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ABSTRACT in traditional music: the laryngeal vibratory mechanisms
M1 and M2.

The transitions between two different laryngeal vibratory These two mechanisms are already well-documented and
mechanisms are often characterised by frequency jumps,

. _ . . correspond to modal and falsetto registers when these terms
The leap interval of these frequency jumps is studied for

- refer exclusively to the laryngeal oscillation of the vocal
the transitions fro”.‘ M1 _to M2 and .conversely from M2 folds. The vocalis, which corresponds to the internal layer
to M1. Its correlation with the starting fundamental fre-

. . . . of the vocal folds 4], participates with the vibration in M1,
guency, the vocal intensity and the vowel is investigated.

. ) ; whereas it does not in M2. As a result, the surface of con-
Seven singers have produced sustained notes with laryn

| hani ¢ i ina during th q tact is greater in M1 than in M2 for a given fundamental
geal mechanisms transitions occurring auring the pro uc'frequency and vocal intensity]. The subglottal pressure
tion. The sound and the electroglottographic signals were

recorded. is usually greaterin M1 than in M2, the open quotient takes

. . different values, etc. For more details, sBE [
The leap intervals values depend on the subject. How- on rticularity of the fr ey iumps is their ver
ever global tendencies can be observed for most of them: h fdpa t_cu af y o ¢ € _ique C%jjut E;OS Z e)é
the leap interval rises with the musical dynamics for the shortdura lon (from a few milliseconds to ms, depend-

M1—M2 transition, and decreases with the frequency for Il?gllon the ob?ervatlons anld tetxlpelrlmenttalt%or;(jljltlﬁlrgﬂa
some subjects. Concerning the M2/11 transition, no ten- allows one to compare giotial elements that dont change

dency was observed. The frequency leap interval does no{nUCh before and after the Fransition, S!JCh as regulation of
depend on the vowel; however the results show individual subglott_gl_pressure and articulatory adjustmenFs. _
strategies. Instabilities have been reproduced from excised canine

The subglottal pressure at the beginning of the jump could [8] ©F human p-11] larynx by changing continuously the
play a role in the leap interval variation. Results show longitudinal tension of the vocal folds. Biomechanical mod
that the relation between the fundamental frequency and€!ing (two, three mass model}2, 13] has confirmed these

the subglottal pressure could be differentin M1 and in M2. observations, allowing authors to consider the laryngeal
function as a non-linear dynamic system. A significant re-

sult is that a range of longitudinal tension can be observed
both in M1 and in M2.
Classical singers use only their vocal apparatus in a "sta- Studies with living subjects are based on different proto-
ble” configuration. However it is now known that insta- cols: either yodel-like productions (with a change of note
bilities can occur during phonation. These instabilitiea ¢ at the change of laryngeal mechanis®)14, 15], or sus-
be frequency jumps, period doubling or tripling, or phases tained notes or glissandos, [7/]. All these studies show
of "chaos” (which can be produced at the physiological a great variability among subjects, and smaller frequency
level by an irregular oscillation of the vocal folds). They leap intervals for females than for males. However the re-
are used in non-classical techniques (yodel, tahtir)qgr lation between source or resonantial parameters with the
specific singing styles like contemporary musit [ leap intervals remain poorly documented.

These instabilities may result from different phenomena, This paper aims at studying the MdM2 and M2—-M1
especially acoustic3] and biomechanic ones. This paper transitions for different vocal intensities, starting ¢an
is about frequency jumps which are observed at the transi-mental frequencies and vowels. In order to study these
tion between the two main laryngeal vibration configura- transitions, a well adapted experimental protocol has to be
tions of the vocal folds, which are commonly used in clas- chosen. Svec et aB[ noticed for the yodel-like produc-
sical singing, contemporary commercial music as well as tions that the frequency jumps are composed of two parts:
a transient part and a smoother variation (gliding part). Ac

1. INTRODUCTION
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cisely the transient part of the frequency jumps. This hy- 2.4 Data processing
pothesis will be discussed in part 241 Eund tal frequency
As the frequency jumps are especially fast (of the order
2. METHOD of a few glottal cycles), the usual pitch determination al-
gorithms, which are commonly based on an average fre-
guency over a large window, do not allow to describe the

The instruction given to the subjects is to produce changesdramatic pitch variation with enough precision. A solu-
of laryngeal mechanisms while producing a sustained note tion could be to estimate the frequency cycle by cycle as
This instruction is realistic because the laryngeal mecha-the inverse of the fundamental period. However with this
nisms M1 and M2 have a great overlapping area in terms ofmethod, the frequency estimation is characterized by small

2.1 Protocol

fundamental frequency and vocal intensity[17]. Sub- instabilities just before and after the jumps which prevent
jects had to switch from one laryngeal mechanism to the One to estimate properly the frequency and therefore the
other in the following order: M1-M2-M1-M2-M1. leap interval. To solve this problem, the following proce-

Productions were asked for different notes and different dure was used:

levels. For each note, 3 or 4 levels were asked (depending
on the subject). The notes were spaced by one tone. The
task was first done for the vowel /a/, and then repeated for
/il and for the close vowel /o/.

e the detection of the glottal closure instants (GCI)
from the DEGG signal around the laryngeal mech-
anism transitions was manually validated;

e The fundamental frequency was computed as the in-

2.2 Subjects verse of the duration between two successive GCls,

and its curve was then passed through a 5 point me-
Seven subjects were recruited for the experiment: 3 sopra- dian filter. Using a median filter allows one to cope
nos (S1, S3, S4), 1 mezzo-soprano (MS2), 1 tenor (T3), with the instabilities rounding the jumps while keep-
one baritone (Barl) and one bass (B3). All the subjects ing the leap interval.

were amateur or professional singers, so that they could be ,

trained at smoothing the transition between the laryngeal4-2 Jump labelling

mechanisms M1 and M2. All were untrained for the pro- The starting time #,;) and the ending timet{,,4) of the

tocol. No one sang yodel-music or any similar vocal style. frequency jumps were manually determined from the visu-
The seven subjects had previsouly taken part in an exper-alisation of several parameters: the radiated sound spectr

iment about Voice Range Profiles for the laryngeal mech- gram, the fundamental frequency curve, the open quotient

anisms M1 and M2 separately and for the 3 vowel3].[ and the amplitude of the EGG signal. It allows to estab-

Consequently the overlapping area of M1 and M2 was knowlish the onset frequency of the jumpy(;), the ending fre-

by the experimentators for each subject. quency after the readjustment phagg.{4), together with
the frequency leap interval f,. All these parameters are
23 Protocol illustrated on figurd.. The sound pressure level before leap

number k has been computed. It corresponds to the mean
The sound signal was recorded with a 1/2” microphone SPL between the end instant of the R-teap and the be-
(Brilel & Kjaer 4191), placed at 30cm from the singer’'s gin instant of the K leap. The intensity after each leap is
mouth. This microphone was connected to a preamplifier computed similarly. Therefore, for leap number k:
Bruel & Kjaer 2669 then to an amplifier Briel & Kjaer
Nexus 2690. The EGG signal was measured with an elec- Ldbyy (k) = mean(Idb(tena(k —1) : tsi(F)))
troglottograph EG-2-PC with two pairs of electrodes, which _ .
all(?wed gs tF()) take into account tﬁe vertical movements of Tdbas (k) = mean(Idb(tena(k) : tos(k +1)))
the larynx. The sound and EGG signals were recorded with
a Metric Halo Mobile 2882 soundcard connected to a Mac-
intosh Power Mac G5. A digital oscilloscope has also been
used to visualize the EGG signal during recording.

The sound level was calibrated on a stable vocal produc-
tion, without vibrato and with a speech voice quality. At 7
the beginning of each set, the sound pressure level was
measured at the location of the microphone to compute therigure 1. Adopted parameters to study the frequency
gain of the data acquisition chain. jumps.

The recording was carried out in a room that was large
enough (15 ) for both the singer and the experimenter,
which is more comfortable for singers and allows them to
interact during the recording. It was a quiet room, isolated
from the outside and with little reverberation (reverbera- Studying the correlation between a parameter and either
tion time at 60 dB: 0.3 s at 1kHz). the fundamental frequency or the sound level can be rather

sttend time

2.4.3 Fundamental frequency and voice sound level: a
numerical estimation of the dynamics



complicated because this two parameters are linked: theafter 0.2s characterizes the MIM2 transition. It goes
average sound level increases with the frequeh8y41]. along with a decrease of the EGG signal and an increase
In order to study the correlation between a particular inten of the open quotient. At 0.81s, the downward frequency
sity scale (independent of the fundamental frequency) andleap characterizes the M2M1 transition.

the leap interval, a new intensity scal€p L., is pro- As the protocol requires that the subject keep constant the
posed. Itis defined as follows: fundamental frequency as much as possible, he/she has to
readjust it after the transition. It is what is done by the
subject between 0.24s and 0.35s for the-WXI2 transi-

) ) S tion and between 0.86s and 0.92s for the-M@1 tran-
wherek, is the slope of the linear regression line linking  gjtion. Moreover, before the jump that characterizes the
log(fo) and SPL computed on all the transitions of the  \11 M2 transition, the fundamental frequency decreases
same dynamics on a given vowel. It is estimated in meCh'inghtIy, and increases before the M1 transition.

anism M1 for each V.O\.Nel separately, as the result of the Besides, for the M34:M2 transition, one can observe that
average of(;he gosﬁ;ﬁ'em va;lt;;z computed fOT eack|1 dy'the open quotient variation is much slower and more con-
namics producedby the sing cor ISANUMENIC SCAIE  i,0u5 than the frequency jump. For the given example,

e?<pr.es:_3e<_j n dB.’ where the low valgeg cprrespond to thethe open phase duration increases as soon as 0.12s while
pianissimi and high values to the fortissimi.

the frequency jump starts around 10ms later. Similarly, the

SPLeoy = SPL — ky.log(fo)
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variation of the EGG signal amplitude starts before the fre-
guency jump.

Then, two phenomena are superimposed: the fast fre-
guency jump, and the slower variations of the EGG signal

2 70 S L AN amplitude and of the open quotient.
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Figure 2. Voice Range Profiles (VRP) from MS2, for each 10 Females Males
mechanism, with indications of the starting positions ef th 8
jumps for the shift ME>M2. (a): Usual VRP (SPL vg). - O 151 o2 VL s M2
(b): SPL.,. Vs fo. On this example, 78 dBS(PL...) g 4 63 278 151 | bous
correspond to a fortissimo, whatever the fundamental fre-‘g o ¢ {' 1;6 i § ’
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3. RESULTS al 4

3.1 Qualitative observation of transitions M1—M2
and M2—M1 using the EGG signal
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Figure 4. Frequency leap intervals (mean and standard
deviation values), in semi-tones, for the 7 subjects, and
for the 3 vowels. The positive values correspond to the
M1—M2 transitions and the negative ones to the-M1

transitions. The indicated numbers correspond to the num-

ber of jumps.

Figure4 shows the mean frequency leap intervals mea-
sured on the whole database. Some remarks can be made:
while T3 shows a mean value of more than 7 semitones
for the M1 to M2 transitions, S4 only shows a 2 semitone
mean value. So there is an important variability between
the different subjects with respect to the frequency leap in

terval.

The leap interval is greater for males than for females, for
the M1—M2 direction as well as for the M2M1 one (in
Figure 3. Example of laryngeal mechanisms transitions, absolute value). These observations (inter-subjecthiiria
ity and male-female differences) are in accordance with the
results of Svec et al9] and Miller et al. [L5] obtained re-

Figure 3 shows an example of M:M2 and M2—M1 spectively on two males and one female, and five males and
transitions, with the instruction to stay on the given note six females (but, in both cases, with a very different reeord
(here an E4, 330 Hz). The frequency leap that is noticeableing protocol). They also support the results of Roubeau et
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and decreases with the starting fundamental frequency
Besides,strong correlations were mostly observed for
male subjects
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Figure 5. An example of the required production. The T o7 7
alternance of laryngeal vibratory mechanisms is character sgger Jéjsts Sgébf Jéjsztz SI;LZZ,S 7 éoétz S};st 7
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quotient values. But the leap intervals are small. Vowel: | s4 | -004| -021 | 010 | -0.25 | 0.00 | -0.02
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fal, tone: F#4. T3 [ 000 | -020 | -015| -019 | 031 | 054
Barl | -0.18 | 006 | 0.10 | -0.37 | 0.32 | -0.43
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Figure 5 shows an example of a voice production with

alternating laryngeal mechanisms that shows very smallTapje 2. Partial correlation coefficients fak f, (in semi-
frequency jumps, or sometimes even no jump at all. The tones) andfo.; or SPLyy, for the M2—sM1 transitions.

open quotient changes (between around 0.5 and 0.8) anResults are presented separately for the 3 vowels and the 7
the EGG signal amplitude changes are related to the al-gingers,

ternating laryngeal mechanisms imposed by the protocol.
However, the corresponding frequency leap intervals are
very small (between one and two semitones), or cannot
even be seen as it is the case for the last-M21 tran-

sition (around 5s) where the frequency control loss (1.3
semitones) is close to the vibrato amplitude (0.74 semi-

tones). Fout OF SPL
Finally, for each sin M2—M1 leap intervals ar 0st R .
ally, for each singethe M2— eap intervals are The most important factor is th@bsence of clear ten-

smaller than the M1—M2 ones This asymetry has been . .

: . . dency contrary to what happens in the MdM2 transi-
scarcely described in the literature because the usual proiionS' no strona correlation was obtained and onlv few co-
tocols cannot show it clearly9[15]. Roubeau et al.42] ) 9 y

pointed to this before in a protocol similar to ours using efficients greater than 0.5 (absolute value) were found (no

sustained notes. When the singer do not try to readjust the2"® forfemales and 3 for malesjhe M2—M1 transition

fundamental frequency after the transition, his/her poadu Is not the reverse phenomenon of the M:M2 one.

tion is of a "yodel” type, moving from a given frequency in ) .

M1 to another one in M2. This type of production cannot 3-4 The influence of vowels on the leap intervals
highlight the asymmetry of the leap intervals along with Figure6 presents the leap interval for the transition-MM2,

the direction of the transition. for the 3 different vowels and for different levels$f L ...
For the 7 subjects, the evolution of tief, values with
3.3 Vocal intensity and fundamental frequency SPL.,, is very similar for the 3 vowels. Consequently,
331 Direction M1_sM2 one can say _thahe influence of the vowel on the fre-
guency leap interval is at most a second order effect
Table 1 shows the partial correlation coefficients for the whereas the influence of the dynamics corresponds rather
frequency leap intervald f, and the starting frequency to afirst order effect.
fost Or the vocal intensity before the juntpP L, ¢, for the Results also show thdhe influence of the vowel de-
data which were obtained for the MdM2 transition. Re- pends on the singer Indeed for T3, the frequency leap
sults show that the partial correlation coefficients betwee interval is smaller for /i/ than for /o/ (especially for high
Afo and fys; are mostly negative, and the ones between levels). For S3, the leap intervals are also smaller on /i/
A foandSPLy; are mostly positive. It means thitie fre- than on /a/ and /o/, but on the contrary, S4 obtained her
guency leap interval increases with the vocal dynamics larger leap intervals on the vowel /i/.

Table 2 shows the partial correlation coefficients for the
leap intervals measured M2 —M1 transitions. Since
leap intervals are negative in this case, one must take the
opposite of the correlation coefficients to obtain a descrip
tion of the correlations betweeh f, (absolute value) and
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Figure 6. Variations of the frequency leap interval accord-
ing to SPL.,,, for M1—M2 transitions, for the different
vowels and for the 7 subjects. Each group of bars is spacedrigure 7. Starting (fos:, SPLyf) and ending foend.
by 3dB (SPLcor)- SPL.s) positions of the frequency jumps for the
M1—M2 transitions, 3 singers, and the vowels /a/ and /i/.
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3.5 Explored phonetographic area

) _ _ both, which makes it difficult to identify the two phases.
Figure7 shows the Voice Range Profile (VRP) of S3, T3 The systained notes protocol is therefore more efficient
and B3 for the vowels /a/ and /i/. In these representations,g jsolate the transient part which corresponds to the phe-
the starting and ending positions of the frequency jumps nomenon of voice instability. However, it is possibly more
for the M1—M2 transitions are added. It shows that the gigficult to produce for the subjects.

starting positions cover quite largely the overlappingaare  one can link the observed results to the physiology and
for S3.and T3 (G#3 - C5 for S3, E3 - G4 for T3). However the acoustics of voice production. The vocal fold oscil-
the jumps for B3 cover only the high frequency range of |ation frequency is regulated mainly by three parameters:
the overlapping area (Bb3 - G#4). It confirms the ability the viprating mass, the longitudinal tension and the vibrat
of singers to produce laryngeal mechanisms transitions ONing length. For the vocal folds to oscillate, an air flow

a large frequency range (larger than one octave for S3 andy, st pe provided which is adapted to the laryngeal sys-

T3), even if these subjects are non-expert for these vocakem  The subglottal pressure and the glottal flow result

productions. from the equilibrium of the laryngeal resistance (which de-
Figure7 shows also interesting aspects regarding the vo- pends amongst others on the parameters that regulate the

cal intensities: T3 covered a large level range in M1, but fyndamental frequency) and from the forces that generate
the end|ng IeVeIS in M2 are a” |0cated at a Sma||el’ IeVeI the air ﬂOW (resumng from the breathing muscles)_

range. B3 essentially explored his fortissimo productions - At the muscular level, the vibrating mass is mainly deter-
in M1 as well as in M2. These observations may provide a mined by the thyroarytenoid (TA) muscle, while the ten-

partial explanation of the inter-subject variability. sion and the length of the vocal folds are due to the equilib-
rium between the thyroarytenoid and the cricothyroid (CT)
4. DISCUSSION AND CONCLUSION muscle. The laryngeal resistance depends more on the TA

and other muscles as the inter-arytenoids and the lateral
The electroglottographic study shows that the uncontiolle cricotyroids R3].
frequency jumps are going along with a fundamental fre- The main difference between M1 and M2 mechanisms
guency readjustment produced by the singer to return tois the involvement of the TA muscle in the vocal fold os-
the targeted value. This readjustment is very similar to the cillation itself. During the M1-+M2 transition, the decou-
slow frequency variation observed by Svec et3ldn a pling of the different layers which constitute the vocatfel
yodel-like protocol. The difference between these two pro- triggers a dramatic decrease of the vibrating mass, which
tocols relies upon the direction of frequency variation. In in turn is probably responsible for a large part of the fre-
the sustained notes protocol, the frequency variationef th quency jump. Inter-subject differences may then be linked
readjustment is in the opposite direction of the frequency to vocal fold morphological and internal constitution dif-
variation of the transient part, while in the yodel-like faro ferences. The fact that on average women have a smaller
col the direction of the frequency variation is the same for and a lighter vocal muscle than men could in particular ex-



plain why their frequency jumps are smaller. sition takes place before the loss of control itself. Furthe

In their works, Tokuda and Horacek et 4l0F13] show investigation is needed to describe in more detail the ob-
that it is possible to reproduce laryngeal mechanism tran-served phenomenon.
sitions by continuously varying the longitudinal tension,
or more precisely the CT activity. For experimental rea- Acknowledgments
sons, these experiments are carried out at a constant flow
rate. Large et al.44] experiments show that the MiM2 The authors warmly thank the seven singers that gener-
transition is. marked py a dramaltlc vanatlon_of the .flow ously accepted to pass this quite constraining protocol.
(the flow being larger in M2 than in M1). Besides, Miller s work is a part of Sylvain Lamesch’s Phd thesis, UPMC

et al. [L9] set up a protocol that requires the subject to _njy. paris 6 28], financed by the Fondation de France.
produce their transitions at a constant subglottal pressur

These observations allow us to put forward the hypothesis
thatduring the transition, the CT activity and the sub-
glottal pressure are not varying much In the presented  [1] M. Castellengo, “Continuité, rupture, ornementation
protocol, those two parameters can be subjecttolitteorno gy les bons usages de la transiton entre deux
variation during the transitions, but can be modified during modes d'émission vocale, Cahiers de musiques

the fundamental frequency readjustment phadee leap traditionnelles, vol. 4, pp. 155-165, 1991. [Online].

interval could provide us an indication of the pitch dif- Available: http://ethnomusicologie.revues.org/1583
ference between the vocal productions emitted in M1

and in M2 with the same subglottal pressure and CT
activity .

The leap interval is smaller in the M2M1 transition
than in the M1>M2 one. An explanation could be that the
subglottal pressure is lower in M2 than in M2§ so that
the subglottal pressure measured at the jump is lower in
the M2—M1 direction than in the M3>M2 one for given
initial fundamental frequency and sound level. [4] M. Hirano,Vox Humana. Institute of the Finnish Lan-

In mechanism M1, the vocal sound level is linked to the guage and Communication, 1982, ch. The role of the
subglottal pressure2p, 27]. Besides, the results show that layer structure of the vocal folds in register control, pp.
the frequency leap interval increases with the dynamicsin ~ 50-62.
the M1—-M2 direction. These two observations lead to
the flollowing hypothesis:for a given CT activity, the
greater the pressure, the larger the frequency differ-
ence between the two mechanismsTherefore the role
played by the subglottal pressure in the fundamental
frequency control could be differentin M1 and in M2.

In the M2—M1 direction, the frequency leap interval is
not correlated with the dynamics. This result clearly shows
that when considering only such parameters as the funda-
mental frequency and the sound lexbe M2—M1 tran- [7] ——, “Control of laryngeal vibration in register

5. REFERENCES

[2] J. Neubauer, M. Edgerton, and H. Herzel, “Nonlinear
phenomena in contemporary vocal musig,”\Voice,
vol. 18, no. 1, pp. 1 — 12, 2004.

[3] I. R. Titze, “Nonlinear source-filter coupling in phona-
tion: Theory,”J. Acous. Soc. Am,, vol. 123, no. 5, pp.
2733-2749, May 2008.

5] B. Roubeau, N. Henrich, and M. Castellengo, “Laryn-
geal vibratory mechanisms: The notion of vocal regis-
ter revisited,”J. Voice, vol. 23, no. 4, pp. 425 — 438,
20009.

[6] B. Roubeau, C. Chevrie-Muller, and C. Arabia, “Elec-
troglottographic study of the changes of voice register,”
Folia Phoniat., vol. 39, pp. 280-289, 1987.

sition does not correspond to the inverse phenomenon
of the M1—M2 transition . As reported by Svec et &3],
the M2—M1 transition is produced at a lower tension than

change,” inVocal Fold Physiology Conference, Stock-
holm. Gauffin J, Hammaberg B, eds., 1989, pp. 279-
286.

the M1—-M2 one because of the hysteresis which is char-
acteristic of the phenomenon. Aerodynamic and biome-|
chanic supplementary data are needed to interpret the ob-
tained results.

The results show that despite the rapidity of the funda-
mental frequency jump, some glottal parameters like thejg) 3 G. Svec, H. K. Schutte, and D. G. Miller, “On
EGG amplitude or the open quotient (which takes different  niich jumps between chest and falsetto registers in
values in M1 and M2), vary much slower than the funda- voice: Data from living and excised human larynges,”

mental frequency. Roubeau et 6] lready made a similar J. Acous. Soc. Am,, vol. 106, no. 3, pp. 1523-1531,
observation about the EGG while stressing the fact thatthe  geptember 1999.

duration of variation does not depend on the transition di-

rection nor on the vocal training. As a matter of fact, in[10] J. Horacek, J. Svec, J. Vesely, and E. Vilkman, “Exper-
the M1—M2 direction, the results show that the contact imental study of the vocal-fold vibration in excised lar-
surface decreases but that the open phase duration begins ynx: Measurement set-up and techniquesItrterac-

to increase before the beginning of the jump. These obser-  tion and Feedbacks ' 2000, I.Zolotarev, Ed., 2000, pp.
vations suggest that a preparation of the mechanism tran- 27-34.

8] A. Shiotani, H. Fukuda, M. Kawaida, and J. Kanzaki,
“Vocal fold vibration in simulated head voice phona-
tion in excised canine larynge&uropean Archives of
Oto-Rhino-Laryngology, vol. 253, pp. 356—-363, 1996.


http://ethnomusicologie.revues.org/1583

[11] J. Horacek, J. G. Svec, J. Vesely, E. Vilkman,[24] J. Large, S. lwata, and H. von Leden, “The male op-

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

I. Klepacek, and A. Vetesnik, “Measurement of the
vocal-fold vibration behaviour in excised human laryn-
ges,” in 2nd International Workshop on Models and
Analysis of Vocal Emissions for Biomedical Applica-
tions., 2001.

I. T. Tokuda, J. Horacek, J. G. Svec, and H. Herzel,
“Comparison of biomechanical modeling of register
transitions and voice instabilities with excised larynx
experiments,J. Acous. Soc. Am., vol. 122, no. 1, pp.
519-531, 2007.

I. T. Tokuda, M. Zemke, M. Kob, and H. Herzel, [27]

“Biomechanical modeling of register transitions and
the role of vocal tract resonators),’ Acous. Soc. Am.,
vol. 127, no. 3, pp. 1528-1536, 2010.

J. Svec and J. Pesak, “Vocal breaks from the modal t[?s]

falsetto register,Folia Phoniatr. Logop., vol. 46, pp.
97-103, 1994.

D. G. Miller, J. G. Svec, and H. K. Schutte, “Measure-
ment of characteristic leap interval between chest and
falsetto registers,J. Woice, vol. 16, no. 1, pp. 8-19,
2002.

B. Roubeau, M. Castellengo, P. Bodin, and M. Ragot,
“Phonétogramme par registre laryngéglia Phoniatr.
Logop., vol. 56, pp. 321-333, 2004.

S. Lamesch, B. Doval, and M. Castellengo, “Toward
a more informative voice range profile: The role of
laryngeal vibratory mechanisms on vowels dynamic
range,”J. Voice, vol. 26, no. 5, pp. 672.e9 — 672.e18,
2012.

I. R. Titze, “Acoustic interpretation of the Voice Ramg
Profile (Phonetogram),]. Speech Hear. Res., vol. 35,
no. 1, pp. 21-34, 1992.

A. M. Sulter, H. K. Schutte, and D. G. Miller, “Dif-
ferences in phonetogram features between male and
female subjects with and without vocal trainingl’
\oice, vol. 9, no. 4, pp. 363-377, 1995.

N. Henrich, C. d’Alessandro, B. Doval, and M. Castel-
lengo, “Glottal open quotient in singing: measure-
ments and correlation with laryngeal mechanisms, vo-
cal intensity, and fundamental frequency,” Acous.
Soc. Am,, vol. 117, no. 3, pp. 1417-1430, March 2005.

J. P. H. Pabon, “Objective acoustic voice-quality pa-
rameters in the computer phonetogrand,” Voice,
vol. 5, no. 3, pp. 203-216, 1991.

B. Roubeau, “Mécanismes vibratoires laryngés et
contrdle neuromusculaire de la frequence fondamen-
tale,” Ph.D. dissertation, Université Paris Xl, Orsay,

1993.

J. Lacau St Guily and B. Roubeau, “Voies nerveuses
et physiologie de la phonation,EMC Oto-rhino-
laryngologie, 1994.

(25]

eratic head register versus falsettéglia Phoniat.,
vol. 24, pp. 19-29, 1972.

J. Sundberg and C. Hogset, “Voice source differences
between falsetto and modal registers in counter tenors,
tenors and baritonesl’og. Phon. Vocal., vol. 26, pp.
26-36, 2001.

26] I. R. Titze and J. Sundberg, “Vocal intensity in speaker

and singers,"J. Acous. Soc. Am., vol. 91, no. 5, pp.
2936-2946, May 1992.

J. Sundberg, M. Andersson, and C. Hultqvist, “Effects
of subglottal pressure variation on professional bari-
tone singers’ voice sources]’ Acous. Soc. Am., vol.
105, no. 3, pp. 1965-1971, 1999.

S. Lamesch, “Mécanismes laryngés et voyelles en

voix chantée. Dynamique vocale, phonétogrammes de
parametres acoustiques et spectraux, transitions de
mécanismes,” Ph.D. dissertation, UPMC univ. Paris 6,

2010.



	 1. Introduction
	 2. Method
	2.1 Protocol
	2.2 Subjects
	2.3 Protocol
	2.4 Data processing
	2.4.1 Fundamental frequency
	2.4.2 Jump labelling
	2.4.3 Fundamental frequency and voice sound level: a numerical estimation of the dynamics


	 3. Results
	3.1 Qualitative observation of transitions M1M2 and M2M1 using the EGG signal
	3.2 Study of the leap interval
	3.3 Vocal intensity and fundamental frequency
	3.3.1 Direction M1M2
	3.3.2 Direction M2M1

	3.4 The influence of vowels on the leap intervals
	3.5 Explored phonetographic area

	 4. Discussion and conclusion
	 5. References

