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A study of the pitch, loudness and brightness with Chinese

and Western instruments
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Abstract In order to make an objective evaluation on auditory perception between Western instruments and
Chinese traditional instruments, an auditory perceptual model was proposed based on 15 recorded instruments
sounds. With this model, the brightness of different instruments with the same pitch and loudness can be
predicted. Based on the auditory perceptual model, the differences on auditory perception among different
types of musical instruments were analyzed. The results show that for both Western instruments and Chinese
traditional instruments, the brightness increases with the increasing loudness influenced by different pitch
domains and loudness domains. Moreover, for Chinese traditional instruments, the brightness increases with
the increasing pitch but not for Western instruments.
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Table 2 Perceptual attribute domains of

15 instruments

IR B M 35 (sone) SC % (Hz)
®E A2-E6 45.1~88.8 501~3294
=g G3-G7 27.3~92.2 494~5964
e G2-G5 51.5~81.2 223~1771
Al A2-FE4 36.4~81.8 347~845
— A4-D6 51.5~84.7 888~2560
= G4-A6 37.3~89.5 1538~4378
IR A4-D6 49.9~89.6 1270~2732
K= C2-#C4 55.3~83.7 240~637
24 FHE A3-#F6 39.3~85.0 T44~4645
36 EE  G3-#F6 54.0~87.5 566~3639
IR G3-B5 56.0~84.5 431~1859
i G3-C6 55.0~84.1 624~2458
K5 E2-C5 44.6~80.8 526~2109
w D4-#D6 56.5~91.5 472-1463
K B3-C6 55.4~83.5 447~1261
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Table 3 The fitting parameters and errors of 15 musical instruments

e WESH BARZE
al as as a4 as ag R2 RMSE
BE —0.0535 1.09 -39.9 5.32 —7.11 44.5 0.729  0.0907
HnsE 0.848 —6.40 1489 27.5 —22.3 —1467 0.744  0.0882
e 0.834 —6.28 11.2 6.87 —11.2 10.8 0.744  0.0882
A 0.639 —4.68 —90.1 3.69 —6.90 107 0.741  0.0887
=i 0.0441 2.57 —27.9 —25.3 —41.7 28.2 0.999  0.0012
i 0.0566 2.31 —2567  —30.9  —28.3 2566 0.999  0.0009
MR 0.225 —1.48 —1415 —211 115 1409 0.493 0.126
PN 0.854 -6.03  —0.507  —1.91 5.19 13.2 0.517 0.158
24 TR —0.349 4.02 11.9 9.65 —1.37 —16.8 0.826 0.189
36 WA 0.0372 0.508 —12.1 —10.6 20.3 8.66 0.936 0.128
R 0.492 —1.65 1.16 —5.88 8.82 0.721 0.920 0.109
K5 3.90 —30.0 —209 —2.12 4.82 271 0.943 0.102
wr —7.21 62.9 20797 30.4 —27.1  —20922 0.748 0.148
w —0.265 2.98 —104 —35.9 37.8 93.7 0.889 0.107
Kt —3.85 34.3 —779 —62.4 55.1 697 0.911  0.0795
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Fig. 1 The equal-loudness contour of wind instruments (with reed) as a function of brightness and pitch
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Fig. 2 The equal-loudness contour of plucked instruments as a function of brightness and pitch
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Fig. 3 The equal-loudness contour of wind instruments (no reed) as a function of brightness and pitch
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Fig. 4 The equal-loudness contour of bowed instruments as a function of brightness and pitch
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