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Musical Rhythm Recognition Using HMM
and Note N-gram

Tomoshi Otsukif, Mitsuru Nakaif, Hiroshi Shimodairaf, and Shigeki
Sagayamati
tGraduate School of Information Science and Technology, The University of Tokyo
7-3-1, Hongo, Bunkyo-ku, Tokyo 113-8656 JAPAN
tGraduate School of Information Science, Japan Advanced Institute of Science and Technology
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E-mail: {t-otsuki,sagayama}@hil.t.u-tokyo.ac.jp, {mit,sim,sagayama}@jaist.ac.jp

This paper proposes the use of musical note n-gram in Hidden Markov Model (HMM) for
rhythm recognition from musical performance signal recorded in the standard MIDI file for-
mat. In the previous paper, we used the bigram model with transition probabilities between
adjacent notes which had rather weak constraint over musical note sequences. In this paper,
we propose a more constrained model using n-gram transition probabilities in HMM, and two
algorithms for n-gram Viterbi path calculation. Experimental results show that trigram and
quadgram transition probabilities trained by music sample phrases give better performance.
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< 3HEF LM TEMELL (90— HIBREY) &#oT
3 TR &M U 788 (AR D) O T D FEE %,
AEELFEL 6D OFETHET S,
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£ 4 3HFORMEL HBAL[E)
2HMM [3SORT |3HMM | 4SORT [4HMM
e 7.9 7.2 7.0 7.9 6.7
TR 0.4 0.5 1.3 0.4 2.8

13:
Eidl

7577 pil (—&F)1 O 3 EF DR

DOHIZBIL Tid, HMM ZFH W5 Z & TIZIFIEL <
3 HEFERMTH LN TE, BIZ n-gram DEA

WX O ETFRBMENLEAL 72,

ZZTC 7Yy Py (K 12) 12
ROZBABEDORHERER 4 1THET 3.

£4 X0, quadgram ZRWTHY — M 554
WZBRY, Hiff Markov D356 & FEE OZRME L 2%
F5HDD, trigram ¥ quadgram O HMM % F
BIGEEEANE <720, 3 EFORMNEE A HM
Markov DHFEIZHNERN T2 2 &Mook,
DA, 16 08/ 3% 3ERFY XL ET 58
®, ELVL3EFIEORDED 3 HAFL T L3R
(X1 NE<ESNTE,

SHFFORMICIZ, 3HEFMFOHESBEL S H
BRETIWVIHARAL (3 B OFIFEEHOENT, R
5008 E 5 A %) MR, ngram D n & &

WHERTCENENTHEEEZEALNSG, HlIARK
5-gram & AV %5E, 3EFFEM 3 EHOILT DEIC
SEFLNOFMIERL LTV LERETES
e, BEOHLAEFTES, 272U, 5-gram &
BATHLDITEEIBIZZLDOY Y TIVT— R DA
EHThHb.

PIANGORE::

7 %nnﬂﬂt 1&0)::%&

ARETIE, F79 n-gram BREHERE F 505 0
2 - EHEREL, n-gram & 7z Viterbi 51HE D

OO 2EDTINITY ALEREL. ZhbE
W ZRER, 3EE) AL 2D TERL - Z/5 0
BRIz —EDm ENR SN, FAKIZ n-gram €T
W, TR THRETH - 77 v REH) HMM
EFV(T, 8 IHEAL, TV ARNDBRES/NETIRHE
EOREN M LTINS, £/, BS
EREZEZADHIEIZLY, BFORMEDA TR
SHIZFEES L ANDIRA BRESED H 5.
SHIFZEHAOERER T — 22T BHET 5
EHIZ, n-gram OFFEE, HAOBET Y v L
ARANEBEZRBLUI) ALINR—Y DEFIVEETT
%, URLNR— KL cE R TEE Z R
UlHEE, 21—V DOAFINDEEEE T 51 —YHE
JET R EIZ@EA L 20,
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