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Dataset creation for drum set source separation using microphone array

Yu Morisue

Department of Electrical and Computer Engineering

National Institute of Technology, Kagawa College

Abstract
In drum set recording, multi-track recording is generally employed, where close microphones are placed near
each drum part (sound source). The purpose of this method is to record the performance sound of each source
individually. However, even if the microphones are closely placed, it is almost impossible to completely
prevent the interference of signals observed from other sound sources, which are called bleeding sound. Signals
recorded with close microphones are mixed after being processed with equalizers and other effects optimized
for each source. bleeding sound hinders the individual processing of each source during the mixing stage and
unintentionally degrades sound quality. Therefore, techniques to reduce bleeding sound are required.
Bleeding-sound reduction can be formulated as a source separation problem. Among source separation
methods, blind source separation (BSS) targets signals observed with multiple microphones. There are several
BSS methods have been proposed including independent component analysis (ICA), frequency-domain ICA
(FDICA), and independent low-rank matrix analysis (ILRMA). However, BSS assumes the use of a
microphone array with microphones arranged at narrow intervals. Consequently, it is difficult to apply BSS to
bleeding-sound reduction in multichannel signals obtained by multi-track recording. In this thesis, I record a
drum set using a microphone array and release for the purpose of using BSS for drum set bleeding-sound
reduction. I also experimentally apply BSS to the recorded drum performance sounds to test the extent to which
bleeding sound can be reduced. As a result, when simple ILRMA was applied, separation performance was low,
and bleeding-sound reduction was not achieved. However, the effectiveness of bleeding-sound reduction was

confirmed with ILRMA with ideal source model and FDICA with ideal permutation solver.

Keywords: Bleeding-sound reduction, drum set, microphone array
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WD, LR s, ENET~A 7R 2SS TOMOEERNSBRI SN LHES (B0 &)
DIRAZFERIZ S Z LIIRNEETH 5. i~ A 7 oA THRE SN EF IS ERICREL S
AaTAP—FTUHINTZOBIZIF U7 IND. Y FILIF T 7 OWRICKE T 55 EFR~
OEBONEZALEL, BRETHEEZHLEIEDH. 20D, 0 EE2MET 2HERRRD T
WD B0 EIETEESBEORBE LTLH2 52N TES. BROVBEOT THEBEDO~ A 7 1
R TBILIERERSRE LT ERDBETEE LTT 74 > REJRSEE (blind source separation:
BSS) 23& %. BSS (ZIFMMALAK 537387 (independent component analysis: ICA) % (3 U, J& i HfE ICA

(frequency-domain ICA: FDICA) °HMNZAK T > 747515347 (independent low-rank matrix analysis:
ILRMA) 72 ERRREIN TS, LLARR G, BSSIE~A 7 rhr 2O HRCIE~/e~ A 7 rik
VT LADOBRHERIEE LTWD., 20D, v LT N T v 7T THRLNTEET v RVERIE SO
Y EIMEIC BSS # AT 5 Z LIZREETH L. I TARMILTIE, R7 Ly oy FHMLIC
BSSZ#HWAHZLAHME LTI A7 R T LA EHAWT R Aty ek LAKRTS. £,
RE LI NI 2ty FEBEICHRBRAICBSS 2@ L, EOREMHY EMELITA DN EFERT S,
fik& LT, W% O ILRMA Z M L7258 30 BEERE MR S0 EMENTE D L IFE AR 7.
LorL7e23 b, BAREIRET VM ILRMA AR N— 27— a VR & FDICA Ti, #Y &
JE~DOH NP MR TE 7=,
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1.1 RZLty hOFE

FZ Lty &, Fig. 1.1DOX51ZF v 2 I L (kick drum: KD), A%7 FJ A (snare
drum: SD), A v b (hi-hat cymbal: HH), 275 v ¥ a3 > %)L (crash cymbal: CC),
BORLZL (N1 &2 (hitom: HT), @—4% 24 (low tom: LT), }kO*7nma7 XA (floor
tom: FT)) 2¥, Z< DRI LNRA=YNORIEB/THD. RigX TR, NFL4&v b
BT B0 % DR T L= % FIH LS,

NI Lty bOEEZFTTHEICIE, —MBNIZFig. 1.2 0 X3 IX&FHICYA 70k %
EHET 52X ICHEZNS [1]. FILty MIEEFNDZLTOFRIZIY A 7 0k %l
BT 5720, FHEREFALCEMEDT A 7aRr2HWikEens. Z0fkE Hike < ILF
NS v oG IR, TVF Iy oG R A sk B EBEIELEE (HNEE) 05
(HHE) OAazRFEETHIEE2AMELTWS., LALADS, Fig 1.3125RT £512, EB
WIZHKZFERAADEFE P SDEBLRALTLES. ZORATIEZMD F LIER,

TVF b Ty ZEREIZ & RS NI OBIME S I3 S IEICN U CE B O & B 2
WAL, TNWo2IFP 07922 TRAEANBEN I LY V2RO EBEEL2ES. D7
O, B A 70X POBONSBRGEZITHY ENEENLIGE, IFV U ITOBRTE
METEERZE NI ETLUE AL H 5. DLEOHEIZEY, NILky bEHTTIHE
12, #HOEDORAZISCBENDHS. LPLADS, REAREICRELZLLTHRE,
WO EDRAZZRIIPS I LEIALTMETHS. {oT, E¥1 7 0RV THREINZEFIC
MUT, #oEE2MEST S EAMDA RO STV

1.2 BIFDOTIRDBERM & OBEEMS

I TR AR K 512, YV F M T v 7BRETRONIEFTITN U THD & 2011 2 Hid
KOSNTWS., ZOHD FHEIFHFESHICLHETH L. Kz, o~ 70k T
B NIETE2HRLTDT7 T4 v FEWESHE (blind source separation: BSS) [2, 3, 4, 5]
ERITLEY MIZBFSXLT Iy Z7HEEOHD FMEEIEFICHL L ZMEE WA 5.
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Fig. 1.2: Typical close-miking setup in drum set recording for (a) KD, (b) SD, (c) HH,
and (d) CC.
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Bleeding sound
Target sound

w.((

HH

KD

Fig. 1.3: Target sound and bleeding sounds for SD microphone.

BSS &if, ¥4 270 RV OEEXFHOMENPRAORETHHMRZMEETTE2FETHS.
BSS (21, HM32pk5 4347 (independent component analysis: ICA) [6] Z1& U & LT, A
#4EI ICA (frequency-domain ICA: FDICA) [3], KUK T > 2717543 #1 (independent
low-rank matrix analysis: ILRMA) [4, 5] 7 LD FEPRREINT WS, BSS 13 R EHHER
THE I NDDEATH 2 % F v 2 IVBINESIZIR U B CTHIRZ2 DT 5 7= ORI 22 517 0 i
CRIRE 2, NS SEREE 2R 2 FE M2 ZHTE AMMIZH S, L LRs
5, BSS i&—M&MIZ Fig. 1.4 ® X572, Hmm 258+ mm OFWHEETERDO Y1 7 1k
YERAARIZYA AR T VA ZHWEBIES 2R TE. TOHEE, v 7nRrD
MfEAKRE KN TRE S NZGEOBHIE ST, sV 7Yy eSS BENPHEAEL
TLEIPSLTHS. EBETAV TV IHRRELULBREIEE TN L TIE, BSS ##HAL T
LENMEROHEEIZEBMLUTUED. RILEY bOILF T v 78G T, SEHICHES
N A 7 uk U REOFHEAS 1 m A E#ND Z b, BT ) 7Yy I EE M
BWTERWV. 5T, NILvy bOYILF bT v Z7HEGFSIT U TREII BSS Z#A L
TH, B EMEREHERBLTLES.

—7J, BETIE NIty b2MET 285 HE2 28T 2 87 A 5E2E (drum source
separation: DSS) X WHREEMEINSE L1, ZDHOT—Xty NBAHIH
TWa [7]. #TH, E=2—7)Vxv b7 —72 (deep neural network: DNN) % 73k
MIE7 DSS MG I N TWad. Ll Aadis, ESiETEMMEZERORWEF RO 78
FEHIZHEL <, BUERT272MRETO DSS IERK T LT WAV, #D HMEIZBWTS DSS
BIRAWREE E X oNd DY, HROMY, @kEEZ DSS OFEBIZ DNN 2 W5 Z & »ik#E
MESIPEIARHTH L. BSS DL IR GRS MEZFER L, H5FREDHE O EE?HE
REINZFEDIZS> N DSS IZEH L TWAHRENES +IcE R 50 5.
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Fig. 1.4: Microphone array arranged at millimeter-order intervals.

1.3 A#wmXDBEH

KX T, YSAF Iy IBGEEINEZRILEY POLF ¥ RIVBRES BT 500 &%
DHIE % ef& 72 i e U, BSS 120K 7 70 —F O alfet: 2 B3 2 72 O ZLHE K 22 i
AT . Bz, DNNI2ED< DSS ZI6H L7720 SHETIERL, ¥4 78y 7 LA
& BSS 2V FMEICEMREZ Y TS, 0, MERSHEIBA V=X %2FHT 5
BSS #%, DNN (ZEOK FELOHEESOEFEZHAMLELPT VI L 2HHE LTV,

WEO RN T Lty bOFE X Fig. 1.2 DX S ICKFROEE YA 70k DOHEHVED,
KX TR DOBREIVELZIIRL, Fig. 14D k> ~v1 70k r 7L 28MT5I8 %
Z5. TD&DREFEEMOBIMEMRIZIANDOEMERSVAZ 25D, TOKER S
Ly PO FHEL WS EL WHEZ R TE RN EZ GO ONDH RN DD, 12
Ry T7 VA 2HAWEBAGESMESNEZ 8T, EETA) 7Yy ZREOFE % L 742
N5 BSS ZMHT 2 Z LB HREL 12 5.

RAOVKRYT VA EZHAWER I LAy bOFEESEBET -2y b LTARIHNT
WRWED, KX TRETEEOEHEY I 70k e 270807 V12HWTRT A
Y POWBARGE LT — Xty bEMEL, SBOBEMBEDOZOIZINEAMTS. X

512, ZOBPEE TR U CTHEMAAZED BSS 2HMA L 725412, COREOH D ST
BREVNRONDE NI DOVWTERMIZHEL, SBROERLD FEOHIRICHELRMAZHFLZ L%
HiE 3 5.
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1.4 ZAEWXDEERK

2# T, NIty bOfFEX BSS ORI M U 4 O EECTHHT 2 AL BSS
FIEIZODWTHMAT S, 72, O FMECHITZH LT T —FIZOVWTERRS., 3FTET
A2k T VA 2HVEZR I Ly POBRERTHRE LT —XE2y FOFMIZONWT
WARB. 4FTETIE, $FLZT—X &y Mzt U T ILRMA & FDICA % #H U 72 EERfE iz
DWTIRR B, 5 ETIE, RO L SHOBEII DOV THRRS,
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774V RERDBE RS Lty b
DY ZHIEANDIGE

21 FANE

KX TR, BETRRZEY, x4 270Fx 0TV 2HVWT RS Aty bafkET5I L
EFTIZEZ, BSSIZL A0 FMEOEB WM OWTHET S, AZETIE, #RDON
BOFTIZHEL BSS OFffle, NI Aty No#bh FHEMBEIIC BSS 2HW5 Z & O#
IZOWTHARS, 22fiTlE, FILEY FOILF T v 7ESITHIT A0 FREIZOW
TEAM G2 R URBSHMT 5. 2.3 /Tl BSS OHEGRLCFHBIZOWTHL ST
5. 24 8Tk, BSSIZHI 2 LIRMEREZ MR T 27200 TN IT) XLIZDOWTHIHTS. 2.5
fiiclx, BSS OMEENLAT ZHENEL RBZEMTA )TV Y JTHBIZOWTHHET 5. 2.6 fi
TlE, KRB 2HAENEOEH KL LT 270k T7 LA 2HWT R I Aty O
2115 2 KU BSSIZH DD SHEZMGTT 2 Z L DERZ RN L. mElZ, 2.7 HITAH
BEDOFXLDERRS.

22 NRILF RISy I/GEICBITHHRY ZHEE

1 FETHRRZESIZ, RILEY bORILF T v 25 Fig 1.20&51, KoLty
AR T 2 EEIITEHEY A 70 RV ERET D8 E HIEP RINTH D, HET A T3z
WZHBITB KT Lty bOBEPEREIWED-ODL 3 —F 1 V2B WTEFAOFIEL N
LNTWVWS., EEIRICEES A 70k 2HET 2B, FHEOHE»OEEES (HIN
) OAERETE-OTHS. LrLENS, 77y yarlodyy Ry y=7h
HoPEFEMEFZRLTII270FVZ2HELTH, O FORAZERIIHHS I A THE
Thb. £HFEOEESA 708y P oFGonN-E8ROBHESX, Fig 210X5122hz
NOFPI U Tk Iz~ y K7 > 7 (head amplifier: HA), a> 7L v¥—, KO
AATA Y —RBEHIEZBIIIF U IR, O FE2ECBIMES T, HWERI B
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.tn —'% Compressor Equalizer
A Mixin
L E Compressor Equalizer conso?e
X. O, _.% Compressor Equalizer

Fig. 2.1: Block diagram of source mixing system.

b7 FEABUHEZEH ST 2 L EME T EEZE TSI ERNE LS. /oT, YLF b
T IEkE TRONEZBHGS» o0 B2 ET 5EMkd 5 N5.

R R BRI DR N EHEED L 2 —F ¢ V JB T, #O E2E2ICEL AR5 KT
Lty NOHEZEEBEETETFEL LT, KD OAR SD OAD X 512 FFE SN X & 7 23
ROBEDREZSNDD, RILBZFIZL>TIRID LS REHEBOMBIINETDH 57D
BHENTHD. BEOLI—T 4 VIZBIETIX, NIy bOILVLF T v IHEFIIEITS
WO FOMBEEENT B0, MU HEIRENDHM 8] BEHENTWE, Tk, T
<4 7R yOBIEERH O Y EHANT, FILABEOHEHBEHR (MHORA IV I
Y 2T A VRIVT —XIZEEL, ThERIIMNEDY 7 Y27 RILAGEE (oL
BEINEZFILDOEEROY VTV E) 2HELELBEZALIXEIVv I AT HHMTHS.
ZOHEENSSH, KILty bOTLF T v 7EFITET 280 HEDEL S PEHROK
HEIDNRSIDNA 5.

FBIZ, SD OEHE<Y A 2Ry THHILZESOKE LAY b T A% Figs. 2.2 &
23 IZehThmd. 22T, Figs. 2.2 (a) KU 2.3 (a) 1& SD DA% FHZE L 72 DBLHIE
5THY, Figs. 2.2 (b) X 2.3 (b) i£ SD, KD, HH, KU CC % FHI#EZE U 72RO Bl
BETHB. > T, Figs. 2.2 (b) KU 2.3 (b) DAILENTWBEAHET, SD DEHE~
17 UFRVITRAT 280 EESICHIRT 5. HlZIX, Fig. 2.2 (b) D E R, SD Ol
H@W IO G DHERTE, ZTORBEBESE Fig. 2.3 (b) IZRNTWD. Tho DD

, WO EOHENMGTIWILE ARSI N AT T LAICHBIZRNTVWEZ RSN 5

23 TS5 RERSE

RI Lty hOYLF Ty 78EEICEIT 80 EHEMEL, HIERUEY S0 EEL
2% F ¥ 2VBIGE S5 HINE DA% 06t - #ET 5 BSS O E UTHMINTEZ 5. BSS
L3, Fig. 24 1R & 512, BAERDOBUESMHEA SN, v 70k OEHERNLALE,
FIROEMPIRNLE R T OMEE, MOZTOEETF— 2 En—fg5z2oniw (77142 K
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Fig. 2.2: Waveforms recorded by the SD close microphone (a) when only the SD is played

and (b) when all sources are played.

72) F&MET, BAMOFRESZHE ST HHMTH L. AHITIE, BSS DREKMWRTEE L
T, ICA, FDICA, KU ILRMA OFfffl% =7 .

2.3.1 ICA

ICA [6] %, HG 5V RIS TOMIFRES T2 2 & RO EFE S H OGS % i
ELUIFETHD. 4, NHOFFEESDOERAGE MO 70Ry THRIYT 2 RNE2E 2
5. Z0rE, nBHOHFEESZ 5,(1) £RL, mBHOYA 20k OBIHIES % ), (1)
EERT. 22T, n=12,--- ,NKEOm=12-- MEFZTNTNZFHEKOYAL 70K
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Fig. 2.3: Spectrograms recorded by the SD close microphone (a) when only the SD is
played and (b) when all sources are played.
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Observed signal Estimated signal

Source signal
? b < b
?
2 > vl

Demixing system W

Mixing system A
(estimation)

(unknown)

Fig. 2.4: Overview of BSS.

(Fyx) OAVTFIATHS. iz, 1=1,2,--- LI > TVDA1 Vv TF o A% KT,
512, BSS THEE I Nz n FEHODMES % §,(1) £ RT. Zho0EEES, BHGES,

BRUOHEEBEEZRZ MNLELTELDHT, RRATHT.

3() = [5:(1), 52(1), - - - §N(l)]T cRY (2.1)
&) = [#1(1), 22(0), -, Ea (D] € RY (22)
g(l) = [9:1(1), 52(1), - 7yN( Nt eRY (2.3)
22T, TR MVECFHOERET. N ADGFIRES P IEHER CHIFRES T 215
&, BES Ttk ns.
(2.4)

z(l) = A3(])

22T, AcRMN IRARBERBEATHNTHS. £, BHES (1) »5

BAMEIIRA L 5.
g(l) = Wa() (2.5)

2T, W eRVXM ZRERNETIITH S, Hb, & (24) REHFESORGHEEZE
U, & (25) RBHESONEERZEST. 3L APNELRSIE, W=A"1 2#fEd5Z
LT, BHES (1) » ol 0EHIC I nHEES () (= 5(1) 2kDd2Zeh
ZDOW ZRkDBZEMNICADHKTH 5.

W %k 27012, ICA TIRENTFOMEIMEE 2 KET 5.

(1),35(1), -+, En (1) EE\NZHEEHNC MY TH B

Sn (1) \FFEH T ARAEITHED

Lin (D) z‘)fl—ib\ ITE DML L 72 B 4y
V) ZFWTIRATEREI NS,

(2.6)

5.

1. BEWHES 5
2. £HWEES 51(0),50), -,
IS DfEICEDE, HERS §1(0), 52(0), -
TH W &k 27D ICA ORELREEE, 32 MER T (W
MinimizeJ (W)
w

gw) = [ " p(§)log pr(;n)dy (2.7)
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2T, p(fn) E n BHOSMGES () OMUEREEEKTH Y, ply) =
(gog()'gmm)iﬁﬁﬁwfﬁ%ﬁfﬁé xi#E L E (2.6) &3 A B
TJW) #B/MET 2 W 2KDBZ &2k L, 32 MESERMET 2 W IdHEESMO
WNIMEER R AL T 2R THD. ZOXIHRIE, RO 2 00KEL Y, BHIESD S FHE
SENMTENMRE 5.
EALRIE (2.6) 2 W TOETH W & L E5Ga, HEES () 3T ORIFEDO A E X
PHFEOIEF 2 RETERN. DF 0, ICAIZ& o> THEI B HHETH W e RVXM (213,
PR DM EIES 5.

1. 58S = O F IR DNEF DAL ZME

9. DEEEED AT — )L DTN
NS DEBEMIINEES I LT Fig. 25 D& ICEHNS. ZhosDEEMEEZ, KD\
HEATH] W R OHERE U 72 AT W OBMRTRT LR e 205,

W = DPW (2.8)
22T, DeRVN GHERSDATr — Va2 EZ 55 A175, P e RVXN 3HEESDIE
FEAEZDEHRITY] (N—=Ia7—=Ya V7H) ThHhb. AidDFIHIERF OEEMIX P28
N, ATr—IVOAEEWNIT D IZENE. ATF—ILVOMAEEMHIZELTIE, D! 2#rMicsko 3
JuY s a vy (projection back: PB) 1% [9] EIFIXN 2 M EFEVREI LT
5. HEGESICPBEZEHNT S L, n BHOHERES ,(0) FIXATEHREINS.

(1) = W en © (1)) (2.9)

ZZT, e, e RN 3 n BEHDOEEMN1, %®@®%$ﬁ0®N7bwT%0,®ﬁ7§7—

ViR (BEREOM) 25237, XA QY E W IZEENS D OMEOAZITBIHTHEIIIG
T5.
2.3.2 FDICA

2.3.11HT, ICA I (ﬁfn’?ﬁ’ﬂi‘fﬁ%ﬁfﬁfﬁﬁﬂ%/ﬁz THIELERRET DB, L%
N5, HEOHEEBEZTOREGTIE, EMEIA 70 R VICEET 5 E TORMEPRRERED
BEIZLD, BREREROEGEIRN (24) &I3RRD, &1 788y IOKEIRE OLE Bgﬁ
(A VOV ZRE) EEIEEDEAAMEG LS. KELECESITNT 5 S IE M
AIAABERDOYREMHETHIETERTES. L Lgd o, RRHEEEIC 7LZ)Ec7>kJ\_o7>k
RBERDHROHE IZFEIPEMETH B, 2T, FE(Z5D BSS TIZEHAMES % A
BAEICEHRST 5720012, BHES 2(]) 2RI HE 7 — Y =2 #: (short-time Fourier transform:
STFT) U CREM R s € 7Lk 9% FDICA [3] 2MEE X /. FDICA Tk, BIHlE

(1) % STFT LTHRONZERARY bu T T LAOKHWBIZE\WT, Mz (HEHD)
ICA ZEH L, NHHESOEEART b s I Le#iEd 5.
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Source signal Observed signal Estimated signal

s1(l) “WWW A h(l)WWWM W ?

5(0) W Fo(0)

Mixing matrix Demixing matrix/\

(" Uncertainty of sourcewise scale )
/ e —
( (1) Sl | [ 50 «WWMWM
Uncertainty of

< 1) N [ | 7:(1) ttmmr
n

source permutatio

(1) N | | 5:() Gt

\ PR MMWWWWW
\

Fig. 2.5: Uncertainty of source permutation and sourcewise scale in ICA.

5, HFRES 5,(0), BES 2,,(1), ROHEEES §,(1) 1 STFT 2#H L TH SN2 &G
SOEEARYT v O TS LT EEFNEFRS, € CT* X, e CI* JROY, € CIX7 viE#
5. B0 EEEZTNTN Sijn, Xijm, K yijn ERT. 22T, i=1,2,---, 1 KO
j=1,2, , JIRENTNHPEHRE Y LOKH TV —LDA VT I ATHL. ZDL X, &
FEDEAAMEERIIARBEOBRFREG L 720, DR GOLETIRATETIVETE S.

Xij = Aisj (2.10)
vij = Wix;; (2.11)
ZZ7T,
Sij = [Sij1, -+ »Sijn, -+ 8yN] T € CY (2.12)
X = [Xijla"' s Xijms ’XijM]T GCM (213)
Yij = [Vij1s - s Yijns -+ ¥ign] T € CV (2.14)

LEHTD. £z, A; € CMN FEBBEOEREAITH, W, € CM*XN (3 &8t o
BERELMTHTH L. X (2.10) LT (2.11) DREZRKCTDEERDE T IV % Fig. 2.6 {27
Fig. 2.6 () IXEARZEXZLTH O, ABEBEOEREATI A BWEFHARZ Nas'5 L0
WA ESR s, (CREINTE Y, Z ORFRBUNME S O SRR EBBESE x;; £78oT



23 T34V REROB 13

Source Observed
spectrogram spectrogram

Mixing
matrix
N

Frequency

Frequency

Observed Estimated

Demixing spectrogram spectrogram
matrix

Frequency

Frequency

7
I &
_ e
Channel Time - Time

(b)

Fig. 2.6: Models of (a) mixing and (b) demixing systems and observed, source, and

estimated signals, where N = M = 2.

BoNTWAS. %7z, Fig. 2.6 (b) 3AMRZXRLTEY, W, = A" 7225 58T % BUME
FOAREHEBESE x;; (CRELU D Z LT, HERSOSNEEKBER y,; »EFoN5.
231 HTRBARZ & S51Z, ICA TROBEEDIEN T ARMHIIRD LRETSH. T THHE
ESDHRES LIRET RN %2 SHRETIVEITER, £72, ICA OHEESITIRIET KO A
=V DEZEWNDH L. FDICA TIEEMEE ICMLZ ICA BZEHA I NS0, KEEBY
VTCHEUEHERFREOEEZEARI vu I LhOFEREY (N—Ia7—Yay) RKUOAT—
VBRI L WS FIENEL 5. FREEO 2T — VOEEEIZ OV TIE, & (2.9) D
PB ik [9] 12 & 0 @I i e TH B. — T, Fig. 2.7 1R T & 5 72 AREEUE O FIH S —
RaF—YavolEFEEYICEOEZS Z L I3RNETH L. ZDOMEIX FDICA 28175
N=Ia7—yaVlELIFENTVS., ZNZ2ERT S5 L FDICA [ZBI1) 5K S 5E
THY, BEIZED TR BFRAEMEEI N TV S (10, 11, 12, 13, 14].
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& Estimated signal 1
2

R = = ’

Observed
Source signal 1 signal 1

Slﬂ:] XlD

Permutation
solvyel||||Estimated signal 2
Y,

Observed
Source signal 2 signal 2

S X0

Fig. 2.7: Permutation problem in FDICA.

2.3.3 ILRMA

FDICA 281321 3—3 a7 —Ya VlEZTE ST EGEEL R0 S DT W, 2HEE S
BEAE LT, ILRMA [4, 5] 2RI T35, ILRMA 1, FDICA OHEE FIVICIEAH
1151743 f# (nonnegative matrix factorization: NMF) [15, 16] 28 A3 5 Z & T, #E
BEDNT—ART vNa T T LERKT VI EM UV ST ZHET 2T VIV XALTH
%. ILRMA 2 &k % BSS Off# % Fig. 2.8 (2R3, Mo T, € RIS ROV, e REF i3,
n HHOHEEERDO AT —2AR2 va s 5L (|Y,|? 2 NMF TIET > 2 L 7= et
EFNEMBT 275 THY, |Y,|?2~T,V, L LTEFMEINT WS, 22T, f75ITK
THEES |- |21, BEREBOMINEEL 2FE & > AV XOTH2ERT. T, %REETH,
V, T 774 RX—= 3 VATH IR, ILRMA &, SR OMEFHNIME 2D < 28 751
W, O ERELE NMF 0K v 75U K B HEES DT —2ART ha s F L |Y,|?
DIRZ v 7ETIVT,V, (HRETINV) 2 KEMICKERELTS2T7LVI) ALTHS. 0
kD, HEEEDONRT—ARZ b AT T LY, |2 BP0 THOHFFREET V715D &S
BRI W, BHEE I NS, BATTDOERESD AT -2 s1J 5 L[S, |? AR
TV ThBLE, TNOVREUVEBIESONRT AT a s I L X,|[2 &7 v o0
WK B0, (K52 7RNT—ARZ v a5 LEFEDX I ROMITHI W, 2H#ETEZ L
i, N—Ia5—Ya UIEDOEEEE XD SREEZR BSS 2ES/EA DD, £ < DEMRICE
WT ZDFEBOAEMENHER TN T NS [4, 5.

ILRMA O E# bREIZRD &5 IZEHI NS [4, 5].

. ’W Z]‘
Minimize —2J log | det W;| + n + 1o tiknUkin
Wi, Wi, Ty, TN, Vi Z g| | ]Z (Zk zknvk]n g; hn kg
(2.15)



2.4 HEIBH7 BSS 15

| Estimated signal

Observed signal 7

|
1 Y 2
‘ 1 [ ]
1 Frequency-wise ~ STFT: | ]
m demixing matrix 1 z
=1 ém\ S il
(l

Update demixing matrix so that estimated 3|gnals i
are mutually independent and have low-rank !
time-frequency structures I

Fig. 2.8: Separation principle of ILRMA.

ZIZT, tign K vjn BENFNT, KOV, OEFE, w,, En FHOGHEZHET 5720
DIEET7 4 V& (HS, SEHTH W, D niTHOITRZ ML), det - 375K, HidoL 3 —
MR 2 &Y. Bol(LE (2.15) 2 BuMET 2 EETHI KT T 77 1+ R— 3 VTHI D EFHE
&, ISR TKEFEET VT Y AL THESINS.

AwH x - 120 St Uns s —2
for FtiknJ Z]’ in Z]‘ kjn (Zk ik'n kjn) (2.16)

325 Vegn (L tikrnvirgn)
2 (Wi [P tien (i tik'nvii'{n)_z (2.17)
Zi tikn (Zk’ tik/nvk’jn)
—H, BT W, 2B 2 aifbiE, fHBIEIEGE [17) RO KES % (iterative projection:
IP) ZRAW/ZREAT NV ITY XL 18] 12X > T, @MENPDLEMIM Z LN TES. TOK
BRI R 5.

Vkjn — Vkjn

H
—_—XijX;; 2.18
Z Zk iknUkjn I ( )
Win < W%Um) en (2.19)
Win < (WEzUme)_% (2.20)

o DOFEHANIE, 1 FOEHOFTHE CTrai biE (2.15) o BB O EA BFIER N & 72
LT EDMEREEINT WS,

2.4 IEABEYZ: BSS

2.3 itk 7z BSS @ FDICA % ILRMA Tif, ROFEZHWS Z 2T, ERIZEWE
HEA52 Z L AHHEE 12 5.

e« FDICA THONDZNEEES Y1, , Yy IR LU T, BRIZHEES N HEEFERES
Si,-+, Sy ZHOVWTIERMIZ =S a7 —Y 3 VEEZRIRT 5

o ILRMA TEYT 5 NMF HIHE TV Z, ZERICHEEI N FIES S1,-- ,Sy DX
T—ARZ AT T LTEESHZTEE L ST 2 HET S
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KX TIE, BIHEDLEZHEN—I 25— 3 VRPN E FDICA, #% 0 5k %2 BAES IR
ETIVE ILRMA IS, BFEIZIE, BRICAMINZEFEESE2HE5 L IR0
INSDOFEZEBOMBEIZHEHET 2 Z L IEAEETH 55, FDICA ® ILRMA (12#D <
BSS QAR e MERE A A T 2 HINTERNIZHWS Z &AW TES, Nl T, #HE -3
T —¥ 3 VAT E FDICA K UBAREJEE 7VH ILRMA OFHf %2 R,

241 BREN—I157—2 3 VEER{SZ FDICA

BAE S — I 25— 3 VRN & FDICA I22W TR 5. FDICA THESNS N {HDH
EET yij1, L yign (& HEES sij1, -,y DIEF & —BH U TWRWATREEDH b, &
ZNEfE S B E Y i TR > TWAIREBTHS. 4, n=1,--- NDOHHHREIZTRNTD
%512 L, Zhzr=1,2--- REVWISVTIATKT. ZOLE, NEDORLRBIHE
JFOMBIZ N MlH 5720 R=NIThs. HlZIX, N=2TdnFr =107 (1,2) I
SGL, =2 DMEF (2,1) (ST 5. [k, N=3Thhidr=1,2,3,4,562FnhZ
WIERF (1,2,3), (1,3,2), (2,1,3), (2,3,1), (3,1,2), KO (3,2,1) x5, r HHOH
BIEF I DVT i, vy BMOERHERES 2 v = [y, v, yin]T &5
#IT2LE, ZOEFIZBIT2EIES s; £D -RHADOKRMEIZET 22 R TEHET
5.

Ev =Y lsy— v |13 (2.21)
J

WoT, GFRESEZHWEHAN—I 257 —Y 3 VRRIZ, 2TORKERE Y (12T, F,,
PERHE/NELGBEF r ZRKROTW I L TERTE, ZHIEFRADLSIZRES.
7; = arg min E;, (2.22)

BT, BoNBEIET 7 1I2EEDWT, HEET yij1, - yijny ODEIEIEF 2 ANEZT
LEETIUNHEEZTRTCOREBME ICHEAT AT, BN —I 27—V a VIR E
FDICA O &IRA RS RP R oNn 5.

242 BEEEZREETILEILRMA

ILRMA 135 #4175 W,; O KiER#EL e NMF 0K > 788U & B H#EEE SO EHE TV
T,V, % REMIZZEHR#EET 27V AL THS. 20 E, SRETNVE T,V, TR

<, BEEZSDNRT—ARZ 075N |S,|? CEESBMATHEET S Z 2T, HANLSHE
FNEERLU DT W, O TREE 5. 20 &S5 REEAEEE S IV ILRMA
DAL IZIRR & 72 5.

|wh,Xi; |*

Mlnlmlze —2J log | det W;| + <+10 Siin 2) 2.23

7]7
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7, DEATHIOREEHRNZIRANE 405,
1 1 "
J

Win + (W;Uin) e, (2.25)

[N
—~~
o
[\]
D
S~—

Win < (WSleann ) -

it > THALFJRE 7OV ILRMA 13, HEE(S SR DRSO RACEEINZ T, #EE
B9 Y, DRI =AY ha s I LAPHREZTONRT —ZART s0 7T 48,2 1I2EDL 2
EWEES NIHTI W, ORGiEL L 725,

25 BSSICBIFZZEEIA) 7V IRIRE

FDICA ¥ ILRMA %® ICA (23-25< BSS 1%, Fig. 1.4 D& 5 I8RO~ 1 70k b3z
Mz ziz EWiEET) BEI Wz 7akr 7 L1 OBIES 2L Twa. Zhid,
BSS 2% F ¥ 2 VBG5S O A BEOMNEEZ Th T hEYICFEEESE TR LEDbES I L
T, MHEFEZITHHET VS DEFEBICE SV TWE Z LIERATS. > T, BSS Tk 3
BEIRDNEET 4 VR Wy, (ZZERIRT 4 VRV T 4 VR EMIRTE, FDICA X ILRMA @
& 5 R PAGEIR O BSS IR — L4 7 4 — 3 V7 [19] & IHEN D Hifl & RE R EM T H
% [20]. #£->T, FDICA % ILRMA THE S N2 JABEODHTH W, 1&, ¥—L 74—
SVIDEMDEET 4N R ERERN T LDEHLDTHY, ZBEFEIPLEZEIA 270K ETO
ZERUEERDOWR WO YHKEE 2> TWa. BHIESZ2E5BO~ 1 7ok OMEL
NI ETWBEE, &1 7R OBRGESHT 1 EMA EOMMHEENRECTLEY, E
WM MiAHZAE DB TE R R T L XS, ZOHKFIIEBT AV 7Y v REE RN, B
BRI CHEEICHRET AHATH S.

PEFHZE DO IEMEZRIUFIZ BB~ 1 7 1k VE d OSMFIFRA e 725 [21].
< <
<37
T, fROcEEINETNEEESICEEINIREFMEBES ROEEE2RT. I
c=340m/s RE L7z E, ~17uhVillldd=2m O FCTEMTA )TV v IEE
[T & 2 B DR KX f =8 Hz TH5S. LrLBWS, ¥ 70 v I Ekke
LT 44,100 Hz WO N2 HEEFSO (Bl EEZR) e AR 1 22,050 Hz TH 5.
2F0, Rty hOZRFRIOEHE A 70Ky 2HEL CBHIL-ZF v ANV EEEEE
BSS OBHMIES L LTHKSHE, FIEFLTOABEBRICEWTERT Y 7Yy JHE b
THZ LR TERW., UEOHEBELS, Rty oW SMEMEICRLT, mHE~vr 2
0k Yy OBEMESICERE BSS 2L TH, HIWF LW ZO0MIZFIRNICNETH 5.

d (2.27)
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26 FZLtEY FOHFKYBHEADIGA

AT, I Lty oy FHEMEOREZHINE LT, 1 7uk>y 71 %H
Wz & BSS ZHWA T Ju—F 2 el d 5. bbb, @EDORNI ALy MOFKETHOL
ONDEHEX A 7R VIZMAT, Fig. 1L4WRT ISR~ 70k 7 LA Z238%E L TR
IZERE T 5. ST A THEOLGFRL I—FT 4 VIOEBIIBWT, ¥4 7R TLAD&
D% F v 2IVDEFRZENMT 5 Z L1, HMaZX N OBRPFHOMMERE L WI RER
VAZWHD. LrLaRS, NIAZHAWVWTCR Iy bV 7 by o7 HRZRET S X
SEBORNEEZETHL, NI Lty MO EOREIIFFICHELNE VWAL, didkoY
AT EMELTEHRE, #H0 FOREDOERECHE O FHELZER T 2R MIEREN LT
NG, BMTEv4 70k T7LAE, KNIhty NOEEREPHEBRICBWTEMT 1
V7 v TR ECHRVWEIICEGFEINZEDEHAVWS. Fig. 1.4 D170k >y 7 LA T,
YA 7aRyOREABLZ 0.0l m OELRT L1 THY, X (2.27) VD E ¢ =340 m/s
WBWTZEMI AV 7>y JEE [T & 2 FRBUS S OB AMEIL f = 17000 Hz TH 5 72
H, FIhty hOEELFEREBRROAMEZ ERICBIIITETH 5.

—HT, 470 xry7 LA 2HWERI ALy NOHEBEORG T — Xy MIEHBETS
KARENTEST, ¥4 270k 7 LA 2V RT A%y bOFHES W S HEOH
KEHEDDEODERENEMINTVARVDONEIRTH S, ZOREZFRT 572012, K
XTIEET, v120kr7 LA 2HWEZ R L8y bOBREEREZEML, MFHIHEEG
THREFMHATELIEBHAT XLy N UTAHT 5. 72, HEENLABRETE LT, #ilis
ILRMA DM TEDREDOH b HHEMRENIE SN 02 ERINICHET 5. Toi7, M
72 BSS b 7253 b HHEDVEREZ R T 2 HINT, BN —I 27— a VR &
FDICA K OHAEJHE 7 VA ILRMA TO# D SHEMEREII DWW THHET 5.

27 XEDFE®D

AFETIE, RIL%y hOYLF T v 7B 240 HFRIB KRG BSS OFMIZ OV
TR, 72, FILEY bOILF Iy 2E CHEEZBIES BT 22Mzr) 7
vIOMEE, BT A ) 7YY R EE R LR S HE 0 FIEIC BSS & AW A EIEE A IR AR
7z. WFETIX, BSS ZHWHO EMECINT T, EEI A 70k iMAR A 70k y T
LA E2HWEZ R0y MEFOFEMIZOWTRRS, F/2, EFLEZRIL2y MEEEZD
T—XEy FOFMIZOVWTHERS.
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KETIE, ¥4 278Ky T7L1E BSSZHWEZRI Aty NOBYEMEL NS T 7o —
FE MG T 57012, FILey POHEBZEES A 70K o470 R 7L LD
MAZHAWCEE LT — 2y N&MER - AT 5. 3.2 8Tk, HEORZTIZE 26
BEER P HBNBRFOE X DFMFIZDOVTHRRS, £z, 33 TIEEBRI/ERLZT -2y
NOFEM, 7 7 A NVEHDOMAHAIY T 4V AR DOWTRT . Iz, 348 TAEDOE L
DEBRRD.

32 BERH
321 HBEOHE

ARIETIEARMETER LT — Xty MOBREERE, A 7Ry R A 785K
VT LA DEBKSERE, MOBRE Y AT LADORESMEERRSE, FSAky bDOfkEI,
8.5 mx6.7 m FEED R ZFBHAV NV IV ARV ANIZTIro7z. BEBERXT7IF 27D
Ko LEED, RERIOEEITLIIAI 708 VORERXTYFaT7DOY 7 Ry I=7 1
20, IR RI Lty hOLVI—F 1 VLR BRT A THE L 2. BRI R &
LT, Fig. 3.1 0~ 70k R4 270 k57 LA OfEZRT. RNV F k
T ok EEE LT, KD, SD, HH, XU'CC D4 FJIIHLTvrr7akrzrzhth
EHESETHBELZ. ZNSITMAT, NIoty bodil B (EEENEE L ZBOLE
EAE) ROIEERAERGEICENETN 4 F Yy 2O 278Ky T LA KT8 F v AND<A
7uR VT VA RRBELUZ. o TABE I, HHE A 270FR Y 41H, 4 Fvy <A rak
YT7UA 1, KO8 F vy x4 7uahrT LA LIEDOEE 16 F v 2V OEIASRS L TW
5. BREROY TV VTR 48 kHz, &Ly MUK 24 bit & FEE L 7=,
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Fig. 3.1: Microphone setup for (a) KD, (b) SD, (c¢) HH, (d) CC, (e) four-channel micro-

phone array, and (f) eight-channel microphone array.

322 HEYAT LA

AT =Ry ORI U 72 SR8 OGO DWTRT. ARk T
UL7RIL2y hOEZHROHE® Y U NLVOIEIL Table 3.1 O@EY THDH. ZHsiF0n
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Table 3.1: Drums equipments used in the dataset recording

equipment Model
KD batter-side head REMO CS-22B
SD top head REMO CS-114BA
SD side head REMO 114SA
HH PAISTE PST5N Sound Edge Hats 14”7 (0683114)
CC PAISTE PST 7 Heavy Crash 16” (1702816)

TNE BRI LYy bONR=YTHD. £7-, BFFICHVWEZEYS 70 R v OiE%
Table 3.2 IZRT. YA 7R VDEBEIZOVWTE WL NI Lty bDOLa—F 4 7T
Ik HWoNEIA 70 Ry DiflAGbE LR -oTWS., BE, BEOERDZDIZ, 4 F v
A4 7Ry T LA, 8Fyv xR A7airT VA, KDiifE~v 1 Z7aty, SD I#E
vA4 vk, HHEEY A 7uky, RO CCHEEY I 7u Ry DEEH16 F ¥ 2t
ZH Table 33 D LS F ¥ RNVESEMNT. ¥ 270K T VA 2T 58~ 170Ky
DF ¥ 2 NVEFIE Fig. 3.2 D@ THD. ¥4 70k > 7 LA Fig. 1.4 129380 MEA
9.85 mm DEMBEMRY T 70XV T LA THY, 8F ¥y 24 70KV TLAIEI0D 4
FrY 1V A TRV T VA ZREHRIC 2 DM THEK L 7=.

323 EEDRH

AIHTIE, BE LRI LDHEBNRE -V RHBIIBIT 25421085, KT —X&y T
AWz R T LOHBNRR— v %2FGEL UT Fig. 3.3 1IR3, ORI N T LA58HE O
KV — DWW TB Y, ZOMMI% Fig. 3.4 IZ/RLTWA. Fig. 3.3 (a) D/8X—> 1 1%
KD, SD, kU7 u—XHH ® 3 HFHECHEKRI Nz —HNR 8 E—NThD, Kb HHMAH
BNR—=2ThHb. Fig. 3.3 (b) DXX—V 21, NX—=v1%2R=-ZALLTCCRA—-TV
HH $ XA 75D >T 5. Fig. 3.3 (¢) D8R — 3 IZIRAE N T ¥ R TR S vz
DALTHSB. Fig. 3.3 (d) D& =2 41, BWTUyROMAKZ 16 ¥ —hER>TWD,
nB, Nx—=r2, 3, KU'41XKD, SD, HH, XU CC D 4 FHEEELHARL > TWVW5.

BRSBTS, VEREREA O 72 O IR BIN AT R L 2 B - IS B, T O R B AT E
DEMFEICIE, HFESHMEICB T2 EME 2 REMMOKEROBHGESVBLETHL. 0D
BHEY —AA A=Y LHREN, 1 DOGFFRDOAZES LD 70k DEF v+
VBHESITNIET 5. /o T, HHEVMD-DDTFT =Xty MEKTIX, V=R A=Y
iR URELZTNIER SRV, FILty POFFRSEIZBEWTIE, V—ZA4 XA —=JX
KD OA%EHZLZBEORY A 70k OBIHIES] X ISD OAMZE L ZEOR~Y 1 70k
YOBHNES ] EhREUTE. 20BN IT Lty bHOREDEER, Fig. 3.3D0X5 7%
RS LDEBEARX—VIZELETHEHET I I LIFHL WY, KRS TIRERFIIT VRE2ET



22 BIE YA /O0KVTLAEZAVWERS LAY NORE

Table 3.2: Model and type of microphones used in the dataset recording

Microphone Model Type

Microphone array JTS CX-500 Condenser microphone

Close microphone for KD AKG P2 Dynamic microphone

Close microphone for SD  Shure SM57  Dynamic microphone

Close microphone for HH  Shure SM57  Dynamic microphone

Close microphone for CC AKG P17 Condenser microphone

Table 3.3: Channel indices for each microphone

Channel index Microphone
Mics. 14 Four-channel microphone array
Mics. 5-12 Fight-channel microphone array
Mic. 13 KD close microphone
Mic. 14 SD close microphone
Mic. 15 HH close microphone
Mic. 16 CC close microphone

" TR

Mic. 12 Mic. 11 Mic. 10 Mic. 9 Mic. 8 Mic. 7 Mic. 6 Mic. 5

MRy T

Fig. 3.2: Channel indices for each microphone used in (a) four-channel microphone array

and (b) eight-channel microphone array.

IV IEEA VI =AY —RIA YR THEPERES, ATRERIR Y EMEIC S FEOHE2E
LT3, $%3% 1% Fig. 3.3 D2 TONRX =M LT, (a) 5% FFRFIZEZ, (b) KD
DAIEZE, (c) SD DAHZE, (e) HH DAEZE, KO (f) CC DAHEBDF 5@ DHEE £
nNEN 3 [ET O o 7.
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Fig. 3.3: Drum set scores performed in the dataset recording: (a) Pattern 1, (b) Pattern

2, (c) Pattern 3, and (d) Pattern 4.
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§!

|
o

r

KD SD HH (close)

HH (open)

CcC

Fig. 3.4: Legend of the sources used in drum set scores.
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33 T—4%tv NOLHE

RIFZETERE UIER LT —X 2y NI, MEICETLSHX-T—&%ky b V-2
O K% £ R TAR - 7L, DOl 5 TE 54 -7 UKV F YD Zenodo [22]
WWTAB Uz [23]. 2AB%ED QR 2 — K% Fig. 3.5 IZRT. T—XEy FDO 7+ VX
f% % Fig. 3.6 (279 . dataset 7 4 )L XA NIZIX, Fig. 3.6 IZxRT & 5 2 E T waveform
audio file format (.wav FERX) 7 7 1 VBRI T WS, score 7 IV XNITIE, &
ZEN R — v DHFED portable document format (.pdf) 7 7 4 V& L TKMINT WS,
README.md &, 7—& % v s Ol % /R L7z Markdown WXD 7 71V TH 5. 7—
Xty MIEFE 920D WAV 7 7 A VoK ENTEYD, 1 DD ZIP 7740V 7 4 —
<y MIEMUTRELTWS., 77105 X328 GB THSD. WAV 7 7 1 L DAHETIX
real_scoreType_takeNum sourceType micNum.wav & U7z. Z Z T, scoreType, takeNum,
sourceType, MU micNum (& Table 3.4 (Z/R§ a4 HIIZ & o TEY) 2R L FRBFER LTI
5.

34 XEDFED

AFETI, IEHEYA 7R IMATIA 785y T7 VA 202 R I A% Y hkg O
BUOEBRE LRI Lty MEBEEDT — Xy Ol 2B Rz, RETHK, #EFLEZT—X
v FEHAWT, BEIZBSS Z#EHLUZEAICEOREOHK D HHEMHRENT N EE
BICAES 5. 72, HAWNZ BSS ZB T 2MEICODVWTHRHAEL, KX TRET ST
T0—F OEGERHEAREMEICDONWTEERT 5.

Fig. 3.5: QR Code of the recorded dataset in Zenodo.
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drumsBss
dataset
[ drums1
I take1
real_drums1_take1_src00_mic01.wav

real_drums1_take1_src03_mic16.wav
I take2
real_drums1_take2_src00_mic01.wav

real_drums1_take2_src03_mic16.wav
— take3

real_drums1_take3_src00_mic01.wav
L real_drums1_take3_src03_mic16.wav
[ drums2

I take1

real_drums1_take1_src00_mic01.wav

real_drums1_take1_src04_mic16.wav
I take2
real_drums1_take2_src00_mic01.wav

L
— take3

real_drums1_take2_src04_mic16.wav

real_drums1_take3_src00_mic01.wav
L real_drums1_take3_src04_mic16.wav
[ drums3

take1

real_drums1_take1_src00_mic01.wav
L
— take2

real_drums1_take1_src04_mic16.wav

real_drums1_take2_src00_mic01.wav
[
— take3

real_drums1_take2_src04_mic16.wav

real_drums1_take3_src00_mic01.wav
[
— drums4

take1
|— real_drums1_take1_src00_micO1.wav

real_drums1_take3_src04_mic16.wav

L
— take2

real_drums1_take1_src04_mic16.wav

real_drums1_take2_src00_micO1.wav
[
— take3

real_drums1_take2_src04_mic16.wav

real_drums1_take3_src00_mic01.wav
L real_drums1_take3_src04_mic16.wav
[ score

drums1.pdf

drums2.pdf

drums3.pdf

drums4.pdf

—— README.md

Fig. 3.6: Folder structure of dataset.
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Table 3.4: Naming rules for each of recorded audio files

Parameter Detail Characters
scoreType  Performance pattern drumsl/drums2/drums3/drums4
takeNum Number of takes takel/take2/take3
src00: All sources
src0l: KD only
sourceType Active drum sources src02: SD only
src03: HH only
src04: CC only
Mics. 01-04: four-channel microphone array
Mics. 05-12: eight-channel microphone array
Channel index of Mic. 13: KD close microphone
micNum

microphone

Mic. 14: SD close microphone
Mic. 15: HH close microphone

Mic. 16: CC close microphone




27
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KRETIE, KX THRETEIA 270527 LA RO BSS 123D < M0 HHIEFEBIZ
SVF LIy IBEINLR I L2y OB TN L CEDORERR»Z AT 5 EhR
2175, AEBRTIE, #do7 o —FOREN LG & LT, 3ETRE - fEkL7zT — &
Ty MU TBEFED BSS 2@ L, #0 SHEORBIN 2 MEREZ R T 5. BSS XL T
HA 252 52 1A OMEE (T4bs, A7 70 —FIC X280 FMED ERRISE W
fE) ICDOWTHMERL, BET S, 42T, AEBRTHZFEEMGRE, BHIES 2
THIMEL, KO BSS OEMEEBRSGMIZOVWTIHRARS, 43HiTI1E, 25K, 35, KRO4H
JEOBLNZM 21T 2 BSS O SHEDOHREEZ Zh TR, FoNERIZOVWTERE
T5. 44 8T, REOEBERTHEONZARIZOVWTELDS.

4.2 ZEERFEMH

ARHITIE, KEBRTHWSH O EHEEREOEBEHINREIZ OWTHEYT 5. £/, 3ET/E
U7 R I Ay bOBHEIES I U TSR Z £ 5. 51T, RETHMAT S BSS
D BARR 7R FEERZEAFIZ DOWT/RY . BSS OMRED R 13ME 50 A (source-to-distortion
ratio: SDR) [24] Z2fifH L7z, T, BEEE» S HNEENR ENZ T TS 2R
SEEEA VKOS ORE (BEADODRT) OMiGEMKL 7ZSFIRS X A2 1281566
M BB TH 5. SDR OBEHGEIZOWTHIT 5. H2EHOREEHOFI 5(1) I
WU, THNENHELZEROWERESZE g(l) b RT L E, (1) IZATFORUTRT B D S FERk
IN5.

g(l) = gtarget(” + éinterf(l) + é’aurtif(l) (41)
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ZZT, Starget(l)s Eintert(l), B Eareie(l) 1ETNZEN g(1) HIZEE NS (1) Dsr (HWE
W), g(l) FicaEhnd 3(1) UAOFHEOES (§(1) 128 UEEREEKS), KO
g(l) FizEENZ ZOMDES (FIRAEC L > TELUZATNREAKS) 2K7. SDR
1%, Starget (1), Ginters(1), KT Eareie(l) ZAWVWTIRATER ST NS,

|€intert (1) + Eartit (1)]?
ftoT, @\ SDR % M T 2121%, JEEHKGEEKS Cinterr(1), KON T 727 B8 4
Cartit (1) D372 <, BIITFBEIRD Siarget (1) D% HIHE N TV B BENDH 5. KERTIIHED
FHEOMEREFMENE L LT, HNFIZHB I 2HE(E5D SDR » S #EHI{ES O SDR % ik
U7z SDR & &% AN 5.

REBTE, BATEIHEERE YA 708V BO%ELW (N = M) &FcTirs. BRI
X, 2HF-2~v1 2708y (N=M=2), 3FH -3~v1270%> (N=M =3), LU
4EF|-4~v14708y (N=M=4) D3ID207 —AZDWTEREZTS. FEBIZHHT
A0tV AUYA7BRr T VA 2@RT 53170k yns MEERL, 20
oA 7ukRy (X4 270KV 7 VA 2T 2RI NLwS A Zaky RE#E~ 1 2
OAy) EEALURWV. 25, 35HE AKUT4 EETEREZTOBOE YA 70Ky DM~
EbEEOIA 7R DA VT2 Am=1,--- M E2T—REY " DF ¥ IXNAVTT A
Mics. 1-12 Oxf R % Tables 4.1-4.3 (239 . 3.23 HiTRN7z K 512, HIRDBEEREDOE
B3 TH 5 SDR OBEHIZIZY =AM A—=VUDBRRBRETH B, TDd, KF—Ktv b
B HERDY — A4 A=INEENTWS., AFERTIX, Fig 4.1 1R T X512, FHFHD
V=AA A=V EFALUF ¥ 2VIZELUTHRNT 2 Z L TEF v 2VBHIGES x,;; 2BEL7-.
BRI NS4 T v A VBIHE SR TORTEINS.

Xij = Z ngrrr;g) (43)

5 2
SDR = 10105, 2t [Starger (D) [dB] (4.2)
l

2z, s e CM i3, p BHOGEIZBIF B Y — A A —VDEEARY N0 S5 LD

iJjn

DTHY,

Sgr:;g) = QAinSijn (44)

LEFRTD. 72, ay, FEATI A, OFKTIIRRTE2ATTIV VIR MLVTHS. |
RO NIEREE R BAEIR TY — A A A=V R R LADLE 2 HEDFHAEANTH 208, KRFEFKRT
B TY — A4 A=Y 2 R LAEDLETELF ¥ A NVBUIGES 2B L 72, £7-, SDR D
BBV THER Sparget (1)) Eintert (1), RO Eareir(l) ZEHH T DY 7 7 L VY AF 5,
Tables 4143 1ZBWVWTm=1I1ZHIETEF ¥ 2NLDY —ZAf A =T % HW\W.

AEETIE, ILRMA, HAEGFFEE T VA ILRMA, ROHBAS—-3I 25— a VA&
FDICA % BSS Fik& UL THWTEHET 2. 20 3 FEON, ILRMA OANT T4 > KR
ZMETHh B0, EEMEMTESFETHS. ILRMA OFERIZ, v~ 17k r 7L 1%
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Table 4.1: Correspondence between microphone index m and dataset channel index (N =
M =2)

Combination of microphone m = m =2
Mics. 1 & 2 Mic. 1 Mic. 2
Mics. 1 & 3 Mic. 1 Mic. 3
Mics. 1 & 4 Mic. 1 Mic. 4
Mics. 5 & 6 Mic. 5 Mic. 6
Mics. 5 & 7 Mic. 5  Mic. 7
Mics. 5 & 8 Mic. 5 Mic. 8
Mics. 5 & 9 Mic. 5 Mic. 9
Mics. 5 & 10 Mic. 5 Mic. 10
Mics. 5 & 11 Mic. 5 Mic. 11
Mics. 5 & 12 Mic. 5 Mic. 12

Table 4.2: Correspondence between microphone index m and dataset channel index (N =
M =3)

Combination of microphone m=1 m=2 m=
Mics. 1, 2, & 3 Mic. 1 Mic. 2 Mic. 3
Mics. 5, 6, & 7 Mic. 5 Mic. 6 Mic. 7
Mics. 5, 7, & 9 Mic. 5 Mic. 7 Mic. 9
Mics. 5, 8, & 11 Mic. 5 Mic. 8 Mic. 11

Table 4.3: Correspondence between microphone index m and dataset channel index (N =
M =4)

Combination of microphone m = m=2 m=3 m=4
Mics. 1, 2, 3, & 4 Mic. 1  Mic. 2 Mic. 3 Mic. 4
Mics. 5, 6, 7, & 8 Mic. 5 Mic. 6 Mic. 7 Mic. 8
Mics. 5, 7,9, & 11 Mic. 5 Mic. 7 Mic. 9 Mic. 11

AW R I Lty bogh o S IERBIZS U CREIZHEF BSS 2#H L7255 EORED
PRENE SN 2HERT S22 2HME LTWS., —HT, BHD 2 FEIFHMEM 2 504%
BEZ31-®12, SHEES (B EMEMBEIIBITI3ERE L5E5) 2HVTWS. ZhiT,
BSS M KBRMEREZ L 2B I DREOMEENG NI N E2ERT I 2 HE L
TW5.

Table 4.4 12, T 6 DOFELTITHIBT 2FEHEMLEEZRT. AERICHWSESOY VT
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Source images Observed signals
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Fig. 4.1: Simulation of multichannel observed signals.

Vv TTRBEENE, BRI 48 kHz TH 5D, KREBRTIHEIHAMEIRD 7212 44.1 kHz 12
VYo T v T E 7572, STFT OAEIX 16384 &1 (372 ms), ¥ 7 M EI 4096 51 (93 ms)
U7, BEBUZIE blackman B2 F L 7-. BSS O Iz B 1 5 KEREIE 100 B & L
7= BEITH] W OFIAE XS B BEL  BIZBATS E U7z, F7z, Table 4.5 (2 ILRMA X
OHESIHE 7L ILRMA OFEBREM 2579, ILRMA K OBAEEJFEE 7L ILRMA (2
B BHEBIL K=4 £ L7z, ILRMA OEETH T, KOT7 275 1 X— 3 V{751 V,, DY)
HIEIZ T RBIKE (0,1) O — BRI S Utz —REAEILEIC 12 5 ROEOBOELE Y — K
fEZMEHL, EBREEEZEE Uz, Table 4.6 (ZHAEN—3I 25— 3 Vg fAF & FDICA O
FEESEM 2 RT. BN —-I 27— 3 VERAE FDICA ICEWTIRE T 2 EIRE TV &
BOEEEN T AL Uiz,

43 ZEEBRER

ATl ILRMA, #AEHETE TV ILRMA, ROHBEASA -3 25 —v 3 VRRMAE
FDICA IZ X 280 SMEEBOFEREZ RS, REREII A 78R8T UL E2HVEZRT A
v OO EHEMREZ R T 2 RIS TH 2 Z e n s, Fkae< A 7k y OfflA
AOLETHRINEGII 78Ry TV TOBAGES 25 LTBSS 2HHL, YOk
REEX Y 70 VBRI L TED &S REESRR SN 02 RN HERT 5. 7272
U, AXTRARENZSA 70K OMAGDLEICHTEHEREZRL, T OMOFEM 7RI
DVWTIEHAFEICH L TENEN G A ICHBT 5. AETHL L TRTIHRIE, NIty
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Table 4.4: Common experimental conditions

Parameter Value

2 (KD & SD, KD & HH, or SD & HH)

Number of sources 3 (KD, SD, & HH)
4 (KD, SD, HH, & CC)
Sampling frequency [Hz] 44100
Window size used in STFT 16384 (372 ms)

Window shift size

4096 (93 ms)
used in STFT

Window function used in STFT Blackman window
Number of iterations
100
for parameter update
Initial value of demixing matrix Identity matrix

Table 4.5: Experimental conditions for ILRMA and ILRMA with ideal source model

Parameter Value

Number of basis vectors 4

Initial value of

basis and activation matrices  Uniform random values in the range (0, 1)
(only for ILRMA)

Seed for pseudorandom values
(only for ILRMA)

1,2,3,4,0r5

Table 4.6: Experimental conditions for FDICA with ideal permutation solver

Parameter Value

Complex Gaussian distribution
Assumed source model

with time-varying variances

Permutation solver Ideal permutation solver

O

Fodg EEIZEELZ 4 F ¥y 21 7B Ry T VA O Mic. 1 (Fig. 3.2 (a) 2I8) KON

oty MEHIZEELZ 8 Fy 32~k T7 L AD Mic. 5 (Fig. 3.2 (b) 2I8) %3
Wehpbvtorakrel, 2%E -2 712705 OBHIESIZT 5 BSS TldiE#r 423
vt rukrve (A=A 28RyT7VADOHT) XA 7R VEREPRZEZNZ—2 LT
Mics. 1 & 2, Mics. 1 & 3, Mics. 1 & 4, Mics. 5 & 6, Mics. 5 & 7, Mics. 5 & 8, Mics. 5

& 9, Mics. 5 & 10, Mics. 5 & 11, KU Mics. 5 & 12 @ 10 %R, [, 3 HiE -
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3~ 7akyOBHES I % BSS Tl Mics. 1, 2, & 3, Mics. 5, 6, & 7, Mics. 5, 7,
&9, KU Mics. 5,8, & 11 O 4 ¥, 4 &F§ - 4 ~ 1 7 08 v OBHIGEEIINS 5 BSS Tk
Mics. 1, 2, 3, & 4, Mics. 5, 6, 7, & 8, KU Mics. 5,7, 9, & 11 ® 3 ¥z TN TR T .
2.5 HiTHRAZEY, BSSIZBIFAY1 270k 7LD s 7ok EIZEHTr) 7
VUTITEENICET 5720, Tho OBIINE ST E ORER D SMENRENZT 5 h
IZDOWTHBLTWA.

T, 7742 R5M4T BSS kAR L LT, ILRMA 28HESC#EB L2540
o SHEMREZE Figs. 424412589, 22T, Fig. 42132 5K -2~ 1270k, Fig 4.3
X3 FR -3 w127k y, KU Fig 4.4 13450 -4 1 27085 OBHES T 25 H
ZRLUTW3. Fig. 4.2 (a) ® KD KU SD ORAGICHTHERICEHTS L, v 170k
TV EERT 5~ 7 vhVEENREVGEIZ KD O BEEREDR 2 (28NS 2 {170 A3
ATEL., ZNEXA 28RV TLADOT LA ENREWIE LRSI 3 2 (402 0 4 R iE
M ETEZEMNFENE LTHENG, 1 27ah BEENEL R BT TY Y
JaREMTEDRAEAEEPETTZY A2 03555, KD IJMEHIHIZ LE 2T 2L ¥ —
EROH|RD-D, EMTA )T U OBIZ T ez Bbnd. FERIZ, Fig 4.2
(@) ITBWVWTHRE YA 7 ak VHEEAREVHNIE Mics. 5 & 12 THD, ZORDOIYA 7RV
PR IZ 0.06895 m fifE 2 725, R (2.27) kb, Zor EEMTA) 7Yy JRE [EET
& 5 BRSO ERMEIZE L £ 2466 Hz FHE L7220, T KD OEFIZEEN 5 FEL
JERE S (500 Hz PAR) 2 KRESHATWAZ Db, 272U, SD X SDR dEED
0dB 2 FE->THH, ZOMDFHEDOMAEGLETHS Fig. 4.2 (b) KU (c) IZEHLTIE, <
1 78Ry OMAGEOLEIIE U THEL—EERS AL TV, F2EEED SDR =
70 dB % L[> TWa4liX Fig. 4.2 (¢) (SD XU HH OIR&IZH T 585H) O Mics. 1 & 3
DHATHDZ LS, Bl BSS OEHTIILE L2 HMEEE2 Z L IEEREITHL W
FHEEZRLTWS. Figs. 4.3 KU 44 1%, KORER I HH -3 3178 F R4 5K -4
Y17 uRYOBEESIIRT AHEEZTNTNRLTVS. INHOMRERTH, P
2EHPEO SDR WEEA 0 dB % L2 & 5 @k am 0 SMEGRIIE S o7 M
EORRIE, NIy bOBELFHEIZHF LTI 7857V RO BSS 257 7
O—FDIERICNETHD Z L2 RBLT VS,

BB D Figs. 4.2-4.4 OFERIE BSS 2L 20 EMEVLRETHL I L 2R LTS, —F
T, Z05DMERNEREE 2o 7285 RAY, ARBUE S0 280 ST IR ICNEECH 2
ZEEBERTLON, HDWVIFHIZ ILRMA OR#EIC & 50875 OHEE R 721 TH
0, AR CIIMERREENEONDEIDNIZDODWVWTIEARHTH S, £ Z TLARNTI, #HAH
W75 % 5 2 % BSS O# 0 SHIEMREZ RS 52 2T, ZOBIAUIZDWTERNIZH S
D9 5. Figs. 4.5-4.7 IFHAFIHE TV ILRMA 2 HW25BE50 2 FH -2 v 20k
Y, 3HF -3 x4 rmakRy, RO 45431 70K OBEHEEICRT 25ERIZOWT
FNETNRLTWS. [k, Figs. 4.8-4.10 IXHA -3 25— 3 VfiRft & FDICA %
AWEGEDEMREZZTNTNWRLTVS., 24 HTRHRRZED, ZNS5DFEFXVT N
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DEMEMEDIEMRE 22 EHFEFTZTDEDEHNT VWS Z s, EHATITEHATE W
FHETHSD. LS, BLINSOFEPEOHKD BMEZERTE 2561F, <1
ARV T VARG BSS TRI Ay bO#H O FHEA2EBTE S Z L WFEEMIIXATRET
HBIEERLTWHI LIRS, INoDfEREAD L, X1 70KV OMAGEDLEIZIHU

THBIZXPXZEM L TWED, TR TOBMEIEFITN U CEREELRE D HFIENERTE TN
522005, RERIZBWTHRDHRDENG WV 4 FHEOESESICHLTH, TRTOH
IR UCIED SDR WEESFONTED, AGMXTEHLEZT 70 —F HFEIIZ XA R
THHIe2RmLTWVWA.

BEFHEOVEREZ T 272012, BHIESEO2EHD SDR &# & O FE % Tables
44-461ZRF. ZZT, Table 4.7 1% 2 FJH -2 ¥ 71k, Table 4.8 1£3 FF -3 <A
sakry, Table 49 134 HFH -4 142705V OFERZ2ZNTFNRLTWS., ZOMEE2F
%Y, HAEFIHE TV ILRMA K OBAE -3 25— a VR & FDICA O BEtEaE I
EHLTWEH00, FHRITIZEE N — I 25— 3 VERAE FDICA DIF > 233 Bk fE
DEWIZ VDN 5s. FHZ, R4y POERICKEL/Z8F ¥y AV 7B KRy T A0
SEIRL7ZYA 70Ky TOERTI, HEAS—I 27— 3 VA E FDICA Ok RE
DENMENHETH 5.

44 EKEDFE®D

RETIE, 3ETHRT - EL7ZT— Xty M UTHEGFED BSS 2L, ~1 27 Bhky
FTUAEAWERS Aty NOBY SHTEVERE 2 RT3 ERE T 7. ERERNS, 75
AV K725 TBSS T i*&zb BHEERITS ZEIZRNEETHEZ o7z, — /T, HM
725 % 52 -G X ERE R 0 SIENTRETH D D0 hh, ¥4 7akv 7L
4&U{%S%%mtb7AkVF@HD%WFiﬁ@%Kﬁ%?%é:tﬁ%éﬂt.5%

TlE, KX DFELDESBEDOFHEIIDODVWTHENRS.
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Fig. 4.2: SDR improvements of ILRMA for two sources.
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SDR improvement [dB]

Combination of microphone

Fig. 4.3: SDR improvements of ILRMA for three sources.

SDR improvement [dB]

Combination of microphone

Fig. 4.4: SDR improvements of ILRMA for four sources.
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Fig. 4.5: SDR improvements of ILRMA with ideal source model for two sources.
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Fig. 4.6: SDR improvements of ILRMA with ideal source model for three sources.
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Fig. 4.7: SDR improvements of ILRMA with ideal source model for four sources.
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Fig. 4.8: SDR improvements of FDICA with ideal permutation solver for two sources.
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Fig. 4.9: SDR improvements of FDICA with ideal permutation solver for three sources.
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Fig. 4.10: SDR improvements of FDICA with ideal permutation solver for four-sources.
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Table 4.7: Comparison of separation performance of various methods for two sources

Combination of [LRMA ILRMA with FDICA with ideal
microphones ideal source model permutation solver
Mics. 1 & 2 -2.36 6.31 5.54
Mics. 1 & 3 -0.70 6.58 6.48
Mics. 1 & 4 -1.62 7.04 7.13
Mics. 5 & 6 -4.40 6.20 6.94
Mics. 5 & 7 -2.93 5.79 6.71
Mics. 5 & 8 -3.41 6.42 7.02
Mics. 5 & 9 0.02 6.92 7.91
Mics. 5 & 10 -0.41 6.06 7.29
Mics. 5 & 11 0.61 6.63 7.64
Mics. 5 & 12 -0.93 5.60 6.81

Table 4.8: Comparison of separation performance of various methods for three sources

Combination of LRMA ILRMA with FDICA with ideal
microphones ideal source model permutation solver

Mics. 1, 2, & 3 -3.10 7.80 6.88

Mics. 5, 6, & 7 -5.05 7.34 8.54

Mics. 5, 7, & 9 -2.86 7.50 8.75

Mics. 5, 8, & 11 -3.12 7.92 9.32

Table 4.9: Comparison of separation performance of various methods for four sources

Combination of ILRMA ILRMA with FDICA with ideal

microphones ideal source model permutation solver
Mics. 1, 2, 3, & 4 2.19 9.45 10.76
Mics. 5,6, 7, & 8 -2.13 6.88 9.20
Mics. 5, 7,9, & 11 -0.32 7.75 10.07
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Table A.1: Comparison of separation performance of various methods for two sources for

all observed signals

Combination of

ILRMA with

FDICA with ideal

ILRMA
microphones ideal source model permutation solver
Mics. 1 & 2 -2.36 6.31 5.54
Mics. 1 & 3 -0.70 6.58 6.48
Mics. 1 & 4 -1.62 7.04 7.13
Mics. 2 & 3 -5.39 5.09 4.41
Mics. 2 & 4 -5.52 4.95 5.01
Mics. 3 & 4 -6.11 6.33 4.97
Mics. 5 & 6 -4.40 6.20 6.94
Mics. 5 & 7 -2.93 5.79 6.71
Mics. 5 & 8 -3.41 6.42 7.02
Mics. 5 & 9 0.02 6.92 7.91
Mics. 5 & 10 -0.41 6.06 7.29
Mics. 5 & 11 0.61 6.63 7.64
Mics. 5 & 12 -0.93 5.60 6.81
Mics. 6 & 7 -5.01 4.73 6.19
Mics. 6 & 8 -4.70 5.82 6.34
Mics. 6 & 9 -1.06 6.26 7.28
Mics. 6 & 10 -1.48 5.32 6.25
Mics. 6 & 11 0.04 6.16 7.40
Mics. 6 & 12 -2.34 4.74 5.84
Mics. 7 & 8 -5.41 6.05 6.50
Mics. 7 & 9 -1.55 6.53 7.25
Mics. 7 & 10 -1.91 5.61 6.20
Mics. 7 & 11 -0.27 6.37 7.29
Mics. 7 & 12 -2.71 5.02 5.95
Mics. 8 & 9 -2.60 5.73 6.81
Mics. 8 & 10 -3.58 4.45 5.32
Mics. 8 & 11 -1.84 5.28 6.26
Mics. 8 & 12 -3.26 3.78 4.74
Mics. 9 & 10 -8.82 3.33 3.60
Mics. 9 & 11 -5.62 3.45 4.04
Mics. 9 & 12 -7.27 2.07 2.46
Mics. 10 & 11 -4.17 5.92 6.19
Mics. 10 & 12 -5.28 5.33 5.84
Mics. 11 & 12 -8.93 3.73 4.39
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Table A.2: Comparison of separation performance of various methods for three sources

for all observed signals

Combination of ILRMA ILRMA with FDICA with ideal

microphones ideal source model permutation solver
Mics. 1, 2, & 3 -3.10 7.80 6.88
Mics. 2, 3, & 4 -6.16 7.16 5.64
Mics. 5, 6, & 7 -5.05 7.34 8.54
Mics. 5, 7, & 9 -2.86 7.50 8.75
Mics. 5, 8, & 11 -3.12 7.92 9.32
Mics. 6, 7, & 8 -5.46 6.64 7.66
Mics. 6, 8, & 10 -5.44 6.25 7.73
Mics. 6, 9, & 12 -3.81 6.34 7.81
Mics. 7, 8, & 9 -4.85 7.82 9.03
Mics. 7, 9, & 11 -2.66 7.75 9.37
Mics. 8, 9, & 10 -5.89 6.06 7.38
Mics. 8, 10, & 12 -4.73 6.08 7.44
Mics. 9, 10, & 11 -8.46 5.01 5.63
Mics. 10, 11, & 12 -6.47 6.56 7.46

Table A.3: Comparison of separation performance of various methods for four sources for

all observed signals

Combination of LRMA ILRMA with FDICA with ideal

microphones ideal source model permutation solver
Mics. 1, 2, 3, & 4 2.19 9.45 10.76
Mics. 5,6, 7, & 8 -2.13 6.88 9.20
Mics. 5, 7,9, & 11 -0.32 7.75 10.07
Mics. 6, 7, 8, & 9 -1.66 6.80 8.85
Mics. 6, 8, 10, & 12 -1.57 6.40 9.38
Mics. 7, 8, 9, & 10 -1.91 6.34 9.41
Mics. 8, 9, 10, & 11 -2.00 6.16 8.49

Mics. 9, 10, 11, & 12 -4.35 4.17 7.49




