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Abstract The OCR process is a complex one and with interdisciplinary
implications. This paper deals with old historical religious manuscripts
and old books to offer solutions for the digitalization process. A high
rate of success in the OCR process will help researchers from various
fields to use relevant content and to value it in their research. When a
research in the field of theology or history is conducted, there are
many issues, especially when trying to access old manuscripts. There is
no digitalized content to access old Romanian manuscripts and
researchers need to learn specific old writing. The focus of the present
study is on the problematic technical aspects that we encountered in
our attempt to establish the equilibrium ratio between the instruments
for the capitalization of the information and the contribution of the
specialists in such research studies.

Keywords OCR, pattern recognition, historical documents, digital
maintenance and control.

Introduction

The results presented in this paper are partial results obtained within MCVRO
project — a pioneering one in the Romanian environment, through the characteristics
of the research it requires and through the way it values the research. Within this
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project, we plan to exploit the full potential of the Romanian manuscripts and old
books from the deposit of the Central University Library from Cluj-Napoca, creating
an information instrument that allows both the extraction and the use of the
concepts found in the resources that were previously digitized. This desideratum
involves a triple purpose: a. creating a virtual library of Romanian manuscripts and
old books (MCVRO) at the Central University Library from Cluj-Napoca; b. creating
the instruments to extract and adapt the MCVRO content in order to value them
within the research of specialists from many fields: theology, economy, philology,
history, ethics, philosophy, medicine etc.; c. creating, based on the scanned MCVRO
resources, a system to identify the concepts and correlations between them, with an
interdisciplinary relevance. These three elements converge in exploiting MCVRO
resources as an important element for social activation. To fulfil this desideratum,
we considered a complex step of digitizing of the MCVRO resources; the complexity
is caused by the heterogeneous nature of the MCVRO corpus which implied multiple
and various challenges.

The main goal of the MCVRO project was the digitization of the MVCRO
resources, to preserve and as a form to grant access to the content of this type of
resources. The digitization process implied the following main stages: scanning, OCR
tasks and proofing. We used two main types of resources: documents with Latin
writing and documents with Cyrillic writing. Among the documents processed within
the project which use Latin characters, we mention as examples: Schematismus
Venerabilis Cleri Dioecesis Magno-Varadinensis Graect-Ritus Catholicorum (Orade
Mare: Typariu lui Joan Tichy, 1822) — BCUCLUJ_FCS_BRV1163; Schematismus
Venerabilis Cleri Dioecesis Magno-Varadinensis Graect-Ritus Catholicorum (Orade
Mare: Typariu lui Joan Tichy, 1824) — BCUCLUJ_FCS_BRV1217. Among the
documents processed within the project which use Cyrillic characters, we mention as
examples: leromonah Constantie, intrebdri si rdspunsuri teologhicesti ale Sf{G]ntuluf
Atanasie celui Mare, trans. monk Gherontie from Neamtu Monastery (Bucuresti,
1821) -BCUCLUJ_FCS_BRV1111 (Cyrillic characters); Episcopul Damaschin,
Invdtdtura despre sapte Taine (Ramnic, 1724) — BRV 185 (Cyrillic characters);
Gheorghie Ramniceanul, Rugdciuni cdtrd Pre Sf[d]nta Ndscdtoarea de D[ulmnezeu, si
pururea Fecioara Maria (Bucuresti: Tipografia Mitropoliei, 1819) — BRV 1048 (Cyrillic
characters); Antim al lerusalimului, invdtdturd pdrinteaséd, trans. Meletie of Husi
(lasi: Tipografia Mitropoliei, 1822) — BRV 1148; Antonie Monahul, Mdna lui
Damaschin (lasi, Tipografia Mitropoliei, 1830) — BRV 1487 (Cyrillic characters);
Invétdturd pentru ultuirea Vérsatului (Chisindu: Tipografia Episcopiei Basarabiei,
1816) —BCUCLUJ_FCS_BRV929C; Eufrosin Poteca, Cuvinte panigyrice si moralnice
(Bucuresti: Tipografia Mitropoliei, 1826) — BCUCLUJ_FCS_BRV1287; Atanasie al
Alexandriei, Tropariu pentru Melhisedec (lasi: Tipografia Mitropoliei, 1812) —
BCUCLUJ_FCS_BRV814. The stages of scanning and OCR tasks were performed by a
library team, and proofing step was assumed mostly by a university team.
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1. State of the art

Started in 2012 and with a first deploy of a full-text search engine in 2013, the
Austrian National Library conducted a similar OCR process research! where the
implementation of a full-text-search interface for its historical text collection was
defined as a milestone to achieve their strategic goals. This digitalization process
began early in other European countries. For example, the National Library of France
started mass digitization projects on its collections since 2006. As pointed in A. Ben
Salah et al study,? their main issue for old documents is that the OCR results are of
poor quality and the OCR quality assessment is a real challenge in their field.

There are various studies in the OCR field where different types of
documents are used. Authors like B. B. Chaudhuri and C. Adak® focus on processing
offline handwritten document images where main challenges are that this type of
processing produces nonsense character string outputs; their main solutions are: (a)
pattern classification and (b) graph-based method for identifying such texts.

The historical text digitalization is considered a real challenge and several issues
were identified:
=  textis damaged and quality is awfully bad, sometimes with dirt,
=  Jayout is complicated and reading order is different,
=  paperis folded or the pages are glued together,
= textis printed on low quality paper,
= textis printed using old fonts and language has different writing variants,
= image quality is not so good.

One of the biggest projects in the OCR field was IMPACT (IMProving ACcess to
Text),* a project funded by the European Commission under the Seventh Framework
Programme (FP7), for 4 years starting from 1st of January 2008 with a 16,5 M Euro
budget. It is part of the Cooperation Work Programme for ICT and responds to the
fourth challenge in this programme: Digital Libraries and Content. The main
objective of the project was to significantly improve the access to historical text and
to take away the barriers that stand in the way of the mass digitization of the
European cultural heritage. The project started as a collaboration between 26
European Partners to improve OCR software to recognize letters and punctuation

1 B. K. Und and M. Hintersonnleitner, “Full-text-search in Historical Text Collections. Experiences of
the Austrian National Library,” Bibliothek Forschung und Praxis 39, no 1 (2015): 73-79.

2 A. Ben Salah et al., “OCR performance prediction using cross-OCR alignment,” in 13th IAPR
International Conference on Document Analysis and Recognition (ICDAR) (Washington: |EEE
Computer Society, 2015), 556-560.

3 B. B. Chaudhuri and C. Adak, “An approach for detecting and cleaning of struck-out
handwritten text,” Pattern recognition 61, no. 3 (2017): 282-294.

4 “Impact | Improving access to text,” accessed December 12, 2016, http://www.impact-
project.eu/home/.
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markers to make digital text searchable. Their main guidance was that information is
and must remain retrievable. To this respect, a proper way was to transform digital
images of the scanned books into electronic text since mass-digitization has become
one of the most prominent issues in the library world. IMPACT project identified that
there are three main reasons why the digitized material is becoming available too
slowly and in too small quantities from too few sources: a) lack of institutional
knowledge and expertise, b) the costs for full-featured electronic text of historical
documents are much too high and c) automated text recognition, carried out by OCR
engines does in many cases not produce satisfying results for historical documents.
IMPACT solution was ABBYY. ABBYY was also recognized as the best OCR tool
according to the online pool conducted by lifehacker.com.> According to their pool with
more than 3900 votes, ABBYY received 30.81% of votes while next competitors were
Evernote/OneNote with 27.62% votes, Adobe Acrobat with 24.63% of votes, OmniPage
with 8.76% of votes, Readiris with 4.14% of votes and Other with 4.04% of votes.

There are situations when alternative solutions are needed for better results.
For example, authors like F. Simistira, A. Ul-Hassan, V. Papavassiliou, B. Gatos, V.
Katsouros and M. Liwicki® report on high-performance OCR experiments using Long
Short-Term Memory (LSTM) Networks for Greek poly tonic script and concluded that
the character error rate obtained with LSTM varies from 5.51% to 14.68% and it is
better than two well-known OCR engines, namely, Tesseract and ABBYY FineReader.
LSTM were also preferred by M. R. Yousefi, M. R. Soheili and others’ to skip the
binarization step since in many cases artifacts result in important information loss,
by for instance breaking or deforming character shapes. There are papers like those
written by C. Clausner and his colleagues® where existing OCR systems fit their needs
and a baseline for two state-of-the-art OCR systems (ABBYY FineReader Engine 11
and Tesseract 3.03) is given with regard to both text recognition and
segmentation/layout analysis performance. Also, additional solutions can be used,
such as automatic script identification in archives of documents.® So, the approach

5 “Lifehacker — Tips and downloads for getting things done, Five Best Text Recognition Tools,”
accessed December 12, 2016, http://lifehacker.com/5624781/five-best-text-recognition-tools.
6 F. Simistira et al., “Recognition of Historical Greek Polytonic Scripts Using LSTM Networks,” in
13th IAPR International Conference on Document Analysis and Recognition (ICDAR)
(Washington: IEEE Computer Society, 2015), 766-770.

7 M. R. Yousefi et al, “Binarization-free OCR for Historical Documents Using LSTM Networks,”
in 13th IAPR International Conference on Document Analysis and Recognition (ICDAR)
(Washington: IEEE Computer Society, 2015), 1121-1125.

8 C. Clausner et al, “The ENP Image and Ground Truth Dataset of Historical Newspapers,” in
13th IAPR International Conference on Document Analysis and Recognition (ICDAR)
(Washington: IEEE Computer Society, 2015), 931-935.

9 S. Kavitha et al., “A Robust Script Identification System for Historical Indian Document
Images,” Malaysian Journal of Computer Science 28, no. 4 (2015): 283-300.
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depends on the OCR results obtained since each researcher is looking for results with
a lower error rate.

2. Challenges in the proof of MCVRO resources with Cyrillic characters

For the OCR tasks we used ABBYY FineReader (v. 11 and v. 12). The main challenges
in this stage concerned unification of the proofreading rules and the technical
possibilities of the application regarding the existing fonts. ABBYY FineReader does
not have a set of characters to cover the entire range of symbols used within the
Romanian Old Books, especially within those with Cyrillic characters. We tested an
additional set of fonts, Cyrillicum Budanum, created within a project focused on
several activities to transpose the Lexicon from Buda into a central database.
Furthermore, we contacted the Ukrainian agency of the ABBYY application to initiate
a collaboration in order to create a complete set of characters that would include
the Cyrillic characters identified in the Romanian old books and which did not match
the Cyrillic sets that exist in the sets of this application. After several discussions we
had to give up to this collaboration because it would involve additional costs that are
not supported by the project. Given the situation it was necessary to accept other
solutions, such as:
= Creation of a special font based on the characteristics of the MCVRO resources
processed within the project, a font that would include all or the majority of the
necessary characters;
= Combination of sets that belong to a font from Symbols;
= Insertion of new fonts created in Abby FineReader;
= Definition of the settings for OCR step to include several languages, which,
through their combination, would lead to a higher percent in the recognition of
the text.

Unfortunately, all these technical efforts had unsatisfying results after the OCR
step, the text of the resources was recognized in such a small percent that it would
not justify the subsequent intervention for proofreading without requiring an
enormous and unjustified period of time.
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Figure 1. Text with many mistakes combined with image fragments (BRV 185)%°

In this situation of poor recognition of MCVRO resources with Cyrillic characters, we
decided to transliterate the text and attach it as meta-text to scanned image, which
became a searchable pdf document.

3. Transliteration of the MCVRO resources — approach and challenges

The transliteration was uniform according to the following correspondences for
capital letters, for small letters and for numbers:

A

i

G

"

A
D

¢ X 3 5 | H K
E ] Z Dr 1 1 C
[ » 8 # I W K
e J z dz { i c

= 1
i - 2
Mm M P 3
M N A= 4
& - 5
M N § = 6
= 7
m o ﬁ‘* B
A= 9

10 Episcopul Damaschin, fnvdtdtura despre sapte Taine (Ramnic, 1724), 49.
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Figure 2. Example of transliteration, from BRV 185, previously presented.!!

Although it seems a desperate solution in the given situation, the transliteration
offers, at a close analysis, more advantages to the researcher than the rewriting of
the original text:
= from the perspective of the researchers that may use these digitized resources,

it is more likely to initiate a search based on a word written with Latin

characters than one written with Cyrillic characters, especially taking into
account the variations of words; all these words may be identified easier in the
text in a search using Latin characters;

= based on the rules of transliteration available to the researchers together with
the access to the digitized resources, the original writing can be recomposed in
the case of extremely important words for certain researches;

= the relationship between transliterated text and image also offers easy access to
the original text, at the same time giving the possibility to identify interesting
thematic aspects with a simple search in the original text;

= supposing that researchers who access the resources are not all familiar with
the Cyrillic characters, the transliteration opens easy access to the content of

MCVRO resources, thus offering new possibilities of exploiting the content in a

research; otherwise, the activation of the cultural production would be limited

to the knowledge of Cyrillic of each user.

Adding character by character from Symbols required a huge effort from the
team and an extended period. The necessity of this action was imposed by the fact
that the default Cyrillic fonts that can be added from the keyboard were incomplete

11 Damaschin, Invdtdtura despre sapte Taine, 49.
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and do not cover all the symbols identified in the MCVRO resources. Symbols was
used for the following characters:

LATIN CYRILLIC TRANSLITERATED
CHARACTER CHARACTER CORRESPONDENT
1. Letteri H i |
H I
1 I
A IA
2. Letter g I G
3. Letter t e T
4. Letter ¢ q C
A, Letter z S 7
6. Letter o [e5] (o]
7. Letter y v Y

The experience acquired within this approach determined us to develop, as
a future solution for this type of process of transliteration, the creation of a special
font where additional characters, besides the main corpus of the letter, may be
added separately from the keyboard, as is the case of the fonts used for Semitic
languages. We offer here an example from Hebrew, where the original text uses
consonants, and the vocalic system is superposed additionally over them, as follows:

= T =
= key W key W
Yoy A+ ALT richt (for chatef then then
o pata:h) SHIFT+A (for gamsy) ke A (for patach) ke W (flor Letter SII)
% = = atach= m
*chatef patach = very short _a” ‘qamet = long .2 i short &
b=y W key W 2y W ey W
then then then than
SHIFT+U (for sureq) key U {for qibug) SHIFT+0 (for cholem vav) kav O (for cholem)
Fqurag= lomg, 1" #gibut= short, u” #eholem vav=long, 0" *cholem= medivm o™
' v 4 v
W ey W ey W key W
key E + ALT riht (for chatef then then then
¥ . zegn_]} key E (for zegol) key I ifor chireg gaton) SHIFT+I (for chirsg gadol)
*zazpl= o * chi = i * ohi = i
Schatef seal = very short & zegol= short 2 chireg gatem = short _1 chiveg gadol = long 1

The table presents the same letter with different possibilities of
vocalization, where all the vocals were introduced from the keyboard using simple or
combined keys. We observed that the vocals are positioned next to the body of the
letter, similarly with the Cyrillic letters presented in the previous table. We consider
that such a font would be extremely useful for the Cyrillic alphabet as well, resulting
in a considerable shortening of the time needed for transliteration.
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4. Transliteration of the Cyrillic numbers

Another challenge in the stage of transliteration was caused by numbers. In Cyrillic,
numbers are represented with letters. The main difficulties that occurred in such
cases are:

a. In the MCVRO resources we found cases where we were not able to identify the

standard correspondences presented in the table:
AGE Qi Read Page il Anayze Page g Save Page | TOT [Bodytet - Tmestic <] A Timestienfioman =2 - A' #'|B I U X' x[EF)=

Pe ¢el ¢inéi degite amainii stangi.

1 2 5 4 5
Mart. |Aprilie Aprilfe | Aprilie Aprilie
25 ! |l i 22
3-22 | 1-15 100--[ 900 1 |B--
26 2 9 16 23
4-- [20-14[200-7)(90-- | JO--
27 3 10 17 24
! 5-20 | 30-- |300-6|11-29|500-- 5
28 n 11 18 | 25
K-- [40-12 400-- 1I-28 |A-26 4
29 5 o 10
6--18[50-11 500-4 B-- (122253
30 6 13 20 23
7--17 o-- 600 - - 2Bl - - 2-- (2
31 14 21 24 1
u-- 80--9 O0-- [2-- [2-23

L 3 S M)
2 gvena0E

G

.Cum dard gisim ¢ele mai de sus ¢erute?

ol P EE T =1m% - 4«
Figure 3. Example of numbers and letters that cannot be found in the standard
correspondences’ numbers-letters for the Cyrillic alphabet (BRV 1487)*2

12 Antonie Monahul, Mdna lui Damaschin (lasi: Tipografia Mitropoliei, 1830), 20.
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Sometimes, in the case of digitized texts, Arabic numbers are combined with Cyrillic
letters to indicate bigger or decimal numbers. This aspect may lead researchers to
erroneous transliterations:

DAGE Q| Read Page il AnskyzePage ‘g Save Page TOXT Y Ax B X x| = =g
® CTea dnanni b¥an ¥a fua i Wo arven cag e ‘= 16. Numirand dela 4. indaript pana
& 4 Q sava implini numdrul femelii si acoloi fasca.
E k_g_l!m' CYINT g hane ait 82Ty CAAIk = Pe ¢ele ¢in¢i degite ale manii stangi
: - T 1e i Py « a Pedic 1 2 3 4 5
= I Y | - 3 [Septem: R
e 24 I=2Z|1-s ¢ .0 no-1 t-& T 3-22 | 1.--1 100-{50-1 500 -1
3 [wkioa y v4,/Octom |
X [d-cld-nufe-af1-¢|w-Gf ° 4-0 [20-14 | 200-790- 4.
" {®atmas . ia Noemb
—{°-20 {4-o|T —6|u -2(|&-C ——5-20 3., |300--{800- 2490
= »Jatae aps luan Decem! Mart:  Mai
=Tl a- |al-12] § <o fea|a-x0] 6-  4i-12]400-0900 * 2¢ 700- 24
= yl.“‘“ N “i'“h jiﬂl' lanuar: Aprilie Tunie
> |s-18/H.n}¢-4|b-0|nx: 6-18 8 _1,| 500 -4 101 * 25
: éu,‘ i . i Iyane Febru Tulie
& |3-17/0 -0l =30 (|- 7-17 [0 -0 |go0--§21- 20
\ = T 5 : T[rerser] Pe Avgust
i-o|n.¢[O-cla-§|r-43] 8-0 [8¢_o|800-0/p. 2-23
1]
1

& e T— % -

A== 35% -+

Figure 4. Example of table with numbers and “letter-numbers” (BRV 1487)%3

In each case, the team chose one of the following options: a. maintaining the writing
from the original text; b. deduction from the context of the correct number and
correct transliteration. The second option is extremely important because it
underlines the essential contribution of the researcher specialized in digitization.
Although the IT instruments are essential and may lead to an increased volume of
the covered resources, enhancing ample research, they are not sufficient without
the contribution of the human factor. Also, there is not enough to have an
elementary human intervention, but a special knowledge is required together with a
good orientation in the characteristics and thematic content of the covered
resources. These aspects are important in establishing the equilibrium, the ideal
relationship between the use of the information instruments and the contribution of
the specialists. We also found tables where some cells were completed vertically.
Considering that ABBYY FineReader does not allow the orientation of the text as
word processors, we decided to complete the text with normal orientation to
provide full content, even if the aspect is different:

13 Antonie, Ména lui Damaschin, 12.
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Figure 5. Example of table with numbers and letters, the underlined aspect being the
horizontal transliteration as opposed to the original with vertical orientation (BRV 1487)%

The proofreading precisely respected the original content, even though some adjustments
were made; these adjustments were related to the aspect required by the technical
limitations of the program used:

MAGE Qi Read Page [ Analyre Page [ Save Page

TEXT [Bodytert + Timesie =] Af [TimesNewBoman ~[10 + A" A°|B I U

=W e @ e0n
Bem

co|aCEREE
o
mo»ugg.w

N80e BB |

3

30
3
5 704 107 |4
(8 1411 17 41
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2 154 i 1
10 318 |s 2 |5
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27201722 |10 22|40
41271 2|59| © |ge
2 2
o 49|64 A3
5] 14|11 16]13 6113
2621 [18]23(20 23|20
20 78 | 2530 2/ 30 27
: i
7 0|7
1l 1 a7l 14
1of 21} 2: bl L
26( 39 2 7 31(23
4] 1
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Figure 6. Example of table with corrected numbers, where in some cell’s
transliteration is given horizontally, but the content is given precisely (BRV 1487)%°

14 Antonie, Ména lui Damaschin, 12.
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The contribution of the specialists was also essential in cases where scanned and
OCR image did not offer the complete content of the resource; a study of the
context or even additional research from other resources was necessary. For such
steps, a specialized intervention was strictly necessary.

b. Identified Biblical texts in the Holy Scripture due to the incomplete or absent
biblical reference in the processed MCVRO resource

4AGE Q) ResdPage I Ansize Page g Save Page - A - JA X|B I UXX|E

GolannRaND
-]:‘smﬁ!a.g‘lg

NN KT vl e EED - -

Figure 7. Biblical text searched for a complete transliteration (BRV 185)°
o = —————>

MAGE Q) Rend Page [ Atz Page g SovePage — AAxBIuU¥nEEIEaSdelae

5 —5g

aldvolEa

CENEE T s ST s ~ i i —ET
N
Figure 8. Biblical text searched for a complete transliteration (BRV 185)7

15 Antonie, Mdna lui Damaschin, 22.
16 Damaschin, Invdtdtura despre sapte Taine, 11.
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¢el' Sf[a]nt'. Asa au tinut,

si au facut' lacob fratele
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Flgure 10. Missing text deducted from the context and/or W|th the help of adjacent
sources (BRV 185)*°

17 Damaschin, Invdtdtura despre sapte Taine, 13.
18 Damaschin, Invdtdtura despre sapte Taine, 23.
19 Damaschin, Invdtdtura despre sapte Taine, 41.
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Figure 12. The letters in brackets are missing from the orlglnal text and can be

deducted only by specialists (BRV 185)*

20 Damaschin, fnvdtdtura despre sapte Taine, 33.
21 Damaschin, fnvdtdtura despre sapte Taine, 41.

350



IDEAS ® BOOKS ® SOCIETY ® READINGS

WAGE Q) Read Page I Analyae Page ‘g Save Page et | R i | A KB I UX x|=
[E
,.Cum gisim in¢eputul sau nasterea luminii

afieste carfa luna?

o 2 @ o 0

17. Unde sau implinit numerul femelfei,
acolo este chendrul, numara dara dela martie
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Figure 13. A text difficult to deupher transliterated (BRV 1487)%
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Figure 14. A text difficult to deC|pher transllterated (BRV 1487)%

22 Antonie, Mdna lui Damaschin, 13.
23 Antonie, Mdna lui Damaschin, 16.
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Figure 15. Missing letters or almost illegible (BRV 185)
Conclusions

A digitalization is needed to make old text searchable and accessible. In comparison
to hard copy text, working with digitalized text offers a lot of great benefits in terms
of editing, annotation and especially searching.

An OCR historical text can have various uses, including online access, re-
print, and information retrieval at a more granular level.

To get the best quality in OCR processes, our recommendations include:
clean and optimize the documents, images and text, remove dirt and flatten the
paper, scan at best possible quality (for pre-process step), use high performance OCR
application and clearly define regions for OCR (for process step) and use external
resources (as dictionaries) to ensure more accurate recognition of documents and to
simplify further verification of recognition results (for past process step).

A digitalized collection can be used in various ways. It can be used to study
historical persons and their relationships to have an insight into the lives of people
and the way society functioned in early times.?

24 Antonie, Ména lui Damaschin, 34.

25 S, Torao-Pingi and R. Nayak, “Understanding People Relationship: Analysis of Digitised
Historical Newspaper Articles, Advances in Artificial Intelligence, Lecture Notes in Artificial
Intelligence,” in 28th Australasian Joint Conference on Artificial Intelligence (Al), J. Renz and
B. Pfahringer (eds.) (Switzerland: Springer, 2015), 572-588.
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