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Abstract

In the area of large speech corpora, there isiaitbefieed for
common prosodic notation system based on efficfsaini)-
automating tools of prosodic segmentation and liagel In
this context, we present the software program ANRL,.O
developed in order to process semi-automaticallysqaic
data. From a text-sound alignment, this computet detects
major prosodic units, on the basis of global armhlanelodic
variations. That leads to the segmentation of aerarce in
prosodic periods. Inside those prosodic periods;ominent
syllables are then automatically detected.

1. Introduction

Linguistics and speech technology have dealt witts@dy
from various points of view, which make a precigéirdtion
of the scope of research on prosody difficult. Ntha&less, a
complete analysis is very useful as part of a listi
analysis in order to determine the optimum numbér o
functional prosodic units and to determine theitura
according to precise acoustic correlates. In thigtext, most
of the existing transcription systems, whether tegender a
phonologic interpretation, like ToBI system [2], oot (see
for example IVIE [18] or IVTS [9] systems), neceslya
share the point of view that prominence procesgpgesents
the cornerstone of the prosodic annotation. Acguatiost of
prosodic annotation systems are based on manuztgsing.
This situation remains problematic for at least teasons.

First, it is a well-known fact that manual prosodic
annotation varies greatly from an expert to anotSer for
example [16]'s experiment on the SEC. The authop®rnte
that the disagreement between the two experts whotated
the same sub-part of the whole corpus (nearly 4&l@ables)
was of about 27 %. Regarding the assignment of itoatress
marks, [5]'s calculations reveal that consensus @fagbout
55% at best. See also, for an example on spontargeunch,
[17]. The author asked seven prosodic experts tmtate
prominent syllables in a small stretch corpus (§gfables).
The proportion of syllables marked as prominentegafrom
19% to 49%.

Others studies, like [4], showed that better resatiuld
be obtained if the annotators followed a stricttpcol (set of
symbols reduced, common training, etc.). Thus, they
respectively got a very satisfactory inter-trartsers
agreement on a 45-minute long spoken Dutch corpus.
However, such a manual procedure is extremely time-
consuming. The authors concluded that a non-expert
annotator would need about 40 times the duratiorthef

corpus to annotate minimal prosodic phenomenarasgand
weak breaks, segmental lengthening and promindiabtgs.
As a consequence, automating the procedure of gi®so

annotation in spoken corpora is of great importahaeethis
paper, we present what the two different steps ghattuate
the procedure of prosodic annotation proposed sboki The
division in major prosodic units (callepgrosodic periods)
and the methodology which leads to the developroémhis
first algorithm is described in section 2. Then, pvesent the
algorithm used for the detection @irominent syllables
(section 3). We finally conclude with the specificof our
software, compared with other quite similar tosisction 4).

2. Segmentation in major prosodic units
(prosodic periods)

The concept ofprosodic period stems from an inductive
approach, which rests on the comings and goingseeet a
manual observation of the data and a computer riogel
This method, introduced by [11] and [12], is stuwet! around
three fundamental steps.

2.1. Methodology

We first conducted a manual analysis on a smalpurof
French radio talk (about two hours, with male aeddle
speakers, see [12] for details). The goal wasdlats a set of
phonetic cues (silent pauses of a certain minimahtibn,
major contour of specific amplitude) associatedwioat is
commonly perceived of assirong prosodic break.

The computer modeling, which comes after this first
stage, rests on the processing of local and glgdiah
variations ina given time interval. The implementation of an
automatic segmentation mechanism was thought wgrder
to systematically test the principles issued fronanmal
processing.

Comparing the manual analysis to the automatic data
processing permits the highlighting of differenbesween the
two treatments. In fact, two tracks were then stddo report
these differences: (i) questioned by the manualisiec
making and/or (i) redefining the criteria used ftine
automatic processing. In the first case, the coemput
modelling intervenes as a control mechanisen,t allows for
adjusting the intuition of the experimenter by piig to
incoherencies in the analysis, thus rationalizihg tnitial
intuitions. In the second, the observation leadsefme the
criteria used for the automatic data processings Hfter all
these comings and goings between manual observatidn
automatic data processing that we developed a establ
algorithm of automatic segmentation of the statedm#rat we
decided to calprosodic periods.
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Figure 1:Screenshot of ANALOR. Transcription of the sequence
« et vous longez euh — la le la fagade du théaweveus arrivez juste (...) » [iti-S]

In the abscissa, temporal values are given ingaitlbnds; in the ordinate, the values of FO in aritlymic scale can be
seen. To run, the software needs alignment filegrihformat. These can be obtained with a Praasf3]. The user can make
as many tier-alignments as he wishes to appeaseTtiers will appear in th®p window of the screen, which are, from top to

bottom:syllabletier (in SAMPA alphabet), obtained automatically thattkshe Praat script EasyAlign [#hanual

categorization of syllablestier (strong and weak prominences, respectively labelRdt ‘p’; segmental lengthening: ‘z’;
syntactic interruptions: ‘!"; see [8] for the onigof this manual annotation) and tyrephic word tier. In thebottom window,
results obtained from automatic analysis can bealized.

2.2. Algorithm

The algorithm that emerged from this bottom-up apph
gave birth to the ANALOR software program (figure, 1)
implemented in Matlab. It relies on the characttion of
terminal words’ boundary contours, objects whichyntee
associated to strong prosodic breaks in the spig@mehThose
prosodic breaks depend on the combination of thoeeistic
markers:silent pause, amplitude of the terminal contour
and subsequent melodic resetting. In practice, segmentation
of a corpus into periods occurs if and only if fiedowing
four conditions are fulfilled:
* Occurrence of a pause of at least 300 ms;

« Detection of an FO pitch movement reaching a aertai

amplitude, defined as the difference in height leetwthe
last FO extremum and the mean FO over the entitéopo
of the signal preceding the pause ;

« Detection of a “jump”, defined as the differenceheight

between the last FO extremum preceding the paude an

the first FO value following the pause ;

* Absence of « um » in the immediate vicinity of ffeuse.

It must be emphasized that the decision to recegaiz
periodic break does not depend on the exact valfieghe
thresholds but ortheir size. In other words, when one
parameter is very slightly to the chosen
segmentation can occur only if the other paramehense
values distinctly above the threshold. The valuésthe
parameters activated during the decision of segatient in
period can be consulted in small boxes situatethénlower
window (figure 1). From top to bottom, are noted) the
duration of the silent pause in milliseconds; (B¢ theight
averages of the supposed period; (3) the finalhteid the
supposed period; (4) the maximal height towardsethé of
the supposed period; (5) the initial height of text period.
Then, for the three calculated paramet@rsrATION, (1),

GESTURE i.e. the distance between (2) and (4) or between (3)

and (4), and theudp, i.e. the difference between (3) and (5),
criteria ‘++' means that this parameter is widelyoge the
threshold, (score = 2), ‘+', means that it is abthethreshold

threshold,

(score = 1), ‘=" that it is of the order of the ¢khold (score =
0) and ‘-’ below the threshold (score = 1). Consedyehere

is automatic cut, the total of the scores has teuperior to or
equal to 2, without any negative score and withmaesence
of a hesitance mark.

2.3. lllustration

In the bottom window (figure 1), a vertical red hadicates
the actual periodic cut. The values of the impligideria can
be posted by clicking the small red rhombuses wtuander
the plan of FO (circled in red). So, in the anatyzequence,
“et vous longez euh — la le la fagade du théatmt vous
arrivez juste (...)", in spite of a break of duratisharply
superior to the chosen threshold (630 ms, thad isaty more
than double), we do not observe a periodic breakr af
“suivez”, because of the weak resetting and of weak
amplitude of the terminal contour, as well as thespnce of a
“um” of hesitance before this break. On the othand) the
software detects a periodic break after “théatr&his
detection can be explained by the value of thettmrgause,
coupled with that of the jump and the melodic réxsgt

3. Detection of accentual prominences

The second part of the implementation is still avelopment
(see [1] for a first experimentation). It is reletito the
modeling of the internal periodic structure. In erdto
appreciate it, we invoke the notionmfominence. In practice,
accentual labelling does not rely on a structueatdre of the
word or word group such as lexical stress, but ameatral
phonetic definition of prominence, as a perceptallence
within background speech ([13], [14], [18], [19]caf20]). The
main advantage of this approach is to be indepanafeany
theoretical framework, and of any morphologic ontagtic
considerations.

3.1. Algorithm

The automatic algorithm relies on basic relativeouestic
parameters (see also [19] for

a review of automatic
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Figure 2:Screenshot of ANALOR. Transcription of the period:
« c'est pas bien compliqué a y aller hein vous pawpas vous tromper » [iti-14]

Duration and height prominent syllables are respaty labelled +D (for ‘durée’) and +H (for ‘haute?) in the bottom window.
Syllables which are prominent because they are@tbby a silent pause are labelledF*(for ‘fin’). The user can compare
directly the results of the automatic analysis wiitbse of the manual analysis (median tier in theeviindow), and adjust
afterwards the annotatic

prominence detection). Today, we exploit thgitch
parameters (pitch range, melodic movement) adalr ation of
the syllabic segments composing a given period. s&ho
parameters are calculated relatively, that is tp &asyllable
will be identified as prominent by the softwaratiftands out
from its environment according to a certain thrégho

For the moment, the formula implemented is this one

Let My(a) be the average and,(k) the distance-type of
fundamental frequency on a given period P. A sidlad said
prominent for height (and it is labelled “HEf. figure 1) if it
contains a local maximum pitch, marked h(s), véntdythe
condition

h(s) > Mp(a) + Ky * Ex(@)

where K, is an adjustable parameter (called “threshold
height distance”: its value is 1.5, by default).

In others words, the algorithm is based on a Gaassi
distribution of FO centred on the median axis (agerof all
the points of FO for the given period), from whicte
calculate a standard deviation which allows theasshers to
quantify the distribution of points around the age of FO,
and beyondwhich we can detect a salient acoustic event.
With a variable threshold, the interest of this dkimf
arithmetic is that it is strong concerning the intariability of
different speakers. As a consequence, it does atienmuch
if the speakers modulate a lot or a little: thetwafe will
detect an event whatever happens to the significandtions
of FO.

The formula is the same for duration.

Because we thought that these two parameters were no
sufficient to trackdown all prominent syllables (like boundary
tones which does not manifest a significant pitcldaration
variation, see for example the last syllable of pegiod in
figure 2), we decided to usslent pauses to hone the
detection. Consequently, each syllable followed bgilant
pause, whatever the pause duration, will be corsidas
prominent.

3.2. Evaluation phase

In order to validate this algorithm, we comparee tésults of
the automatic detection with the consensual manual
annotation made by two phonologist experts. Thedespus
is composed of 18 minutes of spontaneous speegmesged
and aligned in syllables. It includes map tasks aadio

interviews (respectively 8 and 10 minutes long).lévland
female speakers are natives of Belgium and Fraricés |
presented in detail in [8].

Among the 4432 syllables that the whole corpusaiast
1090 units were annotated as prominent by the &xpudr
[8]'s study. 461 units were categorized as elomgeti
connected to a hesitance (symbol ‘z’); they wemseguently
excluded from the expertise to avoid disrupting dieéection
of the duration prominences. On the number of ramgi
syllables, 2881 units are non-prominent syllables.

The results ANALOR software gives are rather
encouraging: the rate between the automatic appraad
the manual annotation is 88.8%. Among this 83.8%, 19.4%
and 64.4% were syllables respectively recognized no
prominent both by ANALOR and the manual annotation;
7.8% were “misses” (segments labelled ‘p’ or ‘P’ the
experts but not recognized as such by the softwavhijle
8.5% were “false alarms” (syllables identified a®rminent
by ANALOR but not by the experts). Taking accounsibént
pauses to refine the algorithm appeared to be ehtgr
importance: we obtained definitively better resittee score
of correct detection was about 78.6% with only doraand
pitch parameters).

To conclude, let us note that this score of 83.8%uite
similar to [8]’s results, which was about 84.1%slalso quite
similar to the best scores that are generally roaet in the
literature of others languages (see again [19faaview).

3.3. Visualization

The user can consult the results of the automatieation of
the prominences in the bottom window (cf. figure &)d thus
compare those results with the manual coding (ledbel
prominent syllables ‘P’ or ‘p’ in the median tiéop window).
If necessary (for example if the results are claghi it is
possible to correct the manual note or changehtfesholds of
automatic detection. The software thus allows ngkin
permanent comings and goings between the modeltteand
phonetic analysis, driven by the empirical datke lthis we
can, at the same time, check the coherence ofnidlgses and
improve the adequacy of the model to the analyz¢d. d

All the analyses and the results obtained with AN
can then be repatriated in TextGrid files (Praatfat).



4, Discussion and conclusion

In this article, we presented a software programpfosodic
analysis which constitutes a very useful tool aasisto
facilitate the prosodic annotation of spontaneopsksn
French corpora. A first formula leads to an autdendivision

of the prosodic continuum in major prosodic units,
prosodic periods, by basing itself on the intewctiof
melodic and temporal parameters. Within the ideif
segments, a second operation proceeds in a prominen
syllables detection, according to a certain thrikslod pitch

and duration change.

The specificity of the elaboration of our tool snsmed
up in two points: (i) it is about an emergent aggio of a
bottom-up type, (ii) even though the approach is driven by
strong hypotheses, it is on no account forced by a
predetermined theoretical frame (it does not rest &
phonological categorization of the detected ac¢ceagsToBI
system [2] for example). Besides, contrary to otioeils of
the same type, ANALOR does not establish its messan a
stylised signal (like MOMEL [10] for example). Mareer, it
is not reserved for the treatment of read senterstesiming
from laboratories in which they were recorded, camytto the
plug-in WaveSurfedeveloped by [19]. Finally, we would like
to emphasize that ANALOR offers dynamic results, static
ones such as the plots allowed by ProsoProm [8jvetd
from [15]'s Prosogram.

In future works, we will develop a procedure for
automatic detection of segmental lengthening resuftom a
hesitance. For the moment, it must be pre-identifi@nually.
The robustness of the tool on corpora of more dagenres
also remains to be checked, and its performancest el
compared to the competing tools mentiosegdra

ANALOR can be downloaded from:
http://www.lattice.cnrs.fr/Analor.html
Sources are in free access.
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