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o EEREH
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e MIDIL ot HAH—FFHAT, EXRILE KL 16 KHZTER
—CWT: B LICWT GHIEER Bz —TJ L yhk (0 =1n(2)/36 ) Z{E ) [&[+2008]
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— tE B F ;% : Hennequin [Hennequin+2010], HTC [Kameoka+2007], Harmonic NMF (HNMF)
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o HTFDA B ARG E M T a4 8EZE
, Window Excerpt

Method Length No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7
64 ms 9.08/9.76 9.75/11.00 7.31/7.06 7.98/8.00 9.22/11.45 9.97/10.80 10.89/12.20
[Hennequin+2010] 128 ms 9.50/10.02 11.22/11.94 9.20/7.97 9.52/9.95 10.65/12.80  10.94/11.62  11.68/12.63
256 ms | —6.59/ —3.41 11.46/12.37 9.85/9.66 10.31/11.03 9.99/11.26 10.80/11.65  10.20/12.15

HTC [Kameoka+2007] - 13.38/11.36 10.44/10.95  10.68/10.98 8.82/10.80 9.07/12.21 11.70/13.30 4.68/8.75

HNMF [Raczynski+2007] - 18.47/15.76 15.10/15.60  13.26/14.77  17.10/16.95  16.08/17.17  20.91/20.96  16.82/17.14
HTED - 19.21/16.28 16.99/18.35 13.75/17.19 18.23/17.78 18.01/17.92 22.27/22.24 17.89/17.62
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‘ cowr__—> (HNMF, HTFD, SF-HTFD)
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B = : DNNIZE D<end-to-end & & 7 B

DNNZRUL-E/S5ILEZ B % fzﬂjj?;g&:%;ikaihé

—RIG- /XD —AROLOT S L oBRERBIRIKRB TR VEHET 2FEN KR
[Hershey+2016, Jansson+2017, Takahashi+2017, Hennequin+2020, Takahashi+2021]

TARAIHEEIZH I THRFHAIE D R RE =
~Z2{DBEE, BAEDOMBEENBEOMMBELTHER

-BREBLEFEESDIREARILOT S LA, RIBARIEAYT T LRALUT
DHEEFERENLT LE—BLALY, e, EBFEEAFHELL DALY [LeRoux+2008]

End-to-end7 7 O—FIZ KB F IR 8 [Venkataramani+2018, Stoller+2018,
Luo+2019, Luis+2019, Kavalerox+2019, Samuel+2020, Nakamura+2021]
- AR 22 EEDNNICA AL, SRRz E L 7

= (UHEZNHBEETEREEZRE
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Wave-U-Net (swoier+2018]

Source estimates

o FRNEEDT-Dend-to-end DNN t 1ttt
e =
o U-Net#&iE [Ronneberger+2015] ™ ComwiD | | Cort,lD |
— T a—4 :f8|= (Decimation) =&Y, 454 | |_____. R
S4£BYRLA YUY TS (DS) Dedmaﬁon
- FO—4 BRI LY, HREERYELT o I B 759
“Jj 'lj'_>7 UT/O\ (US) DS b‘lcr)ck 2 - US block 2
v ¢
o U-NetiE&nF| & ; ;
~ MBI RHABBOREHERLK ioiiis g WY
= ERIESDEYIREHEEIR 2L5I{RE oo+

LEEE D Wave-U-Net
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—SEEZFEARIZHE T IO D A ConviD ConviD
= IqYFousnELs | L] e

- FHEFAMDITA) TV T IEEREIETER

=

e e.g., [E{& LI [Mairal+2014, Zeiler+2014, Zhang+2019], |

B H 25 [Gong+2018]
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~WESN-HYEITLOBICEREERSEEND TS
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HHR :U-Neté %
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xﬁ#*ﬁ'd)*ﬁ

D FALL

. 2E

= fRAR EE#Z AT (MRA) [Mallat+1989]
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2021/10/6

i
Mixture audio | Conv1D I
t -------- g Cor cat |
[ ConviD | Con‘le |
----- -=-- Concat |
Decimation
1
DS block 2 - US block 2
v 4
¥ N
DS block L - US block L
I—| Conv1D I—f

LFE = ) Wave-U-Net

AT LEREEES

5%DS

Input signal Reconstrucfted signal
9 h h g
|2 |2 12
DWT 1 nverse DWT 1
_; I_I
DWT 2 —> Inverse DWT 2

¥ Subband signal I_1

(high frequency)

4

DWT L

q

Inverse DWT L

4

LEREDZEMRBERENT-aX

QA>TA(



DWT‘% i DWT§4 . L\T: DS4§ [Nakamura+2021]

o DWT @'li't E Inputlsignal
—A—/\NRINAINRTAILA (g, h) D BTIEH2F v ! !
FILTLILEINSY i
= FUOFIA)TIT T4 E3%4HD é} é}
-TeHEREZLD ! v
= DSIZ KB IFHD R MG tgvn:g_rew g';g\';:req
e DWTZHAL I [EDecimationBDfEEE ¢
[e] B [ Z % 2R B He 5 l
— DWT%FHL\T:DSE (DWTE)%*IEE?E 00 w4 w2 3mwa n

Norm. ang. freq. [rad]
Haaroxt—JLvh&ERALV-DWT®D
A—/R NN ADERBUSE
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DWTEMEE(1/2)

e DWTEDMLIE
—ANSNE=HEEDREFIYRILASAR T ZEBEAEL, VIT4
47 A3 — L [Swelden+1996] [Z XY DWTZ#E H

—FoN=BRK - SRIKMAST {5c)e, {€tc EF Y RILVARNGES
DSEnf-%HE .2t N

(Odd) (S e .- High-freq. component
\}/ I .{1 7
T . " Downsampled
€ S P U C I teature

Input feature Sc 1
(cth channel slice) A —
ifti (even) S Low-freq. component

Lifting scheme T

c: Channel index
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DWTEMEE (2/2)

o DT 42 RF—Ls [Swelden+1996]
—DWTEHDWTDNERMLGETE AE

—-FPRAERAREEFIEFRFRELRE T AL TRIKEFEZ L E Al 6

FEERZR(FIRIZAILA) FRIBRELEFIEINT-B
BT E T MR ERT—YY

/é c High-freq. component

%//I ec 1/A

. » S P

FrRILEREANGES

v
C —
A

U
Input feature S
(cth channel ince)// I ( )»é.%:
B SHAT VIR [

Downsampled
feature

S Low-freq. component

5 (B A D) 129 BEFERAR (FIRZAILA) rr——
FREREZRAVWTERB S ZTF R
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WDWTE : W DWTIZE D<KUS=E
e DWTEBZER T ARATYIILETo
= S EAE M (LA A N S (R AT A
e FDWTIZESCUSE GEDWTE) 1%, DWTE D ALER% ¥ B (=
TS5 L THERTTAE

:IA

i ey !
P Z/{ Cl— — Cc—1 U 7:? 8“_1 R
- ey |
DWT Inverse DWT
DWT=
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EFEDDSE LD EEE
o WFEXMDDSE : 7oFIAITIUT I4INEAFE-IETELBER
4 ZxR<

DS layer Anti-aliasing filters Perfect reconstruction property
Decimation layer No No

Average pooling Yes No

Squeezing operation No Yes

[Dinh+2017]

DWT layer Yes Yes

—Average pooling: Decimation® X H Y [CHE BT 1 L2 FI A
—Squeezing operation: DWTE M5 F 8l - BHRA TV T %R N-DS/E
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== 4271 = 350

g? B ﬁ¢1%1i /ﬁ%% ﬁj\*ﬁ ( MRDLA) [Nakamura+2021]

« S ERZERE 57 (MRDLA) 1T
—Wave-U-NetD#g&iE AR —Z s s [ Convib |
~Wave-U-Net®DSFEEUSTER, ZhEh [ —

DWTJ% &EDWTE /\E?ﬁ ConviD | Con*le |
= DecimationE DEREZ RIFFICHR | ¢-—-—- > Concat |
Inverse DWT
layer

e DWTEDILEE DS block 1 $Us block 1

AT T—T Ly R TOMRE LS ostockz o Us o
[Kozuka+2020] ‘ f
- 1—JLyrEDNNDREIEFEE ‘ 1
[Nakamura+2021] DS block L - US block L
I—| ConviD |—1
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HEDEEEER(1/2) - EERSEL

B #: MRDLAD &R 77 & 1% 5E D #REIE

F—4&4zy | :MUSDB18 [Rafii+2018]

— 2B /RIET—43:75, 258 AR EIRERTEEZER)
— T AT —%4: 5081
— #2328 vocal, bass, drums, other
YT R 22.05 kHz
B (T—AYEEE LS [EWave-U-Net ) 58 3 [Stoller+2018] D &% {F )
-~ ORI FEHZFRELL, Addam(FEZE:1.0x 104, N\yFHAX:16)%{FEH
— T—RER SR LAY T Ay, EEFYRIL-ZHBIOT—3DANEZ
FL{M$E4Z :SDR
— BSSEval v4*Y— L [Stoter+2018] ZFH\THE
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SBS X / \ ol == e =
HENEHEE(2/2) fGE
o REIZ-ETILHAXT, MRDLAD TS TEREZ ZE R
— State-of-the-art7: 3= % (Wave-U-Net [Stoller+2018], WaveNet [Liuis+2019],
Conv-TasNet [Luo+2019]) IZEERTH, DIEWLNVNSA—FTEEREIZENE

—~FEAREGDWTBICEE T LT, NIA—INDIEWGEIZE T
AN

FixedZ:DWT@%{& A R REDWT R % {E
High —f- Wave-U-Net  --%-- WaveNet —#- Conv-TasNet —4— MRDLA —4— MRDLA+
fé 51 — 4.51 7+—-—=ﬂ_ 5.51 ﬁ 3.0 /
KVIL 41 I/ik 4.0 _.--""i 5.01 | 251
Jom 'ﬂ'—J' \‘\\ E' ¥ ,-"—— E‘ R E' li:) e -
H| 2 Soeme—a | 235 r B 4.5 L3201 "’\\
| IR P S |8 s £ !
-E:EH a - L si T T L S S S i V4.0 R \"'\ !
<N N L ; 10 e i
24 e 1 2.5 p——— -3 35y 1 L | T i
- =TT T e T e - 0.5/ ]
4 6 8 10 2.5 5.0 75 100 2.5 5.0 75 100 2.5 5.0 75 100
ow
# of parameters [M] # of parameters [M] # of parameters [M] # of parameters [M]
vocals bass arums other
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Ablation study (1/2) : EERSEH

e BHY: FUoFITA)TIUT I4ILEAETEH

514 CEHE

o LERRFIE

BEREDMRZE

Model

Anti-aliasing

Perfect reconstruction

DS layer

filters property
Average Yes No Average pooling
Pooling
Squeezing No Yes Squeezing operation
[Dinh+2017]
MRDLA Yes Yes DWT layer
MRDLA+ Yes Yes WN-TDWT layer
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Ablation study (2/2) : §& &

o PUFIAYTIUTI4IEAEELEBEREOWNT Y B
HEEIZHF S

o PUFIAYTITI4IILELYE, TEBEREDIEZSH
LEEBMIBE ETHAEEXRE

--%:- Average Pooling -%- Squeezing —§— MRDLA —{— MRDLA+

-

5.6
4.501 :

i 5.4

;| 5 4.25 Hz

‘ 5400 Ammmm = : 55'2-
a ! | @

o

T 1
”
5l S IR 5.0+
3.75 {7
»* -
X 3.501 * 4811 x
2.5 5.0 75 10.0 2.5 5.0 75  10.0 2.5 5.0 7.5 10.0 2.5 5.0 7.5 10.0
# of parameters [M] # of parameters [M] # of parameters [M] # of parameters [M]
vocals bass arums other

2021/10/6 AT LEREEZEQOATA 40



—_—— = == ] 4 )y

F T =2E% . MRDLAD 77 it s B
TYI7L U RTANEENR
~MUSDBIBT —5£5 D7 A7 — 55 108 (L0BIUHL &5 5 LSRR

—12AD#HEERED, BEEBLERE %?%0) B ENYATRAIUBEGREEE
Mo EERELI-1D) ZHE Hﬂb NEEEDOMENBRNVEDE E*R

- FHRBEBFTFERICALIVY LDZIRETRT

fER MRDLAD B BN ERICHE VL L& HERR

Instrument Preference score [%)] povalue Instrument Preference score [%] p-value
Wave-U-Net MRDLA+ Conv-TasNet MRDLA-+

vocals 29.17 70.83 <107° vocals 13.33 86.67 <10~

bass 6.67 93.33 < 10720 bass 13.33 86.67 <1071

drums 19.17 80.83 < 10710 drums 10.83 89.17 < 10717

other 26.67 73.33 <1076 other 22.50 77.50 <1078
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Demo: Secretariat - Over The Top

Observed mixture:

Instrument Groundtruth Wave-U-Net Proposed MRDLA
[Stoller+2018]

vocals

bass

drums

other
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https://tomohikonakamura.github.io/Tomohiko-Nakamura/demo/MRDLA/

=D

EH /&H#Fﬁﬁ N %ﬁj\ﬁg (HTFD) [Nakamura+2020]

—HTC, NMF, Y—R I/ JLAETIILEHRE LG LT RO BEFE

- EfEOT—T Ly E#EE T, ANIMOTSLDORMH, KENGEE 5
RODERMBREEHEAFAATEEMNERETILEEE

- EEDHBENGLE IR BEFERICHESR, KEEREA ML

gEiﬁE‘%E/ﬁ%ﬁ*ﬁ(MRDM) [Nakamura+2021]

—Wave-U-Net [Stoller+2018] ZR—XIZL = 5E1E &R 0 B F %

— S ERRRE 5 HT [Mallat+1989] EU-Netig & D FE LU EIZFEEL, BEloT—JL
IEEBRERWN A YTV TR (DWTE) #IRE
= BFHEEBTOIAIT IO LIFRREEZHCIET, aBttegesm L
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