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Abstract. This paper responds to the great interest to humanities researchers
who are concerned with the study of the Romanian language in its diachronic
evolution: developing a set of tools allowing (semi-)automatic interpretative
transcription of scanned Romanian documents written in Cyrillic, in print as
well as manuscript forms. The corpus contains old data, belonging to the 19th-
20th centuries, in order to develop an automatic recognition and interpretative
transcription of Romanian historical newspapers from Cyrillic (Cy) into Latin
(La), in both manuscript and printed forms. We think that the present study will
have an important impact the humanities research, including that of paleogra-
phy, history, archaeology and that field of linguistics interested in the study of
the language in diachrony, but it will also help the researchers in the field of
computational linguistics that develops models for old language, in order to
elaborate a diachronic POS tagger so necessary to recover old lemmata.
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1 Overview

It is well known that the operation of interpretative transcription of texts written in Cyrillic is
extremely laborious, but it will solve a problem of great interest to humanities researchers who
are concerned with the study of the Romanian language (including also Bessarabia texts) in its
diachronic evolution.

From the perspective of Digital Humanities (history, paleo-linguistics, to name only a few
disciplines), this study is innovative because it will open a huge field of research, making feasi-
ble automatic indexing and online content-based search in collections of old Romanian docu-
ments. The transcripts produced by the machine will be complemented by linguistic annota-
tions, such that the researcher will be able to seize simultaneously: the original Cyrillic-
Romanian script, its Latin alphabet transcription, annotated elements as in modern language
dictionaries (tokens and lemmas), and even elements of grammar, such as syntactic structures,
etc.



The novelty of this study includes two major components: developing a diachronic corpus,
called RODICA (ROmanian Dlachonic Corpus with Annotations)?, still in its infancy (here,
approximatively 4.5 million words) and defining a method to implement a set of tools allowing
(semi-)automatic interpretative transcription of scanned Romanian documents written in Cyril-
lic [1], using the part of our corpus that also contains texts written in Cyrillic and transliterated
in Latin (see Table 2), using the transcription rules described in [2]. Note that the team at Insti-
tute of Mathematics and Computer Science from Chisgindu succeeded to formalize transcription
rules over the standards approved by national authority in Republic of Moldova and Romania.
[3].

Research will focus on the automatic transliteration of Cyrillic Romanian texts belonging to
the 19th-20th centuries, from journalistic genre (written in the Cyrillic alphabet and transliterat-
ed in the Latin alphabet). In order to define a methodology to investigate Romanian old lan-
guage, we consider that the corpus RODICA responds well. It is sufficient to allow an analyti-
cal demarche that aims to identify the deviations from the norm that occur in a language, in
epochs that are themselves automatically identified statistically.

This study is focused on semi-automatic interpretative transcription according to the way
Romanian language written in Cyrillic could be conserved. In this paper, the main objective is
the creation of an electronic corpus of old Romanian texts written with the Cyrillic alphabet,
from the 19th to the 20th centuries, belonging to journalistic genre in both manuscript and
printed types in order to develop an automatic recognition and interpretative transcription of
Romanian language tool from Cyrillic into Latin. As training data in the recognition process,
we will use 60% of our corpus in Cyrillic alphabet.

The rest of the paper will be organized as follows; in section 2, we mention a few works
related to resources and tools related to the analysis of the old language. In section 3, we will
state the problem, present our methodology for the developing an automatic recognition and
interpretative transcription of Romanian historical heritage writings from Cyrillic into Latin,
using the corpus called RODICA. Finally, the paper contains some conclusive statements and
suggestions for future work.

2 Previous Work

The future of a language depends on early exposure and on a large number of people who has
access to it.

A technology as the one proposed in this project has never been created before for Romani-
an old texts. Optical character recognition (OCR) has made remarkable progress in the last
decade, current systems almost reaching the performance of human readers who are ignorant on
the target language. In particular, the character set of the Latin alphabet is recognized at high
rates, which decrease in the case of other alphabets (among them — the Cyrillic one [4]), when
umlauts appear or when the alphabets are not standard. For Latin scripts, Holley [5] reports
accuracy for recognition of printed 19th and early 20th-century characters in the range 81% to
99%.

Recognition becomes much more problematic in the case of handwritten characters, with
their quasi-infinite diversity of forms, being the next phase in our research. Especially problem-
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atic is the Cyrillic handwriting recognition. Promising results have been obtained recently in
recognizing isolated characters and cursives [6]. The major recognition difficulty in the case of
continuous writing is the fact that traditional methods require pre-segmentation of data prior to
the classification process. For this type of recognition, the best results were obtained using
Multidimensional (MD) Long Short-Term Memory (LSTM) type networks [7]. The MD-LSTM
networks go through the data set from multiple directions and decide whether, in a meeting
point, a symbol should be issued or not. They learn dependencies in a variable length contextual
window, which gives them greater flexibility when changing the training data set. The model
outlined in [7] implements a multi-layer network that combines recurrent layers with feed-
forward layers. A Connectionist Temporal Classification (CTC) type layer makes the decision
on the emission of symbols. The major advantage comes from training the network on images
and direct transcripts, rendering manual segmentation at letter level superfluous.

Very few results are known about OCR of Romanian printed with Cyrillic. In [8] encourag-
ing results obtained by using an Adobe solution followed by the application of a rule-based
transliteration method are reported. As for old Romanian Cyrillic manuscripts, they pose prob-
lems even for human readers and fully automatic recognition is an unattained goal so far. This
is why we envisage an interactive OCR-ing solution, where the expert is in the loop, playing
also a decision-making role. As more fragments of manuscripts will be interpretatively tran-
scribed, they will be used as training data for innovative DL algorithms with the expected result
that automatic transcription suggestions become more precise.

3. Methodology

Our method opens a new perspective for the study of our historical heritage, as conveyed by
Cyrillic Romanian, in both manuscript and printed form, by using full text search technology. It
will enable adaptation of modules that perform linguistic processing: segmentation of the text at
the word level (tokenization), morphosyntactic tagging, syntactic parsing, recognition and clas-
sification of proper names, disambiguation of word senses, and others. The modern deep learn-
ing (DL) technologies, based on neural networks, which allowed us [9] to develop basic lan-
guage processing tools for more than 50 languages and language variants, will be further re-
fined and enhanced to deal with old Cyrillic Romanian written texts.

An adequate metaphor for this research is a bridge that covers the long way from pixels to
content. Indeed, unstructured grouping of pixels in images representing pages of old Romanian-
Cyrillic documents will be interpreted and their inner messages deciphered. In order to ac-
quire a collection of digitised Romanian-Cyrillic resources with their corresponding metadata
and interpretative transcriptions; organise training sets, we will establish the set of norms (rep-
resentation formats of intermediary steps in the process of transforming an image of a page
(viewed as a sequence of pixels) into a structured display of textual content. Among these rep-
resentation formats, we mention: the metadata describing a source document and XML repre-
sentations of the original Cyrillic characters and the final Latin transcribed content (as much as
possible, conforming to TEI [10]). These pieces of content refer to titles, running titles and
inter-titles, text placed in columns and lines, extra-linear writing (characters inserted above -
supra - or under-infra-lines, with the indication of their position with respect to the main ele-
ments of the text, marginal additions, literal and Arabic numbers (as for instance, those indicat-
ing verses), etc.

After we acquire an important collection of digitized resources (printed, semi-uncial and
handwritten) containing Romanian language in Cyrillic writings, covering all historical periods,



of various conditions of quality (noise level, uneven characters, etc.), with and without supra-
linear writing, we will add metadata to this corpus, which will provide details about: main lan-
guage (which must be Romanian), second language(s) (if the document includes words or pas-
sages of text in other languages), year of publication, document script (printed, semi-uncial
writing, or cursive manuscript), document source (typography), author, level and types of noise
(degraded pages, ink stains, creases, dirt, etc.), inclusion or not of supra-linear writing, if there
is any critical edition of the text (with indication of source), etc.

Also, in order to build the parallel corpus of original page images in Cyrillic and their inter-
pretative transcriptions in Latin Romanian (UTF-8), we will annotate this corpus with respect to
Elements of Content (EoC) in the layout: characters, words, glued words (scriptio continue),
lines of writing, paragraphs, supra- and infra-linear writing (words/characters placed above and
under lines), border notations, etc. Extract out of this parallel corpus sample images of charac-
ters in context, together with equivalent codes, to be used both in training and in evaluation.

To improve the quality of original images, to segment images down to elementary EoCs, to
recognize the language different words or sequences of words are written in, to index and
search documents based on their EoCs, and to evaluate the recognition processes, we will de-
velop or adapt state-of-the-art visual segmentation software to distinguish EoCs in context.
Experiments will be carried out with commercial and open source packages (ABBYY FineR-
eader, for instance). The segmentation software should allow alignment of the EoCs identified
in the original digital format of the document and their deciphered textual equivalents. These
pointers have a triple role: to link the textual index back into the source document, to support
annotations of the expert users in the original document, and to support their corrections related
to the interpretative transcription.

We will also train a language recognition system to distinguish among (sequences of) words
those belonging to different languages (often used in old Romanian texts: Romanian, Slavonic,
Hungarian, Greek, Latin, etc.). This will enable to distinguish foreign words in human transla-
tions.

3.1 Romanian Historical Corpus

RODICA is a lexical resource developed based on an important newspapers collection [11, 12],
playing a significant aspect in the process of the literary Romanian language modernization,
especially in the 19th century, exemplified and analysed in many studies [13, 14, 15]. This
corpus structured in four historical regions (Bessarabia, Moldavia, Wallachia, and Transylva-
nia) is statistically described in Table 1.

Importantly, the corpus RODICA represents a first iteration towards building a Romanian
Gold corpus, centred on diachronic meta-annotation, and contains over 4.5 million lexical to-
kens in Latin. The punctuation, the words with less than two characters and the number from
the “Total words” have been removed. Note that part of this corpus has been transliterated from
Cyrillic to Latin, see Table 2.



Total % (Total
. . Total . old words
Province Period unique old
words [Total
words
words)
Bessarabia 1817-2015 643084 53029 8,25
Moldavia 1829-2015 959010 56790 5,92
Wallachia 1829-2015 1372610 67050 4,88
Transylvania 1837-2015 1609230 210180 13,06
Total 4583934
Table 1. RODICA Statistics in Latin
0,
Total A)_(Tptal
. . - Chirilic
Province Period Chirilic
words /Total
words
words)
Bessarabia 1817-2015 51084 7,94
Moldavia 1829-2015 18010 1,88
Wallachia 1829-2015 32610 2,38
Transylvania 1837-2015 89230 5,54
Total 190934

Table 2. RODICA Statistics in Chirilic before transliterated in Latin

3.2 Discussions

For illustration, the Figure 1 contains some examples of unconventional writing. For instance,
in Figure 1, it can be observed that period does not always mark the end of a sentence, also, it
can be noticed that Arabic numbers are used instead of Romans, that a Cyrillic character must
be transcribed in two Latin letters, depending on the letters preceding that character. In addition,
the capital letters do not always mark the beginning of a phrase or their own name but are often
used without a grammatical explanation. There are also missing letters due to mistakes made by

the scribe.
Figure 1: Examples of unconventional writing

£33 3 Ieorgadpatacka « HHE 40
qwosgm. | AGONIG ANECA AL HHATGH
Lguiens @ergdne Gore Nt Af VEMETE > fEnTa
AUrpdg¥an pe angime > 03, wh ge ABHAME : 1O 5 Arabic number

SCRnma Amp¥ dviove  @Gorpdaa Aviene e i used instead of
Roman

nd Latin

Table 3.1 4R, KOPOIM”A'M’AH\A Aa Raowa MePE pmespliomn
A6 2 s pconge A8tk , MARAEAGR 5 GeRR LI g
Kdin WM s AN A ¢ KoMSapE, drk 35 G Apaas g
WEMRWTE - ANSR Crge  woAtwa_ae KOOMANZEAR
isolates the 1} cditmr¥an Gomi,
predz}::e‘ from its ¢ h:‘l"h Axiorn Ande—

2 K ; q A; e 2Nk l("“/‘l)f‘

"I]_:AAM?:':AT" » Eewe A o igHAoph - fAAgpach,
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‘bfdl'ﬂo;un?fl: > aaps ixSme Gore d Envaiznaops.
n'n,;‘u. o @eme A fanizuaogs o [da > Eeme d Hog-
Erassa¥i » AeSnga woaorin  pe Managipn, eSnmrn
DAL 2 02 5 AE AXHYIME > WG A ABUHME : 158
oA ARE Y Aviem¥di GEMpSEA 5 CARNITE
Kp’uu: mucSwdage ; LR 5 MagSpe AAB S, »
Tanyisops « . Aab 35 Minyr o oYn¥an Gemre n¥mima ,
Bamoping «ige cranxmiye FmEnyil , fuenFng
s emanzniph ASK , peaa dinn 10 5 rpdan C ASTE An
KoAt ) I.?-m'nr'n YApE A KTAmaE 5 Fiwip 5w forp
ANETR ACKE OACAXR » wira ASHi Arp¥ne dnk . -
. Ape-

Pariod doesn’t
mark the end of a
sentence

Aletter is missing
(instead of sau, it is
written au)




Cy Cy Laequiva- | Transition Phonemes Letters
>1850 <1850 lent alphabet names
Aa Aa a Aa lal Az
b6 b6 b b6 b/ Buke
Bs Bs v Bs I Vede
I'r I'r g, gh Gg lg/ Glagol
On JIps d Dd d/ Dobru
€e Ee e Ee lel Est
Kok Kok j Kok /3/ Juvete
Ss Dz & dz Dd /dz/ Zalu
33 33 z Zz Iz/ Zemle
Uwn 1i i li fil lje
Ti Ii i li lil li
Wit Ii i Ii /il I
Kk Kk ¢, ch K k Ikl Kaku
A JIn | LI N Liude
MM MM m Mm /m/ Mislete
N~ Hu n Nn In/ Nas
Oo Oo 0 Oo o/ On
Mo Mo p Mo Ip/ Pokoi
Pp Pp r Pp Irl Rata
Cc Cc S Ss Isl Slova
Tr Tr t Tt It Tferdu
Oy oy o0 u V8 Ju/ Uc
(0N} [oXi)} f Ff Ifl Ferta
X x X x h X x /h/ Heru
Ow Oo 0 Oo o/ Omega
J1g 1§} t Mu s/ Ti
Yy Yy c Yy 7 Cervu

in ront
ofe i
I 1x I 1 S I mx /f/ Sa
T, 1, TIT g st TIT 1 It/ Stea
bbb bbb au bbb o/ ler
b - a,u,i — — leri
Bt Eaea eale Eaea e/ lati
10 10 10 10 iu Iy iy lju/ lu
Iy Ty
A m A m ia laia ljal laco
€ e le ie ie le ie ljel
Aa ia ia, ea laia, ljal, la
Eaea e/
X & bo i Aa fif lus
33 33 X Ks ks Iks/ Csi
Yy Tlc e ps IIs ms Ips/ Psi
Qe Thth th, ft Tt Ft 1t/ si Thita
ft aprox.
10/
Vv Yy i,u I,y lil, Iyl Tjita




4. Conclusions and Perspectives

We consider that this research responds well both for applicative goals (for enabling effective
language chronology analysis using different lexical resources) and for scientific objectives (for
exploring the evolution of journalistic language).

Automatic transliteration to the current Latin script and added annotation referring to mod-
ern Romanian language are two highly challenging objectives, from both the technological and
linguistic points of views, and will open unprecedented research avenues for Romanian scien-
tists and not only.

The success or failure of the study will be estimated according to a combination of the
temporal criteria, genre (journalistic) and printed script criteria, as follows: for each historical
period of 50 years, a random-per-script sample of 30 pages will be considered.

In the future, we will expand this study for texts belonging to the 16th - 19th centuries, in
order to testing the automatic recognition and interpretative transcription of Romanian historical
heritage writings from Cyrillic into Latin, in printed as well as manuscript forms.
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