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Although this approach has been in use for many years in the
ABSTRACT development of TTS and ASR systems for other languages, the

Knowledge of phonetic unit frequency is vergcessary for need of frequency statistics of phonetics units in Catalan is
developing databases in both concatenative synthesis dguired to be able to develop up-to-date applications for this
continuous spech recognition. In the present work, a |argéanguage. In our de_partment there are several on-going projects
corpus of text was processed and phonetically transcribed IfpASR @nd TTS using Catalan as a focus language.

obtain allophone and diphone frequencies for the Catalghiglan is the native language of large area that comprises the
language. The corpus was acquired from newspaper articles gifstern coast of Spain (Catalonia, Valencia and Balearic
which there were a lot of foreign words that represented I8lands), Andorra, Rousillion (France) and l'Alguer (ltaly).
problem in the normalisation process. After automatiqccording to the last sociolinguistic surveys, Catalan is spoken
transcription, units were counted to get their relative frequengy eleven million people, though they are all bilinguatuse it

and results were compared to other analysis. Finally, diphonigsnot the official language in none of these countries, with the
found in the corpus were compared to units of a synthesisception of Andorra.

database to validate both the normalisation and transcription ) )
modules and the synthesis unit database. In the following, the analysis methodology and the results are

presented. In the first section, the corpus normalisation process

is described, paying special attention to some of the problems in
dealing with foreign words. Afterwards, frequency results are

1. A PHONETIC FREQUENCY ANALYSIS given for allophone and diphone units and they are compared to
FOR THE CATALAN LANGUAGE two previous works on phonetic statistics in Catalan. Finally, the

list of diphones in our TTS synthesis database is compared to

Many current research areas in spoken language technoldgg units found in the analysis in order to extract some
make extensive use of corpus data to get knowledge on WC'USiOﬂS about the TTS modules. A brief discussion on the
characteristics of actual speech or language. In order to trdgsults achieved in this work is presented to conclude the paper.
models for automatic speech recognition (ASR), large databases

are collected whose words, sentences and other items have been 2. CORPUS PREPARATION

carefully selected to cover all the relevant phonetic units for a i . ) ]
given language. Therefore, it is important to know how manghe textual corpus used in this work is a small subset of files

units are relevant and how often they occur to produce thod@M the Catalan part of the PAROLE project that is being
phonetically balanced databases carried out at thénstitut d’Estudis Catalan§l]. This corpus of

over 20 million different words was acquired from redsmks,
In the field of concatenative text-to-speech (TTS) synthesis,rewspapers and magazines written in Catalan. Among all
database of pre-recorded units is required to create the acouatiailable texts, opinion and interview newspaper articles were
signal. Databases are usually defined a priori by means sdlected, because it ifdught that this kind of text has the
phonological rules. However, very often, this process igreatest lexical variety and thus they are probably the
independent to the actual transcription tool of the system. Whehonetically richest.

transcription fails, either by a typing error or an extraneous ) )
word, a non-available unit can be requested. Large corp ny words were found in the corpus that could not be directly

transcription can help in solving this kind of problems b);ead by the transcription module. Some alphanumeric strings

studying what units are delivered and their relative occurrenégduire to be converted into an orthographical form, whereas
compared to reference analysis of phonetic frequencies. other symbols need to be transformed somehow. The process of

normalising the corpus consisted mainly in getting rid of some
The main objective of this work is to get the frequencies dfeader lines, expanding numerical expressions and
phonetic units in Catalan, to be applied in bothegih synthesis abbreviations and coding special characters.
and speech recognition system development. For this purpose, a . o
corpus of newspaper articles was processed and phonetic;§f§/vera| problems were faced d_ur_lng the corpus no_rmahsaﬂon
transcribed to get allophone and diphone frequency statistics. ROC€SS. Acronyms and abbreviations not present in our TTS

a by-product, this analysis allowed to test the performance of tR@rmalisation dictionary derived in strange words that were
transcription and normalisation modules. wrongly transcribed and, as a consequence, they resulted in rare

phonetic diphones.



A more problematic source of problems was the presence 3f1] . Allophone Frequencies
many foreign words. Because texts were extracted from a

newspaper, the number of Spanish names (and from otHeelative frequencies of allophones show, not surprisingly, that
countries as well) was extremely high in some files. Fahe sound @ is largely the most frequent allophone in Catalan
instance, former Spanish Prime Minister, Felipe GonzalefTable 2]. This is because of the large number of unstressed
whose name is almost always pronounced with the Spanisyilables containing the vowela" or "e", which in the Catalan
phoneme /T/, appears 294 times in the corpus. Moreover, sooentral dialect are pronounced invariably with a schwa. The
family names appear written in a mixed Catalan-Spanidbllowing most common vocalic allophones are [i] and [
orthography that makes things more difficult (e!?edro because they constitute, together with tt@ fhe unstressed
Balafia", where the'fi" letter is exclusive of Spanish and t  vocalic system for the central dialect.

vowel can only have a grave accent in Catalan). With few simple ] o

regular-expression rules, it was possible to detect 720 differdfit relation to transcription of vowel®" and "o", the more
Spanish words, which were tagged and filtered out to n§@mmon cI(_)se-mld phon_es are taken by default. This dgusmn
introduce distortion in the statistics computation. Without thod&plies a higher proportion of the] and o] allophones, in
words and some other foreign words that were casually detect@@position to the open-mid vowel§][and [J that appear to be
and after getting rid of header lines, the normalised corpus w&ss frequent in the analysis that they really are.

reduced less than 1% of its original size [Table 1].

Unit # of units rel. freq. acc. freq.
Original Normalised @ 1037062 18.94 18.94
Texts 2443 2443 i 413521 7.55 26.50
Paragraphs 27349 13235 S 352822 6.44 32.94
Lexicon 73074 70050 n 336094 6.14 39.08
Words 1258189 1216182 | 311592 5.69 44.77
Table 1. Corpus contents. t 283283 5.17 49.95
u 275223 5.03 54.98
a 252160 4.61 59.58
3. FREQUENCY ANALYSIS OF k 244778 4.47 64.05
PHONETIC UNITS r 202063 3.69 67.74
m 196537 359 71.33
In the Catalan language, there are 36 different sounds, including z 172096 3.14 74.48
some common allophonic variations. The central dialect of p 166204 304 7751
Catalan, the one that was taken as a reference for transcription; p 162151 206 80.48
has the peculiarity of having two vocalic systems: one for D 157826 288 8336
stressed syllablesd], [e], [E]. [i ], [0], [Q, [u]) and one for - 123361 2'25 85'61
unstressed syllables with only three phoneég, (u], [@). In : :
order to simplify the results, no distinction was made in relation 0 116172 2.12 87.73
to vowel stress or other prosodic features. B 112905 2.06 89.80
d 79093 1.44 91.24
Grapheme-to-phoneme rules for the Catalan language are notas E 60705 111 92.35
easy as for Spanish. In particular, an important source of errors 8) 60434 1.10 93.46
in automatic transcription is the case"ef and"o" vowels in f 54159 0.99 9444
stressed syllables with no orthographic accent, which can be W 47058 0.86 95.30
pronounced either as open-micE)([ [O]) or closed-mid §], G 38772 071 96.01
[0]) without any known general rule. For exampleena b 36098 0.66 96.67
/IN'En@/ (little girl) vs. neva /In'eB@/ (it snows), orrosa 7 33641 0.61 97'29
IrOz@ / (rose) vs. rossa /rr'os@ / (blonde). Another 3 57797 0'51 97'79
transcription ambiguity is consonant "r* in a word final position, : :
that is usually mute (at least for the dialect taken as a reference N 21624 0.50 98.30
for our system), but that is pronounced in many common g 20177 0.37 98.67
monosyllabic words. For instancepr /k'Or/ (heart) butpor S 14001 0.26 98.92
Ip'o/ (fear), omar /m'ar/ (sea) vsma/m'a/ (hand). In all those i 13946 0.25 99.18
cases, an exception dictionary is looked up to disambiguate. J 13885 0.25 99.43
. . . L dz 13105 0.24 99.67
Two types of phonetic units were considered in this frequency ts 10844 0.20 9987
analysis: allophones and diphones. Although diphones are az =629 0'10 99'97
defined in the synthesis sense, they represent as well contex| : :
units for recognition. Left and right contexts are the same units tS 1560 0.03 100.00
in terms of frequency occurrence. For example, the phonetic unit total 5474378 100.00 100.00

[a] followed by [n] (|e [a]+[n]) appears the same number OfTable Z..A”Ophone frequenCieS (relative aadcumulative
times than fi] preceeded byd] (i.e. [a]-[n]). values in %)



It is also interesting to note that only six phones are required tp Unit UPC | VOC | RAF |UPC-VOCUPC-RAF
achieve half of the total number of allophones in the corpus, @ 1891 | 1876 | 20.10 0.78 -6.29
whereas to reach a 90% is possible with the first Ifplhatines, i+ 7.79 777 6.16 0.36 20.96
i.e. half of the phonetic units considered in the analysis. S 6.63 6.86 857 340 29.29
These results can be compared to two previous works. The firgt_1 613 | 613 | 638 001 -4.20
one was a phonology analysis of Catalan units carried out ip Y*W 5.88 5.83 5.63 0.75 4.18
1979 by Joaquim Rafel [2].e&ause in his study onghonemes | 5.68 5.79 6.00 -2.00 -5.66
were taken into consideration, several allophones had to be t 5.36 5.70 5.24 -6.23 2.33
grouped into single units (i.e. phonemes) to make comparisons a 4.60 4.61 4.85 -0.32 -5.39
possible. The other work, carried out in our department, was k 4.46 4.36 4.41 2.30 1.10
used in the design of a phonetic corpus foreesp recognition d+D 4.32 4.06 4.48 5.89 3.77
database in Catalan (VOCATEL) [3]. The methodology was 3.68 355 3.77 3.56 294
very_similar to the present Work,_ bu_t the corpus used_ then was™ 358 373 3.83 2413 575
ten times smaller and the normalisation process was simpler. Z 3.14 3.03 076 334 7593
A relative error distance was computed between the threge P 3.03 2.99 2.76 133 9.04
corpora results, referred as UPC, RAF and VOC respectively € 2.96 3.67 2.34 -24.04 20.71
[Table 3]. Frequencies in UPC column are slightly different to| b+B 2.72 2.63 2.96 3.23 -9.04
the previous section results due to the rearrangement of rr 2.25 254 2.32 -12.88 -3.36
allophones into phonemes to make statistics comparable. o 212 297 1.77 -40.00 16.64
In both cases, the major differences occur for the phoneme paifs E 111 0.35 1.63 67.93 47.11
[e)/[E], [o]J/[Q. Again, the frequency of the open-mid vowels is o 1.10 0.31 1.43 7163 -29.97
below the actual frequency in spoken language, even though9*G 107 | 100 | 095 7.30 11.48
distances are compensated when their frequencies are addedf 0.99 1.04 118 -5.32 -19.20
giving a distance around 2% for both vowels. The application of _Z 0.61 0.65 0.44 -5.48 28.04
an exception dictionary with words presenting this ambiguity] L 0.51 0.57 0.85 -12.12 -68.38
clearly improves the transcription correctness with respect t¢ N 0.50 0.32 0.36 36.75 27.94
results obtained for the VOCATEL corpus. S 0.26 0.32 0.35 -25.18 -38.33
Other important differences are caused by a different voicing J 0.2 0.25 0.28 1.25 12.36
assimilation rule between words applied in transcription. Such is dz 0.24 0.07 0.02 1213 91.79
the case of the phonemes/[z]. Finally, the fact that the RAF dz 0.10 0.10 0.08 6.66 23.54
corpus was very small, frequencies for the phonemes at the 'S 003 | 006 | 010 11223 | -244.86
bottom are not very reliable since they appeared less than Ti@ble 3. Frequency and error distances between the three
times and this may explain those differences. phonetic analysis on different corpora (values in %).

3.2. Diphone Frequencies

Diphone frequencies were calculated in the same way and there
were found 1046 different units. However, the analysis of ,
diphone frequencies was somewhat more difficaitause the 16
set of possible units is undetermined. Some C+C combination

are impossible to be realised because of articulatory constraint **
but a lot of them depend on the criteria followed to deal with

consonant assimilation between words. 12

If units are ordered in a descending frequency order and plotte 1o
in a semilog scale, it can be observed that, at least for the firs,
hundred values, their frequency can be quite well interpolate(gz 8
with a line [Figure 1]. It was expected that, being the corpus*
quite large, the less frequent diphones should appear at lea «
several times. But, for the higher rank diphones the curve
decreases smoothly instead of ending with an abrupt step to ze +
for the last diphone. The explanation for this behaviour is tha
all of those diphones result from a transcription error, mainly 2
because of foreign words.

0
Frequency results for diphones, as well as the number of unite  *°

are presented grouped by phonetic classes since it is impossible
to show them all [Table 4]. Figure 1. Diphone absolute frequency by rank

Diphone Rank



Vowel Plosive | Fricative | Affricate | Approx. Nasal Liquid Silence total
Vowel 476 (64)] 6.71 (47)| 7.15 (40)] 051 (32)] 5.03 (40)] 8.77 (31| 833 (32)| 110 (8)| 4239 (294)
Plosive | 11.00 (48)] 0091 (34) 045 (21)] 0.00 (6)] 0.19 (14) 017 (A1) 1.80 (20) 024 (5)] 14.79 (159)
Fricative | 6.64 (40) 2.14 (20)] 0.37 (18)] 0.00 (5) 0.80 (18) 0.34 (9)| 0.29 (14)] 056 (4)| 11.18 (128)
Affricate | 035 (32)] 0.05 (9) 0.01 (11) (0 0.05 (10)) 001 (7 0.00 (9] 0.05 (2)| 055 (80)
Approx. | 529 (40) 047 (24) 015 (17)) 000 (7) 011 (12)| 006 (11)] 0.74 (14) 005 (3) 6.60 (128)
Nasal 542 (32)] 258 (24) 156 (19)) 001 (8)] 0.00 (5] 0.17 (10) 024 (11)] 022 (4| 1023 (113)
Liquid 796 (32)) 139 (20)) 121 (17)) 0.00 (7)| 040 (14) 052 (11| 048 (11)] 014 (4) 11.83 (116)
Silence 096 (8)] 080 (6)] 024 (5] 000 (1) 000 (2 016 (3| 021 (3) (0 239 (28
total 42.41 (296)| 14.79 (184)| 11.18(148)] 0.53 (66)] 6.60 (115)| 10.23 (93)| 11.83(114)] 2.39 (30)[100.00 (1046)

Table 4.Diphone frequencies by phonetic class (row+column) (frequencies in %; in parenthesis number of different units)

4. SYNTHESIS UNIT DATABASE As it was seen in the comparative analysis with other similar

works, allophone frequencies depend to some extend on the
One of the objectives of this frequency analysis was tHéecisions made about coarticulation rules. This fact was
validation of a phonetic unit corpus foregzh synthesis in Pparticularly clear comparing the frequencies of voiced/unvoiced
Catalan. In a previous work, a table of possible diphones for op@irs of phonemes. Diphones found in the analysis permitted to
bilingual TTS system was defined taking into @eat the identify several units that, even though they are not phonetically
phonetic rules of Catalan [4]. Currently, the system's unROSsible in Catalan, may appear as a result of text transcription.

databage C.OUS'SIS of .800 (.jlphones.,.plus some ponphonesAgoa summary, the analysis of this corpus has led to new
cope with difficult coarticulation transitions.

statistics of frequency distribution of phonetic units in Catalan,
Comparing that table to the list of diphones in the corpus, tighich have been applied to the validation of a unit database for
main discrepancies were detected for the units made of twencatenative synthesis, as well as for testing transcription and
consonants. Indeed, although their relative frequency is smaprmalisation. Results are also being used in the definition of a
compared to that for C+V and V+C units (17.2% in front ofthonetic corpus for a spch recognition database. Further work
36.7% and 36.5%, respectively), the C+C diphones are the mbg6 to be done in the corpus normalisation prooesause a lot
likely to happen when the transcription module runs into a@f interesting information can be still extracted from it,
error because of a difficult consonant cluster. improving the robustness of the UPC TTS system.

Looking carefully to origin of the non-common units, it was ACKNOWLEDGEMENTS
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exception dictionaries, a table of unit substitutions was creatbden supported by CIRIT, Generalitat de Catalunya, through the
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database because do not cqroesl to valid phonetic
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