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Comparative Analysis on Musical Performance Skill by Qualitative Modeling
*1 *2
Ken UENO Koichi FURUKAWA
*1 *2
Keio Research Institute at SFC Graduate School of Media and Governance, Keio University

In this paper, we propose new qualitative modeling methods to analyze personal skill differences. We compare the motion skill
differences based on motion capture and EMG data with respect to musculo-skeletal controls. We measured the angular movement and
EMG data during musical instrumental performance. Our analyzing approach consists of three modeling methods: (1)generating peak
timing synergy, (2) representing qualitative joint stiffness change pattern by comparing the agonist muscle activity to the antagonist’s
activity, and (3)calculating the skill difference between performers with Kullback-Leibler divergence. We found that our methods
make sense to the measured data, and explain the skill differences among professional, amateur, and the novice cello players.
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Do{
CrossDetect TW,Xref
NewP =AbsMaxDetect(TW)
Amp=NewP Amp
PLL = i Interpolate(Amp;,Ampi.1)
PLR=TW-PLL

}while(NewP!=¢ )

CrossDetect (sequence of Zero
Crossing time Points)  ZCP={zcpy,zcpy,...,ZCPnz}

(sequence of Amplitude Maximum time Points)
AMP={amp,,amp,,...,amppa} (Test Waveform)
TW={twy, twy,....tWnx} X=
{X(1).X(2), ... x(nX)}

nX nX 2

Xref
X ()= 27 X () /X

X Xref

TW - TW() = X(i) - Xeer(i)

ZCP
ZCP(i) = { j | CrossDetect(TW(j), Xref(j)) }
AbsMaxDetect TW  zCP (ZCP(i-
1),ZCP(i)) j

AbsMaxDetect
AMP

AMP(i) ={ j |absmax TW(j)} 1<i<nZ

ZCP(i-1)<j<ZCP(i)

AMP(i)<AMP(i-1) AMP
Interpolate a = (TWAMP(i+1)) -
TWAMP(i)) / AMP(i+1)-AMP(i)) b = TW(AMP(i))
PLL=aX-b
Piecewise Linear Lines
PLL={plly,plls,...,pllx} Piecewise Linear
Residuds  PLR={plry,pira,....plrnx}
TW PLL
PLR = TW - PLL;
PLR

TV:{ (amp]_,tl mel)!' o ,(ampm,ti mem)}

Tvtr
TV" tr ™v
TVtr S| thr)
V' tv'=(amp,timg) |timg —timeg < GAPT
Sup(<tvi>) > & <tv>
i<k tv, = (amp,,timeg))

TV ={tv,..., tvs} Sup(<tvi>)

3 GAPT

tv' =(amp,timg) |time, —time < MAXT
i< tv! = (amp;,time, )
2-TV-Seq<tvi,tvj>
Sup(<tvi,tvj>)

MAXT
<tvi,tvj> ampik=ampim
2 Sup(<tvi,tvj>)
Mhn M
my - m,
M=| ¢ "
my - my,
tvi,tvj
<tvi,tvj>
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P(M 1=(P11,-..,Pj)  Q(M2)=(Quy,...,Qj)

Pij Qij 4.1
Pij= P(my)/Z jP(m)
Qij
distk (P.Q) oo
dist,, (P,Q)=>"> Q(M,)log(Q(M,)/ P(M,))
k=1 m=1
P Q

disty, (pro-ex,ama-ex)= 0.341, distx, (pro-ex,nor)= 0.586,
distx, (ama-ex,nor)= 0.538
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