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Accompaniment System Using Cue by Breath

Yasuo HortucHr, ! Masarumi NisHipaf!
and AKIRA ICHIKAWA 2

For previous computer accompaniment system, it was difficult to synchro-
nize with the human soloist at the begining of some musical pieces where the
machine has to begin the accompaniment performance simultaneously with a
human soloist. In the actual ensemble by human performers, they use breath as
musical cues in general. In this study, in order to develop the accompaniment
system using cue by breath, (1) we analyze the timing relation between breath
as musical cues and the onset of the first note of the soloist, (2) we introduced
the automatic detection method of breath timing, and (3) we implemented the
accompaniment system using cue by breath and evaluate the system by hu-
man performers. As a result, it was suggested that the tolerated range about
timing difference of synchronization between the soloist and the system were
from —60 msec in system delay to 97 msec in haste and the system achieved the
synchronization in the above range for the 94.6% of 240 experimental data.
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Fig.5 Acoustic features of a breath and tones of the beginning part of a piece (score no.1 by per-
former B) and the result of annotation. From top to bottom, the spectrogram, the accoustic
waveform, the power contour.
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Fig.6 Acoustic features of a breath and tones of the beginning part of a piece (score no.2 by per-
former A) and the result of annotation. From top to bottom, the spectrogram, the accoustic
waveform, the power contour.
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Fig.7 The correlation between the duration from breath to the first note and the duration from
the first note to the second note by performer A.
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Fig.8 The correlation between the duration from breath to the first note and the duration from
the first note to the second note by performer B.
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Fig.9 The transition of parameter for detecting breath. The solid lines mean the cases of breath
and the dotted lines mean the cases of tones.
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Fig.16 The relation between timing difference in milliseconds and performers’ rating results.
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Fig. 17 The relation of timing between the system and the human performers. The horizontal axis is

the onset time in milliseconds of the system and the vertical axis is the onset time of human

performers. The zero in the both axes means the onset time estimated by breath.

goooooooooboooobobowooooooooooboooooooooooboboo
gooooooooobooooooooooobobooooobboobobooooboobo
goobobobooooobooooooooooobooboooooooooooooooonoa
goooooooobi1oboboooboooooobooo0ooboboooooooooooonoa
goooooooooooobooooooboooooboOoboO0oooobooOoboOoooooOobooOoo
boboooooboooooobooocooooobooouooobooooooobooboOooooboonoa
gobobooooooboobooooooooooobobo0oboooobo0oooOoOoobboOoooDoo
goooboooooooobooOoooooooboboo0 z2000000000000C0G0OO
gboboooooboodoooboooooobooooob leoObOUObOOOOOODOOODO
goooboooooooooboooooooooobobooooooobooboooooDboonoo
goooooooooooooooboooooooobooboOooooooooOoooooDoobooo
gooooooooooooooooobooooooboooboooooobooboooooDooonoo
goooooooooooobooooooooboobooOooooboooooobooobooboonoo

00o0ooooooog Vol 50 No. 3 1079-1089 (Mar. 2009)

400

)

ThOHFBEERIE (

- SHEE L2 TOR/IME
- A-FHE 1 TORKIE

-400
HHOBRER (T U
018 00000000000 00O000O0D000O000O0000O00000000O00000O0 2000 —-20
00ooo0O00oo00oo0oo0O00oo0ob00o0o00oo0oo000o0000 1000 -1 0000000000000
gobooooooooOoOoooOooODOOOO0O0ODOOOo0O0OO0 1000o0oDoooO0oOooooon
Fig. 18 The tolerated range of timing difference. The vertical axis is timing difference in millisec-
onds and the horizontal axis is the duration of an unit beat in milliseconds (the reciprocal of
tempo). The solid lines show the most strict case about the rating 2 and —2 and the dotted
lines show the most loose case about the rating 1 and —1.

goooooooooooobooooooooooOobo0oooobbooo ebOb0O0b0onbooOo
goboooooooboooileobOooOooboooobooobooooboobon
gooooooboobo -10100o00oboboobbo-20200000000
goboooooooooooooboooooooobooo—-2000 200000000
goooboooobooboooooobooooobobooooobooboooboooooDboo
goboboooooooowsoooooooboooboooD -1o10b0o00o0oooDoo
goobooodooboooobooooobobooobooo 1 8so0oooooboooooooao
goooboooooobooooooooooooooooooboooooo0oon -10001
goooboboooooooobooooooboooooobooboo0ooooobooboOooooDboba
oooood
URoooooboooooooooobobooooboooooboooooboooooon
ogooooooO0OO0oO00o0o0O0o0oooooooooooooOooOooOoODODODODDOO 700800
gooooooooooooboooooooooOooboooooooboooobooOoDOOobbOon 18
gobobOl1ooooooobocoobooooooooboiboooo90o0ooooo
goboooboooooooooooOooobooooOoOoOooobooOoO o oo2b0b0OOnO
o0oo0oU0o 100 1400000000000000000O0UDO 1OD00O0O0OOOD
goboobooooooooooooooooooobooOobooooooboooOoooooDooonoo

(© 2009 Information Processing Society of Japan



1087 0OO00OO0OOOOOOOOOOOOOCOO

05

A

025

XY B )

025

B 2 T OB/ME
- A FHiifE+ 1 TORKIE

ThoHSERE (1481

-05
HAOEME (T UH)

019 0180000 10000000000O0O0DC0O0O0O
Fig.19 The tolerated range of timing difference. The vertical axis is the ratio of timing difference

to the duration of a beat and the other features are the same as Fig. 18.

000000000000 0000O000000000O0DO0DO0DO0O0DO01/4000
gbooobooooobooooooboooboooobooooboooobooooOooono
govoogooOoooOoOoOooOoOoOoOoOoOooboOoOooOooobooOonoDoo

4.8 0000 2000000000000
gooooooobooboobooboooobooooboooDbDOobOOoOoDbOoOooODoD
goooooooooooooobooooobobooooobobooooboobooooo
gooooboooooooooboooooobobooooooboobooooooboooobooObo
goboooooboooooooboo110b0o0 soooboono 20000
gbooooooobdooboobooooboooobooooboOoooobOoooooon
goboboooooboooooo200000boooooboooooooooooobobboo
goooboooodooooooboooooobooooooboooooooboooOoooooboonoa
oboboboboooooboooooooboobodooboooooooooOoooooboOoo
gobodooooobooobooobooooobooooo

2000000000000 CO0O0O0ODOOOOOOOODOOCOOOOODOOOOO

000000000000 oo0ooooooooooo oSoooooooooooog
gobooooooobooooboooboboooboboOooboooooOoobOoOobooOoOooDn
g20000000000000C0O000OOOOO 1SOO0OOO0O0O0OO0O0 —-600
0000970000000 00DO0OO0O0OLOO0DOOLOOn &M ODLOODLOODLOOO
goboooooooooboooobOooooooobooooOoooooon

00o0ooooooog Vol 50 No. 3 1079-1089 (Mar. 2009)

81111212222%
BE2RRIBBRES

tiigili
S

Th (T
020 00000000DODOOOOOOO
Fig.20 The histogram of timing error at the onset of the first note by the system.
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Fig.21 The histogram of timing error at the onset of the first note by the system after the

compensation for the constant delay.
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