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ABSTRACT

A DNN-based music source separation method

considering music characteristics

Author :  Ren TANOZAKI
Supervisor : Yasunori SUGITA

In recent years, the way to enjoy music has been changing, such as not only by listening
to it but also by arranging it by oneself. Music source separation, which extracts indivisual
instrument sound from a mixture sound source, has become an inportant task, and it is
expected to be used as an preprocessing method for automatic transcription, and an method
for creating karaoke sound by removing vocals from live sound sources.

Recently, DNN(Deep Neural Network) have shown a improvement of performance for
music source separation, especially, used for blind sound separation(BSS), which is to
separate sound without using location information of sources. Usually, only amplitude
spectrogram are used as input features for music source separation using DNNs. On the
other hand, in the field of speech synthesis, it is known that the use of speaker codes in
addition to speech features during training produces better results than the method using
only speech features. Therefore, it is thought that combining amplitude spectrograms with
other musical features may improve the separation accuracy in source separation as well.

This paper proposed a method of inserting music information, such as genre information,
into DNN-based separation models in order to utilize information obtained from music
to improve the performance of music source separation models. It is expected that the
model will obtain the appropriate parameters for the input music by training the separation
model simultaneously with the music-dependent information. The proposed method uses
three types of music information: genre information, BPM, Flatness, and trains separation
models with suitable network architecture for each of information. The genre information
is manually labeled, and the BPM and Flatness are extracted from the input soruce.

Using a dataset for music source separation called DSD100, I compare the performance
of separation of each proposed method with that of the conventional method, MMDenseL-
STM. In the results, I found that the proposed method of inserting the genre information
outperforms the conventional method for three instrument sounds: Bass, Drums, and
Vocals. In addition, the separation performance of the BPM insertion method was lower
than that of conventional method, while the Flatness insertion method showed a slight

improvement in Vocal.
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1.1 HiEEE=

A, HRZLREEIRZTI TR - —BHOFTT LI 2fidh EERDHK
LAADPELTETWS. 25 LT, MeARERENRES - 25D S K508
BEMH T 2RBENHMIERELRFEE RoTW5E., 74 THEILOR—HNVEID
PR 282k 2 H 74 FIROEHS, BROEED O RIERDOEMZIERT 2 HE)
PSRN O 7= ORTLIE Y U TOIERR I N TV 3.

WIREDBEOFHEL LT, ©—2474—3I Y IRIFABETIRTFORE [1-3], %
FXAINT 4 F—=T 4R [4) EPHHINTZ7. LTl DNN(Deep Neural
Network) Z Wz E T ADNEWTBENEREZFE > TEB D, FRCHRE T 74 ¥ NEIRT
HE L I 2V EEROANHI OBFROB~ A 7RI DD WESZ /T 52
DHIND 2ic kX {fHbhsd. ZHlE, DNN IXERERZHS Z IR TED [5],
MNEBIRSCZBDO~A 7 AN X2 ZEMIVERZHEE LR b EREOREE D
HEDSAIRE/R 72D TH 5. DNN Z W ER T EEDH & LT, Nugraha 5 K& U Uhlich
5 D% [6,7] Tld FNN(Feed-forward Neural Network) & W T e & DHE 21T > C
W5, ZOBE, FENa Y 7F AN E2EET 27-DITHR LIZART MLEH 7L —
LEEHTASE LTWA. LSTM(Long-Short Term Memory) % F\W T2 & D HE%
fToTW2FiE[8] DD, STFT(Short Time Fourier Translation) & b 75 5 412 #RIE 2
R7 a2 T aeRRYIECATIT % Z 8 TFENN X b $ RORREFERZRS 2 &2
AL Lo TW5. %7, Uhlich 5OHZTIZ FNN & LSTM O i 28R E S
CETCHEEE M EXETED, 2% DNN 2#HlASOE 5 2 & THRBETHEOHK
ENREODRLI LB ZZRLTWVWS [8]. iz, MMDenseLSTM [9] X DenseNet [10]
¥ BLSTM(Bidirectional LSTM) %A & H87-F1ETH D, Multi-scale & Multi-band
WV o ZRFHIZ K D Uhlich 5 OH%E [8] & D D785 X — 2T X D EkERE 72 77



FH1E LD

FEERZH LTV, MMDenseLSTM O A1 HIRIERARZ bu 7o 4 TH D, #HiiL
FEB L —L%1ODANE LTWS.

— i DNN 2 L 725588 5 B D A TR EICIIIRIBERA R b 7T L DA
ZHWS ZEBZ2WH, BEEROTTHIZBWTIZFEEOBICESHFREEEICIZ T
Ha— P eI 2FBEFEONEEHVSE Z TRRTEID b RVWARERZH
TIEPHILNTWS [11]. Tz, K [8] DFEERTIX FNN OAD 7 HERER, BLSM
DADTHERER, FNN+BLSTM O EEER T2 ZBREE T3R80y v VLR
BRBZEHRENTED, Z2I0b, Vv YUVERIEEET THORBEICEER S5 X
HA[REMNE Z SN 5.

1.2 HZEEmM

AFHLTIE, RIS DT T L OMREN D012y v Y IVIEHR I ¥ D2 & 15
LNBEREEHT 222 HWE L, ZEiEHR%Z DNN X— 2D #EE 7 LICHA
TRFEERRTS. @Ea— FERAWEERARTIAERE T VNOEEKRITF N Z
X —ZPFEE 2 — FIC L D YEEE IHE L - ICEE XN 2 2DICE T LDMERESA
FF2aeEZSNTED, BEREDEICHE VT EMEE OIBR L FEICOEEE 7L
BEETBEI e TANSINEBMORBICHE L2 X —X k23 2 HfT 5.
RETFFEOERM2HERT 2720, DSDI00 I3 TF—Xty b 2HWTHRERT
e DHBERZITS.

1.3 FERXDIEHK

AL DOEBIILLTO@ED TH 5. 1 ETEARLOE RN FEHINZOWTIAR
7z, B2 ETIRRBENMOMERTFIEICOVWTIRARNS. 3 BTIMERTETH 2%
Hi4F % 6 A L7= DNN R— 2D HEE F I OWTIHN S, 5 4 ETIIRERTEL
REFEOHUBERZITV, BEFEOFHMEICOWTRT. H S ETIEARZE
LTDZEEHESBROFEICONTIANS.
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2.1 MMDenseNet

COFE[12] FEGRZE#RZ 2 7 TRWESR % H L Tuw3 DenseNet [10] Z4k5E L 7=
DEEE TN THS. DenseNet DHEARIIH 2 EOHIcZNLFTIOREDOH D 241T 5
NHZeTHY, ZhICX->THIODETFHEINFHEEZHAHATE % !

x O = H(xD xE2 xO)) (2.1)

2T, XD IEHO Ay b =2 oA, H() EFIEREER, xO3 Ry bv—2
NDORHIDAITH D, [...] ZEBOMELEKRT 5. KRB0 HINE TS5 ICH
HNFEIBD AR v I L BMETZ I TH D720, ANEFRPLLEIOEDH
NEZDEBZLTKBEOREEL 77 v a7 v 7 TZ % DenseNet DMEHIIZEARE 7
BECHEL TWVWa a3 TWa [12]. EHGRFEHEX R 7 TR DTS ResNet [13]
F 1 OHIDEOH NI T LS EICT A IENTES, ZDxRD DenseNet & #7253,
7272 L, DenseNet (X8 DR X 238 31O TR S OB BTN BN S % 7=
D, ZLDAEVZERTILEVIREADBD 5.

=& 5 23124 L 7= MMDenseNet (& Z O il % iR 5 5 72 912 Multi-scale Z3E A L,
Mz T, EFLOMEER LD Multi-band ZEA L TW5. ZRZNDEHHICO
WTLIT O/NEICREAE S 5.

2.1.1 Multi-Scale DenseNet

Multi-Scale DenseNet (Z[X] 2.1 T/rR&E45 denseblock ¥ XV > (7 v )7 »
JTETHR XN S, comp. layer 13Ny FIERUE, IEMEILREIEL, BAAAE TR ST
Wa., Xyt T RITWEREOR < v TRER T 5 2T, FHREaX
FEEBRLODEEREELS TR e e, XhERKBOa Y7 F 2 b 2 LHF



dense block

2.1 dense block DFERL (CHER [12] X D 51H)

MDenseNet

dense block %

Down Sample layer Up Sample layer

2.2 MDenseNet D#ER (SCHk [12] & b 51H)

DEFBFEEETMMET R 2D TES. ERINERBEORHM~ Y 7137 v
TH T AL o TERBEIEILINS. 2o %, KGE IR Tk
WRE R BT T 27201, ACRA7r—L1o7ay ZJELEEGT2RFy 7
Bz BEALTWS., ZO7—F727F % (X12.2) % MDenseNet & FE3.

2.1.2 Multi-Band DenseNet

EROITETABEEZ M X 2720, 2ERNRERBARS b T 60 bICRE
D JE I ECH I E ] @ MDenseNet & A L TW5, FEEEENCIH - 72 B AAA T EE
FXA VICBWTHRITH S0, AT 075 ADRFIIGZ AR Z— V3R 5 [H
BRI CTERZZ2 BRI DI I TV !

o [AEPEUIIZIZ, By F— AR REMEEH T 25085 5 T6EME
DEWN

o EBREBIRICI RN AL F -, V4 X, BHEET 25 2HOMEHA1DH 5

ZL DBEHIABH —FINVEEIINVF —HBICELRAZEDYE, XV ROZILF i
BT 27-0ICHRe LTEITICKNT 2N TWS. 2079, SmilEH
DAy b7=7RREH/LTNE. ZOT7ATFTT7MEHLETY —FT727F v (K23) %
MMDenseNet & FES.



MDenseNets

Fullband | output

| dense
bandN | | block

Jreq.

time

2.3 MMDenseNet O (SCHk [12] & D 5IH)

2.2 MMDenseLSTM

EE S E TR EEC L WAR % _EIF 72 MMDenseNet [12] Z58{b L. & a7 ¥ 2
F O RS Z 8RN ET LT 2 LWT —% 727 F ¥ £ LT MMDenseL-
STM Z8ZE L TW3 [9]. MMDenseLSTM 1%, CNN X—2D 4 v b7 —Z7HEETH
% MMDenseNet ¥, RNN 72 AEiETH 5 BLSTM & 2 & v TR CEfE LTV
THbY, WHEDHERX 227128\ T ideal binary mask & D 3 BWEREAH L TW3.

Uhlich 5 DZEIC L2 L B2 DNN 7 —F 7 7 F v R@iAST2 2 TEh RV
REZHIT ZEDRENTWVWS [8] 2, B2 7—F77F yOH OB IXET LY
A X B OFHARE 2 X1 % 728, MMDenseLSTM i 1 DDt v bV — 7 @D
HC DenseNet £ LSTM 7 u v 7 Z#laEbETWS. 22T, LSTM 71 v 713
TOERTHKIIS.

o Ix1 BAAA: Kt~y 7O%E 1 126 T
o BLSTM: K¢l 7 — & ¥ L TR~ v 725
o &4EEJE: BLSTM O 1 & BT D 7 — X IR

LSTM 712 v 27 1% MMDenseNet WD #% DenseNet D% 2 i S, FLET ALY
A REHR SR T2 DI IRGIE 2 4% 5 BEJE D DenseNet ¥ I3 S 0. %y
N — 7 DGR 2.4 1TRT.



) R-MDenseNets
P Full band

2.4 MMDenseLSTM D#ERL ik [9] & D 51H)
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MMDenseLSTM Wi ¥ Y M E#RZHAT 2 ke LT, $3@EEEa—N2H
W B E SO [11]  FRRIC R v b7 — 27 DZJEIZT one-hot vector JTER D P %
UVIEREME T2 HEREEZ. L L, MMDenseLSTM D4 J&121% BN(Batch
Normalization) [14] 2S#HARAFNTE D, % VILIEHROHEH A 21T S5 BXIZ one-hot
vector 75 BN OIEFICER B2 52 2 WO RELFEET 2. BNy hU—20
BREICBNT I I =AYy FHADFE—F ¥ 2VICEFNSBIELERZ T 0, 78112
EFHRILLFEE ORI EZXKZ DD THSDIIH L, one-hot vector 13D 2 EFTH 1, Z
DMDEFID 0 THEZNRY "LT—RTH 57, BHEERE EHILT 2720087
R =BT v YIUVEBRICKE SMKEL TLEY, ARRITWI2WIEF LA HR 2 W ATRE
Wbz eEZSNS. I T, one-hotvector ¥ BN BWEWZFHLAEWSAY T —
I Mg 4 IR E T 5.

311 Ry hIT—=0D—ERICT v VILIEREREA

MMDenseLSTM D% v bV — 7 #3E12381) % DenseNet £ BLSTM D#E & ER57 1S
THOY ¥ VIVIERE A LRBRETHOEEZIT>ET7 L (M 3.1) 22835, Z
DAEFTIZIZTTH & BN 2 X LT Wi W28, one-hot vector Z i A L T HEE
ERIFXRNEEZ D, v IVIERIX one-hot vector DFETH- X 541, DenseNet &
BLSTM D i) e it& &z E T T O XTI AT 5.

h(t, ) =c (W, f) - hea(t, f)) (3.1
heawi (8, f) = [haense(t, ), higim(2, f), cgenre] (3.2)



B3R RRTE

SHHhES v Il
(AR RS LER
|

2w v ILIERR Genre feature - Rgense(t. /)
(one-hot vector) CH¥ “El_x_ﬂﬂ BLSTM output
DenseNet output

Dense Net up sample layer
o BLSTM mm down sample layer

30 Yr VEREFHAT 4y bV — 7K

ZITC, t 3HARHE7 V=24, fIIHIEBEE Y, h 3HEEROFEE, haenseld
DenseNetD 11, hisym FBLSTMDHIT], cgenreld S ¥ ¥ VIR, W IEHEEAITS,
o () FIEHE LTS 5.

¥/, WA a Y72 2 %S DenseNet ¥ Efiia > 727 2+ ##% 5 BLSTM
DfGE #NﬁmmwuﬁM®§EE@%T%%t® ZIRYy EREEAT
TR ZRAEEITONS Z & 2T

3.1.2 DenseNet #BEDLTE

¥ x Y VIEH % one-hot vector THRIA L 72535 MMDenseLSTM D& JEIZH A $ %
56, 2y VN — IR EEETIZLENDH S, X 3.2 12/RF DenseNet D% v b
7 — M E R % ¥, DenseNet Z K3 % comp. layer D—F L DEH BN BETH %
728, one-hot vector & & LIFEZLARBMDIEHLE Ny FIEFULZNATLES. £ T, comp.
layer IZffHNTW2 BN BONERK 33 ICRTEDEFET LI 2RETS. Zh
12X D, one-hot vector 23t & S NI BIELE B —EE I NRIT BN B A ah
572, NoFERIEDRTXA =22 REEDLZZIETRVEEZIONS. ZIZT,
conv JE ¥ BN @ EKiS 2 &, ZEERHC conv JED AL 7 257 X —& ¥ BN J§D S
TRXR=ZPHEWNIFHB LD 720, conv BONAL 7 RIEXRHIRST 2 Z L ITHERT 5.

3.1.3 Ty VILIBHmEARIIC Linear B%ZiE0

Dx VVIBRE Vo BUE TR W T — &% DNN ICA ST 20O AALRB L L
T one-hot vector WSS Z 2 IZ— BRIV TH 2 D705, 02 1 DATHBEINEAN
7 MVEEGOEBEEZBD BN ICANTEINE ZIXFE LW, Py VLER%E
RN PV TRHET 20BN H L. %I T, one-hotvector #ZDEFE ARy bV —7
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(one-hot vector)

Dense Net

r

Dense Net comp. layer

3.2 DenseNet DAY

conv layer

EN layer

act. layer

comp. layer

3.3 ZH%OD comp.layer

WHEHAT2DTIERL, K3.41R-F X512 Linear ExHite 2 & TY v VIVIEHRZE HE
BR7 PNV THETIRCERL, 202y VT —IADHAZITS. ZDL X,
MMDenseLSTM @ I % H OBsE 51 2 HEB v\, #1115 37250 Linear &
LT O TR T IFE LA 21T S.

l l l
vée)nre = O-(W,ée)nre *Cgenre + b((ge)nre (33)

ZZT, b WAL TANY VATHS. 2, BONEAEEB v, ZUTO
ATArY N7 DEBEEREMAEINS.

ht, ) =W, )[R (1, ), v e]) (3.4)

dense

DL ZED h(t,f) 13 JEH®D DenseNet D AT & 72 %.
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(i-1)
hdense q}

O]

vgenre
Linear Linear Linear Dense Net
mm BLSTM
Cgenre Linear
Do IER |

(one-hot vector)

3.4 Linear BZBML7=%y bV — 27K

3.1.4 BN DHIRE

one-hot vector ERUICIR 5T, 2y VY —2D@RHPIZT—XEZWHAT 2 Z & HIKD

BN ¥ OMHMESEWAREM 2 E X, *v MY —27/» 5 BN ZHIFRS 2. LaL,
BN 3 E7VODIEEAELZITo TWa 729, HIRLTLE S e mEfE T ADMEFE LT
LEOAREMDH 5. 22T, @FEH 205 577k e LT, MMDenseLSTM D7)
J& % R 724 conv JE DT£IZ dropout Z BT 3.

3.2 BPM DiEA

3 EITHHALLY ¥ YUBEHRIEROREER T I NVLD—DTIEH 503, i
Bz T 5B TERISTE 2 LIXR o R Wi®, 3.1 HIoFEIFEIMI v L
MIRY Y TINTWEEMPBFICLrEHATERVWE WS MENH L. 22T, &
HIDOBETED S LR LRSI T VAT 2 e 2R T 5. ARHT
BPM [15] O A2 DWW T, XHiT Flatness [16] DA O WTHIAT 3.

BPM(Beat Per Minute) & — 7RO DO Z L 23V, FELLEOEEDOHEXTH S
PERITIEETDH L. BPM IV ¥y YAZEHFICHWONL 2 DD [17], F74T28
MORTIEL SRV 2720, BBREZDHET 2B TEIRVLEE X .

X TIE, ANEINBARZ baZ T ah b4t [15] L7z BPM % 288535 0l
AT BERICLLT D 2 DD fHEE AW,

1. BPM % [0, 1] \CIERL L 720 BIc BT VI AT 2
2. BPM % one-hot vector ICZHE L 72D B I HEEE T VICH AT S
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1. L TIE, BPM IZ 300 THISN 2 Z & T (0, 1] oEfIicER bz i
%. HERIZBIT 5 BPM OFIEIZ—HRIVIZ 300 2B X 2 Z 2 I3EWEE X, ZORF
AL 7.

2. DFETIX BPM O#iBH % [~80, 81~90, ..., 171~180, 181~] X I& b 731, AN
HIRD BPM 0G5 2885705 1, ZHLIAHI0 TH 5 11 KITD one-hot vector %
K3 5.

ZFNZIUER L7z BPM Fr#EE 3.1.1 £ & [AF#1C DenseNet & BLSTM D#& & 5557
WK ToORD@EOIHAZINS.

h(t,f)=c(W(t, f) - hca (1, f)) (3.5)
heur (t, f) = [hdense(t’ f)a hlstm(t’ f)’BPM] (3.6)

Z 2T, BPM X [0, 1] iIQIERME X 7 EED>, 11 RITD one-hot vector DWW\ F Ah> &
%5.

3.3 Flatness Mi&EA

Flatness {38V —ZARZ7 PLVOEHEZRITIEETHD, A74 P A XD XS
VR EIE 112aD <. Flatness ZHH T 2 720121%, HIRZATBIT 587 —
AR MNVEERDOY IANY FIZTT, YT FIZBF 527 —DfEZ G5 L
e, BYITANY NEOMEREHZHENTFETHRET 2 TRDZ ZENTE

% [18]. AKX EZLITITRT.
\A/Hﬁzop(ﬂ)
%Zﬁl\zop(/l)

ZZT, ANFVINRYEHE, pp T ABHOY TNV FIZBIT 2V —DEEHEER R
$. Flatness [3ZEH DY v VLGSR AKX ) Y 7 RITH5BRICRBEE LTHWS
W% (19,201 23 H, ZOHTHEED D HMEREZH L TWEILES H 570, Fihx
O 2B CTH I E R T,

KX TIE, ANENBEARY va s T Lk 54 U7- Flatness 2238835 0 BtE 7
NMHATBBRICLLTD 2 20 FERZHAWE. 2o E, ANFENIZATLAHFRT
»H%7-, Flatness d L £ R DM FBER I NS,

Fla = (3.7

1. Flatness DBUEXIRIERARZ ba 7o L FRIZATIT S
2. FNN TRITEMEZ AT o 72 RICHBEE T VICH AT %
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FI;t.néss
vy a o A A—0
A » M Flatness Flatnessz#& 4 & L

=Ty
1 Flatnhess Flatness
' 1
T[RRI 7 L — 4] TIERI 7 L — 4]

3.5 Flatness OYLAE

1. ®IETIE, Flamess EIRERARZ v 7o 0% F v VXAV RITLTHEE LD
DERMEET VDAL TS, IRIBARZ b 75 L0KEEH (CH, T,M) TH 3
DIZH L, Flatness D KE XX (CH, T) TH 2720, F v RNV RLTHET SI12iX
Flatness %z X 3.5 @ & 5 (A REE O /T ONCHRIR S 2 BB D 5.

2. DFIETIE, 3.1.1 Hi L FHEIC DenseNet £ BLSTM DO#f & 4712 Flatness % i
AT 3. L L, Flatness DXITEIT D v »LIEHS BPM & LERTAKZF W=, DNN
AL CTRITHIEZ1T 5. BRI, X 3.6 1IZ27RT 3 D FNN % T Flatness
DOXTLZHIT L 728, LTORD@ED ICHBEEET VICHAZINS.

h(t, f) =o(W(t, f) - hear (2, f)) (3.8)
hcat(ts f) = [hdense(t’ f)’ hlstm(t’ f)’HFNN (Fla)] (39)

Z 2T, Hrpnn(Fla) i Flatness Dfix A1 L7722 D FNN O /1 TH %
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Flatness

EIELE R

l, SEEE T ILA~FEA

3.6 Flatness O XICHITK
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411 ETILOBE/INTX—A

AL TRBELEREDHEE T LDy bV —IHED S5, 3 ETHHAL 2
Hh SR 2 7 A 5 2 30 IAME RN — 2 FETH 5 MMDenseLSTM 25 E 2L TED,
AR T X — ZIECHR [9,12] ICREH SN T WA B D LR —TH 5. T/, ANEIN
ZIRMEARYZ v a2 T 403 4.1[kHz] & 11[kHz] 25512 3 DD B I OE s h T
BY, FEIZ7L—2RIZ352 7L —a2 LTW5. GBS LT Mish BA%K [21]
ZHOWTED, Fay 77y bt 2fHLEEO Ny 779 M RIZ 02 TH D, X3.6
@ FNN OZ0t#ud B SIEIC 704, 352,7 TH 5.

412 FBEHE

FENER U oo LR RS RAdam BIEL [22] TH D, % 0.0001 & L7=. &
AR R E R W, S ="y FRIE 1 TH D, FEHEENZ 40[epoch]
THb.

413 T—2tvhk

KN TIE, BBFTDHETLOEE D912 DSD100 Z HwW/-. DSDI100 134
100 i o7 2B EDEEH T — &€y b TH D, F2E Mixture, Vocal, Bass,
Drums, Other @ 5 DD HFFETHK I NS, ZDS5H 50 izEFEH, 50 #hz A &
LTERALE. BFREATVAFEFRERTHD, 7 ZREBEZ 44.1(kHz] TH
%. ¥7z, %#i% Country, Heavy Metal, Hip-hop, Jazz, Pop, Rock, Techno, Other @ 8
DDY v IV LTz, FEHIZ X 5 Tid Pop 22D Rock 72 ¥, HE DY ¥ » NIZo

14



F£41 EHFERALERY v VI N2

Country | Heavy Metal | Hip-hop | Jazz | Pop | Rock | Techno | Other
5 4 3 1 9 18 8 5

HIN2bDBFET 5. FRIMHALLEY v o2z 4.1 1TRT.

4.1.4 HIIE

EAERAED 11222 XS WCEHI LU ZRFBER IS L CERE Y — v =&
(STFT) ZfiL, #RIERRZ ba s F A2ER L7, ERHE7 =V ZZB0EY 4 X
4096[sample], F—"—F v F1F 75% TH D, FEIEIZ hanning BZHFH L. %7,
2ZARZ ba s T ALY U BIX 2049, R 7 L — 24803352 7L — A TH 5.

415 1018

BHIRTHEE T VO TH 2IRIBARY v 7T LSRR 7 — VU =21 iISTFT)
ZHL, REEBICETT 2. O, B0kl s20HAR7 barJ A
BAEEROEIHREFACDORMHHT 2. 20k, HILLREEFBICZT v 2L
HIERAFOZEME SR Z FIH LTI S DBt 2 1T 5 F15TH % Multi-channel Wiener
FilterMMWF) [8] Zfifi3. DNN % FH W /=258 B B CII BB EREH| S 2 2 EF L
T 570, B LTMWFE 252 Z e THREEOM LK 5.

4.1.6 FHMEIEIE

RBIFEMEE . LTI T oxTt&R X5 SDR(Signal to Distorsion Ratio) %
Wz,

N
PR

HEEE S BYEIES S LR OBRERENEA TV S22 2L L, KEIENE
CIRIEOBBENE N L 2T . O, #HIERSLAEMES I 5D L2 B
fkxh7z ETEHAEIATVS.

SDR =: 10log 4.1)
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4.2 EERER
421 SoVIBEBRERBALEBESHET)LOMAESTE

MMDenseLSTM % X — R & L7233 BEHEE T MICBIT 2P ¥ Y VEREZHEAT
bxv N —IRRE LT,

» PART: 3.1.1 #iT#ihH L 7z, DenseNet ¥ BLSTM DfE &7 DA AT %
MERK

* ALL(ONE_HOT_VECTOR): ??#iTaifH L 7z, 2J&!Z one-hot vector JEIX THH
AL, comp. layer % Z 5 3 % ##K

o ALL(DISTRIBUTED): 3.1.3 i CitlA L 7z, 2B Ic R T AT 2 /K

* ALL(DROPOUT): 3.1.4 fiiCaAH L 7z, BN % dropout {ZZ 5 L 7z A%

PREL:. 20 FFEL OLBHERICOVWTR 42 1TRT. RHYOD
ALL F Ny FIERH LI § 2 6156 % 2 3712 one-hot vector Z £JFIZHA L 75HE
DIERTH 2. F£3, Other IN DI EFIZOWT PART OFERPHED L, N—
2 Fi ¥ X T Bass, Drums, Vocal 1238\ T SDR 2% 0.1 225 0.2dB f£)E F [\ - T
W3%. ALL(ONE_HOT_VECTOR) %3 Other 128 W T 0.05dB #2 PART % E[6] - 72 %
DD, FDMDEEIEZFIZTONWTIZ PART OFERN—%F R <, ALLDISTRIBUTED)
TIEIRIERFTITBVT 0.1 225 0.2dB 12 PART DR % TH->TW53. ZHiZ
DWW TIE one-hot vector % 7 HIRBUCER T 2RI ¥ YILERP AL L TLE -
e EZoNS. F£72, dropout TIX BN 1Z ¥ D IEHE A K 3122 H ik &=
TL¥->7%D%, ALL(DROPOUT) TR EFEDTHOEENKRELEDBLTLE - /.
ALL(ONE_HOT_VECTOR) T BN J&IZE# one-hot vector AT E WK 51
2w b — RO —EZZEE L =5, BN BORIIC conv BEEEL/Z2LTDH
one-hot vector 25Ny FIEHLIC G X 2 E PRI 5 Z I3 TE R o EZI DN
5. YL EDZ 5, DenseNet ¥ BLSTM DfEEERTICY ¥ VIVIEREFHAT S Z &
THBEEREEN LT 2 22 bhb.

¥, HY v AT BT A2FEINFHMOM R LK 4.1 1TRT. ZHITED,
Heavy metal, Techno @ 2 DD Y ¥ YL TIEREME Tl L TIREFIEOMBRIN—
AFER EEloTWB 2 bbb, FiZ Techno 34 DB ETELRLLEBEBTFETDH
20 A P —FORBEEMHHALTED, Vv YILIKELZERPZV2HIC
Tx VVEREHAVWS Z TIOBEORWHEESH RO TERVW A EEZ OGNS,



HA4E EB
#42 Ty MEREAT %S TEEFEO B R
SDR in dB

Method Bass Drums Other Vocal
BL(mixture) -0.19  0.005 049 -0.28
baseline(MMDenseLSTM [9]) | 3.53 4.86 346  5.26
ALL 3.40 4.78 3.13 493

PART 3.64 4.94 343 545
ALL(ONE_HOT_VECTOR) | 3.57 4.86 348 532
ALL(DISTRIBUTED) 3.54 4.82 340 5.22
ALL(DROPOUT) 3.23 4.32 296 397
BU(ideal binary mask) 7.84 8.30 8.90 11.1

iz, N—ZAF7E (MMDenseLSTM) K& S8 RF1k (PART) = H W =328 5 T HED
AR 2K 4.2~4.17 113 . Zhzh, 5 DHOIRIEARZ tr /5 4THD,
mixture 37T HERTOIREG E TR, soruce 135K AE DHNNES, baseline 13— ZXFED
H1AER, proposed 3R ETF1E (PART) O IFERTH 5. X 4.2~4.51%H % Techno
DI DTSR ZRLTWS. X 42,43,45 %R %Y, baseline X D 3 proposed
DITDBTHEL T2 WELS OB REI NS 2o TED, DV EATVWS Z L 23by
%. X 4.6~4.9 135 % Heavy Metal DZER D T EER SR Z R L TW5. X 4.6 £1X4.8
T, Thecno DFEH & [AHRIC proposed DT DEREBEV/NE 2o TWVWB Z b
5. %7, M49c) zRbt, ARTHEL 2\ Vocal DEIRED S5 5 4[kHz] &b L
DERTIHD D F L THEHSR T WRWZ e h3bhr 5. Heavy Metal F#H ® Vocal ETH %
P 2 EFL Vocal & LTHRMTETS, MOEBEFRXETENTLE LD TIER
WwWhrr#EZ6MhS. —HT, I4%®T@Kf%i$< TEECE T WA, Vv
MEROTAL Lo T vV FOHEe EFLFAETELDOTRRVWREEZLNS.
X 4.10~4.13 13 % Rock DI D TR Z R L TW5. X 4.10 £ 4.13 TlZ
proposed D DERED/NS K RoTED EFS R T 228, M4.11 2K 4.12
TRZEIFTEDLRWV., FHT—XZEHFETN 2D 5 5 Rock 127 X 12 28
MHEL, R=AFIETHELIABET L E Rock DY v YIVERERA L7 70HEE
TNDNRTG R =X DIZR o TVWBA[RENEDLND 570, 7TEEMEREDH X D A L
LD oD TREREVAEEZSZ 5. ® 414~ 4.17 135 3 Hip-hop O30
HEAERZ R L TWa. M4.14,4.17 2R 5% ¥ Bass & Vocal D77#fEl proposed D75 53
IR T2 2 B 2 %23, X 4.16 Tl baseline DT HRL DBECETWVWA X512



K43 BRI A U 7 2885 0 MET IR O FLBSRS SR

SDR in dB
Method Bass Drums Other Vocal
baseline(MMDenseLSTM [9]) | 3.53 4.86 3.46 5.26
BPM(IERE) 342 478 3.31 5.11
BPM(ONE_HOT_VECTOR) | 3.54  4.56 325 477
Flatness(INPUT) 358 482 347 531
Flatness(FNN) 3.45 4.80 339  5.39

H.Z %. Hip-hop @ Vocal 77#itlE EF L EETELD, ZALMDOERETITOVWTIE
HED EFLFETERPoREEZONS. FHIMHEHLEZY Yy LDS 5, Jazz
¥ Hip-hop DD o272, ZRZNDY v VLI T WV 2 2IR D
BEFEHLENRDPoTDTIERVWILEEZILNS.

422 FEMHSHH LBERZEA LLCEREDHET L OIS
K DFRD S L7 FEEZEGEE T 7 VAT 2 R LT,

« BPM(IE#UL): 3.2 BiTa#BH L7, BPM ZIERL L THA S 2 Fi%

« BPM(ONE_HOT_VECTOR): 3.2 i CatfH L 7z, BPM % one-hot vector JTE=\T
HAT 2 FiE

« Flatness(INPUT): 3.3 fiiCiBA L 7z, Flatness Z{E& &R FRHIC AT 2 FiE

* Flatness(FNN): 3.3 HiCiHH L 7=, Flatness % FNN (2 L 722ICHEA 3 % Tk

ZIRRL. B4 DOFECBIT 2 EEFTHERICOVWTR 4312”7, BPM ZHW
TR T E D RXR—ZAFIELD SDR BMEWAER & 7R o 7. ZEi 0 X 3 ZEdh O Ff
WMTHBERLD, EREITHERELRIFRE L o7, HEEITY ¥ 21T 2 D BPM
DFEEEZBIE L= T3, Jazz, Techno, Hip-hop @ BPM 23 \WMEFICH 2 Z & A3
Dotz ZDEZK20BPM] BETHD, HEDHRKREVETIERWI 2190 o
7. il ey, SEBAWEERIETER O one-hot vector TERLTIETIE R E 2N
B ONBVDBDTH o778, BPM DEEMERBOT 28UERE D X b oz E X
%. Flatness & F\WW/=FIETIE, —H%E43 % T Flatness(INPUT) 23R — ZFiE% 0.05
~0.1dB f&fZ F[E 2 %55, Flatness(FNN) 2% Vocal TX— X FE% 0.15dB & L[H 3
MR o, 207, T x YUERIZE TIXR WA Flatness (328 L L CIE
FRIRETH b, FFIZ Vocal ICERITH 2 e EZHNS.



H4FE FER 19
Bass RN
m REFE(PART)
6
mAN—XFE
5
Q4
£ 3
&
32
1
0
Country Heavy Hip-hop Jazz Pop Rock Techno
Metal
Drums O s
m REFE(PART)
10 mA—RE
8
=
= ©
X 4
n
0
Country Heavy Hip-hop Jazz Pop Rock Techno
Metal
Other N
; m REFE(PART)
mR—XFK
4
=
= 3
X2
%)
1
0
Country Heavy Hlp hop Jazz Pop Rock Techno
Metal
Vocal .
g m IREFE(PART)
BR—XFE
o b
©
£
o
[m)]
- . I .
0
Country Heavy Hip-hop Jazz Pop Rock Techno
Metal

4.1 V¥ YTk OFBIIFHL



20

(a) mixture

kHz

14—
12 -

time |L5 2:326 2:27 z:28 a-23

FIRR shed 1 b

(c) baseline
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2:27 2:28 2:259

(d) proposed

42 Y ¥ ). Techno IE#5% . Bass
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time ||
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(b) source

(d) proposed

44 T ) > Techno %83 : Other
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(b) source
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(d) proposed
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| |
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kHz
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X 4.17
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HSHhD|C
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51 &

REWX T, ZHREDTHE T VO LD DITY v Y IVIEHZ & DEEHIH &
"Boh2EHMEEHT2 e 2HWE LT, ZHE#RE DNN X—X D5 HEE 7L
WHAT2FEZRELL. 5 1 ECTRERODEERE 7B O W58 A K K HAE DR
IOV, RO HWERLZ. B2 B TEARRLDON—ZAFIETH S
MMDenseNet & (X MMDenseLSTM 12 DWW T 7=, 8 3 HTIIAM X DIRETIET
H3, BT v »IVIEE % one-hot vector TG THiA LB Z 0D EE 2175 %
TOAKRY, FHOFEL SHIM LR EZHA LESE THOEE 217571
DWTEDOREEZ RN, 54 ETIE DSDI00 & M 2 B ETHHO 7T — &£ v
FNERWT, ERECREFEORBEZHR L. EROMR» S, O x VVIERY
AT 212 47%1Z Bass, Drums, Vocal @ 3 D DI FICB W TREKER LR 2 FEHE %
82 g hrolz. 72, one-hotvector ¥ Ny FIEMLOMEEDORE» S, ¥ v >~
VBRI Yy FIEFEEHFHA L TORW—HOEDOAIIHATEINETH S L HIHL
7o, ZMhOEEH, S U REE 2 A LI5S0 7B R, BPM ZHW5E
WEPERFEZ T E B F5R ¥ 72 o 7243, Flatness 2 W25 &3 — e g TE2 D O E
m_EBE ST,

52 SROFRE

AL DR TIE, v YIVIHEREHAT 5 2 e TRBEE DO E 2 M L ¥ 7.
Lo, 2O Y VUVERD IRV 72175 23 aX 03 d7d, ATE
T o it T & 2 ZBMREEDIEH 2 E X, KX DEBRTHITo1hY ¥ VIVIEH
ZHOWEGEEEORMER L3 Rokkdr oz, 20k, SHOFEL LT, 3
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BT HECE R 25 R R O M SEYT AT IEOME 21T 5 REN D 5. Fz,
Ny FIEHIL Y one-hot vector DAHEDMIRED 72 DA X TlE 77 BEE T L D—E 57
DAY * YIUVERDFHFAZITo 728, BERAROTEH CIER2EICEHMEREHEAT
LRI~ THD, HERENPRAD L. 22T, EBlERzHEAT 270
WHEYIREREAE - EBRT 2 2 b S5ROMEL LTEZILNS.
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AWMEZITOCHD, ZLDITHEE - THREZ WV HBRIMESRICE <
BHEBL LITET, $h, KMXOEEIZHLDEYRHERZ W WEAREDE
TEBUEEZ 75 & N ENEFIRNEBE I AICEHH LU B £, RIRIZ, AWIZEITH L
TZL D ZHEHZ 2 & o A5 S UHES AR E O BERRICER C BE#H W L £ 7.

A3 F2H



& A
T Ex

A.1 ideal binary mask

ideal binary mask(IBM) (3 7782 D BFEBREHHF LN TV S HITE THHAE S L5 B
7R E IR TH 5. BRI, DUTORENXD@ED 242 5.

_ |1 SNR(t,£) 20
IBM(t’f)_{o SNR(z, f) < 0 (1)

Starget (t, f) _ o Starget (t, f)
Snoise(t’f) gS(t’f)_Starget(taf)
Starger (1, f) = IBM (2, f)S(t, f) (1.3)

SNR(t, f) = 201log 201

(1.2)

ZZT, t BRMEY TN, fRABEYE Y, Siarger E0HEL 7oWIEERE OHUTNE
5, Snoise \EANLIDRBEDEE, Siurger ML T2 WEEE OHEREE, S I3
AIES (REER) TH 5.



[1] A.Liutkus, D.Fitzgerald, and R. Badeau, “Cauchy nonnegative matrix factorization,”
in IEEE Workshop on Applications of Signal Processing to Audio and Acoustics,
WASPAA New Paltz, NY, USA, pp. 1-5, 2015.

[2] J. LeRoux, J. R. Hershey, and F. Weninger, “Deep NMF for speech separation,” in
Proc. ICASSP, p. 6670, 2015.

[3] Y. Mitsufuji, S. Koyama, and H. Saruwatari, “Multichannel blind source separation
based on non-negative tensor factorization in wavenumber domain,” in 2016 IEEE
International Conference on Acoustics, Speech and Signal Processing, ICASSP 2016,
pp. 56—60, March 2016.

[4] N.Q.K.Duong, E. Vincent, and R. Gribonval, “Under-determined reverberant audio
source separation using a full-rank spatial covariance model,” IEEE Trans. Audio
Speech Language Process., vol. 18, no. 7, pp. 18301840, 2010.

[51 ALt R, MEFEE ), @R, @B E.Z AT, IR, NEFIES, "HNZ IR E 2 E TS
IS % v 3 OLTE O BRI, (Z22H3, vol. 117, no. 515, pp.
13-20, 2018.

[6] A. A. Nugraha, A. Liutkus, and E. Vincent, “Multichannel music separation with
deep neural networks,” in Proc. EUSIPCO, 2015.

[7] S. Uhlich, F. Giron, and Y. Mitsufuji, “Deep neural network based instrument
extraction from music,” in Proc. ICASSP, pp. 2135-2139, Apr. 2015.

[8] S. Uhlich, M. Porcu, F. Giron, M. Enenkl, T. Kemp, N. Takahashi, and Y. Mitsu-
fuji, “Improving Music Source Separation Based On Deep Networks Through Data
Augmentation And Augmentation And Network Blending,” in Proc. ICASSP, pp.
261-265, 2017.

[9] N. Takahashi, N. Goswami, and Y. Mitsufuji, “MMDenseL.STM: An efficient com-
bination of convolutional and recurrent neural networks for audio source separation,”
in 2018 16th International Workshop on Acoustic Signal Enhancement (IWAENC).
IEEE, pp. 106-110, 2018.

40



S R

[10] G.Huang, Z.Liu, L.van der Maaten, K.Q.Weinberger. ” Densely Connected Convo-
lutional Networks,” IEEE Conference on Pattern Recognition and Computer Vision
(CVPR), 2016.

[11] N. Hojo, Y. Ijima, and H. Mizuno, “DNNbased speech synthesis using speaker
codes,” IEICE T. Inf. Syst., vol. 101, no. 2, pp. 462—472, 2018.

[12] N. Takahashi and Y. Mitsufuji, “Multi-scale multi-band DenseNets for audio source
separation,” in Proc. WASPAA, pp. 261-265, 2017.

[13] K. He, X. Zhang, S. Ren, and J. Sun, "Deep residual learning for image recognition,"
In Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition
(CVPR), pp. 770-778, 2016.

[14] S.loffe and C. Szegedy, "Batch normalization: Accelerating deep network training by
reducing internal covariate shift," In International Conference on Machine Learning,
pp- 448-456, 2015.

[15] P. Grosche, M. Miiller, and F. Kurth, “Cyclic tempogram—A midlevel tempo rep-
resentation for music signals,” in Proc. IEEE Int. Conf. Acoust., Speech, Signal
Process. (ICASSP), pp. 5522-5525, Mar. 2010.

[16] S. Dubnov, “Generalization of spectral flatness measure for non-gaussian linear
processes,” IEEE Signal Processing Letters, Vol. 11, no. 8, pp. 698-701, Aug. 2004.

[17] BRE5MN, PR, B, S 285 8BS S ALERIN O i foim, " & TR HuE R
=56 Vol. 98, No. 6, pp. 467-474, 2015.

(18] (LHEHR], =HHE, "EXERLUETHOON S BFE T X — R X2 E5MER
DOAHENE," HARBFE YR58 70 & 8 5, pp.440-445, 2014.

[19] ARG, BAEK, "Hih- 587 — 2o  EERMED 5 41," DEIM Forum,
pp-2-4, 2018.

[20] (liHm C, B SEHE, —HPHEIL, "SR EBE S B NRE LT = XY Y 7T %
NHERD BEMEE," HAEE Y RFE 72 & 4 5, pp. 182-189, 2016.

[21] D.Misra, ”Mish: A Self Regularized Non-Monotonic Activation Function,” BMVC,
2020

[22] L. Liu, H. Jiang, P. He, W. Chen, X. Liu, J. Gao, and J. Han, ” On the variance of
the adaptive learning rate and beyond,” ICLR, 2020



