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ABSTRACT

In this paper, a linguistically rule-based word stress
marker for European and Brazilian Portuguese is
described. The main goals that led us to develop this
application were to increase the grapheme-to-phone
performance and to automatically provide lexical stress
information to train a Hidden Markov Models based
Speech Synthesis System for European Portuguese. The
system was implemented and tested giving rise to
99.59% of word accuracy rate for European Portuguese
and 99.60% of word accuracy rate for Brazilian
Portuguese. This system was also tested with Galician
texts and 98.52% of word accuracy rate was obtained.

1. INTRODUCTION

Stress marking has a major impact in two modules
of a Text-to-Speech (hereafter TTS) system: on the one
hand, in grapheme-to-phone(me) conversion (and
syllabification module), and on the other hand in the
prosody module. Stress is also part of the phonetic
information of the lexicon used as input for the text
analysis of a dictionary-based Text-to-Speech system.
Stress information used in Hidden Markov Models-
based Speech Synthesizers (HTS) offline training has
also proved to improve synthetic voice intelligibility and
naturalness [1]. Although word stress in Portuguese is
widely studied in literature [2], there is not much work
published on automatic word stress marking for
Portuguese. In the early 90’s, Oliveira et al. [3] pointed
out the importance of stress marking and refer that the
DIXT version uses 18 rules. More recently, Teixeira et
al. [4] described a stress marker algorithm with only 3
rules, followed by a table of exceptions (although not
published), while Barros & Weiss [5] presented a
maximum entropy-based stress model which was trained
with a 4219 word stress annotated corpus. In [4], no
performance rates of this rule-based system are
presented. In [5], the accuracy rate of the proposed
statistical method is 85.57%. In this paper, we present a
tool for automatic word stress marking for European and
Brazilian Portuguese. This tool represents the latest
development of a preliminary version presented in a
previous work [6], which was designed only for
Brazilian Portuguese language and whose results were
98.58% of accuracy rate. Our current version has not
only largely overcome the initial performance results,

but it has also turned to be more flexible, supporting
both European and Brazilian Portuguese varieties. This
paper is structured as following: in section 2, the rule-
based automatic word stress marker for Portuguese is
presented; in section 3, the tests are described and the
results are discussed; in section 4, the application of this
work to Galician is presented and discussed; in section
5, main conclusions are summarized and future work is
foreseen.

2. AUTOMATIC WORD STRESS MARKER

The proposed word stress marker is composed by
31 rules and is based on the analysis of context around
the last graphemes of each word. After the text is
separated into sentences and the sentences are separated
into words, the system checks word by word in order to
find non stressed words, which are pre-defined and
receive no stress mark. According to literature [7], non
stressed words are monosyllabic high frequent function
words such as monosyllabic definite and indefinite
articles (<o, a, os, as, um, uns>); clitics (<me, te, se, o,
a, o0s, as, lo, la, los, las, no, na, nos, nas, lhe, lhes, nos,
vos>) and their contractions (<mo, ma, mos, mas, to, ta,
tos, tas, lho, lha, lhos, lhas, no-lo, no-la, no-los, no-las,
vo-lo, vo-la, vo-los, vo-las>); relative pronoun <que>;
monosyllabic prepositions (<a, com, de, em, por, sem,
sob>) and their contractions (<do, da, dos, das, ao, a,
aos, as, no, na, nos, nas, num, nuns>); and monosyllabic
conjunctions (<e, mas, nem, ou, que, se>). The last
grapheme of the word, which receives the position
number zero ~(0), is the starting point for each rule.
Then, the left context of this zero position is analyzed
grapheme by grapheme and the stressed vowel is
predicted according to the different combinations of the
graphic patterns. The symbol set used in the rules design
is shown in Table 1. In Table 2, the word stress marker
complete algorithm is displayed. Most of the rules are
repeated (e.g. rules 5 and 6, rules 7 and 8, etc.), bearing
in mind the adjustment of the graphemes’ position, so as
to predict plurals of nouns and adjectives. The stressed
vowel is marked with a digit (<1>) and not with an
apostrophe, in order to avoid ambiguities in the TTS text
normalization module.

symbol Meaning
~0) Word last grapheme
A1) Word penultimate grapheme
~2) Word antepenultimate grapheme

“3) Word third last grapheme
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~4) Word fourth last grapheme

T Position occupied by the stressed vowel
T=1 Stressed vowel is the penultimate grapheme

/ Except

— Then

{x} Grapheme x

{} Space

1 Stressed vowel

Table 1. Symbols used in the automatic word stress
marker algorithm for EP and BP.

18 | If"(0) = {s} and "(1) = {e} and "(2) | embarques,
={u}and "(3)={q, g } and "(4) marques,
={r} ->T=5 morgues

19 | If~(0) = {e} and *(1) = {u} and sangue, ,
~2)={q. g} and *(3) ={n}— T=4 | manque,

20 | If~(0) = {s} and ~(1) = {e} and exangues,
2) = {u} and ~(3) = {q, g} and manques,
"4)={n} ->T=5 palanques

21 | If*(0), "(1), "(2) are vowels, if "(1) meia, seio,
= {i,u} and if *(3) is a consonant, { apoio, aia,

} ->T=2 gaia, papagaio

22 | If~0) = {s, m} e "(1), "(2), "(3) are | megias, seios,
vowels, if "(2) = {i,u} and if ~(4) is | gaias,
aconsonant, { } > T=3 papagaios

23 | If ~(0) and ~(3) are vowels, and cadeira,

(1) is a consonant and (2) = {i,u} | queima, louco,
and "(4) # vowel/ {u} > T=3 estrangeiro

24 | If~0) = {s} and (1) and ~(4) are cadeiras,
vowels, and ~(2) is consonant and queimas,
~3) = {i, u} and ~(5) # vowel/{u} loucos,
—->T=4 estrangeiros

25 | If"(0) = {a,e,0} and "(1) is ainda, caindo,
consonant and "(2) = {n} and "(3) = | incluindo,
{i,u} and "(4) is vowel—> T =3 oriundo

26 | If"(0)= {s} and ~(1) = {a,e,0} and | Oriundos
"(2) is consonant and “(3) = {n} and
"(4) = {i,u} and "(5) is vowel— T =
4

27 | If ”(k)3 = penultimate vowel and outro, claustro
“(k) = {i,u} and "(k+1) is a vowel
and”(k-1) is not a vowel and "(k+2)
isnot {q,g} —» T=k+1

28 | If "(0) = {m} and"(1) = {e} and "(2) | Quem
={uland"'BG)={q} »T=1

29 | If~0)={a,0, e} and (1) = {i, u} inicie, assobio,
and “(2)isacons.or {u} ->T=1 continua, rua

30 | If~(0)= {s, m} and ~(1) = {a,0, e} academias,
and ~(2) = {i,u} and *(3) isa continuam,
consonant or{u} — T=2 iniciem

31 | Ifnone of the above rules occur — casa, homem,
T = penultimate vowel of the word guerra

Table 2. Rule set for word stress marker in
European and Brazilian Portuguese.

3. IMPLEMENTATION, TESTS AND RESULTS

# | Rule Exemple

1 List of non stressed words. por, um, se

2| If there is an orthographic accentl, Q{gﬁcz, orgaos,
the accented vowel is the stressed bgnga}o,
one. The acute or circumflex béngaos
accents have precedence over the
tilde”.

3 | If the word has only one vowel — tem, vem,
T= vowel bem, vi

4 | 0)={r,Lzx}—>T=1 propor, juiz

5 | If"(0) = {m} and "(1) = {i,o,u} — pudim,
T=1 bombom,

comum

6 | If"(0)={s} and "(1) = {n} and "(2) | pudins,
={iou} - T=2 comuns

7 | If"(0)={i} and "(1) = {u,} and "(2) | caqui, aqui,
=1{9.g} >T=0 sagiil

8 | If°(0)={s} and "(1) = {i} and "(2) | caquis, sagiiis
={u}and "3)={q.g} =>T=1

9 | If"(0)= {i,u} and "(1) € vogal - T | caiu, grau,
=1 pneu

10 | If"(0) = {i,u} and "(1) isnot a caju, javali
vowel > T=0

11 | If°(0) = {s} and "(1) = {i,u} and cajus, javalis
"(2)isnot a vowel » T=1

12 | If°(0) = {s} and (1) = {i,u} and andais, pauis,
"(2)isavowel > T=2 graus.

13 | If"(0) = {and} and "(1) = {u} and Alambique,
"(2) = {q, g} and ~(3) is vowel/{u} Henrique,
—-T=3 obrigue

14 | If°(0) = {s} and *(1) = {e} and "(2) | alambiques,
={u}and "(3)={q, g } and "~(4)is | Henriques,
vowel/{u} - T=4 obrigues

15 | If"(0) = {e} and (1) = {u} and "(2) | agougue,
=1{q, g} and "G)={u} —T=4 azougue,

tougue

16 | If"(0)= {s} and "(1) = {e} and "(2) | agougues,
={u}and "(3)={q, g} and azougues,
"A)={u} - T=5 tougues

17 | If°(0) = {e} and "(1) = {u} and "(2) | embarque,
={q, g}and"Q)={r} - T=4 marque,

morgue

! Exception to this rule: in the following words <aquele, aqueles,
aquela, aquelas, aqueloutro, aqueloutra, aqueloutros, aqueloutras>, the
orthographic accent <> should not be considered as an accent. This is
an accent that marks the contraction between two words, not a
phonological stress.

2 Exceptions to this rule occur in words ending by the suffixes <-
inho>,<- inha>,<- inhos>,<- inhas>,<-zinho>, <-zinha>,<-
zinhas>,<- zinhos> (e.g. paezinhos, sotdozinho) or <-mente> (e.g.
cristdimente), in which the stressed vowel becomes the penultimate
syllable, although the accented vowel still has a secondary accent.

The word stress marker was programmed in C/C++
for Windows. A graphic interface was built in Borland
Delphi with the purpose of testing the performance of
this application. The stress output is combined with the
syllabification output, as can be seen in Figure 1. The
automatic syllabification application shown in Figure 1
was already described in [8]. Syllabification and stress
prediction make stress information be envisaged in a
syllable unit context and not only in a vowel context.
This way, vocalic stress prediction can be extended to
syllabic stress prediction. The word stress marker is part
of a larger application which is basically the Portuguese
HTS front-end, presented in [9]. Two tests were

3 (k) is a variable, a given grapheme.
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conducted in order to assess the performance of the
automatic word stress marker with corpora from both
varieties of Portuguese (European and Brazilian). The
first test was carried out using 1000 sentences as input,
randomly extracted from Cetem-Publico European
Portuguese (EP) newspaper corpus [10], containing
8052 words and 41156 characters without spaces. The
second test was conducted using 500 sentences,
randomly extracted from Ceten-Folha Brazilian
Portuguese newspaper corpus [11] and composed by
5372 words and 28633 characters without spaces. The
overall results show a very similar performance of the
word stress marker, giving rise to 99.59% of accuracy
rate for European Portuguese and 99.60% of accuracy
rates to Brazilian Portuguese. Table 3 shows the results
of the word stress marker using Cetem-Publico
European Portuguese corpus. The word error rate
(hereafter WER) is 0.41%, from which 0.35% occur in
foreign words. In fact, foreign words are the main cause
for errors in our system. In Figure 2, a detailed display
of errors according to their origin can be seen. English
origin words in Portuguese language have the highest
percentage of errors (0.11%), as shown in Figure 2, and
occur in words such as <internet> (in_telr_net) or
<cocktail> (coc_kta_ill). This result is explained by the
high frequency of English origin words in the
Portuguese vocabulary.

Type of error # errors % errors
Foreign words 28 0.35
Portuguese 5 0.06
words
Total 33 0.41

Table 3. Results of word stress marker using European
Portuguese corpora.

With the same number of errors (0.11%), we can
find foreign words from other origins, of which <jihad>
(jil_had) or <Arafat> (a_ral_fat) are examples. Italian,
French and Latin origin words are responsible for 0.04%
of errors each, and can be found in brands
<Lamborghini> (lam_bor_ghi_nil), proper names
<Pausini> (pau_si_nil), <Jacques> (jac_qul_es),
<Chirac> (chil_rac) and compound expressions <ex-
libris> (elx li_brils). The Portuguese words’ category
includes errors in stress prediction of the words
<Coimbra> (colim_bra) and <Quercus> (quer_culs),
which were repeated several times in the corpus. The
comparison of our results with other accuracy rates
reported in literature using statistical methods (85.57%
stated in [5]) seems to demonstrate the better
performance of a linguistically rule-based approach
when tackling the word stress prediction. In Table 4, the
results of the word stress marker using Ceten-Folha
Brazilian Portuguese corpora are presented. Once more,
foreign words such as <Corinthians> (co_rin_thil_ans)
are the major cause for the system WER (being
responsible for 0.31% of the errors). The word
<porque> is the second error cause. Although in

European Portuguese this word is stressed in the second
last syllable (<porque>), in Brazilian Portuguese this
word is stressed in the last syllable (<porque>). This
difference will be included in the system and treated as
an exception. One error occurred in a readable acronym
<Telesp> (tel_lesp), because it shows an unpredicted
final graphic pattern. These results represent a great
improvement when compared with others, previously
described in literature (98.58% of accuracy rate in [6]).

Type of error # errors % errors
Foreign words 17 0.31
<porque> 4 0.07
Acronyms 1 0.01
Total 22 0.40

Table 4. Results of word stress marker using Brazilian
Portuguese corpora.

4. APPLICATIONS TO GALICIAN

The common historical origin between Portuguese
and Galician and their linguistic proximity led us to test
the proposed word stress marker with Galician corpora.
The selected corpus was composed by 300 sentences,
2627 words and 12250 characters without spaces,
randomly extracted from CORGA - Corpus de
Referencia do Galego Actual [12]. This corpus is a
collection of different sources (oral and written) and
genders (newspapers, literature, magazines, etc.). No
adaptation of the here described word stress marker was
made to Galician language, except in the non stressed
words’ list. The analysis of the results using Galician
texts was based in the requirements presented in [13]. In
Table 5, it can be seen that the accuracy rate of the
automatic Portuguese word stress marker when tested
with Galician texts is 98.52%. This encouraging result
not only demonstrates a very similar phonological
structure between Portuguese and Galician, but also
proves the high applicability of this module to a
different romance language without any algorithm
adaptation.

Type of error # errors % errors
For.la.ck of accent in 34 1.29
Galician

Foreign words 2 0.08
Others 3 0.19
Total 39 1.48

Table 5. Results of word stress marker for Galician.

Most of the errors shown in Table 5 are due to the
fact that in Galician, because of the Spanish orthography
influence, there is no graphical accent in words ending
with diphthongs like /jo/ or /ja/ (e.g. <contrario, media,
principio, Emilio, circunstancia>), because these words
are considered to be stressed in the penultimate syllable.
However, the same words exist in Portuguese but are
considered to be stressed in the antepenultimate syllable,
which means that the Galician diphthongs are
considered to be two syllables in fact. Hence, these
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words in Portuguese receive a graphical accent (e.g.
<contrario, média, principio, Emilio, circunstancia>).
Therefore, the high rate of errors (1.29%) in Table 5 can
be explained because the graphical accent is essential to
the identification of the tonic syllable and Galician
doesn’t have it in the same contexts as Portuguese does.
Anyway, according to [14], there is a trend in Galician
oral language to pronounce these words like in
Portuguese, in other words, separating these final
diphthongs in two syllables. In order to solve these
errors in a great extent we could propose the following
rules, as shown in Table 6:

# | Rule Example

| | 1620 = {a0} and (1) = {i} and /2) flf;g;—‘“"’
is consonant and *(3) =V —» T=3 o

principio
If~(0) = {s} and (1) = {a,0} and contrarios,

2 | M2)={i} and ~(3) is consonant and medias,
4)=V->T=4 principios
If(0) = {a,0} and ~(1) = {i} and (2)

3 | is consonant and ~(3) = {m,n} and circunstancia
N4 =V >T=4
If~(0) = {s} and (1) = {a,0} and

4 | M2)={i} e ~(3) is consonant and circunstancias
“4)={mmn} and "(5)=V->T=5

Table 6. Stress marking rules to solve words ending by
diphthongs /jo/ and /ja/ in Galician.

The proposed rules in Table 6 would be able to
raise the current accuracy rate to 99.81%. Other errors
occur in foreign words (0.08%), similarly to Portuguese,
in words like <Madrid> (mal_drid) and <chofer>
(cho_felr) and in abbreviations, such as <mili
(abbreviation of “servicio militar”)> (mi_lil). These
encouraging results and small refinements allow us to
conclude that our system and approach are highly
applicable to other languages in general and to romance
languages in particular.

5. CONCLUSIONS

In this article, a linguistically rule-based automatic
word stress marker for European and Brazilian
Portuguese was described, implemented and tested. The
purpose of this work was to provide stress information
to the front-end part of the TTS system (syllable
boundary  marker and  grapheme-to-phone(me)
transcriber) and to the training corpora used by the HTS
back-end, since it was proved in [1] that this information
improves synthetic naturalness. The proposed automatic
word stress marker deals with 31 rules and starts
analyzing the last grapheme of a word. The goal is to
identify the tonic vowel of each word. Combined with
the automatic syllabification information, the stress
information can affect the entire syllable and not only
the stressed vowel. This approach proved to be very
efficient giving rise to very encouraging accuracy rates
when tested with real text corpora: 99.59% with
European Portuguese corpora and 99.60% with

Brazilian Portuguese corpora. This system was also
experimented with Galician corpora with a small
adaptation in the non stressed word list, giving rise to
98.52% of accuracy rate. A refinement of these results
based on the errors’ analysis was proposed. Due to the
success of application of the system presented in this
paper to European Portuguese, Brazilian Portuguese and
Galician, we believe that this approach can be easily
adapted to other languages. The application of this work
to Catalan was already done with similar success [15]
and other languages are envisaged.
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