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Abstract: This paper describes a music structure analysis method that splits music audio signals
into meaningful segments (musical sections) and clusters them. Focusing on three fundamental as-
pects that characterize musical structures, homogeneity of timbre within each section, repetitiveness
of chord progression in sections of the same class, and regularity of durations of sections, we propose
a hierarchical hidden semi-Markov model (HSMM) that can deal with these aspects in a unified
probabilistic framework. This model has two sequences of latent states corresponding to a sequence
of sections and that of chords. The timbral features (mel-frequency cepstrum coefficients) and chord
features (chroma vectors) are emitted as observed variables. The higher-level sequence of sections is
assumed to follow a semi-Markov model that explicitly represents the duration of each section. The
emission distributions of timbral features are assigned to individual section classes to guarantee the
homogeneity of timbre. The lower-level sequence of chords is assumed to follow a section-conditioned
left-to-right Markov model. This model represents the repetition of chord progressions in sections
of the same class. We formulate a Bayesian model by putting conjugate prior distributions. The
sequences of latent states with appropriate effective numbers of sections and chords can be esti-
mated even if too many sections and chords are assumed. Evaluation experiments showed that the
joint modeling of homogeneity and regularity improved the performance. In addition, the proposed
method can yield analysis results with similar statistical properties as the ground truth data and
has higher accuracy than conventional methods in segmentation and clustering.
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IND. TRORIIFI—RNRINZRL, €7 a Itk
A7z Left-to-Right LD < )L 3 7 EFA TRk E 5.
oy a vNOEEREEORENEEZKR T HI1Z, MFCC
b gl KEEBEEEE R

Graduate School of Informatics, Kyoto University
2 HEAY HERYX—

The Hakubi Center for Advanced Research, Kyoto University
a) gshibata@sap.ist.i.kyoto-u.ac.jp
b) nishikimi@sap.ist.i.kyoto-u.ac.jp

©) enakamura@sap.ist.i.kyoto-u.ac.jp
4 yoshii@kuis. kyoto-u.ac.jp

© 2019 Information Processing Society of Japan

U yavROBAMG

e e TS
SEREED O— RiETD 8
FEK REE 3 A

sy 3> C

NoZolol B

L wovav A |
3

M1 FtRgEoREEE, a- NEToRENE, BL0ksvay
ROBAMIZFED < & RIS

7y a  iTHInd 5 EAREN S AR I NG LIRET
%, a—FEEFOX 7Y a vEOREEEZRTEOIZ, &
2 arDruax Ry MVIEIALRED S KA A 5k X
NELRETS. BHTF—2 e UTHEERSBEENGZ S
NEE, FTRAY VTV TR EEEEHNDE I LT
EFNEREHRMZ L TCEETES. ZOB, X1 i
WIZHRDLK AN—AFHOFIZ LD, Tkt s a v
PHEMICHES NS,

AW DFEnEmE, 7Y avyoEn - KEW - K
AIME 2 — TR 2 B AR E T WIC H D 3 Sk G i
FHEORETHE., ZOT77Ta—FiF, ¥2>aro7r/
F—vaviERWERES L EHICE S EEHENET
WV [6-8] XY, Bfifizn LY A ETTEBRAERED.
NS 207 Fu—FIIHEMENRBERCHZ7-D
ATRTE DFE BRI AT T L EHE T IV OERB R A X
BTHIESHAHSLOPEA [22) (BEES»oR 2
vavRhl, KWz sy a RIS GEESDETFIV
B) IZ&B2IoRPWEDHREMIZDRNS. £5—D2D
HELERIE, REFIEOHEREROMG RS E I
HEL-ZETHD. ARTIE, BEERIZIVEEINT-
vovavE, vovav oA, Xk a vk
R OWTMLEDIAMGD, FERENPSHONDSAMED HIE
T —RLEVHEDELTHEONEZ L ERT. B, K
Falx, EEEHCBI 5L O 23] 2 R—AZ, HiE
FERIZWHT MRS — T2 MA7-HDTH 5.

2. BEEMMR

TG AR IC N T 2 B BHEN R T o —F 1, s
< RZ ML MFCC 74 & O F 2R O H LT
(Self-Similarity Matrix; SSM) Z2FHW3E£DTH 5. Z
DIFFIDRERIE, —DOORM 7 L — LR O ZE M
KT (X2). SSM T, FEME, KEW, #ilk, sk
CHAMEIZ, ThEh 7oy Zxifaks, sHaigic ez
W, BrRg—r, BXOKBFREORAME L LTHl
N5, THo MO OMIEIZEEHEERITICS T 527X v
FT=arvBIUOIIARY VI RATIMEHINTE.



ERLEERI/IEE Vol.60 No.7 1-11 (July 2019)

B 2 MFCC Iz & 2% H B MESTS] (Self-Similarity Matrix; SSM)
(RWC-MDB-P-2001 No. 25 ®—3#).
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&, FEEEFRECESS IR NEBOR/NMEIZ X S
oV VERWEEERRE L. Goto [19] 1%, KHEMH
WA TR |BEMRE LTHRIBRICTIRENET S
SSM B & Z iz D FBIMEHIFR DG R 2 SR E L 72
Serra [4] IRt 230 & KIS 72 BB I /5 % $E 2 % 4t
TR AR 2 R E U 72, Peeters & [5] 1, THh oD
ZODFE (4,19 BEEAL, BT AVT—YavOtRE
7o 7z. Ullrich 56 [6] &, BAAARZa2—F)L 1y FT—
2 (CNN) (2B Hifiid 0 FEFIEDO LRI & 8o 7.
ZDFEIZ, MWL AL LMD L ARV OTT S DB T/
T—YavERDES FEICHEEINTWS [7]. Smith
5 [24] 13, HEEDE WG RTS8 D %%
KT 2 BN R 5 2 &3 ERE A ATk
7L, BRI ZET 5 Z L BVEETH 5 T HElE
IZF Kk U7z, Sargent & [9] 1, —HithDv s ¥ a3 Vi
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Hi7E % FA T SSM DI A1 g3 O HHZ R DRSS & Zh =R
RS BB R T o 7. ARV S RIEVEZ RIS 72
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3.3.3 EFILOHEER

FEERETBEEDIZODORBEEATS, £9, N
TA—RMEDERMAT vy TTEXEHH (26| Z#EHT
5., FTAY Y T) VI THEINE NI A—=RIIBTL
L EB DO RFABERTIIR\N., TIT, BIEEROH
FIZIE T AT —=RT A NVE) T - Ny 20— RS T
YIOTNIAY)ZALDORODIZERZRETILTY AL EEA
U, BEEBICET 2 HRfER2 RS 5. £/2, €T
WIRT A =R DEHFINTEHEIMEP SOV TILONRD Y
IZHBED A DI EEZ V5.

WIZ, MHEMRERIZE U TEMR wa (> 1) 2EA
LT, TOMEROMEL2MD S, BMARMIZIE, X (12) &
(13) IZBVTHERRI by, & (thg, )i TEESWZS. i
BOERECERAT Y TR 34HTHhERZ LT > a Vil
ATy IZBWTH, FAOEZHZ 2175, EAMREE
RKELTBZeT, BT IMERICERZES R
"Eoh3.

3.4 O/ avHE

ETNNTRA=REFEL-0L, BHEEAR (27 Y=
V) EEAFHFZER (maximum a posteriori; MAP) #
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4. FHEER
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A2 X RWC FHT — X R— 2 (28] & ZDH§ET /
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FHEDAINZHWDHHEL LT, 78R MWZIRE
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