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Factor Analysis of the Harmonic Spectra
of the Instrumental Sound

Kisichiro YamacucH* Asao Yara*
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Summary

The technique of factor analysis is applied to the identification of the tone of
sounds of musical instryment. The 26 kinds of sound of two trumpets, which is
blowed by one player, are used as the samples. The wave forms of these sounds
are decomposed with Fourier transform, and transformed to sets of harmonic
amplitude spectra. These sets of relative amplitudes of harmonics, which are
normallized for each sound, are the data variables, and they are analyzed with the
_principal factor method. As a result, although several factors are formally extract-
ed, we can find that only the first factor, which has overwhelmingly large contri-~

bution, is physically significant. And also it could be considered that the scores
of this factor show the representative pattern of harmonic spectra of the sound of
trumpet.
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Table 1. Factor Lordings and Contributions
k FACTOR LORDING

J 1 2 3 4 5 6
1 0.912( 0.344 [ 0.123]-0.149 (- 0.060( - 0.090
2 0912| 0.384| 0.059| 0.125(-0.005| 0.032
3 0.978( 0.151 [-0.049/|-0.032|-0.119|-0.016
4 0.962] 0.150| 0.155| 0.039(-0.091{-0.130
5 0.796| 0466 |-0.041| 0.345| 0.169|-0.014
6 0.910( 0.038| 0.268|-0.291| 0.112| 0.022
7 0.948|-0.126 (-0.258| 0.132|-0.009| - 0.009
8 0.874(-0.210 | 0.405| 0.159(-0.046| 0.038
9 0864|~0.220 | 0.059| 0.137| 0.002(-0.007
10 0.898(~0.147 [-0.413|-0.019| 0.007|-0.043
11 0.982(-0.151 { 0.030| 0.077{-0.072] 0.007
12 0.973(-0.198 | 0.111| 0.004| 0.036| 0.003
13 0.906 -0.220 (-0.063| 0.350{-0.059| 0.008
14 0.910( 0.360 (-0.045(-0.115 -0.134| 0.082
15 0.992| 0.089 [-0.012| 0.055/-0.024| 0.055
16 0.950| 0.245 [-0.171|-0.046| 0.012| 0.078
17 0.985|-0.066 (-0.111|~0.115|-0.010|-0.013
18 0.986| 0.044 | 0.066|-0.084| 0.113(-0.037
19 0.981(-0.015 |-0.143(-0.127| 0.005| 0.023
20 0.982(-0.095 ( 0.162| 0.003| 0.021| 0.012
21 0.974(-0.139 |~0.092|-0.150| 0.021| 0.029
22 0.960(-0.090 (-0.226 |-0.118| 0.052/-0.033
23 0.992| 0.012( 0.070( 0.075( 0.070|-0.001
24 0.984|-0.132 | 0.043|-0.105| 0.001|-0.004
25 0.987|-0.153 |~0.047 | 0.008| 0.019]-0.007
26 0.966(-0.208 | 0.131-0.080| 0.005| 0.017
FC (2345 | 1.09 | 072 | 055 | 0.12 | 0.05

* k ; Number of Factor

J ; Number of Variable

FC , Factor Contribution
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Table 2, Factor Scores
( Normalized Amplitudes of Harmonics for
Factor Vectors )

\* FACTOR SCORE
¢ 1 2 3 4 5 6
1 | 0567 -0.260|-0.461 | 0.626(-0.078|~0.014
2 | 0557 |~0.363| 0.734 |~0.118{-0.044( 0.061
3 | 0496 | 0.076|-0.441|-0.725| 0.156(-0.062
4 10307 0771| 0.224| 0.256{ 0.428(-0.108
5 | 0.141 | 0.385|-0.011 {-0.033|~0.609| 0.631
6 | 0.077 | 0.206| 0.062 |-0.033|~0.627|-0.744
7 | 0.036 | 0.060|-0.009 |-0.024|~0.089| 0.097
8 | 0.022| 0.073| 0.004 [-0.007|-0.092| 0.097
9 | 0.011| 0.029|-0.012 |~0.003|~0.031| 0.038
10 | 0.009 | 0.028 [-0.010 {-0.019|-0.056| 0.095
11 | 0.004 | 0.006 |-0.000 |~0.002| 0.013| 0.000
12 | 0.004 | 0.009| 0.001 [~0.003|-0.004|-0.005
13 | 0.004 | 0.007 |~0.003 (-0.001(-0.012| 0.004
14 | 0.003 | 0.004| 0.001 | 0.000|-0.008|~0.009
15 | 0.002 | 0.002| 0.002 ( 0.000{-0.003| 0.002
16 | 0.002 | 0.002| 0.000 {~0.003|~0.006|-0.003
17 | 0.002 | 0.003|-0.002 |-0.002{-0.003| 0.002
18 | 0.001 | 0.002| 0.000 |-0.002,-0.004|-0.004
19 | 0.002 | 0.002|-0.001 {-0.001{-0.002|~0.003
20 | 0.002  0.001{-0.001 |-0.001|-0.004 0.001
21 | 0.002 | 0.001|-0.002 [-0.002{-0.001| 0.003
22 | 0001 | 0.001| 0.000| 0.000| 0.000(-0.005
23 | 0.001 | 0.001(-0.001 [~0.002{-0.001(-0.003
24 | 0001 | 0.002( 0.000|-0.001)-0.004(-0.004
25 | 0.001 | 0.001| 0.000|-0.001| 0.003{-0.002
26 | 0.001 | 0.001|-0.001 {~0.001(-0.001| 0.001
27 | 0001 | 0.000| 0.000( 0.000| 0.003| 0.003
28 | 0.00L [ 0.000| 0.000( 0.000| 0.000| 0.001
29 | 0.001 | 0.002| 0.000(-0.001; 0.000|-0.004
30 | 0.001 | 0.002|-0.002 |-0.001(-0.002| 0.005
*% ; Number of Factor
i Number of Harmonic
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Table 3 Correlations between F actors
and Variables

CORRELATION

2

3

4

5

O VDU D W N

i e i
W N = O W

RIS

0912
0912
0.978
0.962
0.796
0.910
0.948
0.874
0.964
0.898
0.982
0.973
0.906
0910
0.992
0.950
0.985
0.986
0.981
0.982
0.974
0.961
0.992
0.984
0.987
0.966

0.344
0.384
0.150
0.150
0.465
0.038
-0.126
-0.210
-0.221
-0.147
-0.151
-0.198
-0.220
0.360
0.089
0.244
-0.067
0.043
-0.015
-0.096
-0.139
-0.091
0.012
-0.133
-0.153
-0.208

0.123
0.059
-0.049
0.155
-0.041
0.268
-0.258
0.405
0.059
-0.413
0.030
0.111
-0.063
-0.045
-0.012
~0.171
-0.111
0.066
-0.143
0.162
-0.092
~0.226
0.071
0.043
-0.046
0.131

-0.148
0.124
-0.031
0.040
0.344
-0.292
0.132
0.159
0.136
-0.020
0.077
0.004
0.350
-0.115
0.055
-0.046
-0.115
-0.085
-0.127
0.004
-0.149
-0.118
0.075
-0.106
0.008
-0.080

-0.059
-0.005
-0.119
-0.001
0.168
0.113
-0.009
-0.046
0.002
0.007
-0.072
0.037
-0.060
-0.135
-0.025
0.012
-0.010
0.111
0.006
0.021
0.022
0.053
0.070
0.002
0.020
0.004

-0.089
0.032
-0.014
-0.132
~0.014
0.022
-0.008
0.037
-0.007
-0.043
0.010
0.003
0.007
0.081
0.053
0.079
-0.013
-0.037
0.023
0.012
0.029
-0.034
0.001
-0.004
-0.008
0.016

*k;
7

Number of Factor
Number of Varible
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