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Information technologies have given rise to a new trend: the development of digital cultural
heritage. The authors have persevered in the digitization and transliteration of Romanian texts
printed in Cyrillic characters from the 17th to the 20th centuries, and their efforts have been
crowned with the creation of the HeDy platform for processing historical texts [1].

This work aims to deepen the object of study over time by focusing on medieval manuscript
texts written with uncial Cyrillic script. Documents with this type of writing are available
between the thirteenth and the half of the nineteenth century in considerable numbers. Still, the
possibility of studying them is severely limited by the lack of digital copies and the need to
transliterate them into modern Latin script.

Even more difficulties for the contemporary reader arise for the following reasons:

e The mode of writing differs (sometimes substantially) from one person to another,
presenting a much greater variety than in old printed texts. Moreover, even texts written
by the same person can be different.

e Vocabulary and spelling are also different, with quite varied spellings of the same word.

e Along with the diversity of spellings, errors in copying are quite frequent, with faulty
copies often serving as a source for their proliferation in the process of new copying.

e Handwritten text editing was done by writing over the line, writing in the margins,
erasures, and writing on the erased place, which often led to damage to the medium.

e The massive use of abbreviations, often non-standardized, due to the desire to reduce
laborious efforts, and save time and space.

e Scripta continua: continuous writing without spaces between words.

Of course, the list can be extended, as certain aspects are highlighted in the working process.

Despite these difficulties, several works demonstrate a good rate of accuracy in recognizing
these texts (including the separation of scripta continua into words), with methods based on
neural networks applied to Slavic ecclesiastical texts, as well as Latin and French ecclesiastical
or secular texts [2, 3].

Approaches to recognition of medieval manuscript texts

As we are working with old Romanian texts that are not publicly available, we had to start by
creating a collection of documents for testing software and technologies for word processing
with uncial and semi-uncial writing.

Thanks to the collaboration with colleagues from the Institute of Theoretical Informatics (I1T),
the branch of the Romanian Academy, lasi, several resources of texts with uncial writing have
been identified, which serve as a basis for training the ABBY Fine Reader system. These
resources were offered to us by the creators of the Deep Learning for Old Romanian



(DeLORo)[4] project, carried out at IIT, Romanian Academy, lasi Branch, a project in which
the Romanian Academy Library in Bucharest was a partner and we take this opportunity to
thank them.

We also got acquainted with the works describing systems for accessing historical handwritten
documents. They can be classified as follows: automatic recognition systems based on neural
networks with preliminary machine learning [5]; systems using the ABBY Fine Reader
platform [6]; systems using other recognizers, for example, Tesseract; the Library of Congress
project, which uses volunteers for virtual processing of historical manuscripts [7]. Volunteers
create and review transcriptions virtually to improve search, access, and discovery of these
pages from history.

Some attempts to interpret old Romanian manuscripts of the 19th century were made using the
first version of the Transkribus platform [8]. However, the accuracy of the recognition was not
good enough.

This article will discuss how the ABBY Fine Reader platform (versions 15,16) was used to
recognize manuscripts with Romanian Cyrillic uncial writing. Two OCR (AI) models were
created and trained for the recognition of Romanian uncial and semiuncial texts: Floarea
darurilor, Codicele Bratul, and Codex Sturdzanus. The performance evaluation of a specific
OCR model for Romanian uncial and semiuncial texts was developed, obtaining an accuracy
of approximately 75-85%.
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Floarea darurilor is a popular book, with a moralizing character, which has enjoyed wide
circulation in the Romanian cultural space. It was published in 1491 in Florence in Italian,
under the title Fiore di virtu. Until 1701, the Romanian translation of the book was distributed
in manuscripts [9].

The text is written in uncial script using superscripts without separating words and sentences,
without dividing into paragraphs. The text is parallel in two languages, Church Slavonic and

A f ,

unoahs !.fnxm ny\‘.,m rm\u
EIH by g
€ fermini iegipe . (-_-:qg drnod

NoKEEA Fli"o ﬂ‘,MMiﬂlmﬁl REBE.

c‘nvt -u.d.asnﬁm%m uz,rms

B HHNTOAEMOALE 1 .gvm-mnnzqm
wHITTHeke ofd,'tno Hanekisa
AW xmllnsnn r'i('t'u LA L u:,rum

| CRAR

T CRHIME ey MmoAmEC
Ay A EpaANIpL. ¥ & pyd 37

: i
Romanian. The Church Slavonic text is written in black, and the Romanian text in red.
Headings and initials are also written in red. An example of the original page is shown in Figure
1.

Fig.1.



Text recognition was performed by FineReader PDF v.16. The recognition model consisted of
a user language and a dictionary. The alphabet of the language is presented in Figure 2. (To
present it as an image. Is the first character “y” in the correct place?)

YaOBIICK3UHKIMHOIIPCTY (PXITUIIT
bbIBIOS Wb A RSO VZEmZY A

Fig.2
A small dictionary was created manually from the text in several iterations.

Difficulties are created by the superscripts (signs and letters), overlapping lines, and, to a lesser
extent, overlapping the borders of letter boxes. Direct recognition without image editing did
not give adequate results. Therefore, the image was preprocessed.

A feature of the existing texts was established: the text has superscripts, but no subscripts. This
made it possible to formulate an algorithm for eliminating line overlap: descending from the
reference line of the line, go to the background color and fix there the dividing line under the
line. The resulting dividing line is stretched vertically. The side effect is that the initials are
processed correctly, falling into their line. A string splitting program is currently being
developed, and for test purposes, pages have been divided into rows manually (Fig. 3).
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Text processing with extended lines was carried out in the FineReader training mode. Errors
were corrected manually (Fig. 4). Also, word division was made by hand and superscript letters
were—introdueed inserted into the text (Fig. 5). The latter requires a special, more complex
solution. The training set consisted of about 2000 characters. The test set included about 300

characters. Recognition accuracy without dividing into words is 85%.
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2. Manuscript ,,Codex Sturdzanus” recognition

Codex Sturdzanus is a collection of ancient texts, parabiblical manuscripts (apocryphal,
hagiographic, and apocalyptic legends), from the sixteenth century copied between 1580 and
1619 by the priest Grigore from Mahaci.

Text recognition was performed by FineReader v.15. The character-level accuracy is just over
85% after training the 15-page model. We continue to work until the 20-page training to evaluate
progress. The result of recognition is shown below in Fig. 6.
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Considering the complexity of adding a dictionary of "words", we used regular expressions in
FineReader. A model of word segmentation in a sentence has been developed based on

Transformer neural networks with a
sixteenth and seventeenth centuries.

n accuracy of 99% for Romanian texts written in the

The performance evaluation of a specific OCR model for the Codex Sturdzanus was developed,
obtaining an accuracy of approximately 85.6%.

3. Manuscript ,,Codicele Bratul” recognition


https://ro.wikipedia.org/wiki/1580
https://ro.wikipedia.org/wiki/1619

Codicele Bratul is a miscellaneous manuscript from the 16th century, which includes several
religious texts with the interleaving of the Slavonic and Roman languages. As in the case of
Codex Sturdzanus, the Slavonic sentences are written in black, the Roman ones - in red.

Text recognition was performed by FineReader PDF 15. For this purpose, the dataset with
pages from Codicele Bratul was prepared. The training set consisted of approximately 2520
glyphs. The test set included 504 characters. In the evaluation, the criterion considered was the
accuracy of OCR at the character level. As a result, we found that 129 characters were
misrecognized, hence FineReader 15 demonstrated an accuracy of 75%.

Conclusion

In conclusion, ABBYY FineReader 15,16 demonstrated an accuracy of 75-85% in recognizing
old uncial Romanian text. This result shows that the tool performs well, even when it has been
trained on a relatively small portion of text.
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