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Abstract

NAQ has been proposed as the 4" prosodic dimension dof
expressve speedr [5]. This paper aims at testing the
consistency, for charaderizing emotiona expressonsin voice,
of the Normalized Amplitude Quatient (NAQ, [1]) vs. the
estimated Open Quatient (OQ, [10]) parameter vs. the dired
EGG measurement of glottal parameters. Those parameters
were tested onan authentic expressve speed corpus [3]. The
phoremic influence of the NAQ parameter was first evaluated
by matching measure locaions with an expert phoretic
labeling. Estimations of FO and OQ cdculated onthe one hand
by inverse filtering and on the other hand from
eledroglottography  (EGG), were then systematicdly
compared. Results how a speaker-dependent phoreme dfect
on NAQ, and sean noreover to indicae a systematic
overestimation d NAQ on [n] segments. In paralel, the
comparison between inverse filtering and EGG parameters
shows an underestimation o FO used for the cdculation o
amplitude-based parameters. No correlation could be found
between the OQ values cdculated from both methods.

1. Introduction

Voice quality, both from objedive ad impressonistic
criteria, has been related to the vocd expresson o affeds,
together with ather extralinguistic information such as the
spedker’s age and sex. Some psychologicd studies have lead
to theintegration d vocd expressons, including voicequality
feaures, in a mmprehensive model of the production o
emotion mainly based onaded emotional speed. According
to Scherer et a.’s proposals [13], the general tension state of
the larynx muscles is assumed to be dfeded dredly by the
emotional resporse, which implies that voice qudity
participates in the epresson o emotion. Additionaly,
variations of spedral parameters related to voice quality such
as yedra dope ae predicted by the model, together with
other prosodic parameters. For instance spedral slope is
predicted to increase for sadness and to deaease for anger.

Perception experiments of synthesized stimuli [8], varying
on voice quality only, showed the dfed of glottal source
variation onattitudinal and emotional speed.

Laver [11] proposes a @mprehensive description o
larynged muscular settings associated with resulting voice
qualiti es impressonisticdly labeled and suggests, for English,
breahy voiceto be linked with intimacy, whispery voice with
confidentiality and hersh voice with anger. Campbell [5]
points out the mrrelation between the degreeof “care” in the
voice and the pressed-breahy continuum, that he describes as
the variation d the logarithm of Normalized Amplitude
Quoatient (NAQ) proposed by Alku [1], independently of FO
variations.

This paper aims a testing the wnsistency of the
cdculation d NAQ parameter for charaderizing emotional
expressons: an NAQ algorithm, developed by Mokhtari [12],
has been applied to a phoreticdly balanced corpus, on two
different spedkers, for different authentic emotional
expressons, in order to verify the phoremic robustnessof this
voice quality parameter. The NAQ is an estimation o the
duration d the glottal closing phase. In order to get the dosest
reference to NAQ, the Open Quoatient (OQ, [11]), i.e. the
duration d the glottal open phese is cdculated in two ways:
the first one is the estimation d OQ through the inverse-
filtered acoustic signal, in the same inversion paradigm as for
the NAQ estimation, named OQ, and the second is the
articulatory values extraded from EledroGlottoGraphic
(EGG) measurement, that is a dired reference parameter,
named OQgsc. We ae thus able to compare (1) OQ, to
OQ:sc in order to evauate the inversion paradigm artefads
(2) NAQ to OQ, in order to propose some objedive aiteria
for the NAQ agorithm evaluation. The estimation o FO is
processd in the same way.

2. Spontaneous expr essive speech

The doice of a rpus of authentic expresdve speed
recorded in lab rather than an aded ore was made for severa
reassons. First, evidence from neurophysiology showed that
aded emotion do no follow the same mrticd mechanism as
nonaded ore [6], as they are not due to physiologicd
changes. Moreover, as siown by Aubergé and Cathiard [2],
aded amusement for instance ca be discriminated from non
aded ore, with a strong inter-judge dfed. This implies that
one caana make sure that aded productions are identicd to
non aded emotional expressons, as the aility of an ador to
reproduce xadly sportaneous emotional expressons cannat
be evaluated in an oljedive way.

Seondy, amustic analyses require a high-quality
recording that can orly be performed in lab condtion [4],
which implies to develop potocols for the induction o
emotional states. In addition, the choice of such a method
enables the mntrol of phoretic and linguistic contents by the
use of a command language that constraints the subjeds
vocd expresson. Eventualy, it alows the mlledion onthe
same utterances of various emotional states, which can aso be
expeded to cary various voice qualiti es.

Speed material for that study was thus extraded from an
authentic but controll ed expressve speed corpus recorded in
a quiet room and mainly composed among others of
monasyllabic words [3]. Emotional states were induced by
subjeds thanks to a Wizard-of-Oz scenario, Sound Teader,
implemented on a devoted platform, spedally developed for
building emotional scenarios (E-Wiz software). The Sound
Teader scenario imitates a voice recogniti on-driven software



enabling the users to implicitly learn vowels from foreign
languages. It aims at inducing first positive then negative
emotional states in the subjects by manipulating their
performances. The collected corpus consists in utterances of
monosyllabic French color names ([rRuz], [30n], [sabl], [ver],
[brik]) chosen for the repartition of their vowels within the
phonological space, as well as utterances of [pa3 syivat].
Acoustic and EGG signals were recorded synchronously.

3. Voice source parameters

3.1. Acoustic analysis

Two speakers were selected on the basis of clear emotional
and comparable productions. After the segmentation of
interesting stimuli from the raw corpus, the phonetic labeling
was performed by an expert. Numerous productions of those
two speakers for words supposed to be monosyllabic revealed
the presence of an unexpected schwa at their end (e.g. [30n3]

instead of the expeded [30n]), making thase words disyll abic.
Schwas were therefore dso included in analyzes, as well as
other vowels.

Acoustic analyses, implemented onMatlab routines, were
caried ou for every stimulus in the mrpus. Fundamental
frequency and intensity were estimated thanks to agorithms
developed at ICP, and were used to cdculate numerous
distribution perameters: mean, standard deviation, jitter,
shimmer, range, percentiles, as well as modeled fO contours.
Moreover, spedral anayses were implemented to cdculate
spedral slope, Hammarberg index and average long-term
voiced spedrum on 9frequency bands, as proposed in [13].
Eventualy, duration o phoremes and syllables were
cdculated from the phoretic labeling.

3.2. Amplitude-based parameters of the glottal flow

Amplitude-based parameters have been suggested to provide
a more robust method than time-based parameters for
analyzing voice quality. The most widely used among them is
the Normalized Amplitude Quatient propased by Alku et al
[1]. NAQ cean be mnsidered as a normalizaion d the
“dedinationtime”, defined by Fant [7] aSNAQ:%@FO,
where UP is the pe&-to-pesk amplitude of the glottal flow,
-EE is the vaue of the negative pe& of the glotta flow
derivative and FO the fundamental frequency. Automatic
cdculation d the normaized Amplitude Quotient was
performed thanks to an agorithm developed by Parham
Mokhtari at ATR, Japan, in the frame of the JST/CREST
Expresdve Speetr Processng Projed. This agorithm
performs a cdculation o NAQ from speet signa on
automaticdly deteded syllabic reliability centers. This
enables a fully automated extradion d NAQ values, thus
providing a measurement of voice quality on urabelled
sportaneous peet [12].

Gobl and Ni Chasaide [9] have propcsed to extend
amplitude-based parameters to the estimation d time-based
parameters. Therefore, the open phese of the glottal pulse can

i s, =ITUP , UP i
be estimated by: '|'1A_2 = +EE , where El isthe value of the
positive peak of the glottal flow derivative.
n.UP/2.El is considered as an estimation of the glottal flow
opening phase duration and UP/EE corresponds to the closing

phase duration. Therefore, OQ is estimated by T,,.FO. The
same algorithm was also used to implement the calculation of
Open Quotient from amplitude domain OQ,. Moreover, the
estimation of FO performed by the algorithm at every detected
reliability center was extracted in order to be compared to
other estimations of pitch.

3.3. EGG parameters

Electroglottography is a measurement of impedance and gives
information about the area of the vocal folds contact. FO__,
can be reliably estimated from EGG signa. Henrich [10]
proposes an autocorrelation method between EGG signa and
its derivative for the estimation of duration of the glottal pulse
open phase T1_., and the EGG Open Quotient (OQ,

EGG')'

4. Results

4.1. Phonemic influence on NAQ

When calculated from unlabeled continuous speech, NAQ is
available only on reliability centers, i.e. vocoids as defined by
Mokhtari [12]. Therefore, locations of these reliability centers
were also extracted and matched to the expert phonetic
labeling of the corpus to ensure that detected segments are
actual vocoids. Table 1 presents the repartition of reliability
centers according to the phonemic labels. 68% of them are
found in vowels, and 15% in sonorants. Except vowels, the
nasal consonant [n] is often detected as a reliability center,
and will hence be taken into account for further analyses.

Table 1: Repartition (%) of the reliability centers
according to phonemic labels.
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Figure 1 shows the mean values and confidence interval of
NAQ for eath phoreme. NAQ ranges from 0.07 to 0.32,
which hes to be compared with Alku et a.’s [1] results
obtained from five male speers: pressd (0.08-0.11), modal
(0.12-0.17) and hkreahy (0.23-0.35). Mean values of NAQ
sean to be higher for higher ora vowes, however this
tendency is not significant. The phoreme [a] shows a higher
NAQ. This trend is due to a dealy bimoda repartition o
NAQ values. Spe&er 1 adds [2] onword endings with a high
FO and a high NAQ (0.28), which corresponds to a breahy
voice Spedker 2 produwces chwas with a moda voice NAQ
values are @ou 0.12, as for [€]. The doice of producing or
not a final schwa seams to reved a speaker-spedfic strategy
related to speedr-ad expressve values. The nasal vowel [d]
shows NAQ values smilar to high vowel ones. The nasa
consonant [n] has NAQ vaues abou 0.19, which can be
interpreted as a breahy voice All differences are significant
except between [n] and [2]. However, it seems unredlistic that

the phoneme [n] in [30on] is aways produced with a breathy
voice, while the vowel [0] is not. This might be due to its final
position, but high NAQ values are also measured when [n] is
followed by a [o]. A possible explanation is that nasality
produces mainly low frequencies, thus attenuating higher
frequencies and increasing the spectral slope. Both nasality
and breathiness acoustically correspond to an increase in the
spectral slope induced by supra-laryngeal settings for nasality
and laryngeal settings for breathiness.
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Figure 1: Mean values and confidence interval p<0.01
of NAQ for each phoneme

4.2. FO estimations

Since most of amplitude-based parameters are normalized by
the fundamental frequency, it implies that errors on its
estimation also imply errors on the estimation o al the other
parameters.

Figure 2 shows the fundamental frequency FO, estimated
by the amplitude-based parameters agorithm plotted versus
FOega, i.€. fundamenta frequency values obtained from the
EGG signa. The arrelation between bah measurements of
pitch is r?=0.64. This oud be @mpared to FO vaues
cdculated by a prosodic alitor EdiProso developed a ICP
(threshdd-based detedion d signa cancdlation pants) for
which the aorrelation with FOggg reades avalue of 0.79.
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Figure 2: FO, plotted vs. FOggg

It appeas from the momparison o FO measurements that
the fundamental frequency values used for the normalizaion
of amplitude-based parameters tend to be underestimated.
Therefore, normalized amplitude-based parameters values
will also tendto be underestimated.

In ou corpus, and for the two seleded male subjeds,
pitch values grouped by phoreme reved significantly higher
pitch values for [o] redized by Speaker 1, high pitch couped
to a high NAQ. Note that the two speers nealy show the
same propartion o added [9]: Spedker 1 adds a schwa & the
end d 36.8% of stimuli, against 42.9% for Spedker 2.
However, the two spedkers reved different strategiesin using
schwa, showing that even in such a @nstrained protocol,
spedkers use diff erent expressve strategies.

The high values of NAQ going with the high values of
FO... brought us to cdculate the arrelation between NAQ
and FO___ which is r2=0.33. If nat null, this is a low value:

EGG

NAQ and FO are two independent parameters. We ae more

surprised by the fad that, in ou data, the crrelation between
AQ (withou normali zation) and FO, isr?=0.08, which isless
than with namali zation.

43. 0Q,vs. 0Q,..

OQ is the duration d the open phase normalized by FO, i.e.
the sum of the opening phase and the dosing phase.
Therefore, OQ,, amplitude-based estimation d OQ, and
NAQ, which is related to the dosing phase [1], shoud be
partly correlated. In ou data, the correlation is r2=0.93. This
high correlation seems to indicae that the dosing phase is
sufficient to explain most of the open qudient variance, the
asymmetry between the opening phase of the glottis and the
closing phase being lessimportant.

The orrelation between OQ, and FO,_, is r>=0.28, Pitch
values cannat explain the variation d the open phese
duration, which seems to be dealy independent of other
prosodic parameter.

Open quatient values measured from EGG signal OQ,.,
show no correlation with FO. These results may be compared
to those obtained by Henrich [10] for singing voice She
compared FO and OQ for different larynged medanisms, and
found a wrrelation between FO and OQ in singers using
larynged mechanism |1, but not for mechanism | which is the
most frequently used by male subjedsin spoken sentences.
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Figure 3: OQ, plotted vs. OQecs

Figure 3 shows vaues of amplitude-based Open Quatient
OQa plotted against OQege, i.e. values extraded from the
EGG signal. OQ, values appea to be lower than OQgsg
values. This pattern can be partly explained by the fad that
FO, is underestimated. However, a similar pattern is also
observable when T1, is plotted against T1lggg, despite FO
values do noaffed the cdculation d T1, and Tlggs. Inded,
T1, vaues are dways snaler than Tlggg values, and no
correlation is found either between T1l, and Tlggg OF
between OQ, and OQesc. Even when considering eath
phoreme separately, the crrelation coefficient was aways
significantly different for the two spedkers.

These results are not consistent with Gobl and Ni
Chasaide’s [9] findings that OQ, and OQ cdculated from
time domain are crrelated with a wefficient of 0.76. In our
study, we mmpared two dfferent ways of estimating dottal
parameter, one from inverse filtering, the other from
impedance measurement of the glottis, when Gobl and Ni
Chasaide were mmparing two measures extraded from the
output of inversefiltering.



5. Discussion

The first point to be underlined is that, though highly
correlated in ou corpus, NAQ and OQ, charaderize quite
different phenomena, suppcsed to evaluate respedively the
part of the dosing phase and that of the open phese of the
glottis. The energy of the glottal source is more produced
during the vocd fold contad, that is the dosing phase, than
when the glottis is open. Therefore, NAQ estimations from
the speed signa may be more reliable than OQ, estimations.
Moreover, they are cdculated dfferently, since the
cdculation d OQa requires the etimation d one more
parameter than the cdculation d NAQ, namely El, the
maximum positi ve pe&k of the glottal flow.

It is rather surprising however to seethat OQ, is © wekly
correlated to OQcgg, When Gobl and Ni Chasaide [9] founda
high correlation between OQ values cdculated from time and
amplitude domains. One possble eplanation would be that
the inverse filter cdculation wsed for estimating the glottal
flow was not the better adapted ore. Indeed, the amplitude-
based parameters were cdculated automaticdly, withou any
spedfic speaer adaptation, when Gobl and Ni Chasaide's
results were obtained after performing an expert formant
matching. Inded, the evaluation d the glottal flow estimated
by inverse filtering remains a spedfic problem: no known
method provides a dired measurement of the glottal flow, so
the survey by an expert appeas as the better way to ensure
corred inverse filtering.

In spite of our attempts, we ae unable to link the aticulatory-
EGG measurements of vocd folds movements with the
aomustic amplitude-based estimations of the glottal flow.
However, glottal flow charaderistics have been shown to
influence perceptive amotional judgment [9], the NAQ
parameter being related to the degreeof caein the voice &
shown by Campbell [5]. Obvioudy, NAQ estimation is a
parameter extraded from the speed signal that caries
information onthe voicequality.

6. Conclusion

From a arpus of authentic expressive speed recrded in lab
condtions [3], we have cmmpared voice quality parameters
obtained from amplitude domain by inversefiltering the
aomustic signal to dred measurements extraded from the
synchronowsly remrded EGG signal. Amplitude-based
parameters were cdculated thanks to an agorithm performing
automatic NAQ cdculation from unlabeled amustic signal
[12]. This agorithm was also applied to the cdculation o
OQx from amplitude domain [9].

The results have shown a phoreme dfed on NAQ,
though with a different pattern for the two tested speakers.
The use of NAQ as a prosodic parameter shoud be
normalized by the phoremic fadors. Moreover, cdculated
NAQ vaues on resa [n] segments, frequently deteded as
vocoids, reveded to be overestimated. This can perhaps be
related to the one-to-many problem of inversion, namely
vocd trad settings linked with nasality and vocd folds
control for breahinessproducing similar aooustic &feds.

However, it must be pointed ou that, though these results
could guestion the validity of dired dynamic measurements of
NAQ, it does not concen the relevance of global/static
estimations of NAQ when cdculated onvery large, implicitly
phoneticdly balanced, corpora(e.g. [5]).

Comparison o FO, vaues estimated by the NAQ
cdculation agorithm to those etraded from EGG signa,
FOege, showed an underestimation o FO,, due to passon the
normalized parameters OQ, and NAQ.

Eventually, comparing OQ, vaues to OQggs did na
show any correlation between thase parameters, yet suppased
to bah estimate Open Quatient. This absence of correlation
suggests however an inadequacy of the glottal flow estimated
by inverse filtering and wsed in the caculation d OQa. An
interesting prosped would be therefore to perform a speker
adaptation rior to the estimation o glottal flow.
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