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Abstract

This work summarizes activities at the Instituteloformatics of the Slovak Academy of Sciences A} in the research and
development of speech technologies in the langodghe Roma minority in Slovakia. Basic facts orthography, phonetics, and
prosody of the Romani language are given. The desfighe text corpus, the speech database andlsggathesizers is described.
The challenges that still have to be tackled inesperecognition are briefly mentioned. The currexgearch in human-machine
communication using robotic head is presented &nploissible use in the education of Romani childsatiscussed.
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Résumé

Téato praca sumarizuje doterajSie aktivity Ustavioiimatiky Slovenskej akadémie vied vo vyskume aojiykecovych technoldgif v
rémeine, popisuje stasny vyskum a plany do buducnosti. Uvadzaju saad#id fakty o pravopise, fonetike a prozédii romskeh
jazyka. Popisuje navrh textového korpuswokej databazy a tevych syntetizatorov. V kratkosti sa spominaju wjzktoré je eSte
potrebné vyriesiv rozpoznavani & Prezentuje sa samotna praca na komunikémiek-stroj pomocou robotickej hlavy a diskutuje
sa 0 jej moznom vyuZziti vo v¢be romskych deti.

Motto: “Sa tu man Saj kames, kana dumakeri chib nadzg®as®aj prindzarav tiro, jilo kana tiro lav hindgé&ano?” (How could
you want me if you do not know my language? Howliddknow your heart, if | do not understand thed@a (non-Roma) words?) —
fragment of a poem by J. Berky-Luborecky
Slovakia uses also many expressions of the Hunmgaria

1. Anglelav — Introduction origin.
Digitally endangered languages are languages uged Buring the population census in 2001, 89 920 peaple
people who are too few in number or too poor to enak Slovakia have claimed that their nationality is Rom
them attractive to commercial software develop&tis  Nevertheless the real number of the members of Roma
means that native speakers of these languages @nd tommunity is estimated to be as high as 380 000.
having two barriers to overcome to access compuiers |n Slovakia — as opposed to the Czech Republic the
first, they have to learn English; then they havéearn IT - Romani language (as a group of varieties) doese®n
sl_<|l_ls. Their native language is marginalized, dedomes disappear, although many of the dialects anddbel
digitally endangered. (www.mealldubh.org, 2008) rro varieties (especially in Western, Central and Sewurth

this point of view the language of Romanies in Blda Slovakia) are endangered or close to extinctiont Bu
(Romani chhib) without any doubt belongs to thetdlty : . 9 L . .
mainly in Eastern Slovakia in some socially isaiate

endangered languages. The total number of Roma i oY o ey
Europe amounts to 6.6 million people. (http://romari-  ocalities a gradual change from traditional biliagism to
graz.at, 2008) Until recently Romani was only amlor monolingualism in Romani — or to a radical loweriofy
language, without a written norm. During the lastades competence in Slovak (in generations which greviaua
an attempt to create a written norm started inedifit productive age after the revolution in 1989) can be
countries and in several cases the written form waebserved. This is in relation to the growth of

codified. unemployment and disintegration of social netsSi(€l
1.1 Serviko Romaniéhib — The Language of V., 2007) _ .
Eastern Slovak Romanies The Eastern Slovak (Serviko) Romani is one of tired

main dialects that are spoken by Romanies in Siavak

§'5 spoken by approximately 80—85% of Roma popufatio
Slovakia, therefore Eastern Slovak Romani dialess

I(chosen as the basis for grammar, lexicon and pbicpe

The language of European Romanies belongs to thepgr
of Indian languages. Their language was alway
influenced by their habitat, where they stayed as
nomadic nation for certain time. Persian, Gree o
Armenian, or even Slavonic words can still be foumd of the codified anguage. . -
this language. Slovak Romanies have in their laggua ;I'he ter’[n “Serv.|'kzi comes from the words “Serbika,
many words which were adopted from standard Slova Serbos’, . Serbija’, reflecting the fact that theame
and even more expressions “borrowed” from locav&ko rom Serbia. Text.

dialects. The language of Romanies living in thetis®@f39



1.2 IriSagos, Pheniben, Vakeribno Melodija — synthesizer and DNN (Deep Neural Network) synttezsiz
Pronunciation, Orthography, Intonation We will briefly describe each version.
In Slovakia the Romani orthography was codified@71 5 41 Diphone Synthesizer
and recodified in the nineties. The codified fosrbased
on the orthographical rules of Slovak. Basicallye t
Slovak alphabet was adopted including diacriticalrka,
which are however used according to different ruldse
most recent publication available on the topic
(Hibschmannova, M., et al. 2006) gives an overvigw
the grammar and phonetic rules of the Romani laggua
In Romani a phoneme is always written with the sam
corresponding grapheme. This rule rule is consilsten
followed with the following phonemes: a, b,&¢h, d, e,
f, 9, h, i, j, k, kh,l, m, n, o, p, ph, 1, s, 8§, t, th, u, v, z, Z
Unlike in the Slovak language, palatalized d.tatk
written with hacek-accents even before vowels i@and
There is a general rule is in Romani, that voicargl

h The first Romani speech synthesizer was based on
concatenation of recorded realizations of diphpaes it
was a slightly modified version of our Slovak syeglzer.

To prepare a diphone database we had to defin¢ @f se
words that contain the Romani specific diphoneswee

not present in the diphone set of the Slovak speech
e%ynthesizer. For the baseline version adding aofet
diphones containing aspired phonemes — ph, khittch,
was sufficient. Table 1 presents examples of Romani
words containing various vowel - aspired consonant
" combinations.

¢h/ lagharela echerchaa vi¢hinel | ochohanq ¢huvaleskrd

aspiration is neutralized at the end of wordshmwritten Y| ahavel bilache | dichiben| Tochipeng  oduwharel
form however the graphemes corresponding to th chamengef _ prechinel

aspirated and voiced phonemes are preserved Mh‘[ kh/ khamoro te khelel dikhipeng o khosngd te khuvel
jakha [jakha] (eye_eyes)). K" naarakheha  jekhetane lokhiben| polokhe| mukhavkerel
Combinations of vowels in the foreign words (in \&ik ph /| phabaj phenel phirel | phosave|  phuv

ia, ie, iu) are written as ija, ije, iju (geograﬁj p" zaphenel | barephikeskefopriphandg dophene| phurikano
gimnazijum). In contrast to S|0Vk, in which both d@nd th/ tharel themeskero| ithiskero| te thovel| thudeskero|
/y/ graphemes refer to the same [|] VOW8|, Romaresd t" | sathemeskio prethovel prithovibg  odothar thuvalel
not use y grapheme. Table 1: Examples of Romani words containing aspita
The phoneme set used in codified Serviko Romangiig consonants.

similar to that of standard Slovak. The only Romani

specific phonemes that do not exist in Slovak drekd,  Grapheme to phoneme conversion was based on a
ph and th, which are pronounced with a slight @jgn.  sophisticated set of rules supplemented by a pration
Without the aspiration the words have essentiafferent vocabulary and a list of exceptions. The Romangioer
meaning, e.g.: pherel (draw, pump) — perel (f&horo  of this block was created by changing Slovak rules
(jar) — koro (blind)(Hibschmannova, M., et al. 2D06 according to Romani pronunciation rules mentioned i
Hence, aspirated sounds are separate phonemes/ikoSe section 1.2.

Romani. With a relatively small intervention in the text

A problematic issue, significant also for prosodythe preprocessing, grapheme to phoneme rules, phoneme
problem of vowel quantity. Long vowels are not neatk inventory and the intonation model of the Slovakesth

by acute accent. synthesizer we managed to create a basic levabdg

The rule that voicing is lost at the end of wordéds also  speech synthesizer in Serviko Romani. The quafitthe

for Slovak and therefore does not cause any diffirén  speech was adequate to the type of the synthediher.
pronunciation between the languages. segmental quality was not perfect, but was accémtdb
Word stress is generally placed on the pre-findable in  spite of the shortcommings — robotic and buzzy spee
Serviko Romani, which also holds for Eastern Slovakquality and very simple prosody model — the produce
dialects. However, too many exceptions exist frdns t speech was reasonably intelligible.

basic rule, so we had to use a lexicon of wordsstre
exceptions. (As our rule-based intonation model ik . . .
for Standard Slovak, which has accents always eritst 2.2 Unit-Selection Synthesizer

syllable, we had to revise the whole model and ghghe  The Unit-selection Romani synthesizer was usingovum
rules of accentuation. The rules for phoneme lengthsynthesis engine presented in Rusko, Trnka anda®arj
prediction, which are based mainly on the meanevalu  (2006). The algorithm did not calculate the jointlacost

the phoneme |ength remained unchanged_)_ fUnCtionS, but was merely I‘elying on phonetical—
phonological pre-selection of elements (mainlyatyliés).

2. Chibakro modulatoris — Speech The main features determining the selection were
synthesizer phonological context, pitch and phoneme length. dihie

selection synthesizer with a CART trees (Breimaalet
1984) based prosody model brought much better
naturalness and allowed for more advanced expettmen
in prosody modeling.

Since the beginning of the millennium several \arsiof
Romani synthesizers have been developed at thiéutast
of Informatics. Technically they can be consideasdour
generations of synthesizers: Diphone synthesizeif- U
selection synthesizer, HMM (Hidden Markov Mode))



2.3 Statistical parametric HMM synthesizer

the Constrained Structural Maximum A-

applying

The synthesizer using Hidden Markov Models wasPosteriori Linear Regression (CSMAPLR) technique

developed using the HTS toolkit (Zen et.al., 2007yvas

(Nakano et.al. 2006).

designed in order to be able to generate not On|§\ccording to the informal Iistening tests the symized

emotionally neutral speech, but also warning messagy

Romani. This feature was meant to be used for aatiom
generation of voice messages in the warning inftiona
system in case of fire, flood, state security ttg:ear other

crisis situations.

23.1
To get a better idea of the structure of the lagguend to

Text Resources

speech kept the voice quality, rhythm, intonatiand the
resulting expressive load from the source recosivery
well. Different levels of urgency of the messagesrav
reliably distinguishable across the three adapted
synthesizers (level 1 — normal/neutral, 2 - urgang 3 —
extremely urgent) in both Slovak and Romani langsag
The results suggest that the used “three step mhetifo
expressive speech database development is suitable

prepare a set of sentences for the speech databaggthering a good quality expressive and hyper-essive

recording, a bigger volume of texts was needed.tker
Romani language, the quantity and quality of theste
available is highly insufficient. Moreover, many tfe
texts that have been published are written in dmtiqular
local dialect of their author and not in the staddzed
form of the language.

To have at least some amount of texts for initfébres,

speech database for the design of speech synthegire
emergency situations.

2.4 Statistical parametric DNN synthesizer

The Slovak Deep Neural Network (DNN) synthesizes wa
developed using the Merlin toolkit for building DNN
models for statistical parametric speech synthesis

we used the archive of the Slovak Romani newspapd#Zhizheng, Watts, and King, 2016). We combined ithw

“Romano nevolil” from the years 2003 to 2010,
unpublished Romani fairy tales by Vladimir Zemard an
several tenths of pages of texts that we were deavby
Stanislav Cina, who is our Romani language expedt a
experienced bi-lingual voice talent. We obtainedyon
about 600 kB of texts in total from these souressich
formed our corpus of Romani texts. These were aedly
and a basic set of 1574 phonetically rich sentenczs
selected for the recording of the emotionally naupart
of the Romani speech database. The same amount
Slovak texts was prepared and recorded for traiofripe
Slovak baseline neutral voice.

2.3.2 The Expressive Speech Synthesizer

In 2012 we designed an expressive speech datab
CRISIS. It consists of 90 prompted short warning
messages (160 sentences) per level of urgency aend
language. An original three-step method of recaydhis
expressive speech database was proposed and dultgess
employed. The sentences were uttered by one ma
bilingual speaker in three levels of urgency. Tinst fone
represents neutral speech and served mainly deramee
level to the higher two levels. The second levptresents
assertive warnings or commands, and in the thirel lihe
speaker uttered the messages in extremely intende a
urgent way — “as if human lives were directly engkned
and the speaker had to try to save them” (Ruska. et.
2012).

As it was mentioned in the previous paragraph,rgela

our own front-end text processor and the WORLD
vocoder (Morise, Yokomori, and Ozawa, 2016).
WORLD vocoder decomposes the input speech int@thre
parameters: fundamental frequency (f0), spectratiepe
and aperiodicity (representation of excitation thia band-
aperiodicity function). The used DNN has six feed-
forward hidden layers having 1024 hyperbolic targen
units each.

The DNN synthesis based on the WORLD vocoder is
egnsiderably more natural than the HMM-based sgithe
we used before.

3. Towards speech recognition in Romani

The issues making the development of automaticcépee
cognition in Romani are the same as for the athder-
resourced languages. The general issues are lack of

Rvritten texts, lack of speech recordings, lack péakers

suitable for studio recording, lack of annotatorowing
fhe language, and lack of funding. The specifichjrm

g, that the official codified language is spokemyoby
several tenths to hundreds of Roma people in Slavak
All other speak their local dialect that can bengfigantly
different from the codified one.

The experiments with Romani speech recognition are
ongoing. They are trying to take the advantageheffact
that high quality Slovak acoustical models haveady
been developed and are trying to overcome the @nubl
with missing data on the Romani-specific triphorses
other phenomena. Due to the very limited amourtexf

neutral speech databases were recorded by the same. building a more general state-of-the-art lagg

speaker in both languages to create higher quaditiral
baseline voices, that can be later adapted tohttee tfinal
voices with different levels of expressivity.

The HTS system (Zen et.al., 2007) was used fortioga
the speech synthesizer. The baseline HMMTTS voias w
trained from the emotionally neutral
database in the corresponding language. This wae
then adapted to three levels of expressivity uding
recordings of the emotional speech database CRi&#Hl

model is practically impossible. Therefore, thsigeers
can only work on applications that would do with
grammars or simple language models.

For the initial experiments we use the ASR systesed
on Kaldi Speech Recognition Toolkit (Povey et 2011).

bigger speeck\Ne hope our first results will be ready for pubtioa

soon.



4. Teaching L2 and L1 communication comprehensive speech technology applications like

skills with a robotic head pedagogical tools and information systems in Romani
A Furhat is a physical 3D humanoid head that engploy
the optical projection of an animated facial modal 6. Acknowledgements
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