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Abstract—In this paper a first sketch of the Romanian vowels as
illustrated by a 7 hours corpus of broadcast news data initially
developed for ASR purposes is drawn. Data confirm a seven
monophtongs vocalic system. Data underline acoustic overlap
and complementary distribution of the non low central vowels
[i] and [A]. The current findings supports previous hypotheses
built on laboratory data and encourages further investigations
on large scale data.

1. Introduction

Last decades advances in computation and data storage
have triggered a true revolution in the field of humanities
with the ability to analyze large scale corpora that are
thousands of times larger than the data sets of the past [31].
Among the humanities fields, linguistics and more specifi-
cally phonetic studies have seen a substantial benefit as the
digital progress allowed both gathering large scale corpora
of natural speech and the integration of speech technology
in phonetic investigations [27].

This new way of conducting phonetic research has been
made possible in particular through the tools issued from the
automatic speech recognition (ASR) research, which made
available large amount of aligned data [2]. It is important to
note that for many years, researchers in phonetics have used
small data sets recorded with a reduced number of speakers
in laboratory conditions. This approach has been adopted
for both practical (material) and scientific reasons. Firstly,
it was taking several decades until both recording and stor-
age tools became available and easy-to-use by “humanists”
and until speech technology has been “diverted” from its
normal objective for linguistic investigation purposes [28]].
Secondly, the reduced amount of data allows a more accurate
control of the available phenomena to study and avoid
variation. For example, in such data the lexical coverage
is often circumscribed to portray the targeted phenomenon.
Indeed, the main objection to raise to the approach which
makes use of large scale corpora is that they contains to
much variation meaning more factors to control and evaluate
and possibly an under-representation of the target aspect
to study [30]. As a consequence, even today exploring
linguistic hypotheses through statistical modeling of large
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scale corpora remains a challenging step for many linguists.
However, the process is in motion and with the advent of
significant volume of digitized speech and the advances
in automatic alignment techniques, it is now possible to
combine the benefits of working on big corpora with the
fine detail and naturalness of speech recorded in “clean”
(i.e. laboratory) conditions [29].

The key advantage of using this methodology is that
it allows to study aspects of variation in speech. Speech
is known to be highly variable in time and space, many
factors contributing to this variability: speakers, situations,
recording conditions. Variation concerns all linguistic levels,
from segmental realizations to syntax and discourse. Large
corpora have the advantage to provide instances of varia-
tion that can be statistically modeled. Understanding and
modeling elements of variation may be beneficial for both
linguistics and speech technology. With reference to speech
technology, while today’s best ASR speech models are more
and more efficient, they have not yet reached the status
of being able to perfectly take into account all observed
acoustic variation [[32]. As for linguistic domains, describing
and quantifying variation may help understanding processes
that lead to language evolution [33].

In this framework, less-resourced languages represent a
specific challenge which concerns both speech technology
and corpus linguistic studies. Indeed, the today world’s
globalization engender the necessity to bridge the numerical
gap between technologically privileged countries with the
developing world. Linguistic studies are directly concerned
by this progress as less-resourced languages often lack of
studies driven by the spoken version of the language. Roma-
nian is described as a less-resourced language [[14]. Romania
joined the European Union (EU) in 2007 and benefits since
then from the increasing effort to extend language tech-
nologies to less studied European languages. By extension,
corpus linguistics research on Romanian takes advantage of
the development of automatic tools with afferent digitized
corpora.

In this paper we provide a preliminary analysis of Ro-
manian vocalic system based on a large corpus initially
developed to build an ASR system. The paper is organized
as following: Section [2] sketches a description of Romanian;



Section 3| describes an ASR system built for Romanian;
Section [ put forward the usefulness of ASR errors as
cues for variation; Section [5]describes preliminary linguistic
investigations dedicated to Romanian inflection; Section E] is
dedicated to the investigation of Romanian vocalic system
and conclusions and perspectives are discussed in Section

2. Romanian language: brief overview

Romanian belongs to the new EU languages poorly
represented in the speech technology world whereas the
presence of their speakers across enlarged Europe consti-
tutes a real challenge for such technologies. For instance,
according to [14], ASR is one of the less represented voice-
driven technology dedicated to Romanian language. Spoken
by over 29 million speakers around the world, Romanian
is mother tongue for 25 millions of speakers and official
language of two countries: Romania and Republic of Mol-
davia [14].

Romanian is a Latin language, from the Oriental branch.
Romanian was isolated, geographically and politically, from
the other Romance languages during centuries, as a result
preserving Latin features lost in the other Romance lan-
guages. Romanian is based on the late Vulgar Latin, being
among the last territories conquered by the Roman Empire.
However, the great part of the fundamental vocabulary has
Latin origin (about 60%) as well as the morpho-syntax.
Romanian is surrounded by Slavic languages, which de-
termined numerous borrowings, in particular at the lexical
level. The Slavic influence has been reinforced by a long
use of the Cyrillic alphabet (introduced in Romania with
the oriental Christian religion and adapted to write the
Romanian language).

After the 18" century, Romanians, proud of their Latin
origins borrow many “cultismos” from other Romance lan-
guages and in particular from French and Italian. In the
history of the Romanian language a “re-latinization” of the
language occurs [15]], [[16]. Finally, political, economic and
social aspects in the Romanian history explain other Eastern
European influences: Turkish, Greek, German, Hungarian
etc. Today, the English influence became particularly im-
portant at the vocabulary level. Today’s Romanian may be
described as a Latin language (phonetic, morpho-syntactic
and lexical levels), with strong Slavic influences (phonetic
and lexical levels) but also with contemporaneous Romance
and English elements (lexical level).

3. ASR system for Romanian

A Romanian ASR system was built within the Quaero
progranﬂ The Romanian system development is lightly
supervised as no detailed annotations are available for the
training data [11]. Studies on large vocabulary continu-
ous speech recognition systems for Romanian are lacking,
however attempts to build Speech-to-text (STT) systems on
limited data have been made recently [3], [|6].

1. |http://www.quaero.org/

A corpus of 3.5 hours of speech with exact transcription
was used as development (dev) data and more than 400
hours of audio data were employed to train the system.
Selected data consist in various Broadcast News shows,
from read speech to more spontaneous interactions (Euranet,
RFI Journal, RRA (Radio Romania Actualitati), Antena 3).
Recordings are of both male and female speakers and the
number of speakers per source vary from 3 (Euranet) to
24 (Antena 3). For this preliminary work on Romanian,
attention has been payed to avoid sources with significant
number of overlapping contexts, foreign or regional accents
and noisy background.

The phone set used for the Romanian system contains
33 phones: 20 consonants, 3 semi-vowels, 7 vowels and 3
special symbols (see Table[I)). The correspondence between
letters and phones is almost one-to-one. About twenty rules
were used to transform letters into phones. Foreign words
were manually phonetized.

IPA Ex. Romanian ‘ IPA Ex. Romanian

p pas b ban
t tare d daca
k cal g gol
m mic n nor
f foc v val
S sare z zid
h horn ts tara
r repede 1 lung
I sarpe 3 Jar
tf cer d3 ger
a apa e erou
i insula o ora
u uda ) uda
i inspre
oa foarte ] iapa
ea mea
- silence - breath
- filler

Table 1. PHONES USED IN THE ROMANIAN ASR SYSTEM.

The system architecture is described in [20]. The Word
Error Rate (WER) is of 17.1% on the 3.5 hours of the dev
data and of 19.9% on the evaluation conducted in 2012
within the Quaero project. More specifically, WER ranges
from 8.3% to 23.5%, with higher error rates on the more
spontaneous sources.

4. ASR errors as cues for variation

Previous studies underlined that the analysis of ASR
errors may provide cues about the potential ambiguities of
a language [?2]]. Transcription errors may highlight speech
regions which are challenging for the ASR system. Such
spoken regions may correspond either to intrinsic ambigui-
ties of the language or to some type of intra- and/or inter-
speaker variation still problematic for ASR modeling [13]].
With regard to linguistic analysis, the errors may be indi-
cators of local variation and may help in assessing if the
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observed variation occurs randomly or tends to generalize
to sound changes [[17]].

In [20] a description of the most frequent ASR errors
was carried out. The analysis pointed out that confusions
usually concern the verbal conjugation and the nominal
declension. Inherited from Latin, conjugation and declension
marks are mainly word final. Such affixes may be less
carefully articulated and then subject to confusions (e.g.
survola “he was flying” instead of survolau “they were
flying”). Among the pre-word elements, verbal subjunctive
(sd [s9]) and reflexive (s(e) [se]) marks behave as auxiliary
elements: short and acoustically poor, they may be deleted
in the connected speech (e.g. *scoatd instead of sd scoatd
“to extract”).

S. Preliminary studies on Romanian inflection

To the best of our knowledge, using automatically seg-
mented and annotated data to investigate linguistic aspects
is an innovative approach for Romanian. Indeed, Roma-
nian lacks of recent linguistic descriptions based on the
spoken language, as most of the studies being driven by
its written version. As for the phonetic studies, up to now
studies have been based on data sets collected in laboratory
conditions [21]. Consequently the intra- and inter-speaker
variation marks in the connected speech and more general
the phonetic variation in the contemporaneous Romanian
have not been studied. From the linguistic point of view,
such studies may increase the knowledge of the phenomena
which contribute to the evolution of a language. From the
ASR point of view, accounting for variation marks may
contribute to a better pronunciation variant modeling.

As a preliminary study, two phenomena related to the
morpho-phonology of Romanian and responsible for auto-
matic transcription errors have been investigated [20]], [22]]:

(i) the masculine definite article -1 has a variable real-
ization (sistemu or sistemul “‘the system”) and

(i1) final C palatalization marking inflections (plop—plopi
[plop?] poplar(s); sap—sapi [sap’] “I/you dig”); ban—
bani[band] “money(s)” is only subtly audible, pos-
sibly due to devoicing of the palatal articulation.

Both are word-final phenomena thus susceptible to dele-
tion in connected speech. This preliminary investigation
pointed out that the presence of the masculine definite article
seems to be strongly linked to type of speech: the more
spontaneous is the recording (talk shows, debates) the less
carefully the definite article pronounced. As for the final
palatalization, the results underlined that the phenomenon
covers various contextual realizations that goes from the
absence of the final vocoid (45.5% of the occurrences)
to truly palatalized consonants as in Russian, a language
with phonemic opposition between plain and palatalized
consonants (20.2% of the data). Final palatalization with
Romanian consonant model corresponds to 32.3% of the
occurrences.

6. Corpus-based study of Romanian vowels

ASR opened the way for linguistic investigations based
on very large-scale spoken data. Spoken data bases de-
veloped within the ASR framework are enriched with
corresponding orthographic transcriptions. Thereafter, the
acoustic model training process generates segmentation into
words and on a sub-word level, into phone segments. Be-
yond enabling the development of vocal technologies, those
data are a new precious material for linguistic studies: the
ASR systems may be used as a tool to highlight linguistic
variation and to determine whether an observed phenomenon
occurs randomly or fallows regular patterns []1].

In this study the ASR system for Romanian is used for
speech alignment in order to extract acoustic and prosodic
parameters as features to describe the Romanian vowels.

6.1. Description of the Romanian vowels

Romanian vocalic system exhibits seven monophthongs
that may appear in both stressed and unstressed position,
in open or closed syllables, in lexical roots of any length
and in affixes. In addition to the seven vocalic phonemes,
phonemic inventory of Romanian includes also two phone-
mic diphthongs: /oa/ and /ea/. Vowels may appear adjacent
to any consonant. Within phonological forms, the root is
typically followed by one or more morphological suffixes
that place restrictions on the vowels that actually appear in
word-final position [5]], [24].

In [21]] Romanian vowels are investigated through their
acoustic (distribution in the vocalic space) and prosodic
(duration) properties in a corpus obtained in laboratory
conditions (i.e. vowels in target words recorded in carrier
sentences). Results confirm a seven vowels vocalic space.
They also point out that Romanian monophthongs are re-
alized similarly in unstressed versus stressed conditions.
Concerning the timbre of the vowels, a new transcription
is proposed for the mid central vowel as [A] instead of [3].

6.2. Data and methodology

The analysis described below is based on dev and eval
data set up to build the ASR system described in [20]. Ta-
ble 2] sums up corpus specificities. Corpus can be described
as portraying the standard version of the language, based on
the southern dialect. The broadcast sources are those listed
in Section [3] A forced alignment of the manual reference
is realized with the mentioned ASR system. Afterwards,
classical acoustic and prosodic parameters (F1, F2, F3, du-
ration, fundamental frequency) are automatically extracted
with Praat [25], following the methodology described in
[23]. The corpus contains more than 56k words resulting
in 300,174 phonemes, vowels and consonants. Vowels rep-
resent about 42% of the data, that is 125,501 vocalic tokens.

Two filtering procedures are applied. The first filtering
procedure (Filter 1) is aimed to avoid vocalic outliers and
it is based on physical parameters. The second filtering
procedure is based on contextual considerations (Filter 2).



# Recording 22
Total duration 7h10
# Words 56296
# Distinct words 8683
# Speakers 95

Table 2. ROMANIAN CORPUS OVERVIEW

e Filter I: Vocalic outliers correspond to measurement
errors due generally to short and devoiced items.
Vowels meeting the following criteria have been
kept for further investigations: (i) voicing rate above
70% ; (i1) duration above 0.07 seconds (for female
speakers) or 0.09 seconds (male speakers), since
male speakers present more variability. After this
filter procedure 34,557 vocalic tokens have been
retained for analysis (27.5% of the total number of
the vocalic segments).

e Filter 2: Romanian vowels combine to result fre-
quently in various more-than-one-vowel sequences
with different phonetic/phonemic status: diphthongs,
glide plus vowels sequences, triphthongs, hia-
tus [26]]. In addition to historically motivated vocalic
sequences, morpho-syntactic processes are responsi-
ble for increasing dramatically the number of such
items. In connected speech the true realization of
the vowels within such structures is a key issue,
as contraction phenomena which are spontaneous
speech proper may affect the canonical timbre or
the realization itself of the vowels. In order to avoid
miss-interpretations of vocalic status and timbre due
to such phenomena, in this preliminary study we
kept only monophthongs appearing in consonant-
vowel-consonant (CVC) contexts.

Further analysis is based on the 17,795 vocalic segments
which remains after the implementation of the two filters
(14.2% of the total number of vocalic segments).

6.3. Results

The following paragraphs are dedicated to the descrip-
tion of the vocalic system of Romanian through its distri-
bution in the vocalic space, the frequency of the vocalic
segments and the behaviour of the two central vowels. For
the mid open central vowel we adopt the IPA transcription
[a] as in which avoids confusion with the phonological
implications of an encoding as schwa.

6.3.1. Romanian vowels distribution. Figure [I] shows the
frequency of the vocalic segments in the corpus. Central
open and front vowels exhibit some differences possibly due
to the lexical coverage of the corpora, however results are
globally consistent with [21]}, in particular with regard to the
very low representation of the central vowels [i] and [A].
As for the place occupied by the Romanian vowels in the
acoustic space, Figure [2] shows the dispersion of the 17,795
vocalic tokens in the F1/F2 space divided as function of
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Figure 1. Frequency of the Romanian vowels in CVC contexts after Filter
1 procedure.

the speaker gender. Romanian vowels fill a V-shape space,
although the overlap between vowels being significant (in
particular for central vowels) and requesting further filtering
work. When considering the mean value per vowel type
(Figure [3) one can notice the proximity between [i] and

[A].
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Figure 2. Romanian vowels distribution in the F1/F2 space for male and
female speakers, all vocalic segments of the corpus with ellipses.

6.3.2. Timbre and status of the Romanian non-low cen-
tral vowels. This paragraph is dedicated to the phonetic
specificity of the non-low central vowels [i] and [Ao]. Among
the seven vowels of the system, the two items have a
particular status in Romanian: historically both are innova-
tions in the Romanian vocalic system (compared with Latin
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Figure 3. Romanian vowels distribution in the F1/F2 space for male and
female speakers, mean and standard deviation of the vocalic segments of
the corpus.

and other Romance languages) and spread in the language
through both phonetic internal processes and foreign lexical
borrowings. They are the less frequents in the language
and although acoustically distinct in laboratory speech [21],
they highly overlap in our data. An in-depth analysis of
the lexical contexts in which the two vowels occur provides
elements to justify their phonetic specificity.

The vowel [i] corresponds to 3.4% of the vocalic seg-
ments in the broadcast news data analyzed in this study.
[] may be found in 3.2% of the vocabulary that is 275
different word form. [A] is also poorly represented, being
the less frequent vowel (0.9% of the data). It can be found
in 755 word forms, that is 8.7% of the vocabulary.

Table [3] shows [#] and [A] distribution as function of the
surrounding vowel (V) and consonant (C) phonemes. Con-
texts are illustrated by the most frequent word in the corpus.
Their occurrence in the present data is in line with previous
findings supporting a complementary distribution of the two
phonemes in Romanian. They appear predominantly in dif-
ferent contexts: [i] is followed by nasal consonants whereas
[a] is frequent in word final position (e.g. as mark of nominal
declension). It may be inferred that the acoustic proximity
between [i] and [A] does not lead to word confusions as the
lexical intersection of the items containing the two vowels is
minimal. The present preliminary considerations support the
hypothesis of marginal phonemic contrast proposed in [21].

7. Conclusion

This paper provides a summary of previous investiga-
tions dedicated to morpho-phonetics of Romanian based
on 3.5 hours broadcast news corpus developed for ASR
purposes and draws a preliminary description of Romanian

context | /il | I/

CvVC 30.5%  Romania 26.6%  astdzi
vvC 0.3%  neincadrabili 2.8% 2012
CVV 1.3%  maine 1.8%  sdu
#VC 67.2% in 04%  iasta
#VV 0.7% 1 0.1%  iia
CV# - - 65.8% s
VVi# - - 2.5%  doud
ALL | 100% | 100%

Table 3. CENTRAL VOWELS /i/ AND /A/ DISTRIBUTION CONSIDERING
THEIR CONTEXT OF APPEARANCE. EXAMPLES WITH THE MOST
FREQUENT WORDS FOR EACH CASE.

vowels as illustrated by a large scale corpus (more than
7 hours) of aligned data. We underline that Romanian,
a language still described as a low-resourced is under-
represented in both speech technology studies and corpus
linguistics. However, making use of digitized and aligned
data coming from recent research dedicated to ASR may be
highly innovative for classical linguistic investigations.

This study is dedicated to Romanian vowels charac-
teristics from both distributional and acoustic perspectives.
Data confirm a seven monophthongs vocalic system. The
distribution of the vowels in the data shows that the non low
central vowels [i] and [A] represent a minority of segments
compared to the other vocalic realizations. Their presence in
the language is mainly borne by lexical prefixes in nasal con-
sonant context (i.e. [1]) and nominal and verbal declension
(i.e. [a]). The two segments shows an acoustic overlap and
the finding confirms previous observations which underline
their minimal phonemic contrast.

Further studies will be conducted to get more insight on
the phonetics of Romanian in order to link the behaviour of
Romanian sounds to both the morpho-syntax of the language
and to on-going evolutionary processes.
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