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Abstract

The goal of our study is to use an automatic aproa extract
the general prosodic tendencies of the speechlsignaeyed
by the FO pattern. The speech signal is prosogieaihotated
by an automatic prosodic transcriber and then pliogmatterns
are extracted from this annotation. The pertinayi¢be pattern
extraction is tested here on laboratory data comgiisolated
sentences in French and English uttered by natixk reon-
native speakers. An analysis of the extracted petens shows
how the prosody of the sentences is defined by teared
syntactic structures and also indicates to whatrgxthe
prosodic features used by the two languages ardasior

different. It appears from the analyzed data thatextraction
of parameters via automatic processing can yieldvaat

information for a cross-linguistic study of prosody

Index Terms: prosodic annotation, automatic pattern
extraction, native & non-native prosody

1. Introduction

The use of an automatic approach for prosodic atioot of
speech is useful, especially as agreement on mganalotated
prosodic events (boundary levels, disfluences agsitdtion,
perceptual prominences) between expert annotatouste low
[15]. When manual coding of pitch level is carrimd, there is
the risk that human annotators can be influencatidyneaning

of the speech. Moreover a human transcriber maylbe
influenced by what he considers to be the norm, thereby
standardizing the transcription of prosodic phenmmand
ignoring the reality of the speech signal.

A further advantage of automatic processing is, thate
the values of the parameters are normalized, tmeytteen
compared to the same threshold value. This is cdiffito
achieve with manual annotation because of the @érter
subjectivity of this approach.

The goal of the present study is to extract relepansodic
tendencies of the FO pattern. This approach is tested in a
cross-linguistic study of speech prosody in Fresath English.

2. French & English prosody

Many studies have described the specificities @&nEnh and
English prosody. According to these studies, Freansks a
combination of segmental and tonal cues to sigmasqulic
phrases, and differs in this respect from a languiag English,
which relies almost exclusively on tonal boundaf@g14]. In
French, lexical stress is mostly quantitative @jd the final
syllable is the one which undergoes a potentiatieening.
However, lengthening of the last syllable of the ravo
corresponds also in French to final (pre-boundkyythening,
which concerns rhythm, and is not an accentualtteming as
in English [6
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French is generally considered as a language witbtlyn
‘rising’ FO patterns [12] accompanied by a lengihgrof final
syllables [20]. French prosodic phrasing was dbedriby
Delattre's functionalist approach [9] Though exezhdy more
recent studies [11], [13], [10]. Delattre’s workllstemains
seminal for studies on French prosody. In Frenangmeous
speech data, a melodic rise is generally produtéueaendof
the clause.lt indicates that the clause is an unfinished
constituent at the discourse level, and that itlbaassociated
with the term of fajor” or “minor” continuation contour,
according to Delattre's approach.

French and English intonation are sometimes de=gity
a set of contours. Delattre [9] considers that 4Sidocontours
can describe the most frequent intonation patterrisrench;
[18] also distinguish 10 contours though their coms differ
from those proposed by Delattre. As far as Engéisioncerned,
22 pertinent intonation contours are proposed by [tb
describe English intonation

It is common to use the term afsertion intonatioror
question intonationo refer to falling or rising contours: falling
contours are associated with assertion or asseethge(Bartels
1999), whereas rising contours are associatedouiéistions or
aspects of questioning (uncertainty, ignorance] @ a
response orfeedback from the addressee, etc.). Although
prototypical assertions are uttered with a falloantour and
prototypical confirmation or verifying questionseauttered
with a rising contour, occurrences of assertionth i rising
contour and occurrences of confirmation or verifyguestions
with a falling contour are far from rare in everyda
conversations [4].

In the following paragraphs FO contours in Frenchl a
English sentences spoken by native and non-ngie@kers are
measured and compared and their differences dististlly
evaluated.

3. Prosodic annotation

Prosodic parameters are subject to parameter values
governing prosodic coherence along the prosodiemrit was
observed in automatic speech processing (in diplaodedata
driven speech synthesis) that a sudden unjustfieege in FO
or sound duration (beyond stressed syllables oisqulic
junctures), is perceived either as a corruptiorthef speech
signal or as an occurrence of a misplaced conigastress [5].
Most of the time researchers focus on the transonipof
parameter values of syllables considered as litigalk
prominent, carrying pertinent linguistic informatioThe other
linguistically non prominent syllables, remain geaily
uncoded although their prosody contributes to aeral
perception of a correct pattern. Therefore we belithat in
order to keep a faithful prosodic transcriptiontbé speech
signal, all the parameters of the syllables shbel@nnotated.
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3.1. Prosodic labelling

Speech data processing was carried out in seviages
First, prosodic parameters were extracted from gheech
signal. In order to segment the speech data, atdesgpeech
forced alignment was carried out using the CMU spbjmeech
recognition toolkit [16] yielding an automatic segmtation of
the speech signal at the phoneme level. This adiobma
segmentation of the speech signal was then manciadigked
by an expert phonetician.

For the FO pattern analysis, FO values in semitar&®
estimated every 10 ms by the software Aurora [A9imple
FO parameter smoothing was carried out by our atioot
software to eliminate corrupted FO values.

Prosodic annotations were yielded by the language
independent automatic annotation tool PROSOTRANTgis
tool requires no specific linguistic knowledge, rifere it is
well-adapted for cross-linguistic studies. PROSOTRA&Ids
various numeric and symbolic prosodic annotatiarsefach
syllable of the speech signal; however, from tlagadonly FO
range values and sound durations are used inttldg.sSound
duration is normalized and transformed to a synehdiiration
annotation. For the representation of FO patteanselodic
range is calculated between the maximum and thénmaim
values of the FO in semi-tones. All speech matdaoaleach
speaker is used to build a histogram of the distidin of the FO
values. To avoid extreme, often wrongly detectedd&iOes, 6%
of the extreme FO values (3% of the highest andd3dhe
lowest ones) are discarded. The resulting rangfeeis divided
into several zones (9 in our case) and is codedévels (from
0 to 9). By calculating FO in this way, value norizafion is
enabled and also inter-speaker comparison of F@erpat

3.2. Corpus

The corpus used in this study was recorded a®ptré Intonal
project, focusing on the study of intonation in riale and
English. The recorded corpus contains 40 shortesest
belonging to 8 syntactic categories using 20 Freawt 20
English native speakers. The French speakers dtterench
and English sentences, and constitute our nona&nglish
speaker group.

The corpus sentences contain sentences with tvets loh
non-conclusive FO slope configurations as welhasriogative
and declarative sentence final configurations. Gtudy
analyses mainly the FO contours on discourse (gvelF0 value
of the final segment of declarative clauses coratkdly a
discourse relation, marked or not by a conjunctianyi on
syntactic level (FO pattern on the final segmentietlarative
and interrogative sentences).

3.2.1.1 FO tendency extraction

The goal of the FO pattern extraction is to get thest
representative FO pattern(s) for a given senteorca §roup of
speakers keeping one or, if necessary, severalak@®y per
syllable (Figure 1).

FO level

doR Se ma Rja kaR fi ni taR

Figure 1: Representative patterns (in green and red) of FO
levels for a sentence uttered by 8 speakers (ip)gre

The symbolic annotation yielded by PROSOTRAN is used
for each syllable and for the whole speaker grofigach
language to identify the values that represent deeeral
tendency of the FO pattern. An empirical approaehk adopted
allowing the emergence of maximally two FO values p
syllable (as the number of speakers is relativelplsin each
group — maximally 18 for English native speakee FO
values coded by their range level are split into groups using
an adjusted median value keeping FO values belgrgirthe
same symbolic code in the same group. This waylivision
of the following symbolic FO values [10 99 8 8 8 3 6] occurs
after the last “8” (the 8 FO value and not after th& value as
expected). Each grouping obtained is represenyesl mean
value (V1 & V2, cf. Figure 2) and the two FO valyes syllable
are maintained only if their difference is highban 3 semi
tones and when the number of FO values in a grsupgher
than 2. If not, the groups are merged and a genszah value
(V(1,2)) is calculated using the values of all #peakers for a
given syllable.
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Figure 2: FO pattern general tendency: V1 first FO value,
V2 second FO value, V(1,2) first and second FOesalerged

The number of merged values was 70% for the French
native speakers, 74% for English natives but oGB63or non-
native speakers. The FO patterns of non-nativekgpgavere
less consistent and have more variability in theanunciation.

For the different sentences, the succession dfthealues
is recovered and the preferred FO pattern tendebsgrved.
For example, for the sentence in figure 2, theguretl tendency
as to the succession of the FO values is reprasent&igure 3.
6.3(V1) 6.4 (V1) 7.8(V1) 6.4 (V1) 43 (V1) 6.3 (V1) 6.6 (V1) [4]
35(V2) 6.4 (V1) 55(V2) 6.4 (V1) 43 (V1) 6.3 (V1) 6.6 (V1) [2]
6.3(V1) 6.4 (V1) 55(V2) 6.4 (V1) 43 (V1) 6.3 (V1) 6.6 (V1) [2]

Figure 3: Succession of the FO range values and their codes
(between parentheses) and the number of the patteserved
(between brackets)

3.3.

Our approach of automatic extraction of FO tendeadgsted
on 4 sentence types from our laboratory data; thabn

continuative, paratactic, interrogative and detiaea
sentences. Each sentence group contains 5 diffeesénces

Analysis of results
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of the same syntactic structure uttered by a gafugt least 8
speakers - that is a corpus of about 160 sentercethe
following paragraphs only results obtained for memtence
(containing about 8 utterances) per sentence tyjble be
discussed, however the results obtained for theaireény
sentences of the same sentence type obtained irailars
results.

Continuative sentences: (two clause sentence, with
coordinating conjunction, (“He has sedfaria because he has
come” “Il va voir Maria car il en a envie”).(cf. Figure 4).
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hi heezsi:n maJi  ja br koz hi haez kam

Figure 4: FO pattern in a continuative sentence (“He has seen

Maria because he has come” “Il va vdilaria car il en a
envie”); red circle: major prosodic boundary

French speakers marked the continuation (red ciwolehe
figure) with a rising FO while English speakers swdically
coded the same syntactic boundary with a lowerigNon-
native English speakers use more rising patteras fhlling
ones. In French, the general rising tendency ofFthis not very
high but the prosodic boundary is also indicatedthwi
lengthened vowel duration. On the other hand, thendvards
movement of the FO in English was more importanttbere is
no vowel lengthening in the final syllable. A higitosodic
agreement in these sentences is in the realizafitime major
prosodic boundaries: the rising tendency on théobifhdaries
is respected by the majority of the French speakerds the
falling FO pattern by the majority of English speek In the
non-native group there is little agreement as ¢oR pattern on
major prosodic boundaries; in fact most of the titwe FO
values are extracted: a high value indicating angisFO
movement and a low value indicating a falling FOvetoent.

Paratactic sentences: (two clause sentence, without
coordinating conjunction, “Il dort cheMaria, il va finir tard.
/ He'll sleep aMaria's, he'll finish late.”) (cf. Figure 5)
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Figure5: FO pattern in a paratactic sentences (“He slips at

Maria’s he'll finish late” “Il dort chezMaria, il va finir
tard”); red circle: major prosodic boundary

In French little prosodic agreement is found on riegor
non-final prosodic boundary (red circle on the figlu the FO
level fluctuated and most of the time two FO levalues are
extracted. In these sentences the speaker's pegsadiuction
of the first clause is similar to a final prosodgrsling the end
of the first clause in a sentence and its syntactiependence
from the second clause. However, a strong agreeiméme FO
values is observed in English native data wheré¢hallclause
final FO values are falling. As far as the nonvmatEnglish
group is concerned, their FO realizations are agaiser to the
French group than to the English group.

Interrogative configuration (simple subject NP: “Qui a fait
ca?Les agneaug® / Who did thisThe lamb®”) (Figure 6)

In French interrogative sentences, generally, & tewxgl rise is
preceded by a rather flat FO level. The FO patierBnglish
interrogative sentences contains a more moderatepk@rd
movement or (Figure 6) a lowering FO movement (deghe
interrogative character of the sentence). As therriogative
character of the sentence is also expressed byiquegords
(“who” in this example), there is probably no reeded for
prosodic marking. Again, the French speakers ofliEmgre
closer with their FO pattern realizations to Frenmbsody,
(rising FO values) than to English prosody. Othetemworthy
findings for this sentence type: the interrogatibearacter is
prepared from the beginning (onset) of the sentefiocehe 3
speaker groups the interrogative sentences starthégh FO
level.

10

French

FO level
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Figure 6: Interrogative sentence typesitie lamaslike to eat
oats” “ Les lamasaiment bien I'avoine”; red circle:
interrogative sentence final boundary

Declar ative sentences (Longer declarative sentence: “Il dort
chezMaria. /He'll sleep atMaria’s”) (cf. Figure 7)

10 VY
— s P
g . m I
French o u u
o ¢ A
- 2
o
il dor {er ma Rja
10
8 S
o _ \—"-\ ~
. > 6
English S T‘\
. o
natives w, U
o T T T 1
hil sli:p st mo 14 jaz
. N\
T . e A
>
English 2 , = T - \ J
non- 2, ~
native

hil slip st ma 4 jaz

Figure 7. FO pattern in a sentence with continuative
configuration on a subject NP The lamaslike to eat oats”
“ Les lamasaiment bien I'avoine”); red circle: final declarate
boundary

In French the preferred FO pattern at the end eficlarative
sentence types is only slightly falling or it remsiflat. This

finding can be partly explained by the fact thatFrench, the
final pattern of a declarative sentence is als&ketby the last
syllable duration lengthening which is more modethgn the
syllable duration lengthening on major continuatfmosodic

boundaries [1]. In English, on the other hand, e¢hd of the
declarative sentences is marked by a systematifaliyg FO

pattern. As for the non-native speaker group, th@ipattern is
also either slightly falling or remains flat i.&ely are closer to
the native French group FO patterns than to thieen&nglish

group patterns.

3.4.

From the previous analysis some general tendemzirshe
identified as to the differences between FrenchEmglish FO
patterns. In the phrases studied here French spegkese

General discussion

preference to more rising FO patterns on prosodimbaries
while English native speakers uttered the Englesision of the
sentences with a preferential falling FO patterhe Tinal FO
movement in the sentence is falling in both langsagf. Table
1), however the slope of the FO level change ismtein English
than in French.

The English non-native speaker’'s prosody
somehow influenced by both French and English mhpsfor
example in interrogative sentences their FO patigrclearly
similar to French, while in continuative sententke non-
native’s FO pattern is more similar to English {cible I).

Table I:Amount of FO levels in rising (+) or falling (-) garns
on major prosodic boundaries for the 4 sentencegyp

Sentence Eh Eng_lish Englis_h
type native non-native
Continuative +2.6 -1.5 -1.5
Paratactic +1.1 -1.5 -0.5
Interrogative +3 +0.5 +2.5
Declarative -1.8 -3 -1.5

The intra-speaker variability of the FO levels @ IEvel
values per syllable) of the native (French & Ergligroups
occurs more often in linguistically less importagtiables. So
in French only 1.7 syllables/sentence type (or 38%
linguistically pertinent syllables), and in Englisi.5
syllables/sentence type (or 30% of linguisticallgrtment
syllables) are coded by two FO levels on the ligtically
pertinent prosodic boundaries. On the other haod;native
speakers are less consistent in their prosodicugtamh with
more variability in FO values: 2.8 syllables/seretype (or
55% of linguistically pertinent syllables) are aaygtd by 2 FO
level values.

Finally, variability is observed also with respeot the
number of FO levels used by the speakers of th@@pg: the
French and English native speakers used up to [6vels for
their FO patterns while the non-native speakers osdy 4 FO
levels. That means that the FO patterns of norv@aipeakers
are more monotonous than the FO patterns of thavenat
speakers.

4, Conclusions

The goal of our study was to use an appropriatengosthema
for prosody representation in a cross linguisticlgtof French
and English prosody. The data used for testingptioposed
method were laboratory data produced by a grodesfch and
English native speakers and they contained serdestcaring
the same syntactic structures in both languages. Shimtactic
specificity of the data base was well adaptedamas-linguistic
study as it allowed for comparison of prosodic pireana
relatively easily.

The methodological problem addressed here was bow t
represent prosodic parameters in such a way tihgpaason of
the occurrences of these parameters in differertesees and
languages would be pertinent. The aim of the stwdg to
represent the general tendency of the FO pattemxtacting
one, or maximum two, FO values per syllable, cadedrms of
9 FO levels calculated from the voice range of egu#aker. In
the present study for each syllable one or maxintwm FO
values were kept to capture the prosodic tendericth®
sentence. However, in future, a more general automacision
algorithm should be used to make the decisionehtimber of
representative values of the FO more data driven.
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