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Abstract

Cultural heritage preservation is the one non-transferable duty of any given ethnic or social entity, for it is the essence that defines and
identifies each one of them among others. In the specific case of the preservation of culturally significant works of writing, this task
includes not only digitizing old books to prevent their loss but also optical character recognition, transliteration of old texts and their
annotation. We report our latest contribution to the development and enrichment of a universal dependencies (UD) treebank which
contains old texts, regional folklore and other non-standard texts from Moldova and Romania.

Keywords: Cultural heritage preservation, Old Romanian texts, digitizing old books, optical character recognition, transliteration,
morpho-syntactic text annotation.

Rezumat

Pastrarea patrimoniului cultural este datoria netransmisibild a oricarei entitéti etnice sau sociale, deoarece este esenta care o defineste si
identifica. in cazul specific al conservirii operelor literare semnificative din punct de vedere cultural, aceasta sarcina include nu numai
digitalizarea cartilor vechi pentru a preveni pierderea lor, dar si recunoasterea opticd a caracterelor, transliterarea textelor vechi si
adnotarea lor. Raportam contributia noastra recenta la dezvoltarea Treebank-ului de dependente universale (UD) care contine texte

vechi, folclor regional si alte texte non-standard din Moldova si Romania.

1. Introduction

Digitisation, preservation and online access to historic
literary and cultural treasures are listed among the
priorities of the Digital Agenda for Europe. The actions
undertaken by the EU include the development of the
European Digital Library Europeana’, supported by the
EU Program for Culture. Multiple European research
groups and laboratories addressed various problems of
creation of linguistic resources by digitisation and
recognition of historic and literary heritage (Moruz et al.,
2012) through different European projects. Unfortunately,
the scientific centres of the Republic of Moldova aren’t
involved in these actions in spite of their efforts in this
domain.

The Government of the Republic of Moldova approved
the National Strategy for the development of information
society “Digital Moldova 2020” and the Plan of Actions
for implementation of this Strategy: the Program
“Creation, development and evaluation of the digital
content in the RM in 2016 - 2020”.

The main aims of the cultural policy for the spaces where
the Romanian language is spoken include the study,
digitization and preservation of its heritage. The
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digitization process requires solving a series of problems
related to the recognition, editing, transliteration,
interpretation and reception of printed Romanian texts in
both Latin and Cyrillic alphabets.

Working on these tasks for the Romanian historical
linguistic heritage means solving a number of specific
problems, namely: the large number of periods in the
evolution of the language, the small volume of resources
widely distributed, the great diversity of alphabets used in
their printing, in particular some Cyrillic-Latin "transition
alphabets”, the lack of tools for the correct recognition of
Cyrillic letters from different historical periods, as well as
the lack of lexicons suitable for the period of printing of
the resource.

In order to overcome the abovementioned problems a
platform has been created which integrates a set of
software components for image processing, text
recognition and transliteration into modern Latin spelling.
It has been adapted for the recognition and transliteration
of texts from different historical periods, and for the
differences in evolution of the alphabets used for
Romanian language printings in Romania and in the
present territory of the Republic of Moldova.

2. Our Heritage
We work with old Romanian books in the Cyrillic script.



The researchers of Romania and of The Republic of
Moldova have the same problem. The two countries
constituted a single state in the past, the historical
documents (written in Old Cyrillic) are common, and the
regional variants of Romanian spoken in the two
countries, with minor differences, are mutually
understandable.

The starting point of our work is the scanned text, i.e., the
text presented in the form of page images. The sources of
these text images are the electronic libraries of texts in
this form, e.g., Bucharest Digital Library?, National
Library of Moldova®.

Table 1 lists the linguistic sources we have been working
on recently. The sources are of different historical periods
starting with the oldest ones printed in the very first
printing houses situated in Moldova in XVII-XVII
centuries.

Old Cyrillic fonts, especially of the selected epoch, are
much less variable than Latin ones. The usage of the
Cyrillic script is connected with the Slavonic liturgical
language of the Orthodox Church.

XVII century Noul Testament, 1648

XVIII century Fiziognomie, 1785
Ducere catre aritmetica, 1785
De obste Gheografie, 1795

Asezamant, 1786

XIX century Epistolariu, 1841
Gramatica romaneasca, 1835

Legiuirea Caragea, 1818

XX century Folclor din partile codrilor, 1973

Colectii de reviste 1950-1992

Table 1: Scanned, recognized and transliterated books.

Figure 1 presents small fragments of scanned text of
different periods.

3. OCR: problems and solutions

Post-processing of digitized text is a complex task. To
solve it, we are developing software that supports expert’s
efforts in improvement and analysis of the recognized
texts. The highest priority task of post-processing is to
minimize errors in the recognized text.

The conversion of historical documents from the paper to
accessible and searchable electronic form meets two
obstacles that are not fully cleared till now. Nowadays
state-of-the-art in OCR guarantees relatively good results
only on modern texts. For historical typography, results
are worse for several causes. Historical fonts vary even in
one book, and are less readable. Old paper introduces
speckles and distortions. Linguistic components and
resources of modern systems don't often know the
peculiarities of historical language variations. Each text
yields its own specific mix of features and problems,
which implies that the quality of OCR for historical
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documents may vary from perfect to almost unacceptable.
The second general problem is produced by the historical
orthography and language changes. Most users of digital
libraries don't have a good command of old language and
desire to use the modern orthography at their search. Any
word can have numerous variants in the historical
documents because of language evolution and lack of
orthography standardization. To get satisfactory replies at
search, it is necessary to skip over the gap between
modern and new orthography. Availability of texts in
original historical orthography differs considerably for
different scripts. For example, Romanian Cyrillic script of
the 18th century has glyphs that are not supported by most
OCR programs.

Technology for recognition of the historic and linguistic
Romanian heritage printed in the Cyrillic script in the
17th-20th centuries is supported by a pack of the
following tools and utilities:

»  Alphabets for ABBYY FineReader (AFR).

» Dictionaries (word lists) for AFR.

* Recognition patterns as trained under AFR.

»  Selection utility to start AFR with the alphabet,
dictionary, and templates corresponding to a
specific epoch and location.

*  Virtual keyboard.

XVII century

~ / - / /
Purocodn gt¥ucorn gercaugr eannegn o wn
{ 4 5 #
awTHneyis . Toare ok mEacas 1 acsSne .
4 9 4 “ - /=
WS A LA veAORBHEICPEIHIH WHEBRYHATEAL

XVIII century

AMTYRHEN DASHGH At UMK, ATATS AUIA BEMATEAE NG T ¢ LAY
no g (neere oy rynina) sonmmrape b8 kg g -
gt fe womnmiry, Sk Ayfuwigk wn gornpRpk A phe

XIX century

Msaierra y appTandsce iap aa sepeacrps.

Tpei Bopse anks, issire Pomeo, mi anoi adieo,
adieo. Daka nedepiae amopsasi Th¥ cant Bpednive

XX century

YiliKa KeCTHyHe, Kape Tpebye pesoqBars, Hy ape AcKa HHY O Je-
T3TYP3 Ky KIPIMH3HIE — KHT AC Mape Noate (H Cyma HyMepeaop
HHBepce yetop mape? «blumyaunui» kecthyns na noi, obunheM yHa

Figure 1: The small fragments of the texts from different
centuries.
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The recognition of texts of the 18th-19th century resulted
in WER (Word Error Rate) of 3—4.5% and the WER of
the 17th century is more than 6%. Figure 2 presents a
fragment of Cyrillic text from XVII century after its
recognition. In spite of the fact that all letters a clearly
seen it is still barely readable by a modern Romanian
speaking person due to the specific alphabet which mix
Latin, Cyrillic and some Greek-looking letters.

To solve the problem of multiple character sets for the old
texts we developed historical alphabets and sets of glyphs
recognition templates specific for each epoch. The
dictionaries in proper alphabets and orthographies were
created in order to minimize the error rate. In addition,
virtual keyboards, fonts, transliteration utilities, and other
tools were developed for the researchers of old
documents.

A special interface is created for the selection of the
historical period and the geographical region, where the
text was printed. User can choose one of the following
variants: lasi, Bucharest, Targoviste, Bélgrad (Alba lulia),
Uniev (Cernauti), Sas Sebes, Snagov or Buzau. Within a
region the typography should be selected. For example,
for Bucharest the system is trained in recognizing the
fonts from the Royal Typography and that of the
Bucharest Metropolitan Chair.

4. Romanization of Cyrillic

Once the scanned image was processed and the editable
and intelligible Cyrillic text was obtained, the
transliteration process takes place.

Unusual fonts are difficult for perception even for
professionals in linguistics. Therefore, solving the
problem of textual cultural heritage dissemination
supposes the development of tools for transliteration in
common modern Romanian alphabet.

s A aandca 535

T oy 7 ST Te s
" n’un’u'n TIAL MAH TAPS AImEHe 5 le,{A nEE A e eTOHNHK
5 ALZAITS KYPTALAL KOAYUNHAOYS AxH 5 Avirasicoriga
"’m‘m k¥ ax ¥ns C$Ts mu x¥¢om..
e G g
Kig¥a fig Aondma fminnae akn,m «¥pz iy :yl' A¥H 3
Setel ey S

wH “I l"'r‘“l*l ,I'"IYA A¥H W" “,""\ NATECAL Af BA ""
«d bors neerrined.

e na n¥ka

4& a¥ BEHUTH HY4ENb MAU Tape & MUHE, Kbp¥s HYC QSCTOWHHK Cb el
pelners k¥pbnene konudnunuope n¥u, avena sa Borela -
npeson k¥ A¥x¥ne cHTe wh K¥ oKb.

Kepda ne nonarta pumeHUnE n¥M, wn kK¥pbubwe apk n¥u, wn sa
cTprHye rpw¥n nin jw¥pa ca, iapx nnksene ne sa apae
K

Figure 2: A fragment of a scanned page from New
Testament (1648) before and after OCR.

The first problem is presentation of recognized Cyrillic
text in computer, especially for transitional and Romanian
Cyrillic. In fact, only three fonts in the whole world have

old Romanian Cyrillic letters: Kliment STD, Unifont, and
Everson Mono only since 2009.

Specific Romanian Cyrillic script of the mid 18th century
till 1830 is characterized by two substantial differences
from that of the older time. Each period has its specifics
and needs specific processing.

Transitional alphabets were used in the Romanian
typography since 1830 and until 1860-1870 (Cazimir,
2006). They can be characterized by regular many-to-one
mapping of old Romanian Cyrillic letters to the mix of
Latin and Cyrillic letters. This mapping could be
expanded further to modern Latin Romanian script;
slightly different orthography poses an obstacle. The
existence of such mapping distinguishes the old Romanian
Cyrillic and transitional scripts from Moldavian Cyrillic
script that cannot be regularly mapped to the modern
Latin script (Ciubotaru et al., 2015). The solution of these
problems for the Republic of Moldova faces specific
difficulties: the existing resources are scarce and they
were printed in diverse alphabets.

wapere CTAY Knarinrd Ak A¥mnegi¥: me cinTs :"mu‘m
e rpréacd caTpx wHnemn o sidiacd yie s¥cdyia Dufers.
LI AT R 66 B BT nEs of NYTE rpan 5 Nk A58
i Boj i Ardert: n‘ry{v? s kprgdmn K¥RHNTIAL MTAT
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19 $i-rdspunzind-ingerul-zise-lui,-Eu-sant-gabriil-carele
stau-inaintea-lui-dumneziu- si-sant-trimes sd-griescu-citri
tine,-si‘sd-vestescu-tie-bucuriia-aceasta

20 Si-iatd-vei-fi-mut,.-§i'-nu-vei-putea-grii, pand-in-zua-ce-vor

fi-aceastea: pentru-ce-nu-crezusi‘cuvintele meale, carele-sa

Figure 1: Three forms of an old document: scanned
picture, recognized editable Cyrillic text and the text
transcribed in Latin letters.

The transliteration of the Moldavian Cyrillic to Modern
Romanian Latin was discussed in details in (Boian et al.,
2014). The method is rule based; three groups of rules
were created manually. Most letters (26 of 31) can be
mapped one-to-one as, for example, m to s; 1y to t. Three
letters (r, k, 4) can be transformed using context-
dependent rules. The letter b1 may be transformed in either
i or 4 in accordance with the rule of the Romanian
language. The letter s is the most difficult case that can’t
be fully solved without access to dictionaries. Rules are
mostly heuristic and statistical, and more than 20 rules do
not cover all cases. This situation exists because MC was
not thoroughly designed but is an irregular mapping of
Romanian sounds to the Russian letters.

The transliteration algorithm of old and transitional
alphabets contains mostly simple rules; the letters in these
alphabets are less ambiguous. The old Romanian Cyrillic
script reflected the word composition the most accurate.
The accuracy of conversion is up to 95% for Moldavian
Cyrillic, up to 96% for Transition alphabets and up to
98% for Romanian Cyrillic.



5. Annotation and conversion in UD

The next step after the texts were transliterated
was their enrichment with the linguistic information. The
texts were automatically processed at UAIC* by the Ro-
bin-hybrid POS-tagger (Simionescu, 2011), using
MULTEXT East project PoS tags (Erjavec, 2004). The set
of morpho-syntactic tags for Romanian language
developed during the MULTEXT project consisted of 614
tags. This set was quite large with the detailed description
of the specifics of Romanian morphology. We simplified
the tags keeping 450 tags from the main set and adding
around 100 tags to annotate specific elements of the old
language. Table 1 contains an example of text enriched by
the morpho-syntactic tags.

Old Cyrillic Modern Morpho-
Romanian syntactic tag

fweud losif Npmsrn

b8un fugi Vmis3s

K8 cu Spsa

ic lisus Npmsrn

Table 2: A fragment of text from Noul Testament written
in old Cyrillic transliterated in modern Romanian and
enriched with morphological tags.

The accuracy of automate morphological tagging was 95 -
96% on various modern Romanian texts; on old texts it
was considerably lower. We enriched the dictionary with
old Romanian words and manually corrected the
annotated old texts and by the bootstrapping method we
created the non-standard gold annotated corpus.

Syntactic annotation was obtained by automate
annotation by MaltParser and subsequent manual
verification and correction by linguists. The convention of
annotation is FDG (Functional Dependency Grammar),
with labels of classical syntax, with numerous semantic
sub-classifications of modifiers. The first texts of our
corpus were annotated using the parser trained on
UAICRoDepTb (UAIC Romanian Dependency Treebank)
and the automate annotation had to be verified and
corrected manually as its accuracy on the non-standard
old texts was quite poor.

We annotate using dependency grammar formalism
developed at UAIC which can be transformed in two
formats: the modern syntactic system of Universal
Dependencies (UD) with loss of semantic information and
into a semantic annotation system by adding information.
The corpus annotated in the initial formalism is registered
as UAIC-RoDia DepTB® (Romanian  Diacronic
Dependency TreeBank) and in the UD format is uploaded
as a part of UD project Romanian-Nonstandard corpus®.
The annotated part of the corpus is growing rapidly and
has now 15843 sentences and 318869 tokens containing
old texts, (1592-1818), and folklore from Romania and
Republic of Moldova. The accuracy of automate

4 Alexandru loan Cuza University, lasi, Romania
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annotation of the text in this treebank is around 80% and
we are working in order to obtain the accuracy over 90%
by increasing the gold annotated corpus verified and
corrected manually.

Figure 2: A fragment of a sentence with syntactic
annotation opened in a graphic editor for the annotation
correction.

6. Conclusion

The Romanian language can be classified as “under-
resourced”. Under-resourced languages pose important
scientific challenges however NLP for under-resourced
languages tends to be carried out in isolated and sparse
research groups, and the resulting products are often in
different formats and standards. We are working on
digitizing old Romanian books improving their optical
character recognition, transliteration in modern Romanian
script and their annotation.
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