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A Study on Acoustical Properties of Soprano’s Singing
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ABSTRACT

This paper studies the relation between the Fundamental Frequency (FO) and the formants of simple vowels in the
Korean language sung by sopranos. It is known that, in soprano singing, the FO of a vowel affects its formants. For this
reason, the formants of simple vowels sung by sopranos must be considered in all over the soprano singing range. We
recorded the five simple vowel sounds faf, fef, fif, fof, and fuf sung by five professional sopranos from A3 (220.0Hz) to
A5 (880.0Hz) in the major scale and compared the formants of the sung vowels with those of spoken vowels. We
observed that FI and F2 of sung vowels were stable in low FO (lower than B4) but in high FO (higher than B4), F1 and
F2 lost their stabiliies. In the case of /fa/, fof, and fuf, the slope of the FI-F2 graph was about 2.6, and those of the
FO-F2 and FO-F1 graphs were 2.2-2.5 and 0.7-1.0, respectively. And as the FO increases, the F1 and F2 of sung vowels
faf, fef, fif, jof, and fy/ were almost thc same. At A5, the Fl and F2 of five sung vowels had the same values. This
results suggest that the relation between the FO and the formants be used to synthesize soprano’s singing vowels.

Key words: Formant analysis, Soprano singing, Changing voice.
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Table 1. The rorean simple vowels.

A 34 4
A Hqe He e
! 1) —(un {u)
> 1 ¢e) 1(d) —-(0)
A K(e) @

% B AP XauE
oM AR St F2e F=
71239 57k 2o} g x=

FAge o2 @7 Az
o gosRy z4¥
BE gl YFo|cHal
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Table 2. The average of formants by 16 korean women.

faf fel fif fof fuf
FI(Hz) | 1,050 590 270 460 420
F2(Hz) | 1,570 2,410 2,790 F 820 780

F3Hz) | 3,060 3,100 3,500 2,880 2810
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Fig. 1. Music sheet for this study.
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Fig. 2. An example waveform of singing vowel.
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Fig. 3. The average of formants spoken by 5 sopranos (solid
tines) and 16 Korean women (dashed lines).
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Table 3. The average of formants of vawels spoken and sung

by sopranos.
ot of o 2 <
F1 798.0 4772 305.6 4324 | 3428
F2 1215.8 | 23054 | 26638 | 760.6 738.2
F3 3089.0 [ 2887.6 | 33950 [ 31042 | 2955.0

F4 4074.2 4164 4283.2 3887.6 | 38728

{a) dehd (Speech)
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fa} tef i fol fuf
Fl(Hz) 745 617 297 424 313
F2(Hz) 1,104 1,969 2,439 850 760

F3(Hz) 3,051 2,768 3,230 2,999 2910

Fa(Hz) 3,724 3,962 4,089 3,611 3,895

(b) “Jehe(Singing)
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Fig. 4. Graph of F2/F1 (B4-AS5, Vowel faf, fof, and fuf).
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