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Abstract

The essence of music is the “expression” of each performer, namely, the deviations in am-
plitude, pitch, timbre and tempo/rhythm that they add to their performance. Hence, in
computational applications of music, deviation analysis is important. However, because the
musical tone of excitation-continuous musical instruments changes complexly in accordance
with the level of controllability, it is difficult to analyze the deviations. This paper proposes
five deviation analysis methods, focused on statistical consistency and repetition, for bowed
string instruments. Results of analysis using each of the methods are presented. By using
CMKLD, which is an acoustic feature based on aural characteristics, the error rate of musical
score alignment decreased by 63.2 percentage points. By modeling the sound control indeter-
minacy due to performance expression, the error rate of intra-note segmentation decreased by
89.4 (A-to-S) and 48.8 (S-to-R) percentage points, respectively. By using a generative model
of amplitude contour, focused on statistical consistency, a performer’s phrasing and variation
of articulation could be analyzed. By using a physical model of a violin in the frequency do-
main, high-quality sound could be synthesized via quantitative expressiveness parameters. By
removing deviations that have no statistical consistency, misplayed sounds could be adjusted.
These results show that the proposed methods can be used to analyze the expressive deviation
of bowed string instruments, and can be applied to musical information processing systems

such as automatic performance and automatic skill evaluation.
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Jf-hole resonance
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6.2.1 0DUO0O0OO0

0000000000000 0000000000000000000 ep(t)y0D0D00O0OOODO
(6.1)00000O0ODOODOOOODOOO

W (w,t) = h(z,t) * ep(t)
~ Y s(x,n,t)E(nFy(t),t) sin(wnt + 0,) (6.2)
n=1

000 Fw,t)D000000O0O0OOO0OOOO0OOOOOOOOOOODOOOODOOOOD

0000000000000 Viem(w,t)0OOOOOODOOODOODOOODOOOOOOOOOO
ooooo

Viarm (@, 1) = Sharm (w, 1) E(w, 1)1 (w) (6.3)
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: = = [, 1
h Freq. Freq. Fre(i.
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00000000000000000000000000000000000000
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0000000000000000 H'(w,t)0O00000

F
H'(w,t) = 2—:1 Y;E/:;)t)5(wanFo(t))

= Sharm (W, t)E(w, t) (6.4)
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00000000000000000000000000E(w,4)000000000000
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0oo
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v \/F 25:1 sin (nmi)) /n2‘2 (6.6)
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uddnUdbboobobboboooooooooobboobbn
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F Ny rRy+Fy 2 ;
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pg ~ Nuh,rd) (6.12)
1§ ~ N (il 12, (6.13)
Ar ~ G(ao, bo) (6.14)
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O0ooooooobdbobflwy,0 NyODOOOOOODOOOOOOOOO

@p(k,t) ~ N (uly, 0% + () (6.15)
GZttack(k7 t) ~ N(lu’ét, ) O'% + Tét/ (f)) (616)
Vi (t) ~ B3 (By + Np(t))~(@+Y (6.17)
oooo
_ / Me(T _
oo o op(my, ) + g 618
Mt/ - t/ _9 _92 ( N )
(Zle Mf(7)> o241,
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