAKL 4355
FORARE S T 9.39%, VLI S A FE RN KA L T U
TR IO £ 43 B TEMITORS o L T AR G LR R A0 AR R
B AL B A HRNet J5 . 8471 24715
B THETE, Hrp AHRNet (i R {55 77. 68 dB,
FH T HRNet 227+ T 6. 37 % , U B [ v 2 S 0L
I S e A e sk R 248 8 1 ) R O M 1 i 1 0 2%
FRFE 2 3K BB 7 o i — 25 3R T+ T I 4% 19 B 40 5

b
Be JJ o



410 W BT Rk st CARBREERD 2022 4% HAT &

B 6 “ESMAREERNIEEIER



% 34 i JREE . FETE PR ML E 2 L R o 8 Ak 411
X1 FRAKEFBEEEEILR dB 5Tk
T A fE% [1] 2efh, AT, Bkfs. BB IR . 0 AR
Ry, Ry R, Ry, Ry R, FARLZRT]. BB ARBIEMD . 2018, 57(3):
UMX  6.32 13.33 6.52 12.69 18.14 13.65 971-313.
[11] ' - k L .
TAK1 6.60 14.37 6.37 12.83 16.69 14.08 [0 R AT A 45 2 A PSS fF S M AR A
HRNet  7.22 13.97 7.73 12.52 15.48 15.53

AHRNet 7.68 14.93 8.34 12.85 15.73 15.91
L RTE A TETE 1T RS P 28 PERE 45
Wi, X AHRNet PY2&1 W73 39T 8 TRt 4y
TR SC 0 RS BRAE— 03 SA T ) 1A
FEHXS I BEBORIYFE R . F IR AL IR 3 3 g 2
EHERS - DU 6519 7 3203 300 R 35— 03 3288 03 3
=0y SO UG SZ . BRI 22 BRCRZ A
WL RO A AT I Rl PRS2 B BR AN R] 0 52 A T
EATHR N B ROR IR 2 iR, B
AHRNet 25— 320 H B/ THRERBER R . 705
ROR T B WA s =R AR E R foe fI L T 56 DY 23
SR R AR B i 70 S S8R R i ) 45
PG o IR PRI NSRS — 20 SRR DU 23 52 o B i
AR TP A5 JEL AR 40 FEE ey AER 728 o DAY M o 3
P& A R AE AR B R 7 BERHIE B S5 A TR 2
FHIEME R &R IR et 2 AR B R =
JEar i (RS Fh T AW S UL 3 o S e T A A 0
PERRZRE X — R AR . . 5 —
O3 SR A TETE ) TR R 45 1 BE S e A K 2 A
NI SRR BER ok S Bk B R EE
SR IREFSPRZE R E -3 e SRR IR EISH
K2 BEARSXBERNEREABFTSBEIRILL

dB
FEBRIIHITAE 7332 Rg, Ry R,
A 7.41 14. 46 7.95
B 7.53 14. 60 8.11
F=rk 7.58 14. 65 8.25
AL S 7.65 14.91 8.31
3 &

ARSCHR T — Bl I 5 o PR M 45 R A T
AL P AP 43 B 3« 3 3 o8 P Aot 1 o R )
AR LR T U RN fE R AR
[ 0, $TE T NP I 2 R P 1 R 2 5 [ st )
FH A 2 ML o 45 2 2] 35 O rp o A e —
fIE . 3458 T 2% 4y SR . 7 MUSDBIS %i#is 4 I
S A5 R I, 43 B A9 2 A9 N TR 205 5 I 22
Fedehnsr HiA %) T 7. 68 dB F1 12. 85 dB, 5 HAEI £
A ERA A L AR SCH R A B AR e A T
DA S by 8 1 o o i AP 2

BHELDIATEN TR 5%, 2018, 39(4): 1089-
1094.

[3] Huang P S, Chen S D, Smaragdis P, et al. Singing-
voice separation from monaural recordings using robust
principal component analysis [ C] // 2012 IEEE
International Conference on Acoustics, Speech and
Signal Processing. Kyoto: IEEE, 2012. 57-60.

(4] 5RRHEL, TRIUT, RAEZ, 5. 2 S5 MBA RS B
IROYEITIELT ] A, 2016, 41(1): 135-142,

[5] Rafii Z, Liutkus A, Stoéter F R, et al. An overview of
lead and accompaniment separation in music[ J]. IEEE/
ACM Transactions on Audio, Speech, and language
Processing, 2018, 26(8). 1307-1335.

[6] Stoller D, Ewert S, Dixon S. Wave-U-net;: A multi-
scale neural network for end-to-end audio source
separation [ C| // 19th International Society for Music
Information Retrieval Conference. Paris: ISMIR, 2018.
334-340.

[7] Samuel D, Ganeshan A, Naradowsky ]. Meta-learning
extractors for music source separation[ C]// 2020 IEEE
International Conference on Acoustics, Speech and
Signal Processing. Barcelona: IEEE, 2020 816-820.

[8] Défossez A, Usunier N, Bottou L, et al. Music source
separation in the waveform domain [ EB/OL]. (2019-11-
27) [2021-07—10]. https: //arxiv.org/abs/1911. 13254.

[9] Stoter F R, Uhlich S, Liutkus A, et al. Open-unmix; A
reference implementation for music source separation
[J]. Journal of Open Source Software, 2019, 4(41);
1667.

[10] Takahashi N, Mitsufuji Y. Multi-scale multi-band
densenets for audio source separation[ C]//2017 IEEE
Workshop on Applications of Signal Processing to
Audio and Acoustics. New York: IEEE, 2017. 21-25.

[11] Takahashi N, Goswami N, Mitsufuji Y. Mmdenselstm;:
An efficient combination of convolutional and recurrent
neural networks for audio source separation[ C] // 2018

Workshop on
Enhancement. New York: IEEE, 2018: 106-110.

[12] Hennequin R, Khlif A, Voituret F, et al. Spleeter: A

fast and efficient music source separation tool with pre-

16th  International Acoustic  Signal

trained models[ J |. Journal of Open Source Software,
2020, 5(50); 2154.
[13] Park S, Kim T, Lee K, et al. Music source separation



412 N N B N

W CHSRPBL2ERD 2022 4F AT %

using stacked hourglass networks[ C] //19th International
Society for Music Information Retrieval Conference, Paris:
ISMIR, 2018:289-296.

[14] Sun K, Xiao B, Liu D, et al. Deep high-resolution
representation learning for human pose estimation[ C] //
Proceedings of the IEEE Conference on Computer Vision
and Pattern Recognition. Piacataway. IEEE, 2019 5686-
5696.

[15] Vaswani A, Shazeer N, Parmar N, et al. Attention is
all you need [ C] // Advances in Neural Information
Processing Systems. Long Beach: NIPS, 2017 5998-
6008.

[16] Rafii Z, Pardo
technique (REPET): A simple method for music/voice

B. Repeating pattern extraction

separation[ ] |. IEEE Transactions on Audio, Speech,

and Language Processing, 2013, 21(1); 73-84.

[17] Uhlich S, Porcu M, Giron F, et al. Improving music
source separation based on deep neural networks
through data augmentation and network blending[ C]//
2017 IEEE International Conference on Acoustics,
Speech and Signal Processing. New Orleans: IEEE,
2017, 261-265.

[18] Vincent E, Gribonval R, Févotte C. Performance
measurement in blind audio source separation[ J |. IEEE
Transactions on Audio, and
Processing, 2006, 14(4). 1462-1469.

[19] Stoter F R, Liutkus A, Ito N. The 2018 signal

separation evaluation campaign [ C] // International

Speech, Language

Conference on Latent Variable Analysis and Signal
Separation. Guildford: Springer, 2018. 293-305.

(REHE:R %)



