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Rhythm Recognition of Multiphonic MIDI Signals
Using Probabilistic Models

HARUTO TAKEDA,! TAKUYA NISHIMOTO! and SHIGEKI SAGAYAMA'

This paper describes a method of rhythm recognition for automatic transcription of human-
performed MIDI (Musical Instrument Digital Interface) signals. For rhythm estimation with-
out a priori knowledge about tempo, we solve maximum a posteriori problem in an Hidden
Markov Model (HMM) using tempo invariant features. Parameters of HMMs are optimized
through stochastic training with existing scores and performances before estimation. In ex-
perimental evaluation using MIDI performances by 5 players with an electronic piano, we
obtained 41.6-94.1% accuracy for rhythm recognition and 36.8-92.2% accuracy for restora-
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tion of note values of the original scores.
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Fig.1 The result of quantization by a commercial software

(lower) compared with the original score (upper) of

“Traumerei” played with an electronic piano.
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Table 1 Information about note length from scores: note

values.
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Fig.2 Two kinds of information about duration of sound:
note values and note lengths.
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Fig.3 Rhythm score: projection of multiphonic rhythm

sequence on to monophonic rhythm sequence.
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Fig.5 Distribution of rhythm vectors (In the case of n=3,

rhythm vectors are observed as points on the plane
r1 + r2 + r3=1 in the 3D space).
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Fig.6 Relation of time value ¢ and variance € of human

performances.
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Fig.7 Rhythm vectors as outputs of an HMM.

Q = argmax P(Q|X) = argmax P(X|Q)P(Q)
Q Q

00000 (3)0() 000000

Q

T—n+1
= argmax s, bs, (71) H sy 15405 (1) - sy (Aty)
Q

) (6)

00000000 Oas, s, 0 HMMOODOOO O7g,
00000000000000000 (n+ 1)-gram
oooooooo

Tso = P(q1, "+, qn)

As,_ 154 — P(Qt|5t—1)
O0000000OHMMOOOOOOOOOO QO
000000000000000000 VDAD Viterbi
Decoding AlgorithmO0 0 0000000000032
ooooo

3.2 0000000

00000000 HMMOOOOOOO0ODOOOO0O
000000000000000 30000000 80
oooo

Step 1000000000 IOIODOODO

00000000 IoID0000NDO0Noooon
000000000000000000000000
00000000000000000000 10100
006 000000000D0000000D00000
0000000000000006, 0000000
5, 000000000 000000000000
0000000000 I0l000000000000
000000000000000000000000
ooooI0l000000000000OMIDIOOO
00000 X ={z,---,zr} 00000 90

Y 0goooooooo 3/4:1/40000030000000
2/3:1/300000000000 7/8:1/80000000
goooooooooo

0 oooOoO00DO00000000DO0000000000000
oo0ooooooooooboooo0oooooooooooo
gooooOoooooo



Vol. 45 No. 3 joooooooooooooo MIDIODDODODoOODOOOd 675
MIDIO O = 5=
|DDDD”DDDD”DD| - = :%z s
0oooooooo —_— = E e
— I —— ; - ‘ L{
- 010 00000000000 OOOOOOOO0DOOOOO
—DD 0 Tratiumerei 0 0000000000000
= Fig. 10 Difference of duration (beginning of
“Tratiumerei” ).
ERERENED 3 JE-.:) S
ooooooono 5 — ) N
- == 33 0000
i L J N
Hﬂ|ﬂ: —— 3.3.1 ODOOOOODOOOO
—T

good

08 ODO00OO0OO0OOOMIDIOOODOOOOOOOO

Fig.8 Procedure of automatic rhythm transcription of

MIDI signals.
oo@oo)
—
oo —
od 3 ;
e
3 oo[o]
gooooo

a1

oooo, g
ez
1010 0

09 OoOoooooo
Fig.9 Detection of simultaneous onset time.
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Table 2 Testing data for rhythm recognition experiments.

oooooo 000 oo noog ogooa
oooooao 000
Fuga J. S. Bach 0000 10000000000 BWV847 10 (5) 402
Sonata L .v. Beethoven | 000000 200000 op.49-10 10000 10 (5) 462
Traumerei R. Schumann 00000000DOop.15, No.7000000000 10 (5) 226
03 HMMOODOODOODOOODOO
Table 3 Performed MIDI data for training HMM output probabilities.
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Table 4 Accuracy of note values using commercial
software Finale [%)].

ooo ooooo
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Sonata (Beethoven) 18.8
Tréaumerei (Schumann) 14.4
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Table 5 Accuracy of score recovering [%].
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of time values.
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