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Abstract. The paper describes the process of creating and evaluating the HTR (Handwritten Text
Recognition) model for Romanian Slavonic early printed books (first half of the 16th century, Middle
Bulgarian Church Slavonic, Cyrillic Script) using the Transkribus software platform, based on the
principles of artificial intelligence, machine learning and advanced neural networks. The HTR model
was created on the material of Romanian Slavonic early printed books from Targoviste printing house:
the Liturgikon from 1508 and the Teatraevangelion from 1512 from the oldest printing house man-
aged by hieromonk Macarius, as well as the Apostle from 1547 from the printing house managed by
Dimitrije Ljubavi¢. The most important result of the paper is the creation of the first version of the
generic HTR model Macarius (named in honor of hieromonk Macarius, the first South Slavonic and
Romanian printer) with exceptional performance — the percentage of incorrectly recognized characters
(including accent marks) is only 2.7%. The research has shown that this HTR model can also be used
for the automatic recognition of Romanian Slavonic early printed books published in the second half of
the 16th century. HTR model Macarius together with Ground Truth data is available to all users of the
Transkribus platform, which ensures its wider use, as well as the possibility for further improvement
of its performance.

Keywords: Transkribus, HTR (Handwritten Text Recognition), Romanian Slavonic early printed
books, Middle Bulgarian Church Slavonic, hieromonk Macarius, artificial intelligence, machine learn-

ing.

Macarius: HTR mopnes 3a cTape ciioBeHCKe IITaMIaHe Kibure u3 Pymynuje

Cakerak. Y pany je onucan npouec kpeupama u esanyanuje HTR (Handwritten Text Recognition) mo-
JIeJa 3a CTape CIIOBCHCKE [ITamnane Kibure u3 Pymynuje (mpsa nonosuna X VI Beka, cpeamodyrapeka
pelaKnuja cTapoCcIOBEHCKOT je3nka, hupmina) momohy codraepcke miarpopme Transkribus, 3acHo-
BaHE Ha MPUHINIIMA BEIITAYKE HHTEITUTCHIIN]e, MAIIHCKOT YYCHha 1 HAIIPEIHIX HEYPOHCKIUX MPEXKa.
HTR monesn je kpenpan Ha MaTepujaly CTapHX CIOBEHCKHX KEbUra mrammnanux y Tprosumry: Ha Cry-
orcabnuxy 3 1508. u Yemeopojesanheny 3 1512. ronnne U3 HajcTapyje mraMIapuje KOjoM je pyko-
BOJIMO jepoMOHax Maxkapuje, kao u Ha Anocmony w3 1547. roguHe U3 mTaMmnapuje KojoM je pyKOBOJHO
Jumutpuje Jbybasuh. HajBaxkuuju pesynrar paga npeacTaBiba KpeHpambe MpBe BEP3Uje reHEPUIKOT
HTR monena Macarius 1.0. (Ha3BaHOT Tako y 4acT jepoMOHaxa Makapuja, IIpBOT jy’KHOCIOBEHCKOT
1 PyMYyHCKOT HITaMIIapa) ca n3y3eTHUM TepdopMaHcamMa — IPOLECHAT IIOTPEIIHO MPEMO3HATHX KapaK-
Tepa (ykibydyjyhin u akueHarcke 3Hake) usHocu csera 2.7%. VcTpaxuBame je Mokasaio 1a ce oBaj
HTR Moyiern MoXke KOPUCTHTH | 32 Ay TOMATCKO IIPENO3HABAE CTAPUX CIIOBEHCKHX [ITAMIIAHUX KEbUTa
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u3 Pymynuje Hactanux y apyroj nonosunu XVI Bexka. HTR mounen Macarius 1.0. 3ajenno ca Ground
Trouth momaumma noctymau je cBuM KopucHuumma ruiargopme Transkribus, unme je oGeszdehena
HEroBa MIMpa yrnorpeba, kao 1 MOryhHOCT jajber ycaBplIaBama BbEeroBux neppopMaHCH.

Kibyune peum: Transkribus, HTR (Handwritten Text Recognition), crape CIOBEHCKe LITaMIaHe
Kmbure u3 PymyHnuje, cpenmoOyrapcka penakiipja CTapoCIOBEHCKOT je3nKa, jepoMoHax Makapuje,
BELITAYKa HHTEIUTCHIIN]a, MAILINHCKO yUCHE.

Macarius: HTR modelis senosioms slavy spausdintoms knygoms i§ Rumunijos

Santrauka. Straipsnyje aprasomas HTR (Handwritten Text Recognition) modelio kiirimas ir jverti-
nimas. Modelis skirtas senosioms slavy spausdintoms knygoms i§ Rumunijos (XVI a. pirmoji pusé,
vidurio bulgary baznytiné slavy kalba, kirilica) nagrinéti naudojant Zranscribus programinés jrangos
platforma, paremta dirbtinio intelekto, informatikos mokslo ir pazangiy neuroniniy tinkly principais.
HTR modelis buvo sukurtas remiantis seniausios Rumunijoje spaustuvés Tirgovisteje seniausiy spaus-
dinty slavy knygy medziaga (,,Sluzebnik®, 1508 m., ir ,,Evangelija“, 1512 m.), taip pat ,,Apastalu®,
1547 m., i8leistu spaustuvéje, kuriai vadovavo Dimitrijus Ljubavicius.

Svarbiausias darbo rezultatas — sukurta standartinio modelio HTR Macarius 1.0 pirmoji versija. Mo-
delis, pavadintas pirmojo piety slavy ir rumuny spaustuvininko hieromonko Makarijaus vardu, pasi-
zymi i$skirtinémis savybémis, nes neteisingai atpazinty simboliy procentas (jskaitant kir¢io zenklus)
siekia tik 2,7 procento. Tyrimai parodé, kad $is HTR modelis taip pat gali buti naudojamas automa-
tiniam XVI amziaus antroje puséje spausdinty seny slavy knygy i§ Rumunijos atpazinimui. Modelis
HTR Macarius 1.0. kartu su Ground Truth duomenimis prieinamas visiems Transkribus platformos
naudotojams, o tai uztikrina platesnj jo naudojima, taip pat galimybe toliau ji tobulinti.

ReikSminiai ZodZiai: Transkribus, automatinis teksto atpazinimas, senosios slavy spausdintos knygos
Rumunijoje, vidurio bulgary baznytiné slavy kalba, hieromonkas Makarijus, dirbtinis intelektas.

1 Introduction

Recent papers describing the process of creating of the HTR model for Ser-
bian early printed books within the Transkribus' software platform [Polomac
2022a, 2022b] represent the starting point for the investigation in the current
study. The most significant result of these papers is the creation of the publicly
available generic HTR model for Serbian early printed books called Dionisio
2.0: https://readcoop.eu/model/dionisio-1-0/. This model was trained on the
material of Serbian early printed books from the 15th—16th centuries, print-
ed in Cetinje, Venice, Gorazde, Gracanica, Mileseva, Belgrade and Mrksa’s
Church [Polomac 2022b, 159]. The parameters and performance of this HTR
model are shown in the following table.

' The software platform Transkribus (https://readcoop.eu/transkribus/) is a tool for manual and
automatic text recognition and search of old manuscripts and printed books, regardless of the time
of creation, language or script. This software platform allows its users to train their own HTR model
for automatic text recognition. Training the HTR model is an example of machine learning based on
advanced neural networks in which the HTR model compares photographs of handwriting and the cor-
responding letters, words and lines of text in the diplomatic edition. More details about the technologi-
cal background and the way this platform works can be found in Rabus 2019.
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Table 1: Parameters and performance of the model Dionisio 2.0

Eneine! Word Count on | Number of CER on CER on Vali-
gl Train Set? Epochs? Train Set dation Set*
PyLaia HTR 176,481 72 1.71% 2.40%

Quantitative and qualitative analysis of the performance of the HTR model
showed that it could be used to obtain transcripts with a minimal percentage of
misrecognized characters (about 2-3%), which usually depends on the quality
of the book’s photograph, the frequency of use of accented characters and su-
perscript letters, as well as regularity of the use of accent marks in appropriate
positions [Polomac 2022b, 159-160]. In the continuation of the research, we
were interested in whether the HTR model trained on the material of Serbian
early printed books of the 15th—16th centuries can also be used for efficient
automatic recognition of the Romanian Slavonic early printed books from the
beginning of the 16th century.® This question is particularly interesting in view
of the fact that the work of the printing house of Purad Crnojevi¢ in Cetinje
from the last decade of the 15% century’” and the work of the oldest Roma-
nian printing house founded in 1508, probably in the vicinity of Targoviste
in Wallahia,® was managed by the same printer — hieromonk Macarius.® The

2 PyLaia HTR is an automatic text recognition software available within the 7ranskribus plat-
form. For more details see Transkribus Glossary at https://readcoop.eu/glossary/pylaia/.

3 The minimum amount of data necessary for a successful training of the HTR model for auto-
matic recognition of old printed books is about 5,000 words, and about 15,000 words for manuscripts.
Generic HTR models with high quantitative and qualitative performance (such as the Dionisio 2.0.
model) can be trained on the material of hundreds of thousands or even millions of words.

4 The term epoch in machine learning stands for ,,one complete presentation of the data set to be
learned to a learning machine” [Burlacu, Rabus 2021, 1].

> Character Error Rate (CER) represents the basic quantitative indicator of the success of the
HTR model and is obtained by comparing automatically recognized and manually corrected text. The
HTR model can be considered successful if the CER is below 5%. For more details cf. Transkribus
Glossary https://readcoop.eu/glossary/character-error-rate-cer/.

¢ The pioneering paper dedicated to the automatic recognition of the old Romanian Cyrillic script
[Burlacu, Rabus 2021] is oriented towards manuscripts to a greater extent, and less so towards old
printed books.

7 The oldest Serbian Church Slavonic and South Slavonic Cyrillic printing house was founded
in Cetinje (in today’s Montenegro) by ruler Purad Crnojevi¢ in the last decade of the 15% century.
Between 1493 and 1496, five books were printed there, two of which have been preserved in their
entirety: the Octoechos of the Fifth Tone (completed on January 4, 1494) and the Psalter with Appen-
dices (completed on September 22, 1495), two in fragments, probably printed in 1496: the Octoechos
of the Fifth Tone and Euchologion (Prayer Book), while one book (the Evangelion) has not been pre-
served, but its existence is known to us based on a manuscript copy from the church in Budanovci from
1548. For more details, see the most recent source [JIazuh 2020, 326-330].

8 The credits for founding the printing house go to the Wallachian ruler Radul IV (Romanian:
Radu cel Mare) (1495-1508) [Erich 2010, 1151]. Between 1508 and 1512, three books were printed:
the Liturgikon (1508), the Octoechos (1510) and the Tetraevangelion (1512). The typographical equip-
ment of these books is associated among scholars with Crnojevi¢’s printing house in Cetinje, but also
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final goal of the paper is to create the first version of a generic model for the
automatic recognition of Romanian Slavonic early printed books — Macarius,
named in honor of the aforementioned hieromonk Macarius, the first South
Slavonic and Romanian printer.’

2 The process of transcribing and creating a special HTR model

In the first experiment, we tested the performance of the HTR model Dionisio
2.0 on the oldest Romanian Slavonic printed book — the Liturgikon (Romanian:
Liturghier slavonesc) from 1508.1° The process of automatic text recognition
using this model covered the first 60 pages of the book with 5,239 words. After
the manual correction of the automatically recognized transcripts, an automatic
statistical analysis was carried out, which showed that the percentage of incor-
rectly recognized characters on this material is about 7%. This result shows that
the HTR model Dionisio 2.0 trained on the material of Serbian early printed
books can be effectively used to obtain the first transcripts of the oldest Roma-
nian Slavonic printed book. Figure 1 presents a qualitative analysis of the per-
formance of the HTR model based on a comparative display of a part of sheet
6v and automatically recognized text using the Dionisio 2.0 model.

Figure 1. The Liturgikon (1508), part of sheet 6v and automatically recognized text using
the Dionisio 2.0 model

1=1 BARénb 676 HAWL BBeErAA W ik 1 npo-

B Asénsstnfunsacer g afiiink iingfio SAREHD BTG NAUD FRCELAZ 1
1=2 1i B'a RTEKEI RTRW - Take WNOAHTL

igastin sEKD » T hne O AHTE

Deboh ,s,'iimnmx% AMTF IMFRCTH 1-3 Wedsn ATaKoHL BB EAHNE cTpaNeTH-
AHIA « IR AYHTCE E.!.G‘l‘l—ixdfln, 1-4 .\u‘um © 1 WEAAYHT ¢ BB eTHXAPD,
AAREGCE cHue fakbike Hcmé]{“ﬁ“h % 1-5 ke ce eiLye InKkome H ajiénNHKL -
Bzgf.f\,sfomq;g A”umu.n-i &F}i, eat 1-6 Brapasera ce Atiia toa W TH, Weat-
YEROMABLPHZACIENI4s HOAEKAER 1=7 e 60 MM B prizb eénia - 1 GAEKAGK-
RECEATA &’J;,'timm . ﬁmm&ﬂﬂ?{x 1-8 gecenia Wastanm - iicorke niy
..H;ﬁémﬂ%’lﬂ B‘ﬁﬂ!qb - fifKko Her 1-9 Ea3AckHMH BEHELL - H Ko HeE -
BTﬁUfl‘ifi?HMﬂst!:coTﬁﬁt Yy 'Eﬂo I=1Q eTo¢Kk paAcHIMM KpacoTHE - LITAG-

with printing houses in Venice, as well as with the cyrillic printing house of Schweipolt Fiol in Krakow
[Erich 2010, 1151-1153]. The printing house was most likely located in the Dealu monastery near
Targoviste [Erich 2010, 1154]. Middle Bulgarian Church Slavonic is used in all three books.

 The high quality of the printing, the similarity in the structure of the text and the repetition of vi-
sual elements in the Cetinje and Wallachian books [Simi¢ 2020, 198-200; 2022, 260-261], as well as the
graphic and orthographic and linguistic characteristics of the prefaces and afterwords of Cetinje books
and the afterwords of Wallachian books serve as a proof that the Cetinje and Wallachian hieromonk are
the same person [Savi¢ 2012a, 2012b, 102—-104]. We meet the same person in historical sources as the
abbot of the Hilandar monastery in Mount Athos between 1525 and 1533 [Savi¢ 2012b, 101-102].

10 We downloaded the digital photos of the book from the website of the Digital National Library
of Romania: http://digitool.bibnat.ro/R.
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Based on the previous presentation, we can conclude that the HTR model
Dionisio 2.0 makes most frequent mistakes when recognizing the letters & and
A, characteristic of the Middle Bulgarian Church Slavonic in which the Litur-
gikon was written, and unknown in the Serbian Church Slavonic printed books
on which the HTR model was trained. So instead of B éannm ch&Nﬁ'\ o3,
RB }m'sm 7, MH 7, 8, OpekAeR 7, NeBBCTHR O\flcpticn Ma 9-10, KPAco'rém 10 the HTR
model incorrectly yields 8s ¢éAND c'rpzinc'f‘n'— 3,83 ‘)I/'Bb 7,MA 7, 8, OAéRAEK—T,
Nes'ﬁc'rof'lc?&cnmu 9-10, K?ACO’I‘CS)K 10. Other errors refer to the omission of the
titlo mark: nwt 1 instead of fnk 1, not recognizing a capital letter: T&xe 2 in-
stead of Taxe 2, accent marks: Weosb 3, WEAAYHT 4, W TH 6, Weare 6—7, BeceAia
8 ymecTo Weosb 1, WEAAYHT 4, W T1 6, weAve 6-7, Recéaia 8, spaces between
words: ticoxke nHx¥ 8 instead of tiico kennx¥ 8, and only in one example the let-
ter nT)o— 1 instead of n’]c\mo I.

The qualitative analysis of errors indicates the necessity of training a spe-
cial HTR model for the automatic recognition of the Romanian Slavonic early
printed books. After the manual correction of the automatically recognized
transcripts of the first 60 pages of the Liturgikon (1508), we obtained a mini-
mal set of Ground Truth data'' for training the first version of the Macarius
HTR model. The parameters and performance of the HTR model Macarius 0.1
are shown in the following table.

Table 2: Parameters and performance of the HTR model Macarius 0.1

Eneine Base Word Count Number of | CER on CER on Vali-
& Model on Train Set Epochs Train Set | dation Set

PyLaia Dionisio o 0

HTR 20 5,026 250 0.20% 3.51%

The previous table shows how by training the special HTR model Macari-
us 0.1 based on only 5,026 words (i.e. 60 pages) of the Liturgikon (1508) and
the basic HTR model'? Dionisio 2.0., the percentage of incorrectly recognized
characters is an exceptional at 3.51%. In the further course of transcription us-
ing the HTR model Macarius 0.1 transcripts of the next 70 pages (from pages
61 to 130) of the Liturgikon (1508) were automatically recognized. After the
manual correction of the automatically recognized transcripts, a more exten-
sive set of Ground Truth data was obtained for training the second version of

' The term Ground Truth Data in machine learning refers to completely accurate data used to
train the model. In our case, these would be exact transcripts of digital photographs of the manuscript
or early printed book. For more details on this term, see Transkribus Glossary at https://readcoop.eu/
glossary/ground-truth/.

12 Learn more about the training process using the basic HTR model in Transkribus Glossary at
readcoop.eu/glossary/base-models/.
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the Macarius HTR model. The parameters and performance of the HTR model
Macarius 0.2 are shown in the following table.

Table 3: Parameters and performance of the HTR model Macarius 0.2

Enein Base Word Count on | Number of | CER on CER on Vali-
gine Model Train Set Epochs Train Set | dation Set

PyLaia Dionisio o o

HTR 20 10,535 250 0.10% 2.60%

The previous table shows how increasing the set of Ground Truth data
when training the second version of the HTR model leads to a decrease in
the percentage of incorrectly recognized characters. In the continuation of the
transcription, we applied the HTR model Macarius 0.2 to the rest of the Litur-
gikon (pp. 131-258). After the manual correction of the automatically recog-
nized transcripts, we obtained an even more extensive set of Ground Truth
data for training the third version of the Macarius HTR model. The parameters
and performance of the HTR model Macarius 0.3 are shown in the following

table.

Table 4: Parameters and performance of the HTR model Macarius 0.3

Encine Base Word Count | Number of | CER on CER on Vali-
& Model on Train Set | Epochs Train Set | dation Set

PyLaia Dionisio o o

HTR 20 19,972 250 0.10% 2.00%

Figure 2. The Liturgikon (1508), part of sheet 44v and the automatically recognized text
using the Macarius 0.3 model

pLCTRO e Dk CAOY e, Fika
cliin cTIENNHYACKE YHNS « €1Jie
DPHNOGHNTH CAOBECKAA CicAol
A5 o OBRCEAERNEH » BeTHHCE
aopvkn ianancTEnypREn . Sitte
BAYHeTOTE frvHeTh axsirn mHER
'pr . costiphi X DAKEHRT Tipin
H).u.lH?(h wsxce*mma'rtﬂwﬂxn
Hxh - ,n,Mi,i,h ii‘.ﬂlﬂ‘{:l MH{HE qp‘a,

1= pbeTRo Etie © KB caoyiRénie, H BB~

-2 BRI MM LERE] PHHL - 1je

1=3 npHnéeHia TH cAoREeHmA €I cAY-

-4 em, O R'ACEACHHEH

<O eTEH A

1=5 BopiEH H ANALCTEH LPKEH - O Hike
1-6 &% wHero™h W wHeTh KHTH KHBEM

1= 1yt - W REPHLT H XOAKEHEBI LpiH

1-8 nAwmxL - W BACEH NOALTR H Bolixb

1-9 fixb - ASKAL HML TH MEpHO Upb—

The quantitative analysis shows that by increasing the training set, the per-
centage of incorrectly recognized characters decreased to only 2%. The real
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success of the HTR model and the nature of the errors is best evidenced by the
comparative display of a part of sheet 44v and the automatically recognized
text in the figure 2.

As the figure shows, the HTR model Macarius 0.3 successfully recognizes
not only letters, but also accent marks, punctuation marks, titlo marks and
superscripts, as well as spaces between words. On the given sample, the HTR
model made only two mistakes: in the example kHgm 6, the space between
words is not marked (it should be 1w~ 6), and in the example uyin 7, the titlo
mark is missing (it should be ﬁp‘l'n 7).

3 The application of the HTR model Macarius 0.3 to other books printed
in Targoviste

In the following experiment, we tested the performance of the HTR model
Macarius 0.3 in the automatic text recognition of the Octoechoes (Romanian:
Octoih slavonesc) from 1510 and the Tetraevangelion (Romanian: Evanghe-
liar slavonesc) from 1512, the other two books published in the oldest Roma-
nian printing house in Targoviste under the direction of the printer hieromonk
Macarius.!® The results of the experiment are shown in the following table.

Table 5: The application of the Macarius 0.3 model to other printed books from
Targoviste

Book Character Error Rate (CER)
Octoechoes (1510) 9.05%
Tetraevangelion (1512) 4.81%

The previous table shows how the percentage of misrecognized characters
in the Octoechoes from 1510 and the Tetraevangelion from 1512 differs signif-
icantly. The higher percentage of misrecognized characters in the Octoechoes
from 1510 can be explained by the poor quality of the photographs (black and
white photos with low contrast) used in the experiment. The percentage of
misrecognized characters in the Tetraevangelion from 1512 is less than 5%,
which can be considered exceptional since the HTR model Macarius 0.3 did
not have the chance to go through the material from this book during training.
The qualitative performance analysis of the HTR model Macarius 0.3 on the
Tetraevangelion from 1512 is illustrated by a comparison of a part of sheet 24r
and the automatically recognized text in the following figure.

13 The photos of the mentioned books were taken from the website of the Digital Library of
Bucharest http:/digitool.bibmet.ro:8881/R?RN=351072892, section Opera tipografica romdneasca
(1508-1830).
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Figure 3. The Tetraevangelion (1512), part of sheet 24r and the automatically recognized
text using the HTR model Macarius 0.3

___gm,}hqwuguéumﬂﬂmuxmum =] shAd - IKkeke HEMSIH HHIOSLHIRTH
NATEYSTENR: HOE KAZANHOTAPAAA: =2 naTens TBUL - H 6 KEIBIMCTAPRALIA -
Y TO HARAL HTEREICE Gﬁéiﬂg'iﬂ « MBHLLEAR 1-3 +To Haub H Test Tee chie G - npHiLIeAL
ECHCANND ﬂp‘tiﬁ.l,ﬁ Sf‘kUEH'EU& YHTH fid. 1=4 &cHeamo NPBKRAE BPTMEHEMRCHTH W -
B’E.ILIE}HEMMYEa‘JHE!och!},DGKHH'fHUHd 1-5 etine Ke paneve W HEHTAAD CRHNIH NG~
ri MACOAAO+ [{'kcﬂmim'n'txm Ero ri’m;w 1-6 rLl NAcoMO - BRCH e MEATNR M0 PAALYIE
Aipe ii%"'?"HHlHHHM, N0 KEAH HAjMb HTHEE 1-7 Zupie H2NGHHLLM Hsl, MOBEAR HaME i TH B%-
CTAKO CRHHOE: ipéveimbiaETE WDHH 1-8 eTd A0 eRHIOE - 1 péverinab HATTE - T -
*e 515““‘4.““:%01"& 51{:'1“,1'-0 CKHHOE .« 1-9 e Hiabiepie, 7 AoLA BACTAA0 eRHHoE «

Based on the comparative overview, it can be concluded that the HTR
model Macarius 0.3 makes most frequent mistakes when recognizing spaces
between words. Thus, instead of NeMOLIH NHICOMSMHNARTH 1, RB3BIMCTAPAALLA 2,
éceamo 4, BP'BMENEMARTHTH 4, NEHCTAAO 5, BB~ 7, yé‘.’eﬁMb 8, W AOLLIA 9, RBCTAA0 9
it should be ne MOLIH HHICOMY MHNARTH 1, BB3BMIMCTA TAALIA 2, & camo 4, Bp'BMene
MATHTH 4, NeH ¢TAA0 5, BB 7, Pé?e fimb 8, HaowA 9, BB cTapo 9. It seems inter-
esting that the HTR model rarely makes mistakes when recognizing accent
marks: only sa¢ 1 instead of the expected sbao 1. In one example, we noticed
some errors in the recognition of accents, spaces between words and the rec-
ognition of w: ® nu- 8 instead of the expected wun 8.

The exceptional performance of the HTR model Macarius 0.3 on the Tet-
raevangelion from 1512 enabled us to use the Ground Truth data from this
book to train a new version of the model. After the automatic recognition and
manual correction of 140 pages of the Tetraevangelion from 1512, we doubled
the amount of Ground Truth data for training the Macarius 0.4 model. The
parameters and performance of the new version of the model are shown in the
following table.

Table 6: Parameters and performance of the HTR model Macarius 0.4

. Word Number CER on CER on Vali-
Engine Base Model Count on of Ep- . .
. Train Set | dation Set
Train Set ochs
PyLaia HTR | Dionisio 2.0 39,688 250 0.20% 2.20%

4 Creating and evaluating the Macarius 1.0 generic model

In the further course of research, we were interested in the performance of the
HTR model Macarius 0.4. on Romanian Slavonic early printed books pub-
lished in Dimitrije Ljubavi¢’s printing house in Targoviste at the end of the

17



ISSN 2351-6895 eISSN 2424-6115 Slavistica Vilnensis

first half of the 15th century.!* Since the typographic characters of the old
Serbian printing house from Gorazde were used during the printing of books
in Dimitrije Ljubavié¢’s printing house in Targoviste, it was also interesting to
compare the performance of the HTR model Dionisio 2.0 and Macarius 0.4
on the Prayer Book from 1545 and the Apostle from 1547. The results of the
experiment are shown in the following table.

Table 7: Performance comparison of the Dionisio 2.0 and Macarius 0.4 models on books
from Dimitrije Ljubavic's printing house

Book/Model Dionisio 2.0 Macarius 0.4
Prayer Book (1545) CER 5.65% CER 9.61%
Apostle (1547) CER 10.22% CER 7.51%

Based on the previous table, it can be concluded that the HTR model Di-
onisio 2.0 shows better results when automatically recognizing the Prayer
Book from 1545, and the HTR model Macarius 0.4 shows better results when
automatically recognizing the Apostle from 1547. Such results, somewhat un-
expected, can be explained by the fact that the Prayer Book from 1545 was
printed in Serbian Church Slavonic, while the Apostle from 1547 was printed
in Middle Bulgarian Church Slavonic. This experiment also demonstrates how
the parallel use of HTR models trained on different Church Slavonic recen-
sions can represent a reliable indicator for language identification in the pro-
cess of automatic text recognition.

Table 8: Structure and amount of data for training the generic HTR model Macarius 1.0

Book Word Count
Liturgikon (1508) 19,972
Tetraevangelion (1512) 19,696
Apostle (1547) 17,147

The quantitative performance of the HTR model Macarius 0.4 on the books
from Dimitrije Ljubavi¢’s printing house in Targoviste points to the necessity
of training a new version of the HTR model that will also include the material
from the Apostle from 1547. By manually correcting the automatically recog-

4 After the first Romanian printing house in Targoviste stopped working, the printing busi-
ness was renewed at the end of the first half of the 16th century by Dimitrije Ljubavié, the grandson
of Bozidar Ljubavi¢ [Cazacu 1995, Jlaszuh 2020, 340], the founder of the Serbian printing house in
Gorazde (1519-1523). Two books were printed in Dimitrije Ljubavi¢’s printing house in Targoviste:
the Prayer Book (Euchologion) from 1545 and the Apostle from 1547.
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nized transcripts of 108 pages of the Apostle from the year 1547, we obtained
a new set of Ground Truth data (about 17,000 words) for training the first ver-
sion of the generic HTR model Macarius 1.0. The structure of this model and
the amount of training data are shown in the following table.

The parameters and performance of the generic HTR model Macarius 1.0
are shown in the following table.

Table 9: Parameters and performance of the generic HTR model Macarius 1.0

, Word Number | b on | CER on Vali-
Engine Base Model Count on of Ep- . .
. Train Set | dation Set
Train Set ochs
PyLaia HTR | Dionisio 2.0 56,815 250 0.30% 2.70%

The qualitative performance of the HTR model Macarius 1.0 can be illus-
trated by the comparative overview of a part of sheet 52r of the Apostle from
1547 and the automatically recognized text in the next figure.

Figure 4. The Apostle (1547), part of sheet 52r and the automatically recognized text us-
ing the Macarius 1.0 model

Midlinﬂ'h TAdRL] A AETE o pmms cid I=1 ke BA BAZCE PAKBLI NEACTS - pékcitse cla
l-m.ue.\vu. XAt , Eiro Ad ﬂH Fall F-g pret 12 W npiénn xAtisn, sRroadpi B np suet-
M o Hﬂptaom; mm'r; H(’l’u . Q"Tt,{ 1-3 mit - 1 NPEAOME HAYATL IAeTH - ofTi-
WHELWERE CE BECH H'FH np:ms mupa. s =9 e e ke o BLeR, HTH npimie niig -
F'liaii ELKOpAGH Ebt‘kj'b .l,l.ul. COE N4 |=5 6% e Bb KépABH BLeEXL Atilb, (085 - na
ﬂull.].llnil’iﬂi ﬁp-liqu DE#EI"‘MEdd:{M Hoﬂd 16 cuitin e c¢ BPALING, CBACT YABAANR KOpA-
Ii-“ HSM"B i'-MJ.[.lE quEIIHIH'- EBMD# & |- BAb HawETamye - nuenius B mope -
€rddme Afit 61 » 3EMAm HEHOBHMMM * =8 Erad e Alib BEI, 3EMAM HENOBHABANNTT -

Ht}" pome Htxoi GMATPEI XS HM:‘I\I{.I_! 1-9 b poiie HEKOE ¢b MATPBANT HIMALE

As can be seen in the figure, the HTR model does not always recognize ac-
cent marks and the space between words: so instead of #i 3, iXetu 3, iTH 4 there
is the incorrect 1 3, etn 3, AT 4; instead of Na- 5, Ne Mo3NABAAXT 8, N'B,A,Pé Ke
9 there is the incorrect NA 5, Nemo3HARAAXR 8, NBApokKe 9. These errors do not
significantly affect the quality of the transcript, which can be used for further
philological and linguistic research even without any manual correction.'s

The performance of the HTR model Macarius 1.0. was tested on the sam-
ples of several books printed in the printing houses of Philip Pictor Moldove-
anu, diacon Coresi, diacon Lorin{ and diacon Serban'® starting from the end

15 On the usability of uncorrected HTR transcripts of the Church Slavonic language for linguistic
analysis, for more details see [Rabus, Petrov 2023].
16 The digital photos of the books used in this experiment were taken from the website of the Digi-
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of the first half of the 16th century. The quantitative performance indicator of
this HTR model compared to the basic HTR model Dionisio 2.0. is shown in
the following table.

Table 10: The application of the HTR model Macarius 1.0 and Dionisio 2.0 on The Roma-
nian Slavonic early printed books from the end of the first half of the 16th century

Book (Year) Printer, Town Macarius 1.0 Dionisio 2.0
Filip Pictor Moldove-

Tetraevangelion (1546) P ,IC, or vloldove 5.57% 12.18%
anu, Sibiu

Octoechos (1557) Diacon Coresi, Brasov 3.79% 8.06%

Triod (1578) Diacon Coresi, Bragsov 9.86% 13.66%
Di Lorint, Alb

Tetraevangelion (1579) |~ 2con orint, Alba 6.60% 17.23%
Tulia

Liturgikon (1588) Diacon Serban, Brasov 527% 10.78%

As shown in the table above, the HTR model Macarius 1.0. can also be
successfully used for the automatic recognition of Romanian Slavonic early
printed books from the end of the first half of the 16th century. The percent-
age of misrecognized characters, as we can see, generally hovers around an
excellent 5-6%, while in the books printed by diacon Coresi, the percentage of
misrecognized characters varies, from an exceptional 3.79% on the Octoechos
of the Fifth Tone from 1557, to somewhat worse, but still a very good 9.86%
on the Triod from 1578. The difference in the performance of the HTR model
mostly depends on the degree of preservation of the book and the quality of
the photographs, as well as on the arrangement and frequency of accent marks
in the book. The quantitative performance listed in the table shows how the
HTR model Macarius 1.0. can automatically obtain transcripts of Romanian
Slavonic early printed books from the second half of the 16th century, usable
for further philological and linguistic research even without manual correction
(based on the example of the Octoechos of the Fifth Tone from 1557 with a
percentage of misrecognized characters between 3—4%). On the other hand,
manual correction of automatically recognized transcripts can be obtained in
a much shorter time and with fewer human and financial resources. The com-
parison of the performance of Macarius 1.0. with the performance of the basic
model Dionisio 2.0 clearly indicates the justification of creating a special HTR
model for the Romanian Slavonic early printed books.

tal Library of Bucharest http://digitool.bibmet.ro:8881/R?RN=351072892, section Opera tipografica
romdneasca (1508-1830). For basic information about the printing activity of Philip Pictor Moldove-
anu, diacon Coresi, diacon Lorin{ and diacon Serban see [Petrov 2015, 126-134].
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5 Concluding remarks

The conducted research showed that using the Transkribus software platform,
based on the principles of artificial intelligence, machine learning and ad-
vanced neural networks, extremely effective HTR models can be created for
the Romanian Slavonic early printed books from the 16th century. The most
important result of the paper is the creation of the publicly available generic
HTR model for Romanian Slavonic early printed books, called Macarius 1.0
in honor of hieromonk Macarius, the first South Slavonic and Romanian print-
er. This HTR model was created on the material of Romanian Slavonic early
printed books from the Targoviste printing house: the Liturgikon from 1508
and the Tetraevangelion from 1512 from the oldest printing house managed
by hieromonk Macarius, as well as the Apostle from 1547 from the printing
house managed by Dimitrije Ljubavi¢. Quantitative performance evaluation
of the Macarius 1.0. HTR model showed that the percentage of misrecog-
nized characters on Romanian Slavonic early printed books from Targoviste
is 2.7%, which can be rated as an exceptional result. Qualitative evaluation of
the model’s performance indicates that recognition errors are mostly related to
accent marks and spacing between words. The research also showed that this
HTR model can be used for the automatic recognition of Romanian Slavonic
early printed books from the end of the first half of the 16th century in the
printing houses of Philip Pictor Moldoveanu, diacon Coresi, diacon Lorint
and diacon Serban. The percentage of misidentified characters on books from
these printers varies from exceptional (about 3—4%), through excellent (about
5-6%) to very good (about 9-10%). By manually correcting the automati-
cally recognized transcripts of books from the second half of the 16th century
using this HTR model, it is possible to relatively quickly obtain new Ground
Truth data that will enable the creation of a new version of the HTR model
capable of automatic recognizing of Romanian Slavonic early printed books
as a whole. For the continuation of research in this direction, the fact that
the HTR model Macarius 1.0 together with Ground Truth data is available to
all users of the Transkribus software platform remains of utmost importance,
enabling its wider use, as well as the possibility for further improvement of its
performance.
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