1. FUBHIC

NG, B RSB W CRIICE &
WXL ENTED, ZORDEEET
EHT HHAAD, WEEZ KEWE T 08
LDEBESHETH D, ZOHMIE, FERERS
EREEBEE P OHY TR HEEIREIIH
IR, EEANY PRI T 2 EEA XY
MR EFEA T4 TICET A4 Y AT
LCHHATE %o Bl 213 HEHRAEIC BV T,
Vo, EOMHRD, EOFEENHo TWRIENE
BEREBE TP ORRTILEND L, 4
BREEBICOETLIETINS OEMD
—BhE b, Tl EHERPERITEITHHEL
TeERI—FPHMIC) Iy 7 AT EHE
EMTT 2V AT 2 FHTEL Y,

PR, TR CIHRE=2—F vk v b
7 — 2 (deep neural network; DNN) % fiw»
RTENELERERER LTS, DNNZ
MHwl=FEom T, BlIEEETZ AXT b
0275 ANEBEHS B Ik T R IR
THULHF Send-to-end 7 7 1 — F A5 A TR
RENTVDY Y, ATl EEFREL
end-to-end & 5 HEFiLECTH 5 £ ERGE TG

J& 8 (multiresolution deep layered analysis;

SOUND

Sl 2 FEHRZFEIA NoarPA it ) ENy

SEREGEREFTICEDIENd-
to-EndSiER DD T —7
L v FEIREIHOBEEERE

RRAFERZERIGHME T 2R

B P K2

MRDLA) Z#ifrd 2", ZORIZONTE
RLREEWSNTT 5o

2. SERRERBMA

MRDLAZ, end-to-end &Hii5#E Tk 1
T HWave-U-Net" 2N—2 L §25FHETH
5. Wave-U-Netid, # DKL &Y %> 7Y
VIRAIT VAT EBRVBRLT v T T
)Y ZRATH T A= 59 5% HU-Net i %
oo, Fo o) v ek EICX
5T, RHFERTORBTORMOKEEZ R
BIENTED, TNITH L. EHIIE 50
OBE»PS ZORELT RIE$ Z & T, Wave-
U-NetD & %7y 7iZid2o>o0ME
HAHHIERRHA L. (1)Wave-U-NetT
T T Y THRU =R T 4V F R
DRVHTIEICL > TEEINTE), IFHE
T A VTV Y IBEL D b (i) 7.
TYFIA)T YT T AN REALREL
Td, HEIEICE > T HOIFBELRET
bo TDI2H, REEDTIZEEIND B0
BB HRIEF0 T T TRROBIEEL v,
U-Net #5313, =¥ a—¥oM5| &[0k
BETI—FIETATy 7atrrvarzd
Ly Ta—FMTHTIZICEERELTOEA

7



SOUND

ANES
|

g h
SIEE: ¢ 3010)
$INURES

12 12

DWT 1]
DWT 2

o

(a) S EMREBN. BB

. B
T .
BAAHE PR
DWTRR
DSTAvH1

-----

(b) MRDLA®DNN

1 LEEBOSEMFGEBITEMRDLAODNNR v h 7 — 7 #EOBER, g. /1. ZhZThaiR
O—/NXZA, NAINZXT 4B g, hIZHIETHEHRAO—/NA, NAINXT 1B %&FKT, DS,
USIZZhZhE 92 TU T, PyTH 2TV 5%%KT,

ERBEIMGONE, L, 7a2—FTIEA
Xy 7R T a rpoEO N EHMEEEA
A g & BRI OIFRILE I X o TRET %
72, MHIEIT X B RETG & IFRE %2 X
AEFTICIELCLE ). 2R, REIBS
DIEWZEFE T E 2 DB FFITRCITKSF
T 50

INLOMEEMANICHIRT H720, ¥
T T) YT o =T Ly NEHR
(discrete wavelet transform: DWT) % Jflva7z
Wy vy 7)) v rREPRES Y,
LR X, Wave-U-Net ¥ % 7Y ¥
TET T T TR BRTHENSS E
AR EERAAT ORERE P L Tw B 2 e b5
272D DTH D, L EMBEFITIZ. DWT
EHWT, ANGEZZ o oEBEREL D
DTN MEFICHRYBELY Y V¥ T
VI ARERITFETHL (M1 () BH),

8

DWTIiX, @— 827 4V F ENA IS T 4 )b
MO RDL2FXANTANINY T LR
T UVFIANVT YT T ANY 2 HKRIC
Gto /2, B—INA T4 VT ENLINZ T
ANV F @RS EDWTIIW W 2 2 & 7
. DWTO#ZEH GEDWT) #HnwTHL X
WTOY TN FE5H 6 AJMES % iR T
&%, Thbb, DWTIRESFHERLEL D2,
ZD72®, DNTZHWAZ ETLEBED2oD
M2 FRF R T 52 L0 TE D, K1 (b)
12779 &£ 912, MRDLA®DNNIE, Wave-U-
Net ICDWTRE &, #DWT%R 7 v 747 »
iz lg GEDWTR) %A LM%
b, BHHTIIAM L2, KEIARED
BRI BT A SN TN S,



3. 7x—7Lvy FEEBHEDNNDERE
25

DWTHE TiE, B— %A, NA XA T 4 V5F
DORBEBIRELXRET ST =T Ly MEK
MEZHHISERINT L2 TE D, B2,
Haar?t i, Deslauriers-Deubuc (DD) & i
DRFEBREISFIH 2R THEY) TH D, V=
—7 Uy bR Z BRI EAT O 55T
HREr AL TAHBOTHY, FEHidHaar =
— 7Ly FRRELOETHIMAFOREEE W
MRDLA® 5 J5 55 BPE ik % 5 L€ & 7291,
LAaL, ShHEBT LS ERTHD20DITH
FrEnzdoTidhwnizn, WYUK % %
TEMEXS SRR B3 2R H 5o
ZDE) REREANFTRITHILEDHERD
55, DWTREIEIEMIZ 2 DNND H I H Ak
INT0E720, RKOEE D E IR EETERRIC

3 3 V4 ~N
12 12 7 \
- < 1
g ~ g \
4 N ]
1 S 1 \
~ \
0 T T T 0 y T T
0 nf4 n/2 3m/4 n 0 m4 n/2 3mf4 n
AR [rad] £ ERH [rad]

(a) Haar EE (b) 4&kODDHEIE

X2 DWTOO—/YZX (BFE). NA/INXT 4
Ve () ORREBRZE.

SOUND

ED XD B KT 2B T 52013 L
W, E72, DNNO A v b — 7 HiE R F RIS
Lo THIRBREEIEDL LN D 5, €
D7z, FHRGEEO 720 DORKKE HETREIT
EDLZENLET LV,

% 2T, end-to-end7 7 & —F @ BAIZHI
D, 7x—7 Vv MEKMEKZDNNE [
PRI %E 2D TOHIIBWTOR
I, WAl 2ficRELZME(D), ()%
fEF LoDz —7 Ly LK EDNN%
R ICHB T 50 Th D, MAOKIKIET v F
IANT YT T 4N BEA, SEATIREEE
D72 T LI ICHEF SN TV D20, Kz
BLZWEERMEE o olze — T #l
ZATHBCTRIEZ b 7285 A1E. DWTRO 2
DDT A IVIPRTA—=I8A, NAINZAT 4 IV
5 EAIRO T, EATHERMED 43 L b
v, FETORKOMIIHA ZMEZIY 9
Llzb, TVFIANVT VT T4V &E
B SEETHEMEZ D OSM AT X 9 2l
KEBRTOOERT HUEDNDH L, ool
FIET = —7 by PREFEERZICHERL TS
e Fk ey =7 Ly bikaHRE (20,
V774 YT AF=LY) PR oEM A
Th»9 LEZBIEMELHED TV 5,

4. £E8
AT B TR (24 %



SOUND

end-to-end DNN# 555 735 T 52 MRDLA
ZRiN L7z, /20 DWTROY = —7 L v b
FEIEK B % % DNN & [ R (2 2238 9 3R i k12
OWTCiim L. TOHEEZHL NI L7z A
T 1IRILOBEZFIIHTE2 =T Ly M &k
ST Tz —T7 Ly MENIZERE R 2 BRA,
777 LTHIE ST, —T,
V=YX NAy FT—=I =R R ETOXK
MRRibain ., 75 7 RSz F—%
W23 ADNN LI FICHfZE S i Tnw b, Th
LEREALE, Yz —7 Ly EDNN%GiA
T 5 JiEHEEEE 5 H LA DO 5B B
TH—ET 2MlifliAH 20 Lk,

SE

1) T. Nakamura, H. Kameoka, K. Yoshii, and
M. Goto, “Timbre replacement of har-
monic and drum components for music
audio signals,” IEEE International Con-
ference on Acoustics, Speech and Signal
Processing, pp. 7470 — 7474, May 2014.

2) T. Nakamura and H. Kameoka, “Har-
monic-temporal factor decomposition for
unsupervised monaural separation of har-
monic sounds,” IEEE/ACM Transactions
on Audio, Speech, and Language Process-
ing, 2020. (in press)

3) F. Stoter, A. Liutkus, and N. Ito, “The

10

4)

5)

6)

7)

2018 signal separation evaluation cam-
paign,” Proceedings of International
Conference on Latent Variable Analysis
and Signal Separation, pp. 293 — 305, July
2018.

D. Stoller, S. Ewert, and S. Dixon, “Wave-
U-Net: A multi-scale neural network for
end-to—end audio source separation,”
Proceedings of International Society for
Music Information Retrieval Conference,
pp. 334 — 340, Sept. 2018.

S. Venkataramani, J. Casebeer, and P.
Smaragdis, “End-to-end source separa-
tion with adaptive frontends,” Proceed-
ings of Asilomar Conference on Signals,
Systems, and Computers, pp. 684 — 688,
Oct. 2018.

0. Slizovskaia, L. Kim, G. Haro, and E.
Gomez, “End-to-end sound source sepa-
ration conditioned on instrument labels,”
Proceedings of IEEE International Con-
ference on Acoustics, Speech and Signal
Processing, pp. 306 — 310, May 2019.

Y. Luo and N. Mesgarani, “Conv-Tas
Net: Surpassing ideal time-frequency
magnitude masking for speech separa-

tion,” IEEE/ACM Transactions on



8)

10)

11)

Audio, Speech, and Language Process-
ing, vol. 27, no. 8, pp. 1256 — 1266, May
2019.

F. Lluis, J. Pons, and X. Serra, “End-to-
end music source separation: Is it pos-
sible in the waveform domain?,”~ Proceed-
ings of INTERSPEECH, pp. 4619 — 4623,
Sept. 2019.

I. Kavalerov, S. Wisdom, H. Erdogan,
B. Patton, K. Wilson, J. Le Roux, and ]J.
Hershey, “Universal sound separation,”
Proceedings of IEEE Workshop on Appli-
cations of Signal Processing to Audio and
Acoustics, Oct. 2019.

T. Nakamura and H. Saruwatari, “Time-
domain audio source separation based
on wave-u-net combined with discrete
wavelet transform,” Proceedings of IEEE
International Conference on Acoustics,
Speech and Signal Processing, pp. 386 —
390, May 2020.

S. Kozuka, T. Nakamura, and H. Saruwa-

tari, “Investigation on wavelet basis func-

12)

13)

14)

15)

SOUND

tion of DNN-based time domain audio
source separation inspired by multireso-
lution analysis,” Proceedings of Interna-
tional Congress and Exposition on Noise
Control Engineering, Aug. 2020.

W. Sweldens, “The lifting scheme: A cus-
tom-design construction of biorthogonal
wavelets,” Applied and Computational
Harmonic Analysis, vol. 3, no. 2, pp. 186 —
200, April 1996.

S.T. Ali, J.-P. Antoine, and ]J.-P. Gazeau,
“Wavelets on manifolds,” Coherent States,
Wavelets, and Their Generalizations, pp.
457 — 493, Springer, 2014.

M. Mehra, “Wavelets on arbitrary mani-
folds,” Wavelets Theory and Its Applica-
tions, pp. 77 — 93, Springer, 2018.

X. Dong, D. Thanou, L. Toni, M. Bron-
stein, and P. Frossard, “Graph signal pro-
cessing for machine learning: A review
and new perspectives,” IEEE Signal Pro-
cessing Magazine, vol. 37, no. 6, pp. 117 —
127, 2020.

11



