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Musical Instrument Identification Considering
Pitch-dependent Characteristics of Timbre:

A Classifier Based on F0-dependent Multivariate
Normal Distribution

TETSURO KITAHARA," MASATAKA GOTOf and HIROSHI G. OKUNOf

This paper describes a musical instrument identification method that takes pitch-dependent
characteristics of timbre into consideration. Although it is known that timbres of musical in-
struments have pitch-dependent characteristics, the characteristics were not dealt with in
most of the previously proposed musical instrument identification methods. To deal with
the characteristics, we propose F0-dependent multivariate normal distribution and a discrim-
inant function for this distribution according to the Bayes decision theory. Experimental
results showed that the proposed method improved the performance of musical instrument
identification.
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Fig.1 Examples of representation functions.
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Fig.3 Power spectrum at onset time.
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Temporal features of power.
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Table 1 Contents of musical instrument sound database
used in this paper.
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Table 2 Categorization of 19 instruments.
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Table 3 Accuracy by FO-independent distribution (base-
line) and FO-dependent distribution (proposed).
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00 | Normal | FO-dpt 0 Normal | FO-dpt u]
PF | 74.21% | 83.27% | +9.06% | 74.21% | 83.27% | +9.06%
CG [90.23% |90.23% | £0.00% | 97.27% | 97.13% | —0.14%
UK [97.97% | 97.97% | £0.00% | 97.97% | 98.31% | +0.34%
AG |81.23% |83.93% | +2.70% | 94.89% | 95.65% | +0.76%
VN | 69.70% | 73.67% | +3.97% | 98.86% |99.05% | +0.19%
VL | 73.94% | 76.27% | +2.33% | 93.22% | 94.92% | +1.70%
VC | 73.48% | 78.67% | +5.19% | 95.16% | 96.24% | +1.08%
TR | 73.51% |82.12% | +8.61% | 76.82% | 85.43% | +8.61%
TB | 76.72% | 84.35% | +7.63% | 85.50% | 89.69% | +4.19%
SS | 56.80% | 65.89% | +9.09% | 73.96% | 80.47% | +6.51%
AS | 41.49% | 47.87% | +6.38% | 73.76% | 77.66% | +3.90%
TS | 64.71% [66.01% | +1.30% | 90.20% | 92.16% | +1.96%
BS |66.05% | 73.95% | +7.90% | 81.40% | 86.05% | +4.65%
OB | 71.52% [ 72.19% | +0.67% | 75.50% | 74.83% | —0.67%
FG | 59.61% |68.59% | +8.98% | 64.74% | 71.15% | +6.41%
CL [90.69% |92.07% | +1.38% | 90.69% | 92.07% | +1.38%
PC | 77.56% | 81.63% | +4.07% | 89.39% | 90.20% | +0.81%
FL |81.34% |85.07% | +3.73% | 82.09% |85.82% | +3.73%
RC | 91.88% [91.25% | —0.63% | 92.50% | 91.25% | —1.25%
00 |75.73% [ 79.73% | +4.00% | 88.20% | 90.65% | +2.45%
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Table 4 Excerpts of basic vectors in transformation of
feature space.
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050 | [40](0.4286), (0.3219), (0.5400)
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Table 5 Accuracy by k-NN rule and Bayes decision rule.

@ [ ® [ @ | (@ [ ®

k-NNO (k= 3) ooooooo

PCA1 | PCA2 | LDA | PCA1 | PCA2 | LDA

PF | 53.94% | 46.46% | 63.39% | 55.91% | 59.06% | 83.27%
CG | 79.74% | 77.16% | 75.72% | 98.28% | 97.27% | 90.23%
UK | 94.58% | 92.54% | 97.63% | 67.12% | 80.00% | 97.97%
AG | 95.05% | 92.79% | 97.00% | 19.97% | 44.14% | 83.93%
VN | 47.73% | 46.02% | 45.83% | 89.58% | 84.47% | 73.67%
VL | 55.93% | 54.24% | 61.86% | 71.19% | 79.24% | 76.27%
VC | 86.20% | 85.84% | 84.23% | 45.16% | 30.82% | 78.67%
TR | 36.42% | 38.41% | 47.02% | 41.72% | 72.85% | 82.12%
TB | 70.99% | 54.58% | 77.86% | 75.19% | 78.24% | 84.35%
SS | 23.08% | 14.20% | 24.85% | 48.52% | 66.86% | 65.89%
AS | 37.59% | 29.79% | 40.43% | 72.70% | 41.84% | 47.84%
TS | 62.09% | 66.01% | 68.63% | 30.07% | 61.44% | 66.01%
BS | 68.84% | 67.91% | 66.98% | 55.35% | 54.42% | 73.95%
OB | 47.68% | 48.34% | 49.01% | 43.71% | 81.46% | 72.19%
FG | 64.10% | 65.06% | 74.36% | 40.38% | 30.12% | 68.59%
CL | 93.45% | 87.93% | 93.10% | 95.51% | 93.45% | 92.07%
PC | 84.08% | 84.90% | 84.08% | 63.27% | 58.37% | 81.63%
FL | 88.06% | 72.39% | 94.03% | 35.82% | 84.33% | 85.07%
RC | 97.50% | 93.75% | 97.50% | 85.00% | 96.25% | 91.25%

00| 70.27% | 66.98% | 72.53% | 62.11% | 66.50% | 79.73%
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Fig.5 Relationship between the number of dimensions

and recognition rates.
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Table 6 Comparison of the FO dependency of mean and
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