Relationship between perceived vocal registers
and glotial flow parameters
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Professional singers need good control
of voice production
in modal and in falsetto registers

Sudden register changes
= “Break” in the voice

Voice timbre differences between registers
occur because of the voice source changes

There is a lack of experimental data regarding the
voice source characteristics of registers and
Their relationship with perceived vocal registers

AIM

To compare the perception of modal and falsetto registers with voice source properties.

METHOD

A total of 80 vowels sounds sung by 10 male singers 40 in modal and 40 in falsetto register were analyzed
by inverse filtering and electroglottography and classified as modal or falsetto register by sixteen experts.
Glottal tflow wavetorm parameters and registers classification were compared.

Waveform and spectrum of voice source
obtained by inverse filtering, plus dEGG (derivative of the EGG signal)

a

5 [:i._

b

1 ., '_‘_ -'..._Moment :
RPN %% Pl o et NN Measured Flow Waveform Parameters
\ a—Flow glottogra;’s derivative-'_x: 2 \ i i E‘_""—:'::’me"t 3 FIOW Gluttogram i [ Sp&ttrum
' . P — ; : Gl : : ope inlg . . '.
c W B -~ i 1. Duration of the closed phase (Tcl) "'W"'ﬁil'u'z"
s and the closed quotient (Qclosed), i.e., iy oo ks fri ”
=Eauy [ LA the ratio between the duration of the Derivative of — g N
5, 5 ! | - ) Telosed e A
T oA T closed phase and Period length (T0) Elocirogiobodran T
o> = : . I I T0=11F0 I
T % 20 _ ! . _ _ _ . e ||| (1 | |J
@ S 10 ' [ i VATY N s A | . S ol AT
5 . H A A 2. The level difference between the two . \ .
e 0 J I |

0 2000 4000 6000 8000 10000 | loweSt partials (Hl_HZ)

Frequency [Hz]

10ms
Frequency [Hz]
Flow parameter values measured
Acoustic Data in modal and falsetto registers for the ten singers.
Typical examples of wave forms
Obtained for modal and falsetto registers Gclosed s _H 1=H& [4B]
MODAL REGISTER FALSETTO REGISTER G, o S
0.6 A
| 5] Bout
0,001 / A /) o Sae R
’ .:* / o 04 e £ 07 a,e ,
: — E J.f<> 2 L & 2 45 a " "f?f,:réi'-f

© & e o

= g 0; e Ao 10 F o
0,001 .- o L Te%, ol
1 BN - s * 54 &

Clased phase Cloded phase :
a3 ' | 0 5 10 15 20 25 30 35
0.0 0.2 0.4 0.6
0,4 ﬂ' . | f Modal Modal
| Closing ) | mS1 #S2 aS3 eS4 -S5 OS6 mal H5E han Wwoh TRy HaEb
0,02 ||I peak I i " C|g5ing{ A & S9 £AS11 ©S12 -S13 < 59 A811 ©S12 -513
b=y e SR TR '}Dpénihg, Y ik %' ,-""}'Clpening oo
w ’ peak 1 peak
Relationships between Classification and Acoustic Data

Modal register: clear closed phase + strong Correlation between the Q.. and H1 H2

positive peak at glottal closing + weaker peak at
glottal opening in the dEGG.

Falsetto register: no abrupt change from the | = 0,022¢ + 0,219
closed to the open phase + shorter closed phase + 5. RY=07429
similar dEGG peaks smaller at glottal closing and

opening.
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Number of votes for modal Number of votes for modal

Q.wea Aand HI1-H2 as functions of the number of votes for modal register

DISCUSSION

The physiological origin of the observed voice source differences between modal and falsetto registers could be related to the shape and mode of vibration of the vocal folds in both
registers. Thin vocal folds should be associated with a smaller time lag between the upper and the lower layers of the folds, resulting in a more symmetrical waveform, typically found in
falsetto. By contrast, thick vocal folds with lengthening of the closed phase should be associated with longer time lag between the vocal fold layers, making the waveform less similar to a
sine wave, as commonly found in modal register. Thus, the more sinusoidal falsetto waveform would explain why the H1-H2 level difference was much greater in falsetto than in modal
and also the correlation between Q__..,and H1-H?2.

The variation in quantity between voice source properties in the different registers among singers is not surprising, considering that our subjects differed considerably with regard to
vocal training and experience of singing. On the other hand, quite small voice source differences between registers could result in timbral differences difficult to be perceived.

Indeed, the listening test showed that our singers produced a number of tones that were not unanimously classified as either falsetto or modal registers. In about 20% of the cases nearly
half of the judges came up with ditferent classifications, suggesting that the timbral contrast between the two registers was quite substantial in some subjects but rather slight in other
subjects.

The cases of disagreement could result from poor skill in voice control. Also, it could be possible that the listeners found it easier to hear that a tone was produced in modal than in
falsetto register. A third possibility is that some singers actually used a voice source that combined characteristics of the modal and falsetto registers, varying each of flow glottogram
parameters continuously and performing timbral differences between registers by a gradual rather than an abrupt change. This ability would cause the listeners difficulties in their
classification.

In any event, our results appear to challenge the idea that modal and falsetto registers are necessarily associated with clear timbral differences, suggesting that category perception of
registersis notalways feasible.

CONCLUSION

1. The modal register presented greater Q... and less dominant fundamental as compared to falsetto register;
2. The tones with a high value of Q... and low values of H1-H2 were typically associated with high number of votes for modal register, and vice versa;
3. The Q... parameter presented the strongest correlation with the results of the register classification test;

4. Some tones were not unanimously classified as neither as modal nor as falsetto, suggesting that classification of registers in terms of perceptual category is not always feasible.
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