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Iterative Multipitch Estimation Algorithm
for MAP Specmurt Analysis

SHOICHIRO SAITO," HIROKAZU KAMEOKA," NOBUTAKA ONOft
and SHIGEKI SAGAYAMA f

This paper describes a iterative algorithm for estimating a fundamental frequency distibu-
tion and a harmonic structure pattern by reformulating Specmurt analysis form a standpoint
of maximum a posteriori probability. We have proposed specmurt Analysis which calculate
the fundamental frequency distribution of multi-pitch music signals by iterative estimation
algorithm using non-linear mapping function based on prior information. This iterative algo-
rithm is easy to understand, but it is not obvious what the algorithm considers as an objective
function, and the convergence is not ensured. Therefore, we make a explanation of the algo-
rithm from the standpoint of maximum a posteriori probability, and propose a new algorithm
based on MAP estimation. Evaluation result shows an avarage 64.11% accuracy of WAV to
MIDI conversion.
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Symbol FA4 R (v ) TRl /iR Catalog number 2K SFEETE IR
data(1) Crescent Serenade (Jazz) S. Yamamoto RWC-MDB-J-2001 No. 9 Guitar 2.13
data(2) For Two (Jazz) H. Chubachi RWC-MDB-J-2001 No. 7 Guitar 2.67
data(3) Jive (Jazz) M. Nakamura | RWC-MDB-J-2001 No. 1 Piano 1.86
data(4) Lounge Away (Jazz) S. Yamamoto RWC-MDB-J-2001 No. 8 Guitar 4.04
data(5) For Two (Jazz) M. Nakamura | RWC-MDB-J-2001 No. 2 Piano 2.34
data(6) Jive (Jazz) H. Chubachi RWC-MDB-J-2001 No. 6 Guitar 1.78
data(7) Three Gimnopedies no. 1 (Classic) | E. Satie RWC-MDB-C-2001 No. 35 Piano 2.96
data(8) Nocturne Op.9, No.2 (Classic) F. F. Chopin RWC-MDB-C-2001 No. 30 Piano 1.55
c7
C6 %
CS TS g 55 g
Rl BT eyt apcs o ] arco OO R T ] R N
C4 NS = TS T o et i A o
ni =y " C3 | I bt b b e
- I"-e‘--"‘-- I -a_ [ "’E 2 L] _l_ 13 i [ PR P [ FEa b ]
A e . T 0
Lo bl | s | - |l - time (s)
_— == S [ )
e e (a) TERD AEHEE T L 5 rIH LS
C7
Co
B8 "MIDI refernce editor.” Bz U= IEAE A L % O e e e ey e
B T IR, C4 | FSnei e as Pt Soiterin, e st
C3|\ = T T i T
o = 2 N e o = I 3 — L ' ' ]
DIRTA—5 (HRETRIERNTED T A—2)1d ) — - : '
a=150 &L, %02 & 05D 2iDITOVTER Wme © 20

BiTol. FEREA E08 o® I THNBEROD
EOE<SIHMETHHDEHELITHRATEE LD, Z
DIEDER B L O P OEHFIII2 BRRET O RHAN
b 5. Fi=KEREKITHBEEE RTINS S N
W EOHHNSEREDMEICLTWSEN, 26565
BOFETH 5.

52 ERER

TRETFVE EWERD Specmurt 708D MIDI 245
B UREREE 3 IORT. BEERII NS EmNn
BENMEOND I ENHRTETWEIERD K EEE
FREOHREZRL, REFHEZITODARVWEAEXD D
KIBBRHENR SN, ERHEERENFICHEML T
U EDWERIEICH LIREIETIIZO L S BHRIIRS
Nieinorz (K9). F7z, Fea 3L FEE L
TN TY X LD 2 RFE S D 2R R L 72
W, ORI % 8 e & B 7z 7= D F MLk A
IMERLTULE-RZEEEZDE, TOTIINTUX
A OBEWESMEEENMESNTNDEERD. 12
FIRIZBWT 8= 0.5 DHEBICEMRNEL TNDHD
13, FEIDAT QSR WEFIC T 2720, TRRE
DIFINF—DE Y FETHNARERD E R I

(b) $2ZE T 2 IKEHEE 1T K B I LA R
B9 data(8) KBV HIERTELIPETHEOTTRGEREO ik, 2
DIHFIER CHEERI & 755 TV BAS, 1REETIRRERIEIC R
SNBHERR (HEEZD) M.
EINTLE-LEEEZAENS.

F 725 4 TWX preFEst & HTC D IEMR & O Lk
o TW5S, BEFERIINS 2FEIIBDIEET
BN ETDH, IZIFAREETORRERGS &
MHIRTZ.

6. ELHERE

AR TIIERMERRKIEIZX D Specmurt 7371
Ko TEREFEEFNOSLHEE Y FEHEE T 2FIEIC
DNWTIRNRz., FRFLOEREKIL, BENFIEICEST
EWHEREZ R U TW ek O RIEHEE TR ITREZGR 7
TO—FNSOfFRELG A EITMA, ZDLS57k
M E 5.2 72 2 E TRIBHEEEZSGET 5720
DOHRBLUMMEERTLBo7eEND ZEILHD. KfE
TldmakE MEIC K 2 HIBEBE LD FiEZREL,
HWEERRNRERT 5 2 &R <IERORIEHEE EFfEE
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xR 3 METIEENERD Specmurt HTD MIDI Z84ukE FE D P

7L — L% VERD A HEE % REY 2 EHEE Ik
X KiEhEiRl | 3=02 ] B=05 | B=02 | B=05

data(1) 3063 17.3 7.7 76.8 72.9 69.9

data(2) 3828 29.0 67.6 63.7 65.5 59.5

data(3) 2671 12.8 59.1 59.3 61.1 56.2

data(4) 5798 14.3 66.7 62.6 66.5 62.8

data(5) 3366 20.1 63.6 61.1 62.8 58.7

data(6) 2563 17.2 51.1 49.9 52.8 46.4

data(7) 4244 12.2 63.0 64.3 65.4 63.3

data(8) 2227 20.6 50.7 55.9 58.7 53.1

g 17.67 64.11 62.37 64.05 59.79

&R 4 PreFEst BLW HTC &DIEMEZEOD FLig
PreFEst HTC REFIE (8=0.2)
X IEfEER (%) I D S IEfRER (%) I D S EfREER (%) I D S
data(1) 3063 74.2 383 327 81 81.2 210 312 55 72.9 509 239 96
data(2) 3828 71.8 455 397 228 77.9 241 397 208 65.5 428 592 302
data(3) 2671 55.9 553 500 126 64.2 313 524 120 61.1 324 586 128
data(4) 5798 76.2 476 650 254 75.2 361 769 310 66.5 786 757 392
data(5) 3366 62.3 565 515 190 62.2 465 627 178 62.8 505 569 178
data(6) 2563 48.8 531 597 185 63.8 304 476 147 52.8 386 541 282
data(7) 4244 53.6 801 830 337 63.2 427 734 403 65.4 273 399 70
data(8) 2227 57.6 367 482 96 70.9 278 291 79 58.7 616 703 414
=] 64.26 70.37 64.05

DOHERZEFS NN, TNIRFRERERLO—FIT
HO, IBBIEER LEORMNDH S EEZEXTNS.
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