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Harmonic-temporal structured clustering (HTC) for simultaneous
estimation of audio features in music signal
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Abstract This paper proposes harmonic-temporal structured clustering (HTC) method, that allows simultaneous
estimation of pitch, intensity, onset, duration, etc., of each underlying source in multi-stream audio signal. which
is expected to be an effective feature extraction for music information retrieval (MIR) systems. HTC decomposes
cnergy diffused in time-frequency space, i.e., a tine series of power spectrum, into distinct clusters such that cach is
originated from a single sound stream. It becomes clear that the problem is equivalent to geometrically approximat-
ing the observed time series of power spectrum by superimposed harmonic-temporal structured models (HTMs),
whose parameters are directly associated with the acoustic features. The update equations of EM algorithm for
the optimal parameter convergence are derived by formulating the model with Gaussian kernel representation. The
experiment showed promising results, and verified the potential of the proposed method.
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13l d 2 80 7 L —2A (1.28s) & L7z. HTM DXELEEAEHK
BBIVOF 2ty ML (o, Tk =1, K) DINFGA—%

% 4 Experimental Conditions

frequency | Sampling rate 16 kHz
analysis [ frame shift 6 ms
Frequericy resolution 2.0 cont
frequency range 60-3000 H
HTC Tnitinl # of HTMs 20
# of partial N 6
# of kernels in U, (U Y 0
BN 0.6547 x n_ <
Uy 02096 x ¢ 907V
d. . d. 0.04
Tange of analyzing segment 80 frames (1 28 )
# of analyzing segments 27 (total time: 24 5)
PrcFEst | pitch resolution 20 cont
[18) # of partials 3
# of tone_models 200
standard deviation of Gaussian | 3.0
o 0.6547 x n_“
d (prior contribution factor) 3.0

BG wco T, Yo OHEERER (k) &FIRBIEM MIDI 7—% (T)
DET /o—NREx.

YIIHEIZ, f(x,t) DRAKDIELFNHF—DRENHDNG
20 SHN L T, ENS OBEE KR VT L TO/BELE Lz, £
fo. BEANY ORI wi MBI E D KE WL HTM @
g E L, RREHEZELHTAILET.

EWOEMBEIZ. DP(Dynamic Programming) 12450
LEDHREEREL L, EETFNISETORE LEKT 3,
ZOBETER TR, EER0 2N EBAOZEOB D &I
TBHH, PEIK > TRIEMBHBA LB EDNH B,

6.2 # @ R )

{E%-f—if@tt Bext & UT PreFEst (18] A7, PreFlst
I front-end #8. core #B. back-end #8 3 BB DAL THEIL X
NTWBH, FEIG core T ELE LA (ZN%E PreFlist-
core &LARIELR), PrelEst-coreld 7 b— AT EIZHFR AR %
WHTHUNMTH D, HFHKEHET 2 BENAFRZITIRN

RFiEERICHc X D EFRBREGO R o r—2a s
Vo (RERMME £ &2 HARRMEE . Bbimn
KEFELboafiEEmes L),

K612, F—4 (1) 1Tr UIRFIEIC & 0K & o 7okt A

W (B PREE) &4 >y MSRIEEEE, #ET3MELMH
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(c) f(x,t) DARY bOY 54
5 f(x,t) &kedrz HIM B850 3D BLUBKFER.

# 2 RWCIFEREET - X—Z[21) LDk¥LI-ERT—%

50

(d) (b) DWHER

Symbol Title (Genre) Catalog number Composer/Player | Instruments | # of frames
data(1) | Crescent Serenade (Jazz) RWC-MDB-J-2001 No. 9 |'S. Yamamoto Guitar 1427
data(2) | For Two (Jazz) RWC-MDB-J-2001 No. 7 H. Chubachi Guitar 6555
data(3) | Jive (Jazz) RWC-MDB-J-2001 No. 1 | M. Nakamura Piano 5179
data(d4) | Lounge Away (Jazz) RWC-MDB-J-2001-No. 8 S. Yamamoto Guitar 9583
“data(5) | For Two (Jazz) RWC-MDB-J-2001 No. 2 | M. Nakamura Piano 9091
data(6) | Jive (Jazz) RWC-MDB-J-2001 No. 6 | H. Chubachi Guitar 3690
data(7) | Three Gimnopedies no. 1 (Classic) | RWC-MDB-C-2001 No. 35 | E. Satic Piano 6571
data(8) | Nocturne no.2. op.9-2(Classic) RWC-MDB-C-2001 No. 30 | F. . Chopin Piano’ 7258
JINNIDI F=4% L EHICEY / O— VX TRY. £, B# 7. 4 s
. am .

DAERDEERETINAHED 3D BEVMWKERL D%
K05 AZRT,

WA LB FEBRAO 5 oo — 3 2T, MiiOAE S
U7 ATABD LBES D OREDINTIZ L — KA 7155

L0, SETERMEERL A TROEVWESEREE L
THIET, BFEOBERNOIBAZND Z A TESILT
T®H5. PreFEst-core & HTC D& F— 21213 5 FNEND
WEPIEIC BT 2 EBERBOFBRELIIIRT. 8T —4T
WM UZZBED D RO MM >R EMBIKFTRLELTH S,
M FZLEET 5L, HTC AWTHOF -1 L TH LH-
THYD, Fb—LITEOMIABARYT MVEF) T EDHA
R MIVOWRE KBS ZRRIZET) o/ L2 EDAEY)
TEERTZEMNTEL,

REET, BLERBOT O ML KTh D EEHMRI
AR BBE LT, AT—2AR2 b VORI
O 2RTEBMTET ) SV TELRNF— T BIRLF T
LU SAFET BHIED. UTC 2R, RO
WA, BN & BTN & O TRHERER MY & ST &
BIEETL, I5ITMAP HE &M E L TIETE S
ZEERULIE. £ 705250 HICEDM ATy T
BRI DRI IR OEH & WTHEIZ U -, :

A TR AFHEITIZOE 0 < D b B R
BESNTND, F8A X2 FORKOEIIEROTE. i
HATIREIB DL O I L7 27, JlRrE £ £ EL
REF) DU EESBIEMOMBEG, EEATHEDT T
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PreFEstecore (18] & HTC vl
BRI FEL . (A)2.0 x 108

(B)2.5x 108,

2 (A) - (H) & (1) (1) oldRaB b o= 0o L
@y x10f Dy

Sx 108, (Byrox 1o x 1

()15

(G)17.5 x 18 20 < 108 (D25 x 108, (270 x 1e¥ (K)7.5 x 107 (o x 10 (2.0 x
o0 3o 10! oo x 10 s 0 10! aeax oy ax ol
Accuracy (%) o
S TERGE (Prek Est-core, (18]) WRE (HTC)
@B | O[E ® e (a0 o]l io[mN]o]elQlmw
data(l) | 56.6,(62.49 | 759 | 81.6 | 83.3 84.6 | 83.0 | 815 | 78.4 |75.8 | 69.5 | 74.8 | 83.9 | 84.8 | 88.2 | 88.8 | 88.7 | 85.1
data(2) | 68.7 | 69.6 { 66.3 | 59.0 | 53.7 36.3 [ 324 | 303 [ 268 | 26.5| 84.3 | 88.2 {90.6 | 825 | 75.7 | 72.3 | 67.9 | 61.9
data(3) [ -20.8| -7.3 | 31.7 | 47.8 | 56.9| 65.1 | 69.5 | 71.9 | 75.5 | 71.8| 68.8 | 70.0 | 77.6 | 80.0 | 80.2 | 77.4 | 73.3 | 73.4
data(4) | 55.1 | 56.8 | 60.7 | 63.3 [ 63.1| 63.6.|64.1 | 62.3 | 60.6 | 60.2 | 82.6 | 83.0 | 83.8| 82.4 | 82.8 | 82.0 | 81.5| 76.5
data(5) | 50.7 | 53.2 | 61.0 | 60.0 | 58.8 | 59.3, 57.6 | 58.0 | 57.5 | 49.7 | 76.3 | 79.3 | 79.4 | 81.7| 77.6 | 76.2 | 76.5 | 7T2.8
data(6) | -7.2 | 6.6 | 37.9 | 51.1 | 57.7'| 65.9 | 65.6 | 66.7 | 66.3 | 65.7 | 77.5 | 79.6 | 81.7 | 82.7 | 84.4 | 82.3 | 81.4| 80.7
data(7) | 51.6 | 54.1 | 62.7'| 52.4 470|459 | 427 [ 411 | 422 [427(72.1 ] 699 | 703 | 683 66.9 | 63.1 | 61.5|62.0
data(8) | 20.8 | 22.9 | 36.6 | 42.5 385 39.1 | 38.8 | 37.7 | 32.7 | 30.6 | 73.7 | 75.9 | 75.6 | 72.2 | 67.6 | 61.1 | 48.9 | 46.7
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