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Abstract

The paper describes prosodic annotation procedures of the GOPOLIS Slovenian speech data database and methods for automatic classi-
fication of different prosodic events. Several statistical parameters concerning duration and loudness of words, syllables and allophones
were computed for the Slovenian language, for the first time on such a large amount of speech data. The evaluation of the annotated
data showed a close match between automatically determined syntactic-prosodic boundary marker positions and those obtained by a
rule-based approach. The obtained knowledge on Slovenian prosody can be used in Slovenian speech recognition and understanding for
automatic prosodic event determination and in Slovenian speech synthesis for prosody prediction.

1. Introduction speech and acoustic-prosodic boundaries and word accents
Research and development in the field of spokeHabeled via acoustic perceptual sessions were chosen for the

language technology encouraged and supported by thi@itial experiments.
European Community resulted in many experimental and
also commercially available systems for speech recogni-
tion, understanding, synthesis and dialogue for different o Mm2: constituent boundaries likely to be marked pros-
European languages (Andersen, 1998). First steps towards odically
multilingual speech technology systems were also per-
formed. In Germany, for instance, collaboration between ¢ M1: boundaries that syntactically belong to the
many research partners in the Verbmobil proj&tavar et normal constituent boundaries &2 but are most
al., 1998) was established. certainly not marked prosodically because they are
Noticeable progress in this field in the recent yearswas ~ "close” to aM3 boundary
also made for one of the minor European languages, Slov-
enian. As a result of our own investigations and our collab-
oration with foreign partners, a multilingual dialogue sys-
tem was developed (Aretoulaki et al., 1998). Slovenian Table 1: Syntactic-prosodic boundary labels
speech recognition, understanding and synthesis systems
are the most important achievements of the research group For the training of statistical classifiers large amounts
of Slovenian scientists in the Laboratory of artificial per- of |apeled training data are needed. Prosodic labeling on
ception, Faculty of electrical engineering at the Universityhe pasis of perception tests is very time consuming. Fur-
of Ljubljana (Ipsi¢ et al., 1999). . _. thermore, it does not exactly reflect what is needed during
The usage of prosodic parameters in speech recognitiofhe syntactic analysis of speech. Therefore, we performed
and understanding and quality prosody modeling in speechytomatic labeling with syntactic-prosodic boundaries of
synthesis resulted in large improvements in the performne Sjovenian ®poLisspeech corpus (50 speakers, 8.645
ance of these systems (Batliner et al.,, 1998; Boros et alytterances, 5.077 different corpus sentences) according to
1998; Gros et al., 1998). At present not much work haskompe, 1997) pp. 140-144.

been done in this field fO!’ the_ Slovenian Ianguage. The  |nthe labelling procedure, we distinguished between 4
research group at the University Erlangenrdliberg has ynes of boundaries as listed in Table 1. Here are some
some important research results in the field of prosodi(éxammes of labeled tekt

analysis for the German language (Batliner et al., 1998;

KiRling, 1997; Kompe, 1997) and also some experience-8hko M1 ponovite odgovor M3 prosim?

with prosody processing for other languages (Haas et al(Can you repeat the answer please?)

1999). In a combined effort of the Slovenian and theAli M1 imate M2 kaksno letalo M3 Cez tri tedne?
German research groups procedures for automatic proglsthereaflightin three weeks?)

odic parameter measurement and evaluation were tested &tite M2 narelaciji M3 Helsinki M3 Zuerich?
Slovenian speech material. We tried to recognize prosodi€P0 you fly the route Helsinki Zuerich?)

events and evaluate them statistically.

e M3: clause boundaries

e MO: every other word boundary

Acoustic-prosodic boundaries and word accent labels were
) ) defined as in ¥rRBMOBIL (Kompe, 1997). They are de-
2. Selection of prosodic events scribed in Tables 2 and 3.
Syntactic-prosodic boundaries along the lines of (Bat-
liner et al., 1998), annotated for transliterations of read MO labels are not indicated in the examples.




e B3: prosodic clause boundary BEG N.LLATTI CE

-] 1.00 2 18 (AP(Z-2)

ne 100 19 55 (AP(Zn19E: 32)
<] 1.00 56 80 (AP (Z-56))

to 100 81 94 (AP(Zt 810: 87))
pa 1.00 95 115 (AP (Zp 95a 105))
ne 1.00 116 132 (AP (Zn 116E: 120))
8 [-] 1.00 133 156 (AP (Z-133))

e B2: prosodic phrase boundary
e B9: irregular boundary, usually hesitation lengthening

e BO: every other word boundary

~N O U W N
~N O Uk W N

Table 2: Acoustic-prosodic boundary labels

e PA: the most prominent (primary) accent within a END-LATTI CE
prosodic clause

e SA: all other accented words are marked as carryingfable 4: Word-graph for the sentence "Ne, to pa ne!”

secondary accent (meaning "No, not this!”). Col. 3: description of the speech
segment (word, pause), Col. 5: speech segment start time,
e UA: unaccented words col. 6: speech segment end time, Col. 7: word allophones

and their start time. The time unit corresponds to 10 msec.

Table 3: Word accent labels
Adria Airways information center. 22,500 different sen-
Here is a sample list of sentences labeled with acoustidences for short introductory inquiries, long inquiries and

prosodic boundaries and word accehts short confirmations were produced using the sentence tem-
plates. 5,077 of them were randomly chosen to form the

JaPA, <pause- B3resPA! final GoPoLISSsentence corpus.

(Yes, really!) _ In order to obtain a version of thea@®oLis database

Lahko ponovite SA odgovor PA , B3 prosim PA ? annotated with boundary informatiod1, M2 andM3 la-

(Can you repeat the answer, please?) bels were inserted into the sentence templates. Then the

Bi bila SA mogoCe SA kakSna SA direktna PA letalska SA  gentence generation process was repeated.
veza B3 Ceztri PA dneve SA ?

: O The M2 markers were generally set according to
(Isthere a direct connection in three days?)

rhythmic constraints.M1 markers — as described above
. — were set, if anM2 boundary was too close to the
3. Data preparation beginning or end of the utterance or too close to an
The experiments on prosodic events classification weM3 boundary, i.e. they were also set according to
wanted to perform required some specific data preparatiorrthythmic constraints. M3 markers were placed between
Speech signals of read Slovenian texts from tf@PGLIS  main/subordinate clauses and around embedded clauses.
speech corpus (Dotzek et al., 1998) were used for the ex- For example, theDEP_CI TY ARR.CI TY category com-
periments. The GpoLispronunciation dictionary was ex- bination indicating the flight arrival-destination city was al-
tended with stress and syllable markers. Special categoriggays delimited by aM3 marker since we assumed that the
denotingsilence, non-word, consonants and syllable-root  speakers would pronounce the two city names separately
were added. A special format for representing word graphgs they convey essential semantic information. Similarly,
was used. Table 4 displays an example of a word—graph. time and date expressions were separated from the rest of
The segmentation of the speech signals was perhe text usind3 markers. Since one sentence template can
formed automatically using theshDORA net (Schukat- produce sentences of various length, many ofti3anark-
Talamazzini, 1995), based on HMM acoustic speech moders could not be predicted automatically, esp. the breathing
eling and transliterated texts. An important feature of thepauses.
Isadora net environment is the automatic detection of si-
lence segments not indicated in the transliteration. 3.2.  Acoustic-prosodic boundaries and word accent
labels deter mination

Acoustic-prosodic boundaries and word accent labels
were marked manually by perception tests using visualisa-
The text corpus of the GPoLIsdatabase has been cre- tjon of speech signals and listening. In total, 1000 signals
ated automatically using a context-free grammar consistin% speakers) were labeled, representing 12% of the whole
of 189 sentence templates (Gros et al., 1995). The sentenggopoLisspeech corpus. The annotation was conducted by

templates cover the most frequent dialogue situations 0Ghe first author; intralabeller consistency has not yet been
curring at airline timetable information retrieval. The tem- gygjuated.

plates were created after tedious listening, transcribing and
analyzing of 15 hrs of recordings of real situation dialogues
between anonymous clients and telephone operators at the

3.1. Automatic syntactic—prosodic boundaries
determination

4. Featuresselection and pattern
classification

2The default classes BO ath labels are not indicated in the Classification using only prosodic feature sets describ-
examples. ing duration segmental characteristics on the word level,



nset

speaking rate, energy and pitch was performed. Pitch peri% ZHSEI posiion & T
ods were computed for the entired@oLIs database based @ onset
on the inverse filtering algorithm (Kiling, 1997). Various (2 ofiet posion
statistical parameters previously determined on the train-
ing set were used in the duration and energy normalization ' -
procedures (KiRling, 1997) (pp. 165-182). All 95 features (&) maximum posiin
forming "the best word features set” according to experi- \~""™m
ments performed on German speech (Kiling, 1997) (pag 20
258) were computed for the Slovenian speech data.

The aim of the extraction of prosodic features is to com- X2/ & ofreo. fne
pactly describe the properties of the speech signal which @) Point of reference
are relevant for the detection of prosodic events. Prosodic
events, such as phrase boundaries and phrase accents, Mafjjure 2: Example of features used to describe a pitch con-
fest themselves in variations of speaking-rate, energy, pitchgyr.
and pausing. The exact interrelation of these prosodic at- o
tributes is very complex. Thus, our approach is to find 5. Recognition results

features that describe the attributes as exactly but also as Four classification schemes with different clustering for

compactly as possible. the syntactic-prosodic boundaries were tested. The results
~ Ateach edge of the WHG, not only the current edgejnicating overall recognition rate and classwise computed
(i.e. the current word interval) is used for feature eXtraCt'onrecognition rate are displayed in Table 5. 5 female and 5
but also intervals containing several words. These intervalg, ;e speakers were selected for the test set while the re-
from the beginning of wordf to the end of word are re-  5ining 40 speakers were used in the training set.
ferred to byI(fﬁ)' Intervfalﬁ that we use aret:] e 1 The classification oM3 markers versus other categor-
g;}c{(*ﬁ‘?lll' FAt tree f?r?eolntte? vdvlord not em t Selﬁ)et(raint%ee ies and classification into three classs3(: M2 : M1,
nown In Figu eval—s,—1) €.9. " MO0) are the mostimportant for further use in semantic pars-
time interval from the beginning of the wofdOf" to the ing of recognized word strings (Boros et al., 1998). By
end of the word course”. comparing the obtained results to the results obtained on
the ERBA corpus (Bakenecker et al., 1994) (82%, 72%),
No. Of course not. On the second of may. the results on Slovenian speech data are even slightly bet-

Maximum

Minimum position

Regression line

w,ooow, W, W, ter. This indicates at least the correctness of the automatic
n@Uvv[ko:rdnat/[An[pv[sek@ndvv[mell procedure for boundary labeling and also the appropriate
BB p P feature selection and classification procedure for the Slov-

enian language.
Figure 1: UtterancéNo. Of course not. On the second of

May!" with the phoneme sequence in SAMPA notation. Classification Recognition| Recognition
schemes overall classwise
MO : M1: M2: M3 74.1% 77.5%
Each of the features that were used in the experiments | MO M1 : M2 : M3 80.7% 80.3%
corresponds to an interval as described above. The pausel MO0 M1 M2 : M3 87.3% 87.7%
features are easily extracted: These are simply the duration[ MO0 : M1 M2 M3 87.5% 87.6%

of filled pauses (e.g. "uhm”, "uh”, ...) andsilent pauses.
Energy and pitch features are based on the short term en-
ergy and FO contours. Duration features should Capturg’able 5: Recognition results for different classification
variations in speaking-rate and are based on the duratiopchemes for syntactic-prosodic boundaries. App. 40000
of speech units. A normalization of energy, duration, andlabels were used in the training set, 8400 in the test set, la-
pitch features can be performed in order to take phone inb€l M3 at the end of the utterance was not included in the
trinsic variations and the optional use of prosodic markingt€sts-

into account.

As mentioned above, energy and pitch features are Dueto the lack of manuglly Iabelgd dathe results of
based on the short-term energy and FO contour, respecihe experiments on acoustic-prosodic boundary classifica-
ively. Some of the features that are used to describe a pitcf‘Pn and word accent classification are not so reliable. They
contour are shown in Figure 2. Additionally, we use the Might be significa}ntly imprpved using a larger training set.
mean and the median as features (Buckow et al., 1999). The results are displayed in Table 6.

Neural nets were used for classification. The SNNS Two turns of classification experiments were per-
software (SNNS, 1999) was used for neural net modelingformed. Both times 5 speakers were used for training and 1
Several net configurations and initializations were tested ifsPeaker for testing.
the experiments.

30nly approx. 12% of all ®PoLIs corpus was manually
labeled.



Speaker|  Classification Recogn.| Recogn. Notes in Artificial Intelligence 1692, Marienbad, 193—
schemes overall | classwise 198.
0OlIM | BO:B9:B2:B3| 73.9% | 79.8% Cavar, D., W. Menzel, 1998. VERMOBIL: A Speech-
O3M | B0:B9:B2:B3| 66.8% | 67.2% to-Speech Translation System. Introductory Lecture,
01M UA:SA:PA 64.1% 62.5% Proceedings of the Conference Language Technologies
03M UA:SA: PA 72.5% 69.9% for the Sovene Language, Edts. T. Erjavec, J. Gros,

Ljubljana, 25-28.

- _ ~ Aretoulaki, M, S. Harbeck, F. Gallwitz, E. d&tfi, H.
Table 6: Recognition results for different classification  Niemann, J. Ivanecky, I. Bi&, N. Pavsi¢, V. Matogek,

schemes for acoustic-prosodic boundaries and word accent 1998, SQEL: A Multilingual and Multifunctional Dia-

labels. Approx. 4500 labels were used in the training set |ogue SystemProc. Int. Conf. on Spoken Language Pro-

and 840 labels in the test set for acoustic-prosodic bound- cesing, 855-858.

aries; the labeB3 at the end of the utterance was not in- |hzi¢, |, F. Miheli§, S. Dobrgek, J. Gros, N. Pagé&, 1999.

cluded in the tests. Approx. 5000 labels in the training set A sjovenian Spoken Dialog System for Air Flight In-

and 1000 labels in the test set for the word accent labels.  quires. Proceedings of the Eurospeech’ 99, Budapest,
Hungary, 2659-2662.

6. Conclusion Batliner, A., R. Kompe, A. Kief3ling, M. Mast, H. Niemann,
and E. Noth, 1998. M = Syntax + Prosody: A syntactic-
prosodic labelling scheme for large spontaneous speech
databasesSpeech Communication, 25, 193—-222.
oros, M., J. Haas, V. Warnke, E.diti, and H. Niemann,
1998. How Statistics and Prosody can guide a Chunky
Parser.Proc. of the Alll Workshop on Artificial Intelli-
gencein Industry, Stara Lesna, Slovakia, 388—398.
ros, J., F. Miheli; N. Pavsi¢, 1998. Speech Quality
Evaluation in Slovenian TTSFirst International Con-
ference on Language Resources and Evaluation, Eds.

Useful knowledge on prosodic events for the Slove-
nian speech was gained as an intermediate results of the
described experiments. Pitch periods for the completeB
GopPoLlIs speech data base were computed and they can
be used as a reference for further investigations. Several
statistical parameters concerning duration and loudness of
words, syllables and allophones were computed for the
Slovenian language, for the first time on such a large speecﬁ
database.

The obtained research results encourage us to continue . )
the co-operation of both partner groups. Data collection A. Rubio, N. Qallardo, R. Castro, A. Tejada, Vol. |,
and annotation as well as development of semantic parsers, Granada, Spain, 651_654' .
using prosodic information as additional input, will be the Kompe, R.,.1997.Prosody n Speech Understanding Sys-
next steps of our research. The computed prosodic para- tems. Springer-Verlag Berlin Heidelberg, Lecture Notes

meters will also be applied in the prosody prediction pro- 'in Artificial InteIIigence. 1307. L )
cess for Slovenian text-to-speech synthesis. KieBling A., 1997.Extraktion und Klassifikation prosodis-

It can be seen that two languages belonging to different che" Merkmale in der automatischen Sprachverarbei-
language groups — Germanic and Slavonic — could success- UNg- Schaker Verlag 1997.
fully be processed using the same syntactic and prosodid@as, J-, V. Warnke, H. Niemann, M. Cettolo, A. Corazza,
modelling procedure. In the near future, there will still be  D- Falavigna, G. Lazzari, 1999. Semantic Boundaries in
more resources available for the major European languages Multiple LanguagesProceedings of the Eurospeech’ 99,
than for the minor ones. It seems to be likely that this dis-_ V0!- I, Budapest, Hungary, 535-538.
advantage can be by—passed at least partly by approach@@b”sek’ S., J. Gros, F. Mih@jN. Pavsi¢, 1998. Record-

like those described in this paper. ing and Labelling of the GOPOLIS Slovenian Speech
Database.First International Conference on Language
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