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Abstract

The minor prosodic unit in Korean language, gemeialled
an Accentual Phrase, is usually defined by its agtit or
phonological characteristics. This article looks #te
correlation between phonetic pitch movements arraoal
phrase boundaries using a technique of pattermaaidan and
prediction by a probabilistic grammar.

1. Introduction

Some recent studies have concluded that sileniepawdich
are usually considered the most important cue fo t
definition of major prosodic boundaries, are a rethnt
factor in perception and that the sentence boundary be
predicted by other acoustic cues without taking #ilent
pause into consideration [5][6]. This might meamttlthe
usual definition of prosodic units needs to besedi

The aim of this study is to examine the role of mptec
pitch movements in the definition of minor prosodioits.
The main methodology is based on the use of a pilidta
grammar trained on a semi-automatically annotatepus for
modelling the correlation between the phonetic Ipitc
movement and the accentual phrase boundary.

2. TheKorean language

2.1. Prosodic units and boundariesin the K or ean language

For the hierarchy of prosodic units in Korean, ftanework
of K-ToBlI, based on intonational phonology, has beeite
widely adopted assuming a hierarchical phonologitaicture
as illustrated in Figure 1.

\TT ......... TBD(H/
T H L H )

Figure 1 The intonational structure of the Korean language
as described in the K-ToBI framework.

Here, an Accentual Phrase (AP) is smaller than an
Intonational Phrase (IP) and larger than a phoricébgvord
(W), which is defined as a lexical item plus a cas@ker or

postposition. An IP is marked by a boundary to¥g &nd
final lengthening. An AP is marked by a phrasaletoTHLH
(where T=H if the AP initial segment is aspiratedtense,
T=L otherwise), but not by final lengthening [14].

2.2. The phonetics and phonology of accentual phrases

The underlying patterns of AP phrasal tone, LHLHHbiLH,
are realized on the surface differing across dialéthe most
frequent tonal patterns of AP in Seoul dialect, althis the
standard dialect of Korean, are illustrated in Féga.

L Ha L +H Ha L L+ Ha H L+ Ha H Ha
H La L +H La H +H La H L+ La L La
H+H L+ Ha L +H L+ Ha T+H L+ La

Figure 2 Seoul Korean AP tonal patterns
illustrated in the K-ToBlI.

K-ToBI has a special tier called ‘phonetic tone 'tier
mark the surface realization of AP tones [15]. Heeve all
the forms suggested in Figure 2 are still descriodg with L
and H, without considering the pitch variation rangor this
reason, tonal patterns in K-ToBl are difficult topapdirectly
to speech synthesis or recognition, even thougltaheept of
K-ToBI has been widely adopted as the basic prosadécin
speech technology. In fact, it would be more reabtm to
consider the K-ToBI phonetic tier as laoad phonetic
transcription approaching a phonological descriptiather
than anarrow phonetic one. Because its phonological status is
sometimes misunderstood, K-ToBIl has even been ocemesid
as inadequate to describe the Korean language [18].

In the light of this complexity, researchers in ape
technology prefer to define the Korean accentughg by its
morpho-syntactic cues such as POS (Part Of Speedjther
information obtained from graphic text [16][17][25]

This study attempts to outline a basis for the jglion
characteristics of the accentual phrase with a omar
transcription of pitch movements.

3. Corpus

3.1. Composition

The forty continuous passages from the Euroml cofgl
were freely translated and adapted to the Koreaguiage by
the first author. All of the forty passages weretegecorded



by ten standard Korean native speakers (5 malésméles)
in an anechoic chamber and digitized in wav fil&he
complete recordings of the 400 passages last adbfast
over 2 hours 7 minutes and the half of the recagsi(20
passages for each of 10 speakers) were adoptbd dath for
this article.

3.2. Basicannotation

The data, composed of 200 sound files, was atdimabtated
using INTSINT. INTSINT (INternational Transcription
System for INTonation) is a theory-independent aatian
system for intonation, developed in the LPL in Aix-
Provence over the last twenty years. It has beed t& the
phonetic modelling and symbolic coding of the irgton
patterns of a number of languages [11], includinglEh [1],
French [23], ltalian [10], Catalan [8], Brazilian Rgguese
[9], Venezuelan Spanish [20], Russian [22], Argl2it] and
isi Zulu [19] .

In the INTSINT framework, intonation patterns are
represented as a sequence of tonal segments usaipteabet
of 7 tonal symbols:T(op), M(id), B(ottom), H(igher),
S(ame), L (ower), U(pstepped) andD(wonstepped). These
tonal segments are aligned directly with the adousgnal
although it is assumed that at a more abstractl lthe
alignment is determined by the prosodic structufethe
utterance.

A phonetic interpretation of the INTSINT tonal segmts
can be carried out using two speaker dependeniyen
utterance dependent) parameters of the pitch domain

* key: like a musical key, this establishes an absolute

point of reference defined by a fundamental
frequency value (in Hertz).
e range this determines the interval (in octaves)

between the highest and lowest pitches of the

utterance.
The targets T, M and B are defined 'absolutely’ aith
regard to the preceding targets as below.
« T =key*/(2"range)
e M =key
« B = keyN(2"range)
The T and B are thus at equal (log) distance froenkesy
(= M) and the interval between them correspondshi
speaker's range in octaves.
Other targets are defined with respect to the piiage
target as follows:
o H =+(Pi-1*T)
« L =(Pi-1*B)
These are thus situated half way (on a log scatyden
the preceding target and the top or bottom of énge.
e S=Pi-1
This tone has the same value as the preceding targe
o U =v(Pi-1%J(Pi-1*T))
« D =V(Pi-1%J(Pi-1*T))
These are thus situated one quarter of the waydsgtw
the preceding target and the top or bottom of énge.
The position of each target compared to the otlers
shown in Figure 3.

Figure 3.INTSINT, a system for annotation of intonation.

Thus, the final annotation provides a sequence[Nke&S
HLUT D B]. To optimize the automatic INTSINT
annotation, it is preferable to extract target polyy MOMEL
(MOdelling of the MELody) which filters out microrualic
components from macromelodic ones. The combinatibn
MOMEL and INTSINT provides the possibility of twoawy

conversion between the acoustic measurement and the

phonetic analysis.

In this study, all the steps of Momel-Intsint wexaried
out in a semi-automatic way using the Momel-Int$hig-In
developed for Praat [3][13].

3.3. Boundary marking

After automatic annotation of the intonation witthet
INTSINT alphabet, prosodic boundaries for AP anduére
added manually by the first author. To avoid thituance of
IP final pitch movement on the prediction of theatual
phrase, we put an AP boundary marker only afteura p\P
(IP initial and medial AP). The number of pure A®sounted
to 2 122 for the whole of the data.
An example of the final annotation is shown in figeire

[ I
L/ uu D/ T L B u #
L1 L1

13.9 15.7
Time (s)

Figure 4. Final Annotation with INTSINT alphabet and
boundary markers (# for IP and / for AP).

The final annotation of each sound file was saweBraat
TextGrid file.

4. Probabilistic grammar and AP boundary
prediction

4.1. Probabilistic grammar

Probabilistic grammar is a data modelling techniglaying
an increasing role in the fields of computatiomadlistic and



machine learning theory. The approach allows legrfiom a
data training corpus, the regularities appearing asquence
of symbols. The underlying statistical model malss of the
mathematical apparatus of conditional probabilitycapture
the contextual dependencies between symbols aittembify
pattern regularity.

In this study, the probabilistic grammar is built the
patterns model extracted by data training. TheeRatModel
belongs to the family of probabilistic finite stad@tomaton
approaches [2] (for Hidden Markov Model, see al2d]).
The approach is characterized by an optimal extracif the
information content contained in the training saeph this
approach, unlike the n-gram model, the left conisxnhot
limited to a fixed number of symbols but ratheresknto
account the regularities of the training corpus.aAesult, if
any sequence of symbols occurs frequently in tha skmple,
the pattern is included in the model without coesity the
number of the symbols composing the sequence.f&atare
is particularly interesting for analysing a smaltescorpus
like the data of the present study.

4.2. Accentual phrase boundary prediction

For the preliminary step of the prediction, we bailpatterns
model by extracting statistically significant leftontext
patterns from the corpus. The 200 TextGrid filestaming
the final annotation were put in one single date. firhe
pattern model is then used to investigate the gsele
structure of INTSINT targets and boundary markerthe full
data.

In a second step, we made a prediction of AP baigg]a
using the predictive power of the grammar. For ttep, the
manually annotated AP boundaries were removed fitoen
corpus to keep only the information concerningsbquences
of INTSINT tones and IP boundaries. The model want
used as a predictive tool to insert AP boundariesvéen
tones at the most probable location in the sequence

5. Result

5.1. Patterns model construction

From the whole corpus containing 2 122 manuallyoteted

AP boundary markers, 573 statistically significkeit context
patterns were extracted which characterize the mdde

power of prediction of the model is evaluated bynparing

the raw entropy of the distribution of the toned &oundaries
markers (E=2.16) with the entropy of the symbotgrdiution

when accounting for the model information (E=1.5%he

mutual information brought by the model is thu® 2.

Among the 573 patterns, 72 of them concerned pre-AP
boundary movements and each of the AP tonal pattern
proposed by K-ToBl was demonstrated in a number of
phonetic forms, which confirms the detail obserirefl6].

For example, as we may see in the following tahR,
different kinds of phonetic patterns could be ipteted as the
simple rising form described as LHa in K-ToBI system

Reference | Occurrences Intsint K-ToBlI
N. annotation | interpretation
220 75 BH LHa
235 65 BU LHa
556 112 DU LHa

341 136 LH LHa
71 25 LH LHa
335 20 LT LHa
80 30 LU LHa
188 48 MH LHa
180 33 MT LHa
199 29 MU LHa
452 485 U LHa
479 19 UH LHa
497 23 UuU LHa

Table 1.Phonetic forms of LH tonal pattern.

For a static AP tonal pattern which is describetiida by
K-ToBlI, the phonetic pitch movements were - as etquke
more diversified depending on the position of tharteg
point of the static pattern.

Reference | Occurrences Intsint K-ToBI
N. annotation |interpretation
495 28 Us HHa
159 39 TS HHa
297 56 HS HHa
130 136 T HHa
247 403 H HHa

Table 2.Phonetic forms of HH tonal pattern.

This result, easily predictable but often neglected
confirms for us the necessity of a multi-directibapproach
for an optimal analysis of the prosody.

5.2. Prediction of AP boundaries

The results of the prediction can be summarizeteims of
measure of precision and recall.

In the original corpus containing 2 122 pure acgeht
phrases, all the AP boundary marks were removed
automatically. Then, 1 654 AP boundaries were teseby
the prediction based on the patterns model. Ambadlt654
inserted boundaries, only 981 were found to betioosid at
the correct location, which leads to an estimate tluf
precision and recall measures given table 2.

0.59310762
0.46229972

Precision
Recall

Table 3.Precision and recall of the predicted AP
boundaries.

Several experiments were conducted in order tothest
robustness of these results. The analysis was rpeztb
individually on each speaker without showing argn#ficant
deviation from the mean values of table 2, andaaing by
gender of speakers does not reveal any specifid tre

Given that the result was not significantly differeeven
when we applied the model built from one speakddta to
an others’, we may consider this result as a referen the
correlation between the pitch movement and thetifilgation
of the accentual phrase.



Conclusion

In this study, we observed the character of phongtich
movements in a minor prosodic unit, by examining th
possibility of predicting its boundary from the gdit
movement.

Accentual phrases, which are usually defined byrthe
phonological tonal form, could also be identifiedat certain
degree in this study only by their phonetic pitcbvement.

In further work it is planned to extend this expsental
procedure to a larger corpus. It would be alsoré@sting to
look at the distribution of the "errors" of preddst, which
will help us to get an optimal way to move from #mustics
to the phonology for the description of prosody.
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