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N
Goals

@ make electronic representations of (all) documents universally available

o make scanned images of document pages accessible over the internet

@ make scanned images searchable

e OCR (with errors)

© make one representation as machine-actionable electronic text

@ annotation, postcorrection

@ can be seen as large-scale program or as individual project focused on specific
documents

@ this workshop: mostly concerned with steps 2 and 3 above
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Transmission of texts

PDF (Image)
GLOSSARIUM

MEDLE ET INFIMA LATINITATIS

DOMINO DU CANGE

5 BENERICTE

D. P. CARPENTERII
r ik

e, Ao, 4

Manuscript

G. A L. HENSCHEL

(RN 1 RELEK, DOSRIATIOS

PREFATIO

_DOCTISSINI VIRI CAROL! DU FRESNE

DOMINI DU CANGE,
- GLOSSARIUM.

DE [AUSIS CORRUPTA LATINITATIS

PDF (searchable)

Printi

=}

9

Uwe Springmann Module 1 Challenges & Methods

ABACISTA Vide Abacus.#

ABACIUM [gap: Greek

word(s)] , Abacus, Fragm.

Petronii: Abacia et cucumi

omnia exposcit, etc.# ext

ABACOT pileus augustalis
Regum Anglorum duabus
coronis insignitus. Vide
Chron. an. 1463. Edvv. V.
pag. 666. col. 2. lib. 27. Ita
Spelman.#

<pb id='s0004' n='4'/>
<p><term>ABACISTA</term>
<def>Vide <hi
rend='italic'><ref>Abacus<
Jref>.</his#</def></p>
<p><term=ABACIUM</term>
<def><gap desc='Greek El
word(s)"

resp='sampling' />, Abacus,
Fragm. Petronii: <hi
rend='italic'>Abacia et
cucumi omnia exposcit,
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Introduction to OCR

Introduction to OCR
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OCR: definition & history

e Optical Character Recognition (OCR): automated conversion of
images of printed pages to machine-actionable text

@ carly applications: reading device for blind people (Fournier d’Albe: Optophone,
1913; Kurzweil: Reading Machine, 1974)

@ today important business: paperless office, automatic workflow

@ leading proprietary products: Finereader (ABBYY), Omnipage (Nuance),
ReadIris (Canon)

@ good open source software available since 2005: Tesseract (Ray Smith, HP Labs,
now Google), OCRopus (Tom Breuel, DFKI Kaiserslautern, now Google)
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https://github.com/tesseract-ocr/tesseract
https://github.com/tmbdev/ocropy

OCR workflow

o the complete OCR workflow consists of several steps (step 3 is optional):

image acquisition

preprocessing

(ground truth production, model training)
recognition

evaluation

postprocessing: annotation, error correction, tagging, ...
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OCR research

@ OCR belongs to pattern recognition, artificial intelligence, computer vision (hot
topics)
@ product related proprietary research mostly done in commercial companies

(scanning hardware manufacturers, Google)

@ general opinion: OCR is a solved problem! (for 20th century printings and
beyond: >99% correctly recognized characters)

@ not at all true for earlier printings: Gothic scripts, non-Latin alphabets, unusual
glyphs, complex layout, book degradation from usage and ageing

@ much academic research on postprocessing of commercial engine OCR output
(spelling correction, annotation, search in noisy data)
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Renewed interest in OCR

@ massive digitization (=scanning!) of historical printings (newspapers, books):
Google Books (scan 130 mill. books until 2020), libraries (Bavarian State
Library has > 1 mill. books scanned, HathiTrust: > 10 mill. books)

@ long term goal of funding institutions: make all scanned books available in text
form (must be automatic process = OCR)

@ EU IMPACT project (2008-2012)

@ CIS: Prof. Schulz (postcorrection, since 2004)

@ Open Greek and Latin project, Greg Crane (U Leipzig)

@ Early Modern OCR Project (eMOP), Laura Mandell (Texas A&M University)
@ Dan Klein, Taylor Berg-Kirkpatrick (University of California, Berkeley): Ocular
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https://books.google.com/
http://www.digitale-sammlungen.de
http://www.digitale-sammlungen.de
https://www.hathitrust.org/
http://www.digitisation.eu
http://www.dh.uni-leipzig.de/wo/projects/open-greek-and-latin-project/
http://emop.tamu.edu
http://nlp.cs.berkeley.edu/projects/ocular.shtml

Digression: OCR errors, OCR quality measures

Digression: OCR errors, OCR quality measures
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Digression: OCR errors, OCR quality measures

Important concepts to know

o we talk of OCR errors as misrecognized elements (characters or words)
@ c¢rror rate: errors / all elements
@ accuracy: correctly recognized elements / all elements = 1 - error rate

@ the rest of this section is more mathematical and serves as background reading
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: OCR errors, OCR quality measures

OCR errors

OCR errors can be classified as elementary edit operations:

@ misspelled characters: substitutions, s
@ spurious symbols: insertions, i
© missing text: deletions, d

for OCR sometimes additional elementary operations: * symbol splits, e.g. m -> in *
symbol merges, e.g. cl -> d
Example:

o exercifed — exercifed (substitution of long s by f)

@ in — m (deletion of i followed by substitution n — m)
@ having — hav ing (insertion of blank, resulting in word split)
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Digression: OCR errors, OCR quality measures

Levenshtein distance, error rate, accuracy

Levenshtein distance (LD): the minimum number of edit operations to
transform an input string into an output string

Example: ernest to nester: LD = 4

delete er at beginning and insert er at end

not: substitute each letter separately (6 operations!)
-> now we have an unambiguous definition of s+i+d

the single errors s,i,d may not be unique (ab -> ba: s=2 or d=1,i=1)!

We have errors (5,i,d) and correct output tokens () (4 oberservables) with
ngr =c+s+d,nocr =c+s+i

Error rate: ratio of errors to “all” tokens (n), ¢ = ¢ — stitd
n cts+itd

(often n = ngT or n = nocR - watch out for used definitions!)
error rate can be measured at character (CER) or word (WER) level

. . «_11” _ c 1 _
Accuracy: ratio of correct tokens to “all” tokens, 4 = ——— =1

Uwe Springmann Module 1 Challenges & Methods 2015-09-14

12/28



Digression: OCR errors, OCR quality measures

Definition of precision and recall

think Cinderella, picking out lentils with the help of birds:

The good ones go into the pot,
The bad ones go into your crop

@ four cases:

o True positives, T}, good ones picked out

o False positives, F},: bad ones falsely picked out or good ones damaged
o True negatives, Ty: bad ones correctly eaten

o False negatives, Fy,: good ones missed, falsely eaten or damaged

@ summing up:

o number of items picked out: Ny = T}, + F, = Nocr
o number of good items: Ngood = T + Fn = NgT

o Precision: proportion of good items in retrieved set, p = T3,/ Npot
(Reinheitsgrad)

@ Recall: proportion of good items retrieved, r = 73,/ Ngood (Ausbeute)
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Digression: OCR errors, OCR quality measures

Precision and recall in OCR

@ we have:
o Ty =c¢
o T, = 0 (we want to recognize all items, none are originally bad)
e Ngr =c+s+d
@ NocR =c+s+i
@ therefore:

C

° P = c+s+i
J— C
e r= c+s+d
@ now we can identify F, and F7, in terms of OCR errors:
o Fp=s5+i

o F, = s+ d (not missed items, but damaged and destroyed items)
@ make one measure out of two:
o F-measure, harmonic mean of p and r

—
oF—P_H
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Historical OCR
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OCR for historical printings?

In historical documents we often find:

lots of different printing types

high variability in letter shapes

special glyphs, script and alphabet mixtures

high variability in spelling, morphology, and syntax — variable context

right justification in manual typesetting leads to:

e abbreviations (vnd, vi)
e insertions of consonants (von, vonn)
e narrow inter-word spacing

Therefore:

@ results are often unsatisfactory for broken scripts (Gothic, Fraktur) and earlier
texts (Piotrowski 2012; Strange et al. 2014)
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Historical OCR

The challenge (I): historical typographies

134
Orativ Periclis finebris. S i
"Vlti quidem eorii qui ex hoc hatenus loco uerba fecerunt,
hurc legibus infticutum morem in concione dicendi ad
quias defunét inbello, urpulchrum laudant. Mihi uerd
fatis effeuifum e uirorum prae (tacium faciis honores declarare,
qualiacirca butum hoc publicé in ftructa ¢fpiciti i ui
romultorum irtutes periclitari debere,& fiue bene,fiuemale is 10
dicathaberi fidem. Arduum enim in dicendo feruare temperas
mentumin ea re,in qua uix ctiam ueritatis opinio confirmari po-
teft.Nam auditor,qui & rem agnofcit,& homin€ diligie, aliquid

clockwise: printing year (author)
1564 (Valla), 1487 (Foresti), 1735 (Leyser), 1557 (Bodenstein)

Uwe Springmann
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@ adediclaniiigi? cinitas potéiftimatotis
98 Cilalpine gallic mmiuvrbiu;
€eterarimizimpante AlMacro plarii rege
anomidi. 4340 .z i xpi advétns 3¢9.a
8allis fenongfibus i odital vt miti aftruer
voliit” (ed aucta z inflavrata fuit, £5 eniy
Jofue bebreoyindicis tépozea vigniflis
mig auctozbue primoconditd fuifle me
mozie proditii€. IAec certz credidiépted
ferar: t3q opuléa regio vlas ad Senoné-
finm %almcgomﬁmwkcﬂuai‘ 05
Sotifredus Qiterbicfis cpo:z Deciugan
xonius irilluftrig i catbalago nobili cin
fatus veling iam & Lroianoy mm‘
clariffim3 foiffe. A3 T Sicabri dic
populia Sicbria priami foror victi: Tro

facuerla Samfonis indicis téporibus:ocs
cupatis Engarie ¢ Speic:ac Bavaricp
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The challenge (II): special glyphs

Pontanus: Progymnasmata Latinitatis (1589)

nisindicium. Quid fequebatur? §. Detonis
feu accentibus id. e Iam recor-
dor. Noffeetiam quo tono, acuto, 3

flexovbi veendum. Adhzcdemrcrpun&lo— long s (f)

nibus, quzvidg¢licetnotah aftolesdif-
iungenda , g@@yontra p @ oniun- historical ligatures:
A, x, E, e, st, ¢t

genda, quando demiim fyllaba porre&adu-
perfe puff'_ illalineainfi gmcnda,quzln::io femi=
lunulainferioread breuitatgmyn dim, :
qnandocomma,quandopu, polytonic Greek words
napii&a, feu colon, quando interrogationis
fignum,quandop aferhefeos notaadhiben-
da. S. Dicebat in orthographiz
non derinationibus duntaxat,notatl A
fiue etymologiis, origi
dinietiam; videndurQg
diti: qui fi difcreparent , &a
modo verbum idem ﬁ:np:ltarcnt plunum
valere oportereiudiciom. e.In reprehen-
fionem denique vocabat eos,qui cum perui-
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historical fonts

diacritics
abbreviations

historical spellings
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http://daten.digitale-sammlungen.de/bsb00037616/image_65

The challenge (III): historical fonts, historical spellings

(Anke Liideling, HU Berlin)

L)
, .mt
"4

u? n? tt? un? v? meiiflorlin (modern: Miusdhrlein)? brey
(modern: Brei)? brust (brnst)?

Wciipslin

Uwe Springmann Module 1 Challenges & Methods 2015-09-14 19/28



The challenge (IV): incunabula

Beauvais: Speculum naturale (not after 1476); ABBYY FR11 Fraktur 68% acc.

velit nolit agpetit fiimii bonii ct beaticupiné abf
q3 oriii deliberacone vel pelectoneVnoe vicic au
guftmus i f¢ olﬂoquiis-‘iﬂla qué amat omne q3
amare poteft:fiue fciens:fiue nefcienf @irca neu
eri iftarii eft mericit vel demeritii:quia nec voli
tas. vireus e & viti voluntaria fune: Wolun-
taria aiic oiuidi€ m ouas: fcilicee amicicia & con-
cupifcencid- Mmicicia oiligim? 1llud quod ypeer
fe oiligimus @oncupilcétia vero oiligimus illus
cui bonil volum?:{c3 ao velectansii m eo-vero:
q; iftoyy mooox, viligimus deil nacuralit: & ange
i ecid i pzimo ftacu-Seo viligebac angelus e
fup oritia amoze ocupifcentie I3 n ipo velectan -
o0 fup orfiia-Wec ci feqeur @ baberet caricacem
quia nd oiligebac veit ypter ipm veil feo ypf fe :

velie nolit aspenc sumu bonu ce beaticuome al?s-
gzonn veliberaeone velpelec™oneVnoevicicau
Aus”~mus in soliloquijs'~eus que amat omne qv
amarc potest:s»uesciens.smenesciens Circa neu
era Is~aru esk mencu vet vcmenturquia ncc volu
ras vireus em viciu voluntana (une V~o!un-

tana auc oiuivic in ouas: scilicet amicicia Le con-
cupilcencia 5Vmicicra vilizim? illuo quov zpter
sevili~imus Concupiscena vcro viligimus illuo

cui bonu volum?:1cz as velec™anvu in co Vtro-

gz is™or”™ movoy oiligimus veu naeuralitrLL an~e
li eria in prims [~ acu Leo viligebat an”clus veu
sup omia amorc ocupiscentie Icz in ipo vclec™an -
vo sup omia Alec cn seqeur q? kaberee caritacem
quia no viligvbat veu ~fpter ipm veu seo zx>c se :

An incunabulum printing has special abbreviation signs, e.g. p p p ¢ Q ¢ fc3.

(Rydberg-Cox 2009) (our emphasis): “Because of the prevalence of these glyphs,
incunabula cannot be processed using OCR software. Commercial OCR programs
produce almost no recognizable character strings, let alone searchable text. ... Other
methods must be explored.”

2015-09-14
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http://daten.digitale-sammlungen.de/bsb00035779/image_59
http://www.digitalhumanities.org/dhq/vol/3/1/000027/000027.html#p7

Other (OCR) methods: OCR with recurrent neural networks

recurrent neural network (RNN) with long short-term memory (LSTM) as

invented by (Hochreiter and Schmidhuber 1997), first applied to OCR by
(Breuel et al. 2013)

input layer: pixel values of vertically sliced text lines (500-1000 frames)
memory layer: 100 hidden memory blocks
output layer: character representations (glyphs)

needs training (either on artifically generated images from text or ground truth
corresponding to printed text)

learns by adjusting weights between connections of layers
does not need a language model

can be trained on a lot of scripts and languages, even on mixed cases
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Historical OCR

Trained models for incunabula

Trained OCRopus model (this passage: 99% acc.)

Uwe Springmann

velit nolit agpetit fiimii bonii ct beatituniné abf
q3 otiii veliberatdne vel pelectone Vnoe oicic au
guftmus i foliloquijs v'[geua qué amat omne q3
amare poteft:fiue (ciens:fiue nefcienf @irca neu
erd iftarii eft meritii vel demeritii:quia nec voli
a5 vireus e & vitii voluntaria fune- Wolun:
taria aiic oiuidi€ m ouas: fcilicee amicicia & con-
cupifcencid- Mmidcia iligim? 1llud quoo yprer
fe oiligimus . @oncupifcéeia vero oiligimus illus
cui bonil volum?:{c3 ao velectansii m eo-vero:
q; iftor mooox oiligimus deil nacuralit: & ange
i ecid i pzimo ftacu-Seo viligebac angelus vei
fup oritia amoze ocupifcentie I3 i ipo velectan
oo fup orfiia-Wec ci feqeur @ baberet caricacem
quia nd oiligebac oei ypter ipm veil feo ypf fe :

velit nolit appetit fim@ bon( et beatitudiné abf -
q3 omi deliberatdne vel pelectone Vnde dicit au
guftinus in foliloquijs - Deus qué amat omne qd
amare poteft:fiue fciens:fiue nefcienf- Circa neu
trd iftarl eft merit(i vel demerit(i : quia nec voll
tas - virtus erh & vitidi voluntaria funt - Voljune
taria a(t diuidit in duas: fcilicet amicicid & con=
cupifcentia - Amicicia diligim” illud quod ppter
fe diligimus - Concupifcétia vero diligimus illud
cui bonG volum® : fc3 ad delectandd in eo - vtro=
q3 iftoy, modo», diligimus del naturalit: & ange
li etid in primo ftatu - Sed diligebat angelus deli
fup orhia amore Jcupifcentie - {3 in ipo delectan=
do fup orhia - Nec tfi fedtur q haberet caritatem
quia nd diligebat del ppter ipm del fed ppt fe :

@ trained on 13 pages, tested on additional 4 pages
® 98% average character accuracy (raw, uncorrected output)

@ no language model employed

Module 1 Challenges & Methods
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Historical OCR

Schwabacher font: old and new methods

Adam von Bodenstein (1557); ABBYY FR 11 Fraktur + hist. lexicon

original page

Uwe Springmann

Abbyy FR 11 (84.65%)

Kreiicev

ner erscheinng / vnserer

ziun oderhagwuryel/ garnicht/
welche der mehrertheil baldierer
fiir rechte Aristolochiam rotun-
dameinsamlend. Diosc. Diser
wiirget etwas mit wein Myrrhen
vnd Pfeffer getrvncken/ reiniget
die weider von vderssissigem ym
rath dermiiter/ treibt auf} die an
Lgedurt vn weider menses. Ein
faldgemachtvonndiser wiirgen
zeitl galli iichtvh
spreissel/ dornvngeschiferte dein.
iZiemitt deschlies ich mein

rede diser zeitvonden zwelffzei-
chenkreiitteren/degiiren menck-
Itch welle mirs im dessen aufnem
men als dan ichs gethan / had fye
weitleiifftgerdeschridc wellen / f»
sind yeglgerkurgewel vrsachen/
vor il ichgrosi
angewendet insiichungder kreii
ter aub} eignem willen vndeiicrel/
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OCRopus (98.84%;

raw uncorrected output)

Kreiiter

ner erfcheiniig/ vnferer teiitfcher
zaun oder hagwurtzel/ gar micht/
welche der mehrertheil balbierer
fiir rechte Ariftolochiam rotun=
dam einfamlend. Diofc. Difer
wurtzel etwas mit wein myrrhen
vnd pfeffer getruncken/ reiniget
die weiber von vberflifzigem vn:
rath der miiter/ treibt aufz die an
d geburt vii weiber menfes. Ein
falb gemacht vonn difer wurtzen
zeitlofen vii anagallide zelicht viz
fpreiffel/ dornvii gefchiferte bein.
Hiemitt befchlies ich mein

rede difer zeit von den zwelff zei:
chen kreiitteren/ begiren menck:
lich welle mirs im beften aufnem
men als dafi ichs gethan/ hab fye
weitleiiffiger befchribé wellen/ fo
find yetziger kiirtze viel vrfach_en/
voraufz dieweil ich groffen koften
angewendet in fiichung der kreii
ter aufz eignem willen vii beiit_tel/
nen=
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http://reader.digitale-sammlungen.de/de/fs1/object/display/bsb10727106_00102.html

Historical OCR

Mixed typefaces: old and new methods

Augustinus Leyser (1735)

@ mixed typefaces: Frakeur for
German, Antiqua for Latin.

@ trained on 40 pages, tested on
8 pages.

@ mean acc. 97%

fumque committunt, arg.L. 24. C. de Procuratcribus.Et fic

JCti Helmftadienfes menfe februario anni cI>I> ceXXVIIL (ABBYY 77% Tesseract
re[ponderunt Daferne dle fammtlige Meiftere beyder ’
gen in diefe D tion oder Klage nicht gewil- 820/0)

liget, fondern ein Theil derfelben die Klagende davon ab-
gemahnet, und defhalb von diefen gefchimpffet und ge-
krancket worden; fo hétte den Klagenden nicht gebiihret,
den Namen der [immtligen Mettere unter ihre Klage

zu [eten, fondern vielmehr obgelegen, lich namentlich zu
unterfchreiben, damit der Hr.Beklagte und Denunciat
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http://diglib.hab.de/drucke/rd-255-5b/start.htm?image=00452

Hi al OCR

OCR over the centuries

residual error on 24 herbal texts from 1487 to 1870: individually trained models,
RIDGES Corpus (Springmann, Liideling, and Schremmer 2015)

% character errors

I 1
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Historical OCR

Conclusions

o for modern material (even including 19th century Fraktur) the pretrained
models of ABBYY, Tesseract and OCRopus give very good results (above 98%
character accuracy) (Breuel et al. 2013)

o for older material, missing language models (Latin) and the above-mentioned
challenges severely limit the performance of pre-trained models to about 85%
(incunables even less); even perfect lexica will raise accuracies to just about 90%

(Springmann et al. 2014)

o trained OCRopus models will consistently give > 95% (up to 99%) accuracies
depending only on the quality of the scans, not on printing date
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Historical OCR
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Historical OCR
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