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Abstract

This article reports on a cooperative evaluation of grapheme-
to-phoneme (GP) conversion, for Text-To-Speech (TTS) synthe-
sisin French. Thiswork has been carried out in the framework of
a general evaluation of various speech and language processing
devices, conducted under the amis of the French-speaking Fran-
cil network. The methodology and the corpus are described. The
results of 8 systems from France, Belgium, Switzerland and Ca-
nada are analysed. They give afairly accurate picture of the pro-
gress achieved, of the state-of-the-art and of the problems still to
be solved, in the domain of GP conversionfor French. Moreover,
the resources and datawill be put at the disposal of the scientific
and industrial community, in order to be re-used in future bench-
marks. On the other hand, the methodological issues have been
extensively discussed, and possible improvements have been en-
visaged.

1. Introduction

Thispaper reportson acooperative eval uation of grapheme-
to-phoneme(GP) conversion, for Text-To-Speech (TTS) syn-
thesisin French. Thiswork has been carried out in the fra-
mework of ageneral evaluation of various speech and lan-
guage processing devices, conducted under the aais of the
French-speaking Francil network. The methodol ogy and the
corpus design are described. The results o 8 systems from
France, Belgium, Switzerland and Canada' are analysed
(Aubergé, 1991; Béchet & El-Béze, 1996; Boula de Ma-
retil, 1995, 1997; Dutoit, 1993; Gaudinat & Wherli, 1997,
Kéller, 1997; O’ Shaughnessy, 1984; Yvon, 1996). The sys-
temsinvolved al rely on arule-based approach: the rules,

1. LIMSl (Orsay), ENST (Paris), ICP (Grenoble), LIA (Avignon),
INRS (Québec), TCTS (Mons), LAIP (Lausanne), LATL (Geneva). LPL
(Aix-en-Provence) wasin charge of organisationand corpusdevelopment.

whose humber ranges between 500 and about 4,000, may
be superseded by look-up in an exceptions lexicon (up to
thousandsof wordforms). However, they differ in theamount
of linguisticprocessing, asfar assyntactic anaysisand spe-
cific modulesfor pronouncing proper names areconcerned.

TTSsystemsusually involvethree main stages. GP conver-
sion, prosody assignment and signal production. The expe-
rimentswe present hereonly concern GP conversion, which
isadifficultissuein French (likein English): besidesmorpho-
phonol ogical ambiguities, heterophonoushomographs, the
mute e (or schwa, which may be uttered or dropped), glides
(which may be pronounced a syllabic way or not), laisons
(reslisation of final consonants, in the context of a follo-
wing word initial vowel), complex problems are raised by
extra-lexical items such as proper names, numbers and ab-
breviations. which are frequent in real-world texts.

Quite an abundant litterature exists about TTS evalua
tion methods (Silverman et al., 1990; Carlson et al., 1990;
van Bezooijen & Pols, 1990; van Santen, 1993; Kraft &
Portele, 1995; Sorin & Emerard, 1996; Klaus et al., 1997,
Benoit, 1997; Pols& Jekosch, 1997). To the best of our know-
ledge, though, our work representsthe very first attempt to-
wards the definition and use of an objective evaluation me-
thodology for GP conversion in French. In thisproject, the
evaluation methodol ogy istuned to the framework of TTS
systems, which usually output a single phonemic string for
each input. More precisaly, we dealt with book or newspa-
per reading: running texts rather than lexica

In the next section, we present the methodol ogy. Section
3 describes the corpus. Section 4 presents the results obtai-
ned. Section 5 discusses the methodol ogy. Section 6 sum-
marises theresults; directionsfor futurestudiesare a so en-
visaged.
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2. Methodology

At first glance, evaluating a GP conversion device looks
quitestraightforward. But areference problemisraised, be-
cause speech is subject to variability along multipledimen-
sions(stylistic,idiolectal, etc.). Eventhough most dictiona-
ries consider that there exists one and only one acceptable
pronunciation for each word of the language, the ideal si-
tuation where every one would do exactly the same pho-
netic digtinctionsis far from reality (Martinet, 1960). Ad-
ditionally, the GP transcription module often interact with
other modules of the TTS system: a possible consequence
isthat a divergence from the reference does not impair the
comprehension of the output speech.

Despite these limits, a common phonetic a phabet was
defined: it is very close to the well-known SAMPA (Gib-
bon, 1997), which has aready been used in the context of
TTS assessment. The participants were then asked to stick
toit. Asfor encoding variants within the reference corpus,
the solutionthat was adopted amounted to limitting thisone
toalatticeof pronunciations. An example, codedin SAMPA
(the| symbol separates possible dternatives), is.

Entre le monde et lui, la guerre est ouverte .
AtR@I[@|] mO™delHilA gER [e|E][t| ] uvERL[@| ].

Such aformat can easily be handled at the computational
level, and does not make any assumption regarding the sco-
ring measures that is applied during the evaluation phase.
Furthermore, this representation of phonological variants
can easily be extented, to accommodate for additiona va
riantsin an incrementa manner.

Stemming fromthe experience of previousworks, theeva-
[uation protocol consisted in submerging, in amuch larger
corpus (12,000 sentencesin our case), thetext on whichthe
results were analysed. This portion was of course secretly
selected by theorganiser (LPL, Aix-en-Provence). Thetask
givento each participant consisted of phonetisingtheentire
text within a restricted time frame. A dynamic program-
ming agorithm was used, to align the phonemic outputs
with the reference.

3. Corpus

After apreliminary test phase which enabled usto verify
the validity of our approach (d’ Alessandro et al., 1997), a
second phase took place during the summer 1997. The or-
ganiser of the test campaign hand-transcribed the test cor-
pus, which consists of articles extracted from the French
newspaper Le Monde of January 1987; thedecision wasmade
towork on thiskind of text, becauseit containsafull assort-
ment of the typica difficulties for GP conversion. About
2,000 sentences were sel ected, withthe specific concernthat
numbers, (foreign) proper names and acronyms should be
significantly represented in the corpus.

At theorthographiclevel, thiscorpus containsabout 26,000
word tokens, corresponding to 6,000 different word forms.
These word occurrences can be further subclassified into
roughly 1,500 proper names (corresponding to 1,000 dif-

ferent word forms), 600 numeras (200 word forms), and
200 acronyms and abbreviations (90 word forms), the re-
maining lot being composed of common words.

The specificities of the corpusin terms of itsvocabulary
were cal culated with respect to the 1950-1990 period of the
“Trésor de lalangue francaise” corpus (Imbs, 1971). This
study revealed no marked deviation in terms of vocabul ary.

Manually transcribed, thereference corpus containsagrand
total of 85,000 phonemic symbols. Based onindicationspro-
vided by the corpus producer, one can estimate the number
of possible cases of liaisons to be approximatively 1,500,
amongst which about 600 are compul sory. Similarly, thetrans-
cribed corpus contains8,500 cases of mute-g, further subdi-
vised between 1,000 obligatory deletions, 1,500 obligatory
realisations and 6,000 optional deletions.

4, Results

Oncethe corpus selected, it was possibleto haveit trans-
cribed by each parti ci pant, to compare thetranscriptionsand
score the systems. A first computation of results was re-
leased; then, an adjudication stage gave the participating
teamstheopportunity to contest some of their errors. A new
version of the corpus was then produced, and new scores
were accordingly computed. Overall, the eight systems ma-
naged to fare relatively well with the task at hand, since
they achieved at least 97% phonemes correct. The raw re-
sults, obtained at the term of this adjudication phase, are
displayedin Table 1.

This table distinguishes between correctness and accur-
racy: theformer givesthe percentage of phonemescorrectly
predicted, whereas thelatter al so takesinto account the per-
centage of spuriousinsertions. Itisalsoto notethat systems
significantly differ in their trestment of optional phonemes:
thisfact isreflected in theimportant variability (nearly 5%)
in the total number of phonemes produced.

But what isreally needed isaclassification of errorsen-
abling us to pinpoint the most problematic cases for each
system. The participating teams were consequently asked
to work on amanual classification of their errors. In order
to make these detailed results comparable, a common grid
was defined, along the four following dimensions:

— related orthographical form;

— major grammatical category - in fact, we only distin-
guished between proper names, acronyms, number and
symbols, and lexica items) -;

— error type (e.g. heterophonous homograph, morpho-
logical ambiguity, lean word, obligatory or forbidden
liai son, schwa problem, preprocessing);

— typographical characteristics (e.g. upper case, digit, Ro-
man figure).

Thisannotation scheme is unsatisfactory in many respects:
f or instance, anincorrect preprocessingmay resultinaliai-
son error; a morphological boundary may be missed in a



borrowed word, etc. Nonethel ess, this categorisation, toge-
ther with theannotated mi stakes provided by six of the8 par-
ticipatingteams enabl ed usto conduct amore detailed quan-

titativeanalysisof theerrors. Thefigurespresentedin Tables 2

and 3 cannot be taken at face value, but merely reflect the
relative importance of various GP conversion problemsin
French, and the current ability of our systemsto cope with
those. It should finally be noted that, these (indicative) fi-
gures refer to occurrences of erroneous words.

Table 2 presents the distribution of errors by word cate-
gory for 6 systems. It mainly illustrates the difficulties of
correctly pronouncing proper names and acronyms. While
these token only represent respectively 5.8% and 0.7% of
thewords in the test corpus, they are more strongly repre-
sented in the erroneous words. Errors on proper names re-
present between a haf and a sixth of the tota number of
errors.

Numbers and numerals are another significant cause of
errors, which can be further subclassified into 3 main cate-
gories:

— deletion of thefina consonant of cing (5), six (6), huit
(8), dix (10) beforeaconsonant, withindates, addresses
or phone numbers;

— insertionof asegment correspondingto forbiddenliai-
sons;

— substitution, especially dueto thepronunciationun (ins-
tead of une) for 1 before afeminine noun.

Table 3 displays the distribution of errors by error type. It
may be analysed by line or by column. It can also be ana-
lysed by line or by column. These breakdoowns show that
theresultsare quite different from a system to another: the
best system is not necessaril the best for coping with each
difficulty. Though, it appears that, on the whole, the main
problems are (foreign) proper names and the schwa. The
latter point needs to be moderated though: the transcribed
corpus contains 8,500 schwas, asmall proportion of which
(approximately 2% on the average) isin fact erroneously
predicted.

5. Discussion

In this section, we critically review the methodol ogy we
used, and put forward several arguments and questions, to
point out possi bleimprovements. Thispart isnot very much
language dependent: the same types of methodol ogical pro-
blemswould certainly be encountered is other langages as
well.

The definition of a common phonemic a phabet and of
a universal grid for evaluation proved to be difficult and
controversial, whichisto belinked with the limitsof amo-
dular approach of assessment. An alternative solutiontothe
one we adopted, to specify the inventory of phonemes and
to describethe variability isto consider phonetic transcrip-
tion not as a succession of atomic symbols, but as a suc-
cession of more complex units. Let us examine how this
would work in the case of liaisons. Using abstract symbols,

it is possible to represent optional liaisons in /z/ with the
capital letter /Z/, which covers /z/ and zero inits realisa
tion (equivaent classes reminiscent of the concept of ar-
chiphonemes). Asaconseguence, thetwo variantsneed not
be explicitely listed in the test corpus. The use of thiskind
of aphabet alows usto evaluate not only the accuracy of
a given GP conversion device, but aso its precision. Let
us assume, for instance, that the reference pronunciation of
thefirst o in microcosme can be either /o/ or /5/. In thissi-
tuation, a system capable of predicting both timbres should
be more rewarded than a system which only predicts one
of the two possible outcomes, since arguably, the former
is more precise than the latter. However, this kind of en-
coding could only capture some cases of phonologica va
riability, namely the cases where the pronunciation of one
singlesymbol is subject tovariation, irrespective of itspho-
nological context. More complex cases, where the aterna-
tiveexistsbetween several sequences of phonemes, or where
thereisacontextua dependency between adjacent symbols,
would still need be explicitely enumerated - such cases are
not uncommon. In addition, it is possible that the evalua-
tion of the precision of a GP conversion device is not cen-
tral inthe specific context of speech synthesis systems, and
that its undertaking would unduly complexify the scoring
measure.

Another point isworth mentioning, which concernsadi-
mension along which systems were not evaluated. The re-
ference corpus containsalot of independently specified va
riants. A conseguence is that this scoring strategy fails to
assess the stylistic coherence of a given transcription. This
has been found to be quite a minor problem: al the tested
systems use deterministic transcription rules, which makes
them unable to produce a kind of “incoherent” output.

It is however possible to enrich the test corpus annota
tion scheme, including for instance part-of-speech tagsand
an alignement between orthographicand phonemic strings
at the word level; and a specification of the places where
liaison isnot possible.

Several test corporacoul d a so be generated withthe same
text materid. In thisway, a system’s behaviour could also
be tested by using different variants, each representing a
different level of difficulty for the GP conversiontask. Going
fromthemost complex tothe easiest, thefirst variant would
be pre-segmented, the next woul d be typo-free, the next would
further contai n expanded abbreviations, an even easier would
includetags (or even brackets) etc. Giventhe availability of
accurate natural language processing tools for performing
these tasks, these variants could be produced nearly auto-
maticaly. An aternative exists regarding the constitution
of areferencetranscriptionfor atext corpus: ear-transcribed
or hand-transcribed, which means observed or not. Thecom-
parison of reference dictionaries (Juillard, 1965; Warnant,
1987; Larousse, 1989; Robert, 1990; Boé & Tubach, 1992)
reveals the obvious difference of phonemic prediction by
the authors. More generally, it seems that the problem of
finding an agreement between different listenersmakes the
congtitution of ear-transcribed corpora difficult. It thus ap-
peared more reasonable to opt for a hand-transcribed cor-



pusin these experiments. This choicewas aso plainly jus-
tified with respect to the participating GP systems them-
selves, whose pronunci ation rul esreflected more the content
of pronunciationdictionariesthan theactual pronunciations.

Common word lexica are very vauable tools for mea
suring the capabilities of a transcription system to handle
phenomenainternal to lexemesor derivational morphemes.
Moreover, their coverage enables ustotest thetranscription
capabilitieson alarge-scale, i.e. to evaluate overal consis-
tency of the transcription rules. Finally, specialized lexica,
such asproper names|exica, constitutesuitabl etesting condi-
tions for evaluating GP conversion devices on a task like
reverse directory inquiry. Nevertheless, irrespective of the
public availability of large scale phonetic dictionaries for
French, testing GP conversion on systems on running texts
hastheadvantage, in comparisonto allow ustoeval uatethe
ability of adevice to properly process contextua variants
(final schwas, liaisons, etc.).

6. Conclusion

The eval uation results presented in thispaper givean ac-
curate picture of the state-of-the-art in the domain of GP
conversion for French, and of the problems still to be sol-
ved: proper names, acronyms, numbers or symbols, loan
words, heterophonous homographs, preprocessing, schwa
and liaison. Moreover, the ressources and data will be put
at thedisposal of thescientific and industrial community, in
order to serve asreference for futurebenchmarks. Thiswill
enable a quantitative analysis of the results obtained, and
a measurement of the progress achieved for each specific
system. For thisgoa, a corpuswas defined, based on news-
paper texts. A working methodol ogy wasdesigned, and tests
were performed, using 8 systems.

The discussion on methodology raised serious theoreti-
cal objections against the concept of an objective evaua
tion of GP conversion devices. However, it must be empha
sised that many methodological issues are till difficult to
handle. We hope that this aspect of the paper, namely the
discussion on pros and cons of the methodology, will help
evaluations of similar systems for other languages.
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Labs | #Phonemes | Correctness | Accuracy
Lab. A 83841 97.1 93.0
Lab. B 84250 94.9 (*) 94.4 (*)
Lab.C 85850 97.7 97.3
Lab. D 85554 98.4 97.8
Lab. E 86338 99.2 (*) 98.8 (*)
Lab. F 86205 99.2 98.7
Lab. G 86938 99.3 99.0
Lab. H 86047 99.6 99.5

TAB.1- Global performance of the eight systems
For each system, thistable gives successively thetotal number of phonemes predicted, the system'’s correctness and accu-
recy.
(*) These figureslargely underestimates this system’s performance, which have been severly degraded in terms of phone-
mic correctness and accuracy by anon-negligiblenumber of entirely incorrect sentences. A further exam of these sentences
revealed that they either were incorrectly formatted, or had been wrongly aigned with the reference corpus.

Labs Lab.B Lab.C Lab.D Lab. F Lab. G Lab. H
Proper 180 (9.6) | 296 (24.0) | 204 (22.7) | 113(15.2) | 168(25.6) | 131 (49.4)
name

Acronym 105 (5.6) 30(2.4) 73(8.1) 15(2.0) 11 (1.7) 7(2.6)
Number 113 (6.0) | 157 (12.7) 55(6.1) | 90(12.1) 50(7.6) | 30(11.3)
or symbol

Other 1469 (78.7) | 752 (60.9) | 565 (63.0) | 526 (70.7) | 428 (65.1) | 97 (36.6)
Tota 1867 1235 852 744 657 265

For a given system and word category, each cell of thistable contains the absolute number of errorsfor this category, and
the corresponding percentage of the errorsfor the system.

TAB. 2 - Distribution of errorsby word category for 6 systems

Labs Lab. B Lab.C Lab. D Lab. F Lab. G Lab. H
Lean word 77 (4.0 52(4.2) | 129(15.1) | 97(13.0) | 89(13.5) | 103(38.9)
Liaison 111 (5.9) | 123(10.0) 76 (8.9) 49 (6.6) 38(5.8) 15(5.7)
Schwa 493 (26.4) | 374(30.3) | 134(15.7) 46 (6.2) | 91(13.9) 3(LY
Heterophonous 98 (5.2) 47 (3.8) 34(4.0) | 90(12.1) 7(13) 19(7.2)
homograph

Typing errors 116 (6.2) 78 (6.3) 14(1.6) | 15(20.1) 38 (5.7) 15(5.7)
Preprocessing | 537(28.8) | 187 (15.1) 79 (9.3 19(2.6) 26 (4.3) | 53(20.0)
Morphological | 197 (10.6) 1(0.1) 15(1.8) 8(1.1) 2(0.3) 6(2.3)
ambiguity

Other 238 (12.7) | 373(30.2) | 371(43.5) | 420(56.4) | 366 (55.7) | 51(19.2)

TAB. 3- Distribution of errorshby type for 6 systems
For a given system and error type, each cell of this table contains the absolute number of errors for this type, and the
corresponding percentage of the errorsfor the system.



