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Estimation of Bowed String Sequence of a Violin Performance
Using Audio and Score-Based Anomaly Detection

AKIRA MAEZAWA 1 KATSUTOSHI ITOYAMA |
TORU TAKAHASHI , TETSUYA OGATA
and HIrROsHI G. OKUNO

We present a violin bowed string sequence identification method by combining
context-based rules and audio-based bowed string estimator. Using audio-based
estimator followed by error correction using context-based rules increases the
accuracy of the estimator. Using six musical phrases, we confirm that the ac-
curacy increases on average by 5% (max. 8%) when using the set of strings
used for training, and, when using different brand of strings than that used for
training, confirm 7% increase on average (max. 15%).
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Fig.1 System-Level Diagram
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Fig.2 Terminologies Pertaining to the Violin Strings
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Algorithm 1 000000000000 /0000O00OO

procedure error-correction( S,St )

for all OP = {>,<} do
iw:=1{i,=000000 }
ie:=1{i.=000000 }

repeat
while i. < |S|A(Si;, OP S;_+1) do
te :=1e + 1

end while
if iy # i. then

St := remove-error( ip, i, S, St, OP)

end if
i =t + 1
until i, > |S]
end for
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procedure remove-error( iy, i., S, St, OP)
Errors := {j € [iv + 1,%c]|7(Stj—1 OP St;)}
for all ¢ € Errors do
for all (u,v) ={(,i—1),(: — 1,i)} do
if - (S, 0 St,0000000000000O) then
temp := St,,
Sty 1= Sty
Anew = {j € [iv + 1,4e]|~(St;—1 OP St;)}
if |anew| = |Errors| then
St,, := temp
else
break
end if
end if
end for
end for

return St
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Table 1 Description of the Pieces Used

oo ooo ooo oo
Piece 1 | Brahms Op.100 (D0 O0OO) 91 Bar 1 | Bar 15
Piece 3 | Mendelssohn Op.64 (DO ODO) 75 Bar 9 | Bar 27
Piece 2 Brahms Op.100 (DO 0OO) 41 Bar 1 Bar 12

02 000,000, F,0 (S=000000000,D=000000)
Table 2 Precision, Recall, and F} /o-measure
(S=The Set of Strings Used During Training, D=Different Set)

00/00 | Pr. (S) | Re. () | Fijz (S) | Pr. (D) | Re. (D) | Fy,2(D)
PIF1 0.86 0.38 0.68 0.43 0.20 0.35
P1F2 0.50 0.04 0.15 0.71 0.16 0.42
P2F1 N/A N/A N/A N/A N/A N/A
P2F2 1.00 0.27 0.65 1.0 0.21 0.58
P3F1 0.75 0.26 0.55 0.55 0.26 0.45
P3F2 1.00 0.18 0.53 0.40 0.06 0.19

000000000000. 0000000000 (Pr.), 000 (Re.) O Fiyp O (Fiy2)
0000.000,P.0000000000000000000000D000OO0OO0,
Re.000000000000000DO0O0OOOOOO,000 F,,,000000000
ooo:

Fs = ((1+ B*)PrRe) / (8°Pr + Rc) |p=1/2 (13)
0000000000000000000000000000000000000000
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00000000000000000000000000000 3004000.
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Table 3 Confusion Matrix (Strings Used for Training,
Notation: Num. of Notes Before Applying the Algorithm — After)

00\ OO G D A E
G 71—-71 0—0 0—0 0—0
D 17 —11 | 50—55 1—2 0—0
A 14—8 35—30 | 157—168 6—3
E 0—0 4—2 23—21 41—45

0 4 Confusion Matrix (000 000000)
000000000000 — 0O [0DD)O
Table 4 Confusion Matrix (Diff. Strings From Those Used for Training,
Notation: Num. of Notes Before Applying the Algorithm — After)

oo \oOo G D A E
G 71—-71 0—0 0—0 0—0
D 35—27 | 32—39 1—2 0—0
A 64—40 | 46—40 | 93—113 6—16
E 3—1 3—1 11—11 51—55
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Fig.6 An Example of the Ambigous Error
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