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Abstract

In this paper, we present a study on the influence of the ex-
pressivity on the articulation degree. It is part of a projbat
aims to transform the expressivity of an utterance for tatis
purposes, such as cinema, theater and contemporary music. A
algorithm for formant frequency estimation is presenteuerm™

a measurement of the articulation degree is proposed imglv

a joint statistical analysis of the vocalic triangle areal ar

the speech rate. The application of this measurement to-an ex
pressive French database, shows that the articulatioeelelg-
pends on expressivity. Using Lindblom’s theoretical fraraek,

we have tried to relate this articulation degree to the atin
degree of a dimensional representation of emotions. Kinall
speech processing is used to modify the articulation dezfrae
spoken or synthesized neutral utterance in order to appbeag
expressivity to it.

1. Introduction

In our previous works, we constructed a database manage-
ment system for speech, allowing the manipulation of laaye ¢
pora for various artistic objectives. The first objectiveasithe
statistical analysis of acoustic variables according éccibntext
(phonetic, prosodic, stressing). This type of analysisvadid us
to observe the influence of the expressivity on the speeeh rat
[1]. The second objective lied in high quality Text-To-Splee
synthesis. One of the purposes of this was the reconstruetio
the voice of a specific speaker, for example that of a dead cele
brity. An extension of this allowed musical synthesis armkssr
synthesis of speech and music using prosody [2] for composer
of contemporary music. Currently, the system is being ueed t
context-dependently transform the expressivity in speémh
film and theater directors and for dubbing studios. It is imith
this framework that the study is conducted.

We recorded four French actors performing a set of expres-
sive sentencegxpressivitydefines all the acted and simulated
emotions, as well as the attitudes and moods that were part of
the actors approach. This data was phonetically segmented a
then analyzed focusing on several aspects : the pitch,sityen
speech rate, vocal quality and articulation degree. Thaysbé
these acoustic descriptors in relation to the five dimerssifn
the prosody [3] allowed us to observe tendencies for eadheof t
expressivities. These tendencies were then used to tramtfe
expressivity of a neutral sentence with speech processing a
rithms. This study concerns specifically the analysis andimo
fication of the articulation degree of various different egsi-
vities.

Certain theories on emotions [4] commonly represent them-
selves in three dimensions. These dimensionsaenceposi-
tive - negative) power(weak or strong) andctivation The ac-
tivation degree of an emotion conveys if the speaker is brbug

to act or to remain passive when they are experiencing a state
of emotion. Subjects experiencing stress or under depredsi

not articulate voiced sounds with the same effort as subject

a neutral emotional state [5]. The measure of the activatesn
gree in emotional speech can be connected to the articulatio
degree theory of Lindblom [6]. The "H and H" theory proposes
two articulation degrees of speechlyper speech which exhi-

bits maximal clarity andHypo speech which is produced in the
most economic way possible.

This article proposes a novel measure of Lindblom’s articu-
lation degree. It comes from an attempt to provide an aaousti
measurement of the activation level in the case of expressiv
speech. First, it details analysis methods developed imatst
the formant trajectories and the articulation degree. Tt@n
measurement is applied to an expressive French corpuslyfina
signal processing techniques are used to modify the aatioul
degree of a neutral utterance and to apply a desired exytgssi
toit.

2. Articulation Degree Measurement

The articulation degree originates from interactions bet-
ween the phonetic context, the speech rate, and the spegtral
namics (which corresponds to the speed of the change in the
configuration of the vocal tract). So the traditional meament
[7] of the articulation degree consists of defining formangets
for every phoneme, by taking into account coarticulatior-ph
nomenon, and studying the differences between the realizat
and the targets with regard to the speech rate. Considéréng t
difficulty of defining the targets, we opted for a statisticada-
surement of the articulation degree.

2.1. Prerequisite

The proposed measurement of the articulation degree of ex-
pressivity results from the joint observation of the evigins in
the area of the vocalic triangle and the speech rate. Thes it r
quires beforehand three types of speech signal analys#t, Fi
sentences must be phonetically segmented to know which pho-
netic category belongs to every portion (frame) of the digna
Then, the syllabic structure built over the previous phioresg-
mentation, allows the dynamic measurement of the localcdpee
rate [1]. Finally, with the estimation of the formant trajedes,
the measurements of the vocalic triangle can be defined.

2.2. Formant frequency estimation

There exists numerous tools that estimate the frequency of
formants [8]. The majority of these tools model the specral
velope of the segmented and windowed signal, by an autore-
gressive system, the polé3 of which correspond to the reso-
nances of the vocal tract. By filtering these poles accortiing



importance criterias, they define for every framgn, a res- 2.3.3. Formant trajectory
tricted set of candidate pold3..,.(n) among which some cor-
respond to formants. But these tools do not attribute a fotma
index to the poles. They look at a set of possible candidates
but they do not assign each candidate to a particular formant
However, the attribution stage of the poles to the formasts i
necessary for the observation and modification of the vocali
triangle because this requires the knowledge ofiftig¢ 7 ) and

of the2™¢ (F) formant frequencies.

Traditionally, the affectation of the sef3,. (n) to the for-
mants can be changed by the user. This assembles the poles
according to their frequency ranges. For example, a mateyoi
with a pole where the frequency is situated between 800Hz and
1500Hz is often indexed as th&? formant. But this a priori
can skew the results if several formants are present in aéreq
tial area or if the frequency of a formant exceeds these dimit
which is sometimes the case in the expressive speech (see figu
1. Moreover, the quantity of data used requires an automatio

The constraint of the spectro-temporal continuity of for-
mant trajectory (Hyp) is represented by the transition proba-
bility matrix T'(f,, fp) of Toeplitz (symmetrical and circular).
The trajectories of the formants are “decoded” recursjvahe
after the other, by a Viterbi algorithm which takes into aatb
the N frames of the sentence. Dynamic programming makes
it possible to draw a formant trajectory on the matfixp, n)
while respecting continuity constraifit(f,, f,) between each
frame. The trajectory of the first formant is estimated btiani
lizing its frequency with OHz at the first frame & 0). After
a first decoding iteration, poles where the frequency isvbelo
the first formant trajectory are eliminated fraf{p, n) (Hypz).
Then the trajectory of the second formant is decoded in timesa
way and so on.

2.4. Formant frequency of a phone

of the task. These estimated trajectories make it possible to know the
formant frequency evolutions throughout each phone. lerord
2.3. Formant-Viterbi algorithm to minimize the estimation errors and to obtain only oneeepr

sentative value per phone callebaracteristic frequencgya lo-

cal statistical measure is carried out on all the tempoeahés

of a phone, by using the phonetic segmentation. A 2-order po-
lynomial of Legendre, models the temporal evolution of tiae t
jectory of a formant through the phone. If the evolution af th

) frequency is linear, theharacteristic frequencgorresponds to
2.3.1. Hypothesis the median value of the frequencies taken on frames boglerin
the middle of the phone. If the evolution of the frequency is
parabolic, which shows that the formant reached a target the
deviated from it (coarticulation), theharacteristic frequency
corresponds to the median value of the frequencies takemeon t
frames bordering the moment when the frequency reaches its
target (moment when the derivative of tB&¢ order polyno-
mial nullifies). This measure reflects better the intended-me
ning by the speaker during the pronunciation of the vowel and
possesses a lower variance than that of the average celtulat
on all frames of the phone.

We present a new algorithm called formant-Viterbi which
allots to each formant, one pole’s candidates, without aoaip
on its frequential area, and which simultaneously takesact
count a constraint of continuity on the formant trajectsrie

This algorithm is based on three assumptions :

— Hyp: : formants correspond to the prominent poles of the
spectral envelope modeled with an autoregressive sys-
tem.

— Hyp: : these poles can be classified according to their
prominence and their respective positions in comparison
to each other.

— Hyps : the trajectory of a formant has a certain continuity
in the time-frequency space.

The constraint of continuity in the trajectories allows amase

in noise between estimations from one frame to the other. 2.5. Vocalic triangle

2.3.2. Assignment of a pole to a formant Vocalic triangleis the name given to the geometrical figure
] ) o which form the vowels /a/, /il and /u/ (see figure 1), when they
The first stage is a quasi-derivation of theframed and are placed in a bi-dimensional space calteddinal spacethe
windowed signal. Then a predictive linear analysis (LP)hef t axes of which aré”; and F.
filtered signal is carried out. For each framgthe roots of the Each of these bordering vowels, with a given expressivity
polynomial constitute thé” poles of the spectral envelope. For 544 4 given expressive power, are assigned the averaggissati
each pole of a framen, one measures : of thecharacteristic frequenciesf all phones corresponding to
— F(p,n) : the frequency of the pole (phase) their phonetic class. For ten sentences measured by elisess
- Q(p, n) : the bandwidth (proximity of the pole tothe unit  and power degree, each of these averages imply about tirty i
circle) dividuals. That is why we also represent the variances of the
— Gd(p,n) : the group delay of the LP polynomial at the  measurement (widths of ellipsoids). It has to be noted that p
frequency of the pole [9] sible variabilities due to coarticulation are avoided sievery
— A(p,n) : the amplitude of the LP polynomial at the fre-  yocalic triangle is estimated on vowels situated in the sphae
quency of the pole netic context (see part 3.1).
The three last parameter values of the poles are normalized i
relation to the temporal horizon corresponding to the seme Wi
A weight (between 0 and 1) is allotted to each one of these para 3. Influence of the expressivity
meter values. For the frame the probability of membership of A study concerning the influence of the segment duration
a polep to a formantP(p, n), is given by the weighted sum of on the vocalic triangle in neutral speech [10], shows that fo
these parameter values (HypThe matrixP(p, n) represents a mants aim towards a central vowel for segments of short du-

whole sentence in the time-frequency space. At a given mbmen ration, resulting in a diminishing of the vocal triangle arén
n, P(p,n) calculates the probability that a formant trajectory  the neutral case, an acceleration and a deceleration pornes
will take a pole frequency,. respectively to a reduction and an expansion of the vocadic t
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FIG. 1 — Vocalic triangles in the neutral case ( uo ; i0) and

in the case of extrovert fear with three different power degr
(weak 1, average 3 and strong 5). Center and widths of ellip-
soids represent respectively means and variances.

angle. This phenomenon is called NTN, Natural Tendency of
the Neutral case for continuation. A major difference exisit-
ween neutral and other expressivities : Given a phonetitegn
the articulation degree is not only dependent on the speseh r
variable but also on expressivity.

3.1. Expressive corpus

The IrcamCorpusExpressivitgatabase is composed of re-
cordings of four actors, two males and two females, recorded
during approximately one hour and a half each. They were all
recorded in the same professional conditions followingoam+
tical procedure. Ten sentences extracted from a phorlgtizzal
lanced corpus [11] have been marked with prosodic bourslarie
using punctuation and indicated stresses on specific syl
words. Chosemexpressivitiesvere acted emotionsneutral, in-
trovert and extrovert anger, introvert and extrovert hapgss,
introvert and extrovert fear, introvert and extrovert sads as
well aspositiveand negative surprises, disgust, discretion, ex-
citation andconfusion Each sentence was pronounced with all
expressivitiesFurthermore, in the case of acted emotions, every
sentence was repeated six times with an increasing expeessi
power degree. Finally, the corpus is composed of approxipat
550 phonetically labeled utterances per actor. Sfilees have
been also uttered for eaetpressivity

3.2. Power degree and vocalic triangle

The figure 2 presents four vocalic triangles superimposed
and measured. In the neutral case (the vowels of which are in-
dexed by 0) and in the case of extrovert fear with three dif-
ferent power degrees (1,3,5) the vowels are representett by e
lipses among which the coordinates of the center and thénsvidt
are respectively defined by the means and the variances of the
characteristic frequenciesf the2"? and1°! formants (see part
2.5). This figure shows a geometrical translation of the voca
lic triangle as the power degree increases. It is partlyarptl
by a higher pitch (rising according to expressive power eepr
than the neutral case (see figure 2). What it does not show, is
that the speech rate increases according to the expressies p

degree. Regarding the NTN, a significant reduction of tha are
is expected, since the speech accelerates, and is not ebdserv
(non significantly according to variances).

3.3. Expressivity and articulation degree

The NTN is clearly not designed for expressivities like ex-
trovert sadness, introvert fear, and surprises which shoe+ a
duction of the vocalic triangle despite slower speech. @onv
sely, extrovert anger shows an expansion of the vocalingha
area which exceeds that of the NTN. The use of the Nyquist cri-
terion for distribution separation on the proposed [vac#ii-
angle area/speech rate] space clearly separates exjiressiv
For a given expressivity, the measurement of the artiardati
degree is explicitly connected to its position in compariso
the neutral (reference).

vocalic area and speech rate of corpus Combe2006
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FIG. 2 — Expressivities performed by a male actor, represented
according to their vocalic area (X axis), to their mean $jtia
duration (Y axis) and to their mean pitch (Z axis - colors}). El
lipsoids show mean values (center coordinates) and vasanc
(widths)

3.4. Activation degree

The activation degree of an emotion specifies if the speaker
reacts or remains passive when they are in an emotional state
A prior supposition is that the expressivities of the negatic-
tivation degree (passivity) and the positive (activityd agliable
with respect to the introversion and extraversion of theaspe
ker. Thus, the activation degree could be related to the -hypo
and hyper-articulated conditions of Lindblom’s theory€Tiie-
sulting measures do not allow confirmation of this suppositi
as we observed different strategies for the same exprgsdeA
pending on the actor (especially depending on the sex ofthe a
tor). To confirm, it would be necessary to confront resultdwi
perceptive tests and to involve spontaneous emotional Gata
the other hand, it seems that all the actors performed the-ext
vert emotions by speaking about one or two octaves higher.

4. Transformation of the articulation
degree

Our aim is to transform a giveneutral utterance (source)
by applying a chosen expressivigy and by a specific power
degreeD (target). Using phonetic, stressing and expressivity
levels, two corresponding acoustic descriptors sets a@i@r



ted by a generative statistical model [12], one using neaka
pressivity (source) and the other using desiexgressivity E
(target). Inferred formantharacteristic frequencdistributions

are then compared so as to provide a dynamic Frequency War-
ping FunctionF'W F(f,t). The joint acoustic modification of
the prosodic dimensions results in the transformation efah
ticulation degree.

Dynamic frequency warping algorithms possess numerous
applications in speech processings [13]. Speaker noresaliz
tion/adaptation for speech recognition and voice conwersi
needs VTLN (Vocal Tract Length Normalization) which can be
achieved by frequency warping. Here it is employed in order t
move the formant frequencies as described in [14]. At moment
to, the frequency axes of the source spectral envelope and of
the target spectral envelope are linked by the piece-wisaii
function fiarget = FW F(fsource,to). It is designed by the
linear interpolation of the break point function generdtgdhe
model using formant frequencies of the source and of thetarg
Sampling of the source spectral envelope (amplittidand un-
wrapped phasé;) by the resulting non-linear target frequency
axis provides a target envelopg; (@nd¢.).

{ St(FS, t)
qﬁt(Fs, t)

Source spectral envelope is transformed into target spec-
tral envelope thanks to a phase vocoder technology [15].
Some examples can be heard at the following address :
http://ww.ircam fr/anasyn/ beller.
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Fic. 3 — Example of source spectral envelope modification
using dynamic frequency warping

5. Conclusion

In this paper we presented our motivations for the analy-
sis/modification of the articulation degree in expressiweesh.
After the presentation of an algorithm for the estimatiorhaf
formant trajectories, we described a measurement of tleuart
lation degree involving a statistical study of the vocaliarigle
area and of the speech rate, according to the expressiva powe
degree. The application of this measurement to an expeessiv
French corpus highlighted the influence of the expressiity
the articulation degree. Possible links between activatiegree
and articulation degree have been discussed. Finally, echpe

processing algorithm was used to transform the degreeiofiart
lation in a neutral sentence so as to confer a desired exgtess
toit.
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