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Acoustic Analysis of Singing Voice

Sung Min Jin, M.D.

Department of Otolaryngology, Kangbuk Samsung Hospital, School of Medicine, Sungkyunkwan University,
Seoul, Korea

The pitch range of the human voice is variable, extending from chest register to falsetto. Although
numerous studies have investigated after laryngeal mechanism description of registers, systematic
and objective studies were lack. The purpose of this study was to analyze and compare head register
with chest register of singers acoustically. Fifteen healthy tenor major students were selected.
Fifteen healthy untrained adults were the control group for this study. Long term average(LTA)
power spectrum using the Fast Fourier transform(FFT) algorithm and Linear predictive coding
(LPC) filter response were made during /a/ sustained in both head(G4, 392Hz) and chest registers
(C3, 131Hz). Statistical analysis was performed using Mann-Whitney test. In the LTA power
spectrum, head register of singer has increased level(energy gain) in the frequency band of 2.2~
3.4kHz(p<0.01), and 7.5-8.4kHz(p<0.01, p<0.05). Chest register of singer has increased level in
the frequency band of 2.2—-3.1kHz(p<0.01), 7.8-8.4kHz(p<0.05) and around 9.6kHz(p<0.01).
LTA power spectrum reveals a peak of acoustic energy around 2500Hz known as the singer’s
formant and another peak of acoustic energy around 8000Hz in singer’s voice.
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Table 1. Profile of volunteer

No. Name Bith of date  Education periods(yrs.)  Notes for head register Notes for chest register
1 SW Jin 09/12/77 6 G4 C3
2 YS Hwang 11/30/74 4 FA# C3
3 HJ Kwon 01/19/77 4 G4 C3
4 SB Kim 03/07/72 5 G4 C3
5 JS Park 10/04/78 4 G4 C3
6 YH Shim 11/19/80 4 G4 C3
7 HY Yom 08/04/80 4 Fa# C3
8 JT Park 02/13/79 3 Ad C3
9 SS Choi 09/29/73 6 GAait C3

10 SH Eom 05/05/75 6 G4 C3

11 TS Jun 12/23/73 3.5 G4 C3

12 J Yang 02/19/76 5 G4 B3b

13 JK Jo 05/30/79 5 Al C3

14 HJ Kim 10/11/77 6 G4 C3

15 KM Park 04/05/78 6 G4 C3
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Table 2. LTA power spectrum of head register

Frequency Singers Control Variance
(Hz) gain(dB) gain(dB) gain (dB)
3125 34.82 39.26 —4.44
625.0 44.52 49.66 -5.14
937.5 47.42 51.70 -4.27
1250.0 4812 52.95 -4.83
1562.5 43.59 49.81 -6.22
1875.0 35.72 41.59 -5.87
2187.5* 42.59 30.98 11.60
2500.0% 50.04 35.61 14.42
2812.5* 52.49 39.49 13.00
3125.0* 51.42 38.80 12.62
3437.5* 45.45 39.19 6.26
37500 35.96 39.59 —-3.63
4062.5 27.98 37.11 -9.12
4375.0 23.96 30.93 —6.96
4887.5 21.89 31.67 —9.78
5000.0 20.14 30.25 —-10.11
53125 20.27 33.41 -13.13
5625.0 20.91 32,07 -11.15
5937.5 22.05 31.15 -9.10
6250.0 2401 29.16 =515
6562.5 25.13 25.36 -0.23
6875.0 2422 24.87 —0.64
7187.5 23.87 23.92 -005
7500.0* 25.38 19.66 571
7812.5* 26.41 18.23 8.17
8125.0* 26,93 16.78 10.15
8437.5** 26.83 20.96 5.86
8750.0 25.63 21.33 429
9062.5 23.97 23.96 0.01
9375.0 22.31 22.81 0.00
9687.5 20.39 19.12 1.27
10000.0 15.87 15.97 -0.10
* 1 p<0.01 xx 1 p<0.05
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Table 3. LTA power spectrum of chest register

Frequency Singers Control Variance
(Hz2) gain(dB) gain(dB) gain(dB)
3125 38.32 35.89 243
625.0 43.87 42.88 0.99
937.5 44.29 44.74 -0.45
1250.0 4192 4223 -0.30
1562.5 32.13 34.89 -2.76
1875.0 21.96 19.22 275
2187.5* 33.14 21.37 11.76
2500.0* 40.87 26.83 14.03
2812.5* 42.33 26.79 15.54
3125.0" 40.11 24.78 16.32
3437.5 35.11 28.71 6.39
3750.0 28.33 28.85 -0.52
4062.5 22.37 25.11 -2.73
4375.0 18.42 19.69 -1.27
4887.5 16.67 17.85 -1.17
5000.0 14.81 18.40 -3.26
5312.5 14.08 17.14 -3.05
5625.0 14.18 14.22 -0.04
5937.5 14.79 16.42 -1.63
6280.0 15.43 17.12 -1.68
6562.5 16.01 14.85 1.15
6875.0 16.73 16.10 -0.37
7187.5 15.82 14.05 0.76
7500.0 16.17 12.38 3.78
7812.5** 16.24 7.34 8.90
8125.0** 16.21 11.49 471
8437.5** 16.43 12.57 3.85
8750.0 16.43 12.66 3.77
9062.5 16.59 13.23 3.36
9375.0 16.79 13.30 3.48
9687.5* 16.73 11.33 5.40
10000.0 13.18 6.30 6.87
= 1 p<0.01 =k 1 p<0.05
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