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Acoustic-feature-based Musical Instrument Hierarchy
and Its Application to Category-level Recognition of
Unknown Musical Instruments

TETSURO KITAHARA,! MASATAKA GOTO' and HIROSHI G. OKUNO?

This paper describes category-level recognition of unknown musical instruments (i.e., mu-
sical instruments that are not contained in training data) based on an acoustic-feature-based
musical instrument hierarchy. The problem of how the unknown musical instruments should
be dealt with is essential in musical instrument recognition. However, this problem has not
been dealt with in previous studies. In this study, we propose category-level recognition
of the unknown musical instruments. First, we present a method for automatic acquisition
of musical instrument hierarchy, and then, using this hierarchy, we conduct experiments on
recognizing the unknown musical instruments at category level. In addition, by introducing
a process determining whether musical instruments are known or unknown (i.e., whether
the musical instruments are contained in training data or not), we realize flexible musical
instrument recognition, that is, individual-instrument-level recognition for known musical in-
struments and category-level recognition for unknown musical instruments. Experimental
results showed that around 77% of unknown musical instrument sounds, on average, were
correctly recognized at category level.
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Table 1 A conventional hierarchy of musical instruments.
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Table 2 Overview of 129 features used in Ref. 17).
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Table 3 Contents of musical instrument sound database

used in this paper.

oo ooo (] oo o(o|oo
oo oooooo 0o o|o|oo*
01 | OO0 (PF) 3| A0-C8 508
09 | OODODODOO (CG) | 3| E2-E5 696
10 | 0ODO (UK) 3| F3-A5 295
11 | ooooooooooo (AG) 3| E2-E5 |O 666
15 | 00000 (VN) 3| G3-E7 |O 528
16 | 00O (VL) 3| C3-F6 |O 472
17 | 000 (VO) 3| C2-F5 |0 |0 | 558
21 | 000000 (TR) 2 | E3-Ag6 |0 |0 | 151
22 | 0OOOoOO (TB) 3 | Af1-Fg5 |0 |0 | 262
25 | DOOOOOO0O (SS) 3| G#3-E6 |0 |0 | 169
26 | DODOOOOO (AS) 3| C3-A5 |0 |0 | 282
27 | OODODOOOO (TS) 3| Gi2-E5 (D |O | 153
28 | DODOOOODO (BS) | 3| C2-A4 |0 |0 215
29 | OODO (OB) 2 | A§3-G6 | 3 151
30 ooooo (FG) 3 |Af1-Dg5 | D 312
31 oooooo (CL) 3 | D3-F6 O 263
32 | 0OOO (PC) 3 | D5-C8 245
33 | 0000 (FL) 2| ca-c7 134
34 | 00000 (RC) 3| C4-B6 160

*0O00O0Oo00o0oo0o0ooooOoooooOooooooooooD

0000'00000000%,;,; =(%:+%;)/20000
(3) DOOOODOOOD
0000000000000 D00000000000
0000000000000 00000000000
000000000000000000000000
000000000000 D000D

2.2 000D0ODOOOO

0D000000000000000000000
OOO0DO0OORWCOOODOOOOOOODODOOOOO
000000 RWC-MDB-1-20012 00000000
00000000050 00000000000000
0000000000000 00044.1kHzO0160 0
000000000000 000000000000
0000 30000000030000000000
00000000000



Vol. 45 No. 3

50

40 1

w
o
T

Distance

N
o
T

10

0 SSASTSTRTB BSFGOBPC FL CLRCVN VL VC PFAGCG UK
01 000000000000 0oO0DOOo0oOOoDO 300000
opoogoooooo
Fig.1 A musical instrument hierarchy obtained by the
proposed method.
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Table 4 Musical instrument categorization at three
different levels obtained by Fig. 1.
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Fig.2 A musical instrument hierarchy obtained by the
proposed method.
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Table 5 Musical instrument categorization at three
different levels obtained by Fig. 2.
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Table 6 Experimental results of musical instrument
identification for known instruments.
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Table 7 Musical instrument sounds used for recognition

of unknown musical instruments.
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Fig.3 Experimental results of recognizing unknown
musical instruments at category level.
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Table 8 Experimental results of rejecting unknown musical instruments.
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Table 9 Experiments on recognizing known and unknown

instruments.
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