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Harmony estimation from music signals
using functional harmony model

YusHi Uepa,! NoBuTaka ONof!
and SHIGEKI SAGAYAMAT!

In this report, we propose two models based on functional harmony, key-
modulation HMM and harmony-vocabulary HMM, to estimate keys including
key modulations and chords jointly from music signals. Evaluations of the
models are made by comparing them with a conventional model.
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Fig.1 The original spectrogram W (x, t) (left), the harmonic-emphasized spectrogram H(z,t) (right)
and the percussive-emphasized spectrogram P(z,t) (middle) of a popular music piece .
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argmax Z Z pi(k,t) N (6)

t=1 k=1

3. DOgooogo

3.1 HMM 000000000000

00000 XO0OOOOOOOOOO0O0O0O000000 KOOOOO co0oooo
000000000000000000000000000 (7)000000000000
000000 (8)0000

{R, ) = argmaxp(K, C|X) ()
K,C
argmax p(K,C|X) = argmax p(X|K, C)p(K, C) (8)
K,C K,C

0000000000000000000000000 (HMM)O0OO00000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000 n—1
00000000000000000 ngram D0000000000000000000
2-gram 0000000000000000000 plke,eelker,ct—1) 00000000
000000000000000000000000000000000000 p(a:|k, c:)
oooooooo

000000 (8)00 (9000000000000

T
{K,C} ~ argmax p(zoko, co)p(ko, co) Hp(xtvﬂt’ co)p(ke, celki—1,ci—1) 9)
K,C t=1

0000000 ViteehiDOODODOOOOODOOOOOOOOOOOOODO

3.1.1 00000

0o000o0ooo0 HMM OOOO HMM OOOOOO 200 3000000 HMM O
0 (9U0o0oU0o0o0oUOoUOUOULOU0O0DDO0OO0DO0DOOOOOUOOOOOO
gobooooboooboooboooooooboooooo

Vo0l.2010-MUS-86 No.13

2010/7/29
C- major HMM
Chord HMM /] \@/ 0\
initial QHO final oo\\ //OO
state /‘/ \\ state O
// initial Cé#-major HMM final
5 state D-majoor HMM state
b-minor HMM

02 00 HMM:OOOOOOOO
Fig.2 Chord HMM: transitions between chords
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Fig.6 Flow diagram of the proposed method
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Table 1 Recognition results for open data

Model Key Recog. Chord Recog.
Chord HMM - 79.9%
Key-modulation HMM 75.8% 81.1%
Harmony-vocabulary HMM 69.8% 80.8%
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Fig.7 Recognition rate histogram of each model (vertical axis: # of songs, horizontal axis: recogni-

tion rate): Chord HMM (left), Key-modulation HMM (middle), Harmony-vocabulary HMM
(right).
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Fig.8 Recognition results for “The fool on the hill”: Harmony-vocabulary HMM (1st row), Key-
modulation HMM (2nd row), Chord HMM (3rd row), Reference label(4th row)
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Table 2 Recognition results for closed data

Model Key Recog. Chord Recog.
Chord HMM - 79.9%
Key-modulation HMM 84.4% 82.1%
Harmony-vocabulary HMM 87.0% 82.9%
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