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CONTEXT

Objective: OCR, lemmatization and POS-
tagging of the still-unavailable 33 volumes
of the Patrologia Graeca (post-classical and
Byzantine texts).

Challenge: Processing noisy 19th-century edi-
tions to fill gaps left by scholarly databases
like the Thesaurus Linguae Graecae (TLG).

Outcome: The first large-scale, open-access

OCR and silver linguistic resource for Ancient
Greek with 6M words (< 1.05% of CER).

CHALLENGES
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cY CLEMENTIS ALEXANDRINI 63
deserta agricolam seciplt. Inde hwe quidem fru- A 8 dvalnodpevos, xal <fig tyxpaselag +2 nitaks xs-

cluum, illa Gdelium, utraque Verbi virtute mater
facta est : iis vero, qui in sua infidelitale perma-
nent, sierilis et deserta eliamnum relinquitur,
. Joannes, Verbi preco, bac ulique ratione hortaba-
tur, ut ad Dei Cliristi adventum parati fierent, et
hoec erat, quod innuebal Eachariz silentium, ex

spectans fructum Christi prarcursorem ; ut Yerbum

verilalis lux, mysticum propheticorum 2nigmatlum
silentium solveret, Evangelium factum. Quamobrem,
si vere Deum videra cupis, piaculorum , que Deo

piOépevo;, moiumpaypdves Xpratdy, "Epd ydp elpu
n Odpa, gnol mou v bxpabels Bel vofjom Beld-
pagt (97) tbv Bzbv , Srmuwg fpl dpdag <av ohpaviv
dvametdon woilag - koyixal YA @ o0 Adyou wila
wiotows Qvoiyvopevar xhell, Bsdr cidele Fyrw, of
Jihy @ Yide, xal @ dr & Yidc dzoxaliyy. @ipay &
€3 old' &m thy dmoxexdewgpdmy tdwg 6 dvoryvig,
Dazepov dmoxaldmrse tlivlov , xal Belevuov & piye
yviovar oldv e fiv mpdrepov , el ph 814 Xprovob we-
nopeupévorg, 5’ ol pdvou Wabs Emomtevetar.

conveniunt, particeps flas; non foliorum lauri aut serlorum, qua ex lana et purpura concinnari so-
lent; sed justitia redimitus , et temperantiz foliis cincluy, lolo animo enitere, ut Christum inveniase
Nam ego sum ostium V', inquit quodam in loco; quod quidem discendum iis est, qui ad Dei noli-
liam pervenire cupiuni, ut simul universas ceelorum poritas nobis aperiat, Sunt enim rationales
Rationis seu Verbi porte, el 3 fidei clave panduntur. Dexm nemo novit misi Filius, et cui volueril
Filins revelare '*. Nec mibi dubium est, quin is, qui porlam antehac clausam aperuit, posthac ea,
quat inlus latent, revelabit, eaque nobis osiendet, qu® a nemine umquam ceguosci potuerunt, nisi
qui per Christum ingressus fuerit, per quem solum Deus cernitur,
CAPUT L.

Absurditatem simul ac impictaiem mysterisrum ethnicorum el [abularum de deorum sworum orts el interity
ostendil.

Nolite igitur scelerata impiaque adyla curiosius B "Aduta solvuv (38) &0eca ph mohumpaypovaize, od-

explorare , nec profundorum antrorum hisles,
prastigiis monstrisque plenos, aut Thesproleum
lebeiem, aut iripodem Cirrhzum, aul @neum Do-

8 (49) Papdbpwy otépasa (1), Tepateing fpnhea, |
Ménra Bzampwraloy (2), 4 <plnoda Kippaiov (3),
| Awdwvaloy yadxslov® yepdvipuov (4) & ddppog

% P. 10. ED. POTTER, 9 ED. PARIS. * Joan.x, ® ' Maith. 11, 27.

Homerns Hiad. A, v. 14:
Irépuar’ Eywr év yepoly bxnbdlov "Axdllwveoc.
Vittus habens in manibus eminus [erientis Apollinis.

Erat auniem otéppa lana plerumgue obvolulum,
Sophoclis scholiastes QEdip. Tyr. v. 3 : Exédppa 8
tazlv v mpogauhrpévey Eprov o Galhiv. Est aulem
créppa, lana gueedam virtdi ramo circumvoluta, Ad-
debant nonnungnam purpuram. Tertwllianus Apol,
¢. 13 ; Sub disdem vitus, et apicibus, et purpuris. Si-
milem Judeis morem fuisse testatur Scriptor ad
Hebraos ix, 49 : Aabiv th afpa tiv péoywv xal
tpaywy petd UBavtog, xal tplov xoxxivow, xal doow-
mou, abrdte T Bibilov, xal mavea thv dadv Epgdviios,
Coul. Archeologia nostra Grae., L u, c. 4 et 5.

{97) Bedijpact. Bedfzas U; at A, beifooua, In
qua lectione si quem offenidit S&l cum dativo I.ner—
sone, scial ille infia quoque in Strom. 1 similiter
legi 008k dveipuablag tplealar yph tp ely dvipag
trypapopivy. A, SvLeunc. Bilfgadt habet Nov, quod
a Clemente posibnn luisse, est proinde  verisimile,

(98) “Advru rolrvr. Locus hic de non consu-
lendis oraculis recitatur_ab Eusebio De prep.
evang. lib, n, p. 8%, ed. Par.,ubi hec ¢i pralatio
est pr.emissa : Tabtz §t Klﬁﬁq: 4 Bauvpdawg kv 1

“Eimvag lporpexting Gapitbny txxaninze,
wv pv Bix melpag EAOwv dvip, Vdwedy ye phv

(1) Bapdfpwr crduara. Sic vocat oracula qna
ex antris et speluncis proferebantur, De speca ora-

culi Delphici vid. Archeologie nosirz lib. 1, qua
Ge cxleris eliam oraculis ®1 valicinmdi arlibus
paulo infra memoratis a Clemente consuli potest.
(2) Aédfnra Becapura‘or. Beampitiiov Euseb,,
Jan. ubi Lamen Mout, leg. E:ﬂ:ﬁiﬂw' quod etiam in
Nov. oecurrit. Qu:e omma probari posse ohservaril
Yigerus, qui notas in illum Eusebii librom scripsil,
(3) Tpizola mﬁﬁm::.'.rdr. ]ﬂ.‘uh a E.-I:hﬂs Kuppav
scripluin  reperias , modo av. Cirrham sapius
Latmi dixere. Plinius lib. v, ﬁlﬁp. 3 : Ulira, inguit,
Cirrhei Phocidis campi , oppidum Lirrha, ViGERUS.
(4) Tepdrdpuvor. Perperam ante apud Ensehinm

legetatur yepdvipeiov, Nos reposuimus Ttﬂi"lﬁ
ex Clemente. Nec dubinm videtur, quin Lii ycum

. illud, ac Dodonz prope Ammonis oraculum intelfi-

gal. Sed mirum esl, apud scriplores omnes de
quercu illa, vel alia quavis arbore pervesusia,
quod Tlp&vﬁt.m hic nomina{, silentium. Arvianus
quidem, et Curtius lib. 1v, qui omn:um uberiime
oraculi situmque, solumgue deseribunt, opacissi-
mwin éi nemus circumfundunt, nullam tamen alias
inter arborem signant, aut vetustate aut culiu exi-
miam. Plinius autem hiv, xn, cap. aLix, 23, ubi d¢
Bammoniaci sive Ammoniaci lacryma logqu.tur,

the mhdvng dvaveioag, o¢ dvmphc tob swinpiny Ad- D ita scribit : Aihiopie subjecta Africa, imjuil,

, xal Gk wig edayyahonds Sibaoxailag thv xaxav
}:{H pévog. Alque horum turpitudinem admirabi-
i1z Hrﬁhmm , eu, quam ad Gracos dirigit, Co-
horialione, mudam omuiwmgque andam oculis
proponil ; quippe qui cum omnes illorum caremonias
sua ipsius experieniia cognoveril, lum celerrime ab

i errore capul eximnlerii, verbi salutaris et evan-
gelicee docirine vi ez tol lanlorumgue malorum con-

::rnc liberatus. Dein Clementis verbis , quasi ti-
i

loco, Emy_panil ea quz sequunlur :
'E T ﬁﬁ?ﬁw relsrinr, nal xpvplur
Mm;‘ THe védov zidvyc.
(‘H:EM Mr6é Nov, Euseb. et ws. Eusebil codex
s G w 1 Jeapnis Baplisie Ozon. asserviius.

Ham i.oniaci lacrymam stillat in aremis swis (wnde
nonen etam Hammonis oraculo, juria qued gigni~
tur arbor; quam Metopion vocani ), restnat wmodo,
aut gummi, Yerum, opinor, genus arboris innuit,
non singularem aliquam indicat, nec ullam aut ve-
tustalis aut cultus nolam adjungi. Theouoretus lib.
x De Greee. affect. qui totus de oraculis est, inter
ca:tera, xat thy lepdv Bpiv commemerat, coulinno-

e subdit , xal 5 Awdwvalov yalxslov. An lipd

ug nostrum hoc yepdwlpuov est ? Vigen. l1a esse
inde probabile videtur, quiz Clemens paulo po:t
simul memoral Ammonis et Dodonai Jevis oracula.
Yerum integrum hune Theodoreti locom, quia Cl--
wenli lucew aligvam allaturus videtor, et ex co fuile

pio; Red; thy txslvav Vndvo
étt tH x:0s00rvas dxt Swdax
val dote & apstry, t{fitouy 1

et ‘O¢

dprde éravr

Yoc V', ovTwC
axproglay autol; yopwdle:, &k
avtob; favetdhad mowwv xal djs
630y; curywedal Exaiy. Tovro vap!

aguvn, ®otouda xiotsusafar tiv 1
Usdoxovea, Klta lva ph Mywos, |

RELEASE

Searchable corpus:
https://www.gregoriproject.com

Full raw data (OCR and tagged texts, .txt/.vert):
https://zenodo.org/records/15780625

OCR ground truth:

https://github.com/calfa-co/Patrologia-Graeca

TEXT EXTRACTION AND TEXT ANALYSIS PIPELINE

To overcome the complex bilingual layouts (with then fine-tuned for the Patrologia Graeca, achiev-
crossing-lines) and degraded 19th-century ty- ing a 1.05% Character Error Rate (CER).
pography, the pipeline relies on a YOLO12s-

detect model for semantic zone detection and Following text extraction, the pipeline applies
a YOLO12s-seg model for line segmentation. a hybrid strategy combining the PIE architec-
The text is then extracted using a CRNN-based ture (Manjavacas et al., 2019), already pretrained
text recognition (Vidal-Goréne et al., 2021) with GREgORI, and a dictionary-based post-
pretrained with raw alignments from the TLG, correction (Kindt et al., 2022).

semi-automatic alignement from TLG texts

fine-tuning available on Zenodo
Layout analysis 7 o
(object detection - YOLO) i 5 SketchEngine files Samples searchable
\ 4 (.vert) on gregoriproject.com
|\

Fl!terlng only Pre-trained CRNN RNN linguistic analysis
Mainlexs grieek OCR model model |
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Line detection ] T
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External printed line-level B
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MetaData extraction and compilation

XML markup
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RESULTS AND CORPUS COVERAGE

Our fine-tuned OCR vyields 1.05% CER and 4.69% WER, thanks to the pretraining on real
data (=11k lines). Layout and line detection achieve high precision (mAP50 > 0.97). Notably, 80%
of remaining errors are minor polytonic diacritic confusions rather than base character errors (no
confusion observed at the lemmatization step). The resulting corpus comprises 6M lemmatized
tokens with full morphosyntactic annotation. t-SNE highlights the PG cluster (yellow) as a distinct

semantic space driven by its specific vocabulary, a key for training new diachronically robust Ancient
Greek language models.

PG (ours)
gaza-batrachomyomachia
greek _cursive

pogretra

Text recognition 0

Model CER WER o
Tesseract 11.57% 39.65%
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Layout detection g T
Greek column 0.963  0.994 0.973 dpbarreiniede o W R, M

Latin column - 0.969 —1.000"0.982 Ree
Title 0.462  0.950 0.462 - f" o
Marginalia 0.422  0.891 0.427 0. TR

Line detection - - : . ; 6'0
Detection 0.983  0.994 0.973 Pimension
Reading order  0.980 T — t-SNE: PG forms distinct semantic cluster, reflecting

s S

GT rich vocabulary compared to existing datasets.

Selected language: Ancient Greek Corpus [ Q Change language v ] [ [0 About this corpus v ]
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m E Text selection 7

O Advanced search I o I I

= Results: 9 items

v Athanasius, Let. to Africans AR (el e s! gyéveto kai, 'Ev aUt® Td mavta ékTiodn kal ouvéotnkev. OUTOL 8¢ oi pGAAov Apelavoi i XproTiavoi 6vieg, &v Taig GAAALG £aUT@V ouVOSOIG KTiopaA TETO,

Concordance details
[ ] References

Ref : Athanasius of Alexandria, Letter to Africans (CGP 2133), Chap. 4 (= PG 26, col. 1036, Line 36)
@© Display Text

=] Extended context

'EY® €yt 6 Gv- 81a 6¢ 100 ‘lepepiou- Tig £oTwv €v UmooTApATL auTtod, Kai 6 TOV Adyov auTtod; kai pet” OAiyov: Kal €i £otnoayv €v- T UTOOTAGEL pou, Kal fikovoav T@vV Adywv pou. ‘H ¢ unédotaotg ovoia
lepepiag Urap€v dvopdlel Aéywv- Kal oUk fikovoav gwvhv- UdpEewg. ‘H yap Unéotact Kai iy ovuoia utap€iq £otiv. “EoTL yap Kal untdpxel. Tooto vodv kai 6 MadAog, Eypayev ‘ERpaiolg- “O¢ wv dnadyaouc
ol dokolvteg eidéval Tag MNpagag, kai dvopadovteg £auTtoug elval copoug, Ui BEAovTeg UndoTaoty Aéyely £ni Oo0 (TodTto yap Eypagav v T ApLUnive Kal év ANaLg €aut@v ouvodolg), TG ou dikaiwg k
£o0TL O£6g; NAAw te oi Matépeg £6idagav év TR Nikaia pr eivat ktiopa ) moinpa tov Yiov Adyov, avayvévteg- Navta 6t altod £yéveto- Kal, 'Ev alt® ta mdvta £ktiobn kal cuvéotnkev. 00ToL 8¢ oi paAAov Ap

KTiopa TeToAPAKaoty einelv avTov, Kai Eva TAV MotNPATwy, ®V autog £oTiv 6 AdYo¢ dnuiovpyog Kal otnTtAc. Ei yap 81 autod td navta yéyove, ktiopa 8¢ €0t Kal auTtéc: in Gv kal €auvtov KTiZwyv. Kal ndc &

ch Analysis [T1Source

Ref : CGPG_ATAL_Africans
Subcorpus of : GREgORI - CGPG

Form Lemma Part of speech Dictionary

6¢ > I+Part Entry Author : Athanasius of Alexandria (Al processed)
ol o) DET Entry Date : 4th cent. AD

o . ibli - Patrologia G 26, col. 1029-1048.
HGAAov HaAa [+Adv Entry Bibliography : Fatrologia Bracea 26, o

Work : Letter to Africans (CGP 2133)

Lemma search in the corpus, displaying concordances, analyzes, context, metadata and linked to lexical resources
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