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Abstract

The essence of music is the "expression" of each per
former, namely, the deviations in amplitude, pitch, tim
bre 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 com
plexly in accordance with the level of controllability, it is
difficult to analyze the deviations. This paper proposes five
deviation analysis methods, focused on statistical consis
tency and repetition, for bowed string instruments. Results
of analysis using each of the methods are presented. By us
ing CMKLD, which is an acoustic feature based on aural
characteristics, the error rate of musical score alignment was
decreased to 63.2 percentage points. By modeUng the sound
control indeterminacy due to performance expression, the er
ror rate of intra-note segmentation was decreased to 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 domain, 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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<. li:.

e{uj,t) tmc^n, zh\:.
/(w) m-^ts^':>rc%,(Dtmmr^. «

T'li, <i:-r§.

^(OX-^^fcib, E{u},t)

'y»J0«/^7-l:b<fcO 5,.„.„(w,t) cfcoT.
E{nFQ.t) =

n..™(nFo(f),«)/{5.,„„(nFo(t),«)/(n^o{i))}
t-^{c{5ii#1'±{±Mi®M[6]{crt^A^{c^fb-rs^c46. iSiilS

6.2.2

(/^fc:i6, 5g^EPEil©#i^il£^rx;l/ li, x

sAi^KHFo slip m
^{c^a-rsx/^-x^&x^x h;i/T'&5.
llll% F f@0EPHl / = {1,2,..,F} 5^|ijL. X/^-X^^X^
^ Ar;(i)
(jjf{nf,t) IC, ^it^/^7— Gftinck(yi/ii) Ti£"^±o/£fe0i:#
AS. d;oT. 5„ttack{w,0

cjjik, t),GLek(fc, <), -^/(O *5. #Mi?g^^rx;l/0
y - t ^ s.

a;/(A:,0 J: 0
W{clge.<'Ci:lc<fe05ga£-rs. J:oTa;/{ifc,«){i.

SATC/i/icr^) "Zr-t-rS. GL„ck(fc»^) {i^-'l^A
J^^b'yig0J0^^y-Y > log (sin (/tt^)/f) j;DM

Mifi^,al) X^T'Jlitt^. Nf{t) liEPg / {cfsiAot:
•^±.ti^^i3^^7Tst^mX&^rcib, Poisson{A/)

^LT. m^^=fti43j:zfW7m^m^mc

Time (s)

mML, m?l{'lX^Xh;l/A>?,^?jlij5^^p;Sr5}^i6S.
6.2.3

^1s-EPHl0l^?^Xd'X« slip JimB#{C^0Xx^' 7A^X0^jj
m{i:d;t>5il^-fe-rSSS^T?feS. [45] Trfi^iilc^n/c
«igfjicfiS^e^ic/-rLTv^s. tiB^iii]
^ft-rS/d'X0?SJt Q(0 T'fes. A^T'(i. Q(0^^?ltE

t LTlli^-rs.

llM1^5KlSfj0X-<X M«WjX^X h
i^tcMPal L fcx-^ X h ;l/^M^-rs c

Q(0^5Rii>S.
6.3

^x;l/0W^j140M0/c46{c. ^^ff^;^^fcl|iir(2ii^fiStg0
3 m0|gSJ

iiS^ (/eroce, marcato, dolce) A U>tD 4

^ (fcfcL do/ce lil^O 0gt68M^i:L/c. «
^§§^1^ 5 ¥JX±<D 5 ^ i: L. [|#cOfe2®ifE^0-r
•rS^fe0^M:fecfct>'^fe0ili?S$^. 5M0 MOS(Mean
Opinion Score) T'lWfilli L/c.

nm^^iC Dunnett fc i: C S,
rilecfcs^fiic^fi. 5% t-
=^icM;b^P.§46?.n^;b>o/c:.

n# ^T05gMira!tT'^M#^i;lG:l^^ 5% T'^jtM:6W.i6e)n

5% X-WBM^W.46e>n.
morrafo

5% v^Mm-hmab^nrc.

?,nfc:c tb'ib, MmmM(D^mx4s\.^x^^(Dmtis^mws.

6.4 $t46

a^rx;l/i:X^X h;I/^'r;l/0/N-rXU 'v KftWr^^^-ZPfe

S J:00MT'ti:. /Uir
V y<Dm'MXlt7L^Pt^U^(Drj:\,^^=^:^'A¥x^f^X^^C
t^^.Lfz. fg^JH^0^y-S/'^(So/c
^ ^^[^ll0n°pM-Z:-^^f|iiit®:S:ff A S C L/c.

7 M<0^ IE

XU-Xd^lCx^gZ^
(0 3fe). :6S M®0fgi/^##*50-r

y:i(imihMcmt^-r, {i*e,o< (^3^0 7v

*nxi5?. "Xp##" i:Bf.s:.
-nm "rv^ax##"
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Professional player Amateur player

muni

OW = X{c.fcD-ry;t</^HJe>o<

BimciMMt^7-

Hi! r? 7b^ b 0 m
t^t,

0 n //(nj tt. 1 (n - 1) 0FI$V
0 M fee [If PeSI 0 ?n t: ^ ^. L t 1^ 0 ,'-f n.f- g") ic it ^ ri

{c j; -ij T ^ ^ 5g a ii>'f m ic L /jii

y("] = Z]m=\{f>^V''('"])''["'] + fcK . CCT //[ra] it m
,';fi:i0??fiili. fc[r/;.] {i m. \'m(DP^(Dy-yMm<^\\<[, e[7f.] it n

^^ic, 7y.-K'S:fj^ill[^^ LT^i^£•r^/c^6^<:. EfHb

(Diwmy^ yT^yy [17] ^pnic, iU0-r >4^111115101^^
/j[n]-i = E,'L."W»]"

7^. CCX'P it^mxW!K^Th^. ^fc y[n.]
nfc:ffi0tawfiAi;'j^.nL. ^yN = E"r=iM"']
X n ^t3 0|#fecltJll'.l A/y[»] = y[n + 1] - /y[ff] fi Ay[n] =
GOtyj,_(;[7t]''/(,[n]+('[/(.+ 1]-e[n] fcfzL.
"•'lUC^i^L.40 [N+l) tmcO^AL^\im\it y[N+ l] = L^/f,
tt^. ccxL,Atrmim<D7'~'^}^mxib^), lAtAy
yu>7"u-h^i<-r.

CCX, N X {P+ I) (DMm^JC^Un^ Gnp =
{.7[n](p-i)/).[7t]} ^ |['( < c i: fc J; 1. t^-rf0fe^fe'en.'f|H)-<7 h
H Ay = (Ay[l] A.(/[/V])'̂ Ay = iiOGw + Ae
?>. CCXw itW\i\i%.^^kL-^tz'~\y fe/biy = (7f()...., wp)'̂
T-feO. Ae hyl' Ae = (e[2] -
f7[l],e[3]-e[2].....-f[A^])'^-e^^.

C7-5fen-f3f'^ [4U| ^##{C, e[n] ~7V((),77'̂ )
t. MMi-0ri'l-:flii:O.
ci;o T. 0 lol'lifH^#5(^'i' h w C. t
X. -ryt'limtihR^:^. ^i|^^:^-4'^;^MW0|.".];^i;bT.

(AIC)(471 0lhJ/j^^t:T?:^M P
AimM ^<0^ iHli. -n 6 ^Aimmc J; s

^^•0.sr^lLfc^?rF0f#
fet«$iai 2[n] it, l'i07>4^ll[l^^ffl0T i[/7] = (G()/6[/7]) h[n]
tr^^. s/c. millij^n/i » FI0Mm'f|llUi v[n + i] - v[u]
x$>^rcib, imirV'}(Di\^£it, n
rvfrf] = 2[ri.]/Ay[7i.]

liSl7-Uxi5l^ (IDFT) 0>7 hll>a0#ffi{c^^i!ii/i^'^^§|^ri;
[48)^ffl0^. IDFT 0>7 hifa^
rv[n]f^fUT. >7 h>l>l,i0'^fl:li:J:§fit#l
0^'^i^(i:. Griffin b0mHSMri [40] XWh-^^.
7.2

J:0. ^7f0MEfcAyifsmhicm'.-^ti^tt^^.
lSfeWii!T',it-fi]liLfc. ?%AA')y, f-xn. xU

f(r4i1'^a0x>4CijlilS}(i:. 4j-^-0.SiaL/c

y-y^-^mixh^:), \\m'f-'^m-ftv.Ers.\.\ ^cx,
ytym)]ic. 7'o4§in-0nii^^ffl0/c. mm3''m.t(DT-T

:/^^1^^0^^i^^;&l^g^ 30'/j-1P.1MiWL. ^0r

fi^iF.I^07>4^'^ili/jJi:7°n^:?;-0t01Cja-7<.
2 7,-r'-7. -S2[iii{i: '̂;^;^:>i 3 iiii-rot

Lfz. nmMmxitB^mi.o^ivmm^irfD, riit^i^-i:W'i0
'Jiiliit#i^iif^il-.Ff0r>4<«0. Xu^AriOnmt

0jli^^.mi]lIL.fc. ,iffilli{ct4:5Pii®0MOS ^Hl0fc.

m'-.^MI-l^it, VMETz.
t-^-,iixit, ^UA^)yt^y-itfa\^kmi%x, Axuitfa
im'' 5% r^A-xTmiity^^ti(D
m^A(0Ayf^&}^Mmxm'^Lxt50. Ia^?i;^/ll0?cii^

&mt, ^^{(D-SMLrzTyf^'^m^m/kL, ^toymnc^
^ttx imm^^imm ii-:t- t ^.
7.3 ^tist>

^Uixit.
f; r > 4^«T-^ ^ 4^4 0 X > 4?llllIS ^ ^i5^-r ^-Tti; ^ L
fz. ^tz, EioT-ymm^n^^x, ^«^;-0r>4^«^
^Ari(Dm^\trz%>(oicaii-.i-§ttz. mmm.
T(i. fi^11-:ii-jVjt
fiAttCn'.j l-.b/c. ^^--ki<DUUErzTy^^m}

mh^w^Efz. sf^xit, wil^-m^Erz•^m\^\xth^>m
y )i' KL t.'f X ziTTyA yyhicni^\ J: 0 x
y-'m6:}.2%MA-t^Ct^A<Lrz. 4>nxit. 'Jiii'nmm

l^ait§'.Eul^xfV^iaT § C ^ (c J; O. «-?tFl^4>c
A-to-S ;G'! 89.4%, S-to-R

tus.sVoM'pLrz. bC'.xit, n#

ll'.l/j|.'-]^0|^ttfFj-Hn{c7fli Lfzg-S4iri5t^rx;KcJ: 0. X'
•Y4- = 7 X i: 7-7 ^' 4^ a U- > 3 0.75dB

XAmLfz. tfz, mfe'i!ii^Rl0fc^^WrT'(i^«07

UX- > 3 > ^ b" fr'tirrT-1 ^ C b 7 L fc. G Cc T it,

m<Amnxy')\^^mBmi^s.x{iV^mim\-mi^\ky ct\c
4:0. f:^fe0M^'7£illi'FJ^c:M0•7•o.
§Cb^/j:bfc. l^^Xit,
fiSittA?bll^i;--r^CtX, ^t^Lfc.

>7"(cSi^WiLfcMl^.ll-fP477n-7Tlft)nT^/iF?-32y;f^

ob-«'^4rr(c. -i+fc'UT-fe^.

rFjtci:-(j)ll-r§CbT\ «U;4:OfMM®7^^[.'iI,LLfc.
TlW^Triiliflib^ofc, XV7^7Xi:7—U—>3 >
•^p^(^i0ii£iMiii. mM{A'.^p;/xrz-(m(Ay-yifs'miit,

mw'kM^%\c>.f.'-5\.Azmzr^iW'Aikmt lt. 2 -rc'i /uii-e

•r ^^i?i^mixnit^ ^ nfc7- x ^ mm^im t.
f'immrAa ax § c ^ {c J: 0. j!ilfe'd;i;jia]S
ij-:!^;i:i0idfjrtii^-^, mmi-i fjiiffiiii"Jfiiicrj: ^
t4Alllj0riit#bl>^W'j0-7;b^^0.
m^yxy-AA', WimmimA^myxy-h^\mErz\.\

(1) >3>" id'Am.
2014. (in pres.s).

(2) "Intia-iioto Scgincntiitioii via Sticky HMM with DP Eiais.sion''
ICASSP-14, 2014, (acroptcd).

(H) LrzrdimUoy^r^i-^^xt7~T-f^:L
i'-->B>^(D'jmik'" ti'fiLLIi)ffH-MUS-lU2, 2014.

(4) "{Sl'j£3y!lS'D.r<!-^l?if>li^)jlc'')/i4()C'y^r£t7il'" WSLlp'fi. 2()i;i,
(r>) "'^ri'DsmLfzy>di-m]om:>iL\zy&'^<--^uim<Dmhwmimk"
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{(>) "Eximt.ssive Oriennxl Time-Scale Adjustment for Mis-playod Mu
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