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Constrained Parameter Estimation of
Harmonic and Inharmonic Models
for Separating Polyphonic Musical Audio Signals

KATSUTOSHI ITOYAMAT, MASATAKA GOTO,
KAZUNORI KOMATANI, TETSUYA OGATA' and HIROSHI G. OKUNO
t Dept. of Intelligence Science and Technology, Graduate School of Informatics, Kyoto University
1 National Institute of Advanced Industrial Science and Technology (AIST)

This paper describes a sound source separation method for polyphonic sound mixtures of music including both
harmonic and inharmonic sounds, and constrained parameter estimation using standard MIDI files as prior infor-
mation. The difficulties in dealing with both types of sound together have not been addressed in most previous
methods that have focused on either of the two types separately, because the properties of these sounds are quite
different. We therefore developed an integrated weighted-mixture model consisting of both harmonic-structure and
inharmonic tone models. On the basis of the MAP estimation using the EM algorithm, we estimated all model
parameters of this integrated model under several original constraints for preventing over-training and maintaining
intra-instrument consistency. We confirmed that the integrated model increased the SNR by 1.5 dB.

EEZHFSTWAALRONTEY, ZEWRELA

L U B YR L ADBICIEA S & vy Thid o 7,

FIINF =T A FBERL, MEBRILHIT 5
BT, LORBMICEELELALZVEVN) Z—FD
ERVIBNTE 72, ThTETOF—F 1 F ARG,
SE G EROE LA T % X ) BT B HEIESR
L, 2—FOERIERZTE&L., FlziE, 5.1RkTR
71 RTCH% EOKRENPY ¥ A7 A THRELRFTREOH
BEHETLEWI DR, 7T/54 7 /4 X% vk
VR EOMELEB THEIRERERELIZLTLES
THFRICTFREEZELE VI LONH L. —H,
BEBIRY 20 S 0% LA S I IER R, HZE R L8
H5DH. —REETIIREBNOICE R L E L O S OIEHEAM R

DB R SEERE L V) 2 —FOERD—DIZ,
BEN—POFEREHHICRELZWEWV ) b OPE
Fohd, CORRDLDIRERERESNTELZST
T4y 74374V IIREBEE RS €, REa Y
FO— Vi EEHAEDE THEERENOE 2 EBT
L72DOEMTH B0, REMICERZFTAIITA4Y
RHEEN— MM A TAVFEZERTHICEINRT5THS.
REBIIY 2 TREED L) BERIDZ 58 L LT,
#3513 INTER:D? B X O Drumix® 2B LT3,
2 — %3 Drumix 2> T FI A ADEREIEL, &
BEEBEBRZ, T2, FILNY -V RFEETE, 20



EBEREIY 2 AR AT REE R o7z, L2 L, Dru-
mix (ZEHFDO FT AR T 2HHEELTBY, —i#k
DEBREII L THEAT S ETIEE T AP o7,

TN LTHRADEMIE, CD 2 EICL 5 EEE
mw=e (BEE) T0doWw A%/~ M LTH
HICERTEETE S, BRF/ITAF LTINS
VATFARERTAIETHD. Z2072DITIE, Fll
HFICETNAELDERELLEEETS, Thbba

EASHTALENDHSL. TNLOTFEEFTICE
7 /7R 7Vv— b DX kG RORBEL R
T HAD L) BREPEEEF 2 VERTOWME I E
IN5G, F72, BT BPRERICN Y- TEEL
HFDEII, AEBELHOLBRTTHoTH, £
OYEIY S ICHRT AWBEHTRVWES 2 ED D
DOBEN., T2, & 5W AR L CHEATRE
REEBREAL ITATEERTS0010F, AT
BRI R EORS 2D LENFD L.

Lo L, SEROTFESBICHET HHENS IETh
LO2BEENEN—HOAIEBLTEY, FEOS

MEITH HELTWED o7, BFIZIE, FAEN
HT R DT AHFFRICIE 4)~8) 2 A8, FEFWEM LT

T AFFZRICIE 9)~11) B ENDH B, HIED 1L, A
B SR RBETLEF NV EEREN S L ERTS
EFVERATHIERULFEIOVTERLTWVS
A, LT iador. T, WIERRELIER
WS 2 FRICEO T L LT, BILKS 5T
(Independent Component Analysis; ICA) % £12#0 <
TS A4 v FEBRSMSDDH, CD D L) REMERE
BESEZHIICEE>TVARN,

Fha IZBRIED ORME R ST, TS T TV & IR
BHEE TV 2 A LZREET IV E A EiRs s
FHEZRRE L. AEBEET VR, ERTROES
DHEEOTBEEELZRBET AT AN v 7 ET VI
HEoOWTBY, B8, FOORMZEL, +vEy b, &
B, HBERSOMXRE, /87 — L0 — T Ok
BZ L e Vo789 X — 7 TRIEIND., FEFMHEE
EFNIX, S VNFGAN) v I ETMICEDIVTED,
FREBETRREDPH L RS AR ED/T—AR
yIVEFOTIERBT S, ThEEOLIC, €T
JREY B EORPHEE D ORBETHoTH,
REBICEZEN VYT FREEHMFR Y,
EFBEHAFEEATVEDT, 2D ) %EL IR
BiEE T VKRBT 5.

EFNDINT A —F OHEEITIE, ARFEMESR (Max-
imum A Posteriori) #EICEDI EM 7 VT X u %
VD, EREBEEFTVIKEZHHEZRH-TB
NHLWAHINT—ARY MV ERBETEDLD, #E
DR, FREEEETVELETOREGEEEHALT
LIEIMEND L. ZOMELFRRT 5720, FailE

He LTHEEESICHEB L7z MIDI 7 7 1 )V (Standard
MIDI File; SMF) * % i\, & 5 IZ[F—HER1H3 Al
R IR T A RS, ZoXHicL
THLNLRE  EREFEHETVERAVSZ LT, /¥
7 —ARY P VOSBENTEEE 5.

2. MEOFREEBRINOT7IO—F

SERTREEES L FHPIES TS SMF °5
Zbhib &, RADHEIEEES% SMFO& +
S 7 IHIBD SN KR T L OBEBEF oMY
5ZETHAH. SMEDK T v 73, EEEE S— b
e LTwa, Eniz f, e OBZBIZZ/ -
FOETOEZFIIN LT, BFICHET 2 RIEHEE
UL FREEEE TNV DENRT A —F 2 HffETSH
LThHA.

5z 5N7:SMF % MIDI R CIHETHZ LT, &

BESHORETIIHLEELN, [FOT Y TV] 2

B TE A, ZOBE%2TF YT —FEFLIER. SMF &

FUTL—PERGIONLE, BRADHBRER

HIZLTO2HTHA.

(1) F>7U—hEERBEEOThOBRN. 7~
TV — b EEATEFLOMICIZILTEEN LR
BNDHENT, TNEZOFEHEEICHED
ERTET, MLPOHETT VL —bEE
ANEBEDECERINT 2LEN D 5.

(2) FECHILGERS—BHEDER. b 5EED
A ETIEFE L FORERTHEESNTWTY,
BERETTI— PR EDBEWVIZEY, FTEES
FlZidEnrh b0, BEILIML2DE
FVLE T HLENH L. LrL, ThHOF
PROBEE LIRS L, FUEBOFTITIIMN
SrD—BlLH L0, BEICHEFILOE
FULETHEIDL ) BWEERHATE RV,

INLDEEIIHLT, UTo7 7u—F%285.

(1) EFWINFGA—=&EE. 77— FETHH
[ELZBEFTVDNTA—F %, EFVEAN
THES L O — AT NV ETOFEE
BEF/MET L L) ICEHT A, ZhiE, €T
LVEREDLEHZAHILNTES,

(2) BA—HBRINT X —2—BHICHT IHIR. %
BHNTO—EBEUEZ2REOD D FHEOMNGE
WEBHEETS L) RO TTET VST A —
YOEHEIT). ThiE, FA—ERBTHEH
FEDOEFNINT A= DFHELBAEER LT
WBEEDEFNVISG A —F & DOE D Kullback-
Leibler (KL) ¥ A N—Y 2 v A% B/MET 5 &9

* KT, SMF L BEES & 375 pOfekFEIDD £ 5
WTRHD E R TV 5 LRET 5.

78‘ —



BEEMA S L TERTE 5.,
3. 8 & 1t

MR, ST REFBREFTONT AR bV
O(e,t, f) (UTHIZ g© LiET) %, BETLD
T —ARY VSRS HZ ETHD. TIT, cld
ERZEDT v v 3V, t 1364, fI3RERERT.
AFETIR, ANEFOTF v v AV, FRHICEHE
FENTVS BERIC—WORIREED %\, ¢ F
TR K AOBBIERINTEY, KK Ly D
MEZEOLTS, 22T, kEHORESE, | FHD
MEDT Y TL— b EONRT—AR7 W% gl (¢, f)
L, WETHMELZETETIVE hulet, f) ET5
(AL 2heENn%E gl hy LFT) . SMF TOEML
FHRIILT LD BEETTOEME TR L EVEE
BHBOT, gD 1 F AN EROTVS.

3.1 o B E

BRI ST — 27 PV g B, BETIW by [THED
WTEFNENDEFVERTEFICOMT 572012,
IS — AT M VAR mkl(c,t,f) (LLTFHEIZ myy
LET) REATE. O, 505 (ot f) I
BT, kEHORRE, | FHOMEN ¢ il T
EOREEEET. Thbb, ¢Omy 3 kFHOE
8 I FHOBEDOSWMEN T —ART P VER
F. T =27 PVOMEMRY Lo & RIKE
ThHE, mp lEdobWwb (¢, f) ITBNWT

0<my <1, kalZI (1)

k,l

iz L.
T, ZOSMOBLEL Ji(k) iF, XXTR
L7z gOmyy EEFL hyy EOBDO KL ¥4 N—V =
VATERT 5.

Ji (k‘, l) =
(0)
> / / 9@ my log &5 gy g @
- hi

iz, ESNLZETVORLEL Jo(k,1) 1E, KX
TRLET Y Tb— b gl LEFN hy L DEO KL
FAN—J 2 Vv ATERERTH.

ok, 1) = Z//gkl)loggkl dtdf 3)

X512, &TOHERE, ETOHRFICOVWTOLGHELE
FAHER TS LS TORLELIE, ThHDOKL
FAN—T 2V A%HLO5 kIICOVWTRELADE
7R TERT.
> (@di(k, 1) + (1 — ) J2(k, 1)) (4)
k,l
ZIT a(0<a<l)id, SHEEEFVHEEDOLELD

Musical Signa MIDI File

[Recording Process]
7 N

Reference
Template

ss] [Model Adaptatior
= Separated
% Spectrum

1 L ETVBECOLEDF I

REHTDLDPEETERSNTA =T THD. a v &F)
BowHEL BUEEFVET YT L— MOEL R
BEHICHETS), BLAC1IGEDSITTWL (Bl
SEEENIZINT — AR 1~)1/ WEOFB) T, E
FVEIE & FTHEDRED B LICBWTETIVOREE %
BT enTE&BEEZLND,

OO NERT. 8L €T IVEIE
DRYELIZ, my OWEL hiy DEHE, REIZ—
FEEELTMEZEETAILTRENS. 22T,
Met, f) 2575 v VaOREFRBHL L TR @) 12
X)) DEWEMZ B L, B/METRET2 MNEEK T
53

“m#

Jo—aZ// mkllog

kyl,c

+(1-a) Z//gkl 1oggkl dt df

k,l,c
-Z;[/M&mﬁ(%;mm—l>ﬂ¢ﬂ$

LREING.
i'f, ﬁ}%ﬁ%’:ﬁ") f:fbb:, hit %E%LT Jo AR SN
IBEND LI B my 2 RKOE. Jo 2RI T 5L,

©0)
O = 0ag© log g T _ e t, f)
Ompgy hi (6)
BJO Zm
et f) K
t&%.uﬂB%mWT,@iﬁﬁﬁ
oJy od
=" Bt ) @
2L,
hii
= 8
M S ®)
2135



R1 FERFEMRE /ST — AR MV E ORI

HEERERR R N — AR PV
ple,t, f) B TE (@)
pk,0,t, f) | FEIHERERE gD
p(k,l,ct, f10) | TET—¥ hkl
p(k,lc,t, f,0) | REET—%
B URT=ARZ FVICE LTI, @Tﬁz’m&kﬂ

U TG L7RERAT 11225 &) IKERMLT 52 &, LRED X T3
I EED =Y (%=

KIZ, EFIVBEILEIT) 72012, my 2EELT Jy
BR/MEENS LX) % Rl %j@y)% ZNEETIVD
EHEFRICEELTVWAE2D, 48, £558TH
bl -

32 EM 73 XL & DREE

LEREOGHEETVELOREDEL, TabE my
& hy OFELIX, MAPHEEICED S EM 7V T X
LEDRRTESL, RO) TEHESND QEHEEL
BY, COZLIRIVEMEICRA.

Q(@, 0) =

=/

k,l,c

p(k,lle;t, f,0)p(c.t, f)

log p(k, 1, c,t, f|6)dt df
+(1—a)z//p(k,z,t,f)
k,l,c

logp(k, 1, ¢, t, f|6)dt df )

QBB IX MRS Jo ICHBL, EHICRTITRT
) I ENENORERTERT 3.1 BiCBR7zB%

T 5.
p(k,1,c,t, f16)
Pl tlet 126 = 5= oL, £16)
ThHhHILe#z5L, Q) TOHFEBEBDERIT
HRFEEBLEICBVWTIRETHL I LT PD
ZOXDPL GNP B LI, pk,let, £,0) (Tabb
my) DEHIZ, LT —F ORED LMY & HfE
EEELTWAZLICHYETADT, EMT7IVITY X
L D E (Expectation) A7 v ZIHE T 5, F72, 6 (T
%bH hy) OEHE, QBE O ICHLTRAET
5 Z LIS B DT, M (Maximization) A 7 v 71
LT 5,

4. R - FERRBHBHET IV

ETN by 1, REEEERBT STV Hyl(t, f)
EEFPEE L KRBT AETN Iy(t, f) ODREFITH
D, (FNZNUUTHIC Hy, Iy £87) UTo L
EFEND,

hia(e,t, f) = riie (Hu(t, f) + Ia(t, f)) (1)
Thic \XETF ¥ VA VOMMRBEERT/NT A -5
ThY, UToLMries

(10)

®R2 REBETTINVDONGA—F

iy | BBk
Wy FAEBET T NVEROEE
pr(t) | FO D#LER

Uy | ST = RA—TOMHEERBT S
yBROH Y VT v DEIMEH
(Zy Ugly = 1 %i729)
Vkin n yﬂ%%ﬁiﬁ’@*ﬂij‘?ﬁ&
(Zn Vgin =1 Ei723)
Tl vy M
Yo | & (V38R
Okl EEORRBAMOILDG Y & £ 3R RE

ZT‘MC =1 (12)

41" EEEEESL

FEBEET VL, NFA V) v 7 EEEKTH
B AGHEBOMEME LT, N -2 RNT—
THRERT S Ey(t) L &R ORBEELRET 2
Frn(t, f) (FRZFNLUT Eriy, Frin LET) EHNWT
UTDEHICERTH. 7L, YV, NRIEHT, #h
TWRT =L NU—TREHT DT LT 0L,
FEEEOEETRF OB EERT.

Y-1 N

Hy = Z Zmemyka (13)
y=0 n=1
Ukty (t=Th1—vbp1)
By = 2 14
Ky NI (14)
Vit (I=npr®)?
Fupn = " e 2%k 15
kin Jamon (15)

ETNVNDNRGA—F 2K 2ITRT. TOETINVII,
B S ORKEEEMMEENLY 9 A% Y 7 (Harmonic-
Temporal-structured Clustering; HTC) THW b N5 &
BETNG 2HEIRET L.

B S D HIC FEE TV T, up(t) 13BERT ¢ 128
THHEAL LTERENTW DI LT, FAld
IV ERLEBOBBEMLLERD 7201T, /852
Mo LBEE LT ) ZER L. LAL, 2
DEZTIIEZBZTL AMHEICH LTI S HIRAINZ 5

NTWRVDT, /XT A= FHEFEIT L o THRNEAR
AL L LRSI DS, ZORMBEEHRT 57

O, UToORTEH2 6“6%??:&%?{’9%55]\?%
ﬂu/(ﬂkl(t) log & 8 — (B (t) — Mkl(ﬂ)) dt(16)

72720 O (t) 13, Mkl(t) TSI T TANVT 2EAR
AATEEBFICEHEIL L2 DTH L. BOTDE
—HIE—RICHWONS KL ¥AN—-V 2 VAT,
INEBMET B2 LT upt) % on(t) SEMFIT 25
HAzRo., ETHOEINTHE NS, Gu(t) %2
A LIEE pn(t) 2D L2 BT 215 25
D, 2%, ZORERAVSEI LT, BHEDF»E




BB T A LRSI LD TES.

42 FEREBETTIV
EFPEREE NG V8T A MY v 7 BB TE
HEN, NT—ARY PVEBEEEBTS. E1ET
WAL, TOEFNVIEEDIST— AR MV
BPRHETEXBLDT, AT —ARZ PVPZDET
VT TEHRENRTLE ) TS S, LeL, @
BT TV ER TR EFAEMES $ <O IERREE
EFVBRRLTLEI L RET L W, TR
MR RRT 5720, UTORTE 2 LNBH 7%
ZEAT 5.

Br2 // (Ikl 10g—— = I — Ikl)) dtdf  (17)
ZIZT, Iyt Iyl ﬁ7/7/7’fn/7%%&325/v’6
EEEF TR LD TH S, ZORDFEHIIT
R (16) L FERICERET L TV 5. Z ORI Iy % I

BT 2R R o TS, DF ), HEOIFRK
&ﬁ%%&ﬁﬁﬁnﬁ~7%%t&w@%#&%ﬁm
X, EREBEETVORENICRLZ LR
LHTES.

4.3 R—HEFERTOHK

2 BETHA LIS, T - FEREHHAET W hyy
DWEENTINT A —F 1%, FA—DERANTIIEUL
TBY, POREFTLIALTOERoTRH LW
5, A—RBATO—EUEHLLTVWILEID 5.
COWEEET LT A—FHEERIT) 20T,
Fl 200K EEAT 5.

%1 O, FAEEEE T VISTHT 56T, B
ToRTEHEZLNS.

B Z (ﬁkn log % — (Ugn — vkln)) (18)

T V&, Vpin PIFA—EBRATOFHEL 572D TH
5. ZORDEEIR (16) & AFRICEE L TW5.
DOREB/MET BT ET, Vkin & Tkn EfFFAZE
HNTESL, 2 ) 2K, F—EBEOREIHL
TREERS OMXTRE 2 B S 2 EH 2 FoTwa

%2 OFlEIx, FEREEETTVICET AHIIT,
DTFoRTEHE2 NS,

B // (I_k IOgII—:l — (I_k — Ikl)) dt df (19)
I3, Iy ODR—EBHATOFEL Lo72dbDTH 5.
ZOROLZLEIIR (16) L FAMICHEFILTWwAE, 20K
BERMET A ET, Iy % I, \CEMFITB 2 EHTE
5. OF ) ZOfliE, FA—EBOHFIIHLT,
HERS R EU S A EREE>TWA

5. EFIVEDS

BAECETVEERLOT, EI3ETHL

I, my EEELT by ZREILTHIET, TR
MEK J A RMET AT EDNTES, TZT, JiiE
TOHRFIINTHIAINTHA.

B ST — 2ARY N VERDE T IVIZEBEEDORE
MTHRBEEN, HLOTTVIITBEEEE TV L IR
BHEEETVOMBMTRIEIN, S HICHEHET
FVIIERERETH b7 AGHAEBROMEF TRI
ENTWAE, ThHDFERPS, BI/NT —AR7 bV
Lok % BB O 4 O H ™7 A5 A % & FETR S E
FINCHRTEIETETNISNT X — ¥ RIS
ILT5Z EDTREIC R B,

22T, e 2 0087 — AT+ VBB
mip (6, £),mip (¢, f) % EAT B, ZRTROBMIE,
EFEEORE, | FHORFOGH ST —ART MV
9O my % {y,n} TNV EDH Y ANAEB L O
FERBEHEEE T NVICDET S TH D

}:M$L@f-+m$Gf)=l

0< mklyn(t <1 (20)

OSmkl (t,f)§1

BiiZey. BTN by EELZIRET, J 2RME
THINLOSEREKYER TS L,

#H) _ Wk Eriy Frin

klyn — Hkl + Ikl (21)
mD Iy
M Hig + I

L b, BT DA, my L RRROEHERT
KOBILEHBTES.

)\g), )\,(;) , )\(v) % ENEN Thic, Ukly, Vkin
FIUIVADRERKIEL LT,

Gri(,t, f) = ag©my + (1 - a)gl;’

3$ 57

GUD (c,t, f) = nmwGMatﬁ (22)
G (e t, ) =mi Gulet, f)

E3BE, BEEDETFN hy DF/NT A —FITGT
AEHREIR Q) DA MBS LRDOLZ EBTE
5. 220G (o1, £),GD(ct, f) &, DHETIRE

klyn

NERGY) Gy LET. BARRERROM LN
gHCEL. :

6. 3F ffi X B

REFEOURLHRT 5720, FMERET7
6.1 XEROBER

AEERD B IIE, AT CHRESE L 7= - ek T
FVOBEMERHRTHIETHAH. BEFMmIE, U
TO300&MTHERIT, IV 7 AFHDEFLT
SNR % [L#g L7z,



ot
(H) klyn _ H) E
J= ~ (Z / / (leyn —_—Tkzcw Eray Fiin Gayn + ThicWki Briy Frin | dt df

CY,m

I
+ Z// (Gl(c? _T T G(I) +Tklc1kz> dt df

+ By Z ('Dkn 1Og % — Ukn + vkln) + ﬂu / (ﬂkl( ) log Et;

Ik (t) + /.Lkl(t)) dt

H%//Oﬂ%——h+h&ﬁ#+m{ﬁ(mbp——m+h0ﬁ#

- /\;(:Z) (Z Thic — 1) - /\gf) (Z Ukly — 1) - /\gz)) (Z Ukin — 1)) @3
c Y n

®3 EBEN
Frequency analysis
sampling rate 44.1kHz
STFT window 2048 points Gaussian
Parameters
# of partials: N 20
# of kernels in Ey: Y 10
B 0.1
Bu 0.1
Bn 3.5
Br2 0.5
MIDI sound generator
test data Yamaha MU2000
template sounds Roland SD-90

(1) |- FREEAETVERHCZSEES (RKFE)
(2) RAEHEBETVOIRERCIZHE

(3) FREHWEETNVOAREBNIZSE

A, REBEEFNVETITRIFTILATERATSZ
IR ICE LV, AERTRAVZET VOISO
&R FE—ICT A0, REHEEFVZTERAW
7BETY NI AX— b2 EUCRATOSEEITo 72,
¥7-, EFEEEEFVEZTEZRVEEAE, FERE

B E 7LV 2 R T HE AL L BT VIR
BEPERT LI LN TERL D70, O
AutTunizw,

62 ERBRF—4%

CEERICIE, RWCHIERIEE T~ N—A R T —
% (RWC-MDB-P-2001)!® 7~ 5 3 A 72 10 B (Nos. 1-
1m%mwt 2 HIIEAED S 30 O ZFIH L

. FeA DZESETHEIICD O L) LEM Rl E
ﬁvut%ﬁ LTWwa 2, REBRTIRUTOERBIC

XY, MIDI HFiED o855 L-TEEF 2 0B R L

L7-.

o REBRDBIIE L 72BFET— I N—Ap %\, H
BB LT - N—R i, BHOTEESL
FICEEAE SNz SMF, 5123 v 7 AHID
RAEEN— N TLOFBEETTHIIAI— Ty

O Inharmonic

SNR [dB]

E2 ERER

IOETHFIHATELLDTHA, YAFY—bFTFy
713, DPEBEOTEEENENIIT I Y 7 AFD
FEEFIODVH L W) BEN LD 72014
ETh5b.

o AFiEF, HELEH)EEHEEL TR W, C
L, AT AR THEENRB ORI
BEHTHL-OETFVTERTRLHETBL T
WwarZl, EFYTL— FOERDSHERZ &
BEDEHTH 5.

FrTL—bEESEENSE RS T A MR, £

7% MIDI ZECAR L7, £ 0RO FE % B S

2EITRET. NS0T X —FI1E, EBRIIC

BLDERDIZDIDTHAS.

63 XBRER

B1212, REE_/\— F D SNR M T L ITFH L7

FER (p001~p010) &, FNHD SNR % & 5124 10 Hh

TEY L7242 (Average) /RS, £ 10 HiD SNR %

EY LR ERL L, FHETVERVIZEA (In-

tegrated) I~ SNR i3 b &< o TB Y, REFHEOH

BEIRENTWS, &fiiEme LT, FHET

V& 72354 (Integrated) & FRBEHEEETNVZET2H

V172354 (Harmonic) Tid SNR ICFNITERE L ZEIX

HhTwi2wolaxt LT, FREEEETVETZR

V27234 (Inharmonic) 3B X Z 10dB DEL ZoTWw

%o FERPHEIE T T IVISK T % BRSPS & IR



WHENSEHEINTVS Z EPEREINL DI, FE
FEBETTVOAEAVEE, EFVEFOBRIC
INSOHFEHVS Z LD TETETIVAKIRICE
EBEBI LT LIz LEZILNS.

F72, Fa3—F2BROZIZETOESR/S— M
LTV E LT, NI AT~ MR
KB L) Zedhotz. ThE, FILEDOIEREK
BO—EMHPMMOEEEDOFREHEEE T VTERIAIN
TLEo>TWAILEZERL TS, ZHIZE-oTFH
S u— P DBEL, BRENITAFTRT L8

FEEZ T THMORER - MBS FT A
TEWFRD -0, BREAITATFE L TR RMEE
o TLEI)REDEZENEZ LD,

7. b W

AAETIE, FREEET L EEREEEE TV E2H

GLET w%mwtgiﬁw BowEFEE, €0
ODEFVELFEICOVWTER. T, AFE
DM R R T 22O ICFHBERE T, SFHETVER
Wb EOFRMEMR Lz Ak, AFETHEE
L BETEESEHCIERTIITAF2REL
TWh, 4, EHEELEMTOFMERIMICBITS
BREUOBINEIT > TV FETH 5.

SE AWIEO—ERIS, RHERRR MBS (FR
7% (A), BrEES [1E#E]) , 21 % COE Fu s
A [HEHSEBEED - D OERFRATE] , #
AN IR EASHE CrestMuse 70V =7 MI X BXER
ZF72,

£ X ®

1) Goto, M.: Active Music Listening Interfaces Based on Sig-
nal Processing, Proc. [CASSP (2007).

2) Yoshii, K., Goto, M. and Okuno, H.G.: INTER:D: A Drum
Sound Equalizer for Controlling Volume and Timbre of
Drums, Proc. EWIMT, pp.205-212 (2005).

3) Yoshii, K., Goto, M., Komatani, K., Ogata, T. and Okuno,
H.G.: Drumix: An Audio Player with Real-time Drum-part
Rearrangement Functions for Active Music Listening, /PSJ
Journal, Vol.48, No.3, pp.134-144 (2007).

4) Virtanen, T. and Klapuri, A.: Separation of Harmonic
Sounds Using Linear Models for the Overtone Series, Proc.
ICASSP, Vol 11, pp.1757-1760 (2002).

5) Every, M. and Szymanski, J.: A Spectral-filtering Ap-
proach to Music Signal Separation, Proc. DAFx, pp.197-
200 (2004).

6) Kameoka, H., Nishimoto, T. and Sagayama, S.: Harmonic-
temporal Structured Clustering via Deterministic Anneal-
ing EM Algorithm for Audio Feature Extraction, Proc. IS-
MIR, pp.115-122 (2005).

7) Viste, H. and Evangelista, G.: A Method for Separation of
Overlapping Partials Based on Similarity of Temporal En-
velopes in Multichannel Mixtures, IEEE Transactions on
Speech and Audio Processing, Vol.14, No.3, pp.1051-1061
(2006).

8) Woodruff, J., Pardo, B. and Dannenberg, R.: Remix-
ing Stereo Music with Score-informed Source Separation,
Proc.ISMIR, pp.314-319 (2006).

9) Helen, M. and Virtanen, T.: Separation of Drums from
Polyphonic Music Using Non-negative Matrix Factoriza-
tion and Support Vector Machine, Proc. EUSIPCO (2005).

10) Barry, D., Fitzgerald, D., Coyle, E. and Lawlor, B.: Drum
Source Separation Using Percussive Feature Detection and
Spectral Modulation, Proc. ISSC, pp.13-17 (2005).

11) Yoshii, K., Goto, M. and Okuno, H. G.: Drum Sound
Recognition for Polyphonic Audio Signals by Adapta-
tion and Matching of Spectrogram Templates with Har-
monic Structure Suppression, IEEE Transactions on Audio,
Speech, and Language Processing, Vol.15, No.1, pp.333—
345 (2007).

12) Goto, M.: A Real-time Music-scene-description System:
Predominant-F0 Estimation for Detecting Melody and Bass
Lines in Real-world Audio Signals, Speech Communication
(ISCA Journal), Vol.43, No.4, pp.311-329 (2004).

13) Cano, P, Loscos, A. and Bonada, J.: Score-performance
Matching Using HMMs, Proc. ICMC, pp.441-444 (1999).

14) Dannenberg, R.B. and Hu, N.: Polyphonic Audio Match-
ing for Score Following and Intelligent Audio Editors,
Proc. ICMC, pp.27-33 (2003).

15) Adams, N., Marquez, D. and Wakefield, G.: Iterative
Deepening for melody Alignment and Retrieval, Proc. IS-
MIR, pp.199-206 (2005).

16) Dixon, S. and Widmer, G.: MATCH: A Music Alignment
Tool Chest, Proc. ISMIR, pp.492—497 (2005).

17) Cont, A.: Realtime Audio to Score Alignment for Poly-
phonic Music Instruments Using Sparce Non-negative Con-
straints and Hierarchical HMMs, Proc. ICASSP, Vol .1l pp.
641-644 (2006).

18) Goto, M., Hashiguchi, H., Nishimura, T. and Oka, R
RWC Music Database: Popular, Classical, and Jazz Music
Databases, Proc. ISMIR, pp.287-288 (2002).

5] %

Al NIA—ZEHFROEH

K230 A NEHEL/NTA—F TR LIS
DOBEERDDIET, JIBMIGEDE LD INT
A—F R EHFTINEERT 5.

ALl 7ot BF v R ILOIEIEE

aJ
Orkic
Gy
Z//( —= +wklEklyFkln> dtdf
Tklc
(0
+ / / Gl grap 2D =0 (24)
Tklc
&) E:mk—l_o (25)

C@Liﬁﬁﬁéﬁg BT %85,
I (Zy D + G(’)) dt df
pNI| (Zy,n G+ G(’)) dt df

Tkle =



Al2 wy: BAREBEETIVOEH
oJ
ow
(H)
Z // ( —kyn +TklcEkzyFk1n> dt df
c y n
@27
:@ﬁﬁﬁ%%é,ﬂ?%%é
G gt g
Wi = zc,y,n ff klyn f (28)

ey [ Exiy Frin dt df
A3 p(t): FO DELEF

Z/ n (f — nu(t)) leyn i

3Mkl (t) o ]
B (t) )
Bu (ukl ) @
= aupr(t)? +bupa(t) + ¢, =0 (30)
H
0=y [nci.d
c,y,m

1
by —Uklﬁu Z /nngZ;)n (31)

c,y,n

Cu = _o'kl ﬂuﬂkl (t)
ZOFBERNEHE, UT2/HS

by + /b2 —daycy )

2a,

pri(t) =

A4 ugy: INT— I‘//\"El—j(mﬂﬁ?

—Z// “y” dtdf — A"
8ukzy Ukly

(33)
)\(u) Zuk,y -1=0 (34)
E_Ljﬁiiﬁ%:ﬂﬁ %, DT%1455%.
G drd
Ukly = Ec’n ff kg;; f (35)
Zc,y,n ff leyn dt df
ALS vyt n RESRHOEMEE
= ——==dtd e AL
OVkin ; // Vkin if = ﬁ kin kl
= (36)

kam = (37)

8&2‘? .
ZOENHEREEE, DT2H5.
,@vﬁkn + Ec,y ff Gl(c?y)n dt df

Vkln = H
ﬁv + Ec,y,n f Gl(cly)n dt df

(38)

ALl6 Ty Aty MK

H t—Tkl YPri
3Tkz Z / / G’(“ly)" atdf

c. y n
39
R ERmE, DLT%2155.
t— G i g
Tt = c Y, nff( y¢(k]l{)) klyn f (40)
Zc,y,n ff leyn dt df
A.1.7 Y¢kl: :ELE
(H)
a¢kl c; // leyn
(t =) (t — Tk?f — ydr) — I3y dt df
&l
=0 41
= agdpy +bedr +cp =0 (42)
a=3 //Giz)ndtdf
c,y,n
by = Z //y(t - Tkl)Gg;)n dtdf (43)
c,y,n
-3 // (t = 7i2)” Gy dt df
c,y,n

ZoHREREME, UT2E5.

—bg + ,/bi —4dagcy (4a)

Orl = T
A18 oy EEBAROSE

(H)
aakl Z / ley'n

c,Y,n

—no} + (f = nuga(t)’ dtdf

n%a}
=0 (45)
ZORFEREBE, LT2E5.
Okl =
J Zc,y,n ff (f/n Mkl (t)) Gl(c}l?n dtdf 46)
ey [ Gin, dt df

A9 Iy(t, f): FESRR R S
oJ ch? I
B ZC: (-W + Tric | + B (_I—kl_ + 1)
+ Br2 <—-Iﬂ + 1) =0 47)
Iy
ZOHBRRNEHE, UT2E5.

> (G;(c? + Bridw + ﬁzsz)
1+ Bn + B2

Iy = (48)





