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The goal

We want to ...
@ ... build corpora of as yet untranscribed texts that have already been
scanned to page images

@ ... transcribe texts with historical spellings or even incunabula with
palzographic abbreviations

@ ... cut down on cost and time it takes to manually transcribe the texts

Can Optical Character Recognition (OCR) provide some help?
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Introduction

OCR for historical documents?

OCR in general:

@ text in Antiqua scripts of 20th+ century are often very well recognized
(character accuracy > 99%)

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

In historical documents we often find:

@ high variability in letter shapes

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

The challenge (I): historical fonts, historical spelling

cispozlin

.H--I.

oy
, .mt

u? n? tt? un? v? meiif3érlin (modern: Miusdhrlein)?
brey (modern: Brei)? brust (brnst)?
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Introduction

The challenge (II): Incunabula (1450-1500)

Auchft difesErant voR natue
alfo das ain yeglich veediftig tee

Ilsuchist dises krank vod yam-
ulso das ais-I yeglich verging Her
days nit Homer es hab sein natur

daud nit Bomet es bab fein natut
bataufgemozﬁéjvon fleuuaﬂ Y1 darauf gewozflarvon freiiden vsi
Eiicslung feines famentsq] >0on ot kiiczlung seines sammscjoon di
fgm Evout be]'c’c)zdbt vns iDiafcoz fejn krank bescheeibt vns Diosko-
tites vud fpiichet:das oifesbraut 10 ind fpeichetsd as dises Braut
beneme vnnd baile acrocotdines:

Das find lychdom o8 wizcst auff
Gart der Gesundheit (Kaub 1487)

beneme vnnd haile acrocotdincs
das sind Ipchdoen oZ wckeczd q
Tesseract!, 75,15% character accuracy

An incunabulum printing has special abbreviation signs ...

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.”

Thttps://github.com/tesseract-ocr

Using OCR for historical corpora
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State of the Art:

original page

Baiael e o ol
wedsbendety A g

B e 251

Abbyy FR: Gothic recognition + historical lexicon; OCRopus: raw output

OCR results on (Bodenstein 1557)

Al

Abbyy FR 11 (84.65%)

Kreiicev

ner erscheinng / vnserer teutscher
zéiun oderhagwuryel/ garnicht/
welche der mehrertheil baldierer
fiiir rechte Aristolochiam rotun-
dameinsamlend. Diosc. Diser
wiirget etwas mit wein Myrrhen
vnd Pfeffer getrvncken/ reiniget
die weider von vderssissigem vm
rath dermiiter/ treibt au} die an
Lgedurt vn weider menses, Ein
faldgemachtvonndiser wiirgen
zeitlosenvnanagallidezeiichtv
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 yegigerkiirgeviel vrsachen/
vorauBidieweil ichgrosicnkosten
angewendet insiichungder kreii
ter auf} eignem willen vndeiicrel/

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 v anagallide zeiicht viz
fpreiffel/ dornvii gefchiferte bein.
Hiemitt befchlies ich mein

rede difer zeit von den zwelfT zei:
chen kreiitteren/ begiren menck:
lich welle mirs im beften aufnem
men als daii ichs gethan/ hab fye
weitleiiffiger befchrib& wellen/ fo
find yetziger kiirtze viel vrfach_en/
voraufz dieweil ich groffen koften
angewendet in fichung der kreii
ter aufz eignem willen vii beiit_tel/
nen:

Going from 85% to >98% without language resources!
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OCRopus: Trainable OCR with neural networks

recurrent neural networks (RNN) with long short-term memory (LSTM) as
invented by (Hochreiter and Schmidhuber 1997); applied to OCR in OCRopus
software (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

@ our contribution: adapted training procedure for early printings with
extended glyph repertoire; Ocrocis (Springmann and Kaumanns 2015) as
interface; more granular (word/character) coordinate output
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Introduction

Two case studies

We highlight the use of OCRopus (Breuel et al. 2013) for training an OCR

model to recognize early printings in two case studies:

@ Case Study 1: In-depth study of the OCR of one specific incunabulum
(Gart der Gesundheit Kaub 1487) in order to illustrate the method
(preprocessing, training, recognition)

@ Case Study 2: Diachronic study in order to explore the possibilities of
using one training text for other texts

Both case studies use texts from the RIDGES corpus (Odebrecht et al.
submitted) ,
http://korpling.german.hu-berlin.de/ridges/index_en.html), a
freely available diachronic corpus of herbal texts in German.
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Case study I: Gart der Gesundheit (Kaub 1487)
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study I: Gart der Gesundheit (Kaub 1487)

Step 1: Preprocessing

Preprocessing: zone, deskew, dewarp, despeckle, crop, binarize, line segment

CAuchift difestraut voR natue

—
. alfo das ain yeglich verdiftig tiee

gﬁf‘f?‘;ﬂn%%}':ﬁ?g daud nit Eomet es bab fein natue
Satoaf Grmaffenonfesin v datauf devoo:ffe von feeiiten vit =
b el Eiicslung feines famentsq Soon di :
e Pl i fem Evaut bejchzeibt vns iDiafcoz o)

o lt’lc:svnb fprichet-dasdifes Eraut

o eme vhd baile acrocodines

e 08 das find lpchdoan o8 wdzesé anff Dasfind]y n o8
5'"""'"“:-‘”'"’5:7'::{ ten seben an ben fffeq Auch nes ben an ben fiff o Hnert
P b ndsion :m etlich maiftec difes pom?blﬁ ¥ Dif
e 4 ich taut seckwifchet vnd datauf de- prauts ] de]
e st ites o2 T P i, legt deleich ainem pfloftee (DI w0 et deleich ¢ : (DIf
Ecausqoon bifen famé gete: icii latine-Die . L

dmipfeiniotocticmee: (% Femriil g Ecautes fofft benimet &en frawen

o magtble | Fantbob s adelc fe gefcywoulft an ten briiften darz e

igmomen ot wolble =
o S bemyc Sfomes :ﬁ’:;';:maymmvtﬁq’ﬁm "

auff delege it eybifch wutsseln
CIDegte fag:e dip Ezautea vermag

Foral .\ug.&wx!m':%ﬂ:%;ﬂ DA AL Ao I
o e edife o 2ibne ftuck-vnn f aElich 3
%ﬁ’é%ﬁ'lﬁum anmeﬂ?‘ekale{c:gwdnmda 0 alsDann iE2
g bigsoac i 301 i densLeibes alsdann ift das e
St iy { Exautq Soon difemfamé deteun i3
e ey anant enift faft niics bené bie ton vier:
S ‘ tagIHE itten babe/ den mit woeins 3 bt wo
d Bl { eingenomen/vnd macht wol bde r Qfusct E A‘
| g}up QAuch mym::ﬂ uzfam:bt aooof 1€ DELJEO)
1) { e vy ng s ic3e6 VI
| ’ ! u: aﬁo?r“ s ; 500 1000 1500 2000
original image binarized text zone line segmented
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v I: Gart der Gesundheit (Kaub 1487)

Step 2: Ground truth production

Exks]
|§
J0

eyfulz

as Erlt Capitel
Das Erft Capitel

Y

QArinofa AmpolataBzita

riuofa Ampolata Brita

>

nica Campanatia Wetei
nica Campanaria Metri

cacia tinozlatic Welenoff Zans
caria minor latfe + Melenoff Zans

tes Thagetes Leptafelos (L Die
tes Thagetes Leptafelos Y Die |

wirdigen maifter Auicenna Dia
wirdigen maifter Auicenna Dia

feotites befcheeivin vig vo difem
[corides belchreiben vns vé dilem|

can be done line for line in browser

single text lines need to be
transcribed diplomatically

use UTF-8 code points of latest
MUFT recommendation? for
unusual characters

pool of line images (*.bin.png) and
corresponding ground truth files
(*.gt.txt) form training and test set

see Ocrocis tutorial (Springmann
2015) for detailed info

2http://folk.uib.no/hnooh/mufi/specs/index.html
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Case study I: Gart der Gesundheit (Kaub 1487)

Step 3: Model training

nime n &e in aﬂ‘ 03

b Lt b Lot il bl ki oo e bbb dbotd il kL |

top to bottom: ground-truth annotated text line, network output
(prediction/aligned), posterior character probabilities, error history
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Case study I: Gart der Gesundheit (Kaub 1487)

Step 4: Text recognition

Auch ift difes Eraut voR natue
alfo dag ain yeglich veediftig tiee
daud nit Eomet es bab fein natut
datanf dexoo:ffé von feeiiben vit
Eiislung feines fametts{] Soon di
fem Evaut befchzeibt vns iDiafcoz
tites v0d fpachet-das difes Eraut

beneme vnd baile acrocodines.

Das find lychdom o8 wizcst auff
Gart der Gesundheit (Kaub 1487)

9 Auch ift difes kraut von natur

alfo das ain yeglich vergiftig tier

daud nit komet es hab fein natur
darauf geworfte von fretiden v
kiiczlung feines famens 9 Von di

fem kraut befchreibt vns Diafco-

rides vnd fprichet + das difes kraut
beneme vnnd haile gcrocordines

das find lychdorn od warczé auff
OCRopus, 96.48% accuracy on test set

@ model was trained on 9 pages, tested on 3 (limited by available ground

truth from RIDGES project)

@ training took 45,000 steps (text lines + ground truth repeatedly shown in

random order)
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Case study I: Gart der Gesundheit (Kaub 1487)

Step 5: Postprocessing

Annotation: error correction, spelling normalization, tagging ...
@ accuracy > 95% may be sufficient for your research purposes
@ if not, postcorrect
@ but even with 100% accuracy, we are not done yet:

@ historical, variable spelling might be a barrier for further processing (e.g.,
search), therefore some form of normalization and spelling-tolerant search
is necessary (Odebrecht et al. submitted)

@ postcorrection, normalization are part of annotation (adding tags to output
tokens, not replacing them)
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Case study 2: Diachronic study
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OCR over the centuries (RIDGES corpus)

residual error on 24 herbal texts from 1487 to 1870
(individually trained models)
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Case study 2: Diachronic study

How much to train

Bodenstein: residual error vs. # training pages
10%

8%

6%

4% ==
I A — = T

T
| ] I_ I —_
J— J_ . =
9 15 30

# training pages

0%

% errors of best model (10 test pages)

@ how many characters in context have been seen in training?
@ quickly approaches 1-2% level, adding more pages reduces variance
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Is any model good for other books?

Fraktur models applied to Fraktur printings

1487-Gal 1532-Art; 1532-Cor 1543-Ne\ 1557-Wie 1588-Par 1603-Alcl 1609-Kra 1639-Pfla 1652-Wul 1673-The 1675-Cur 1687-Der 1735-My: 1764-Einl 1774-Unt 1828-Die 1870-Del

@ columns are models, rows are documents
@ best result on diagonal (model trained for its book)

@ off-diagonal models are quickly becoming bad predictors
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training, error rate

@ trained on 31.000
lines, 93.000
learning steps

@ on test pages still
good results (< 5%
in all but one case)

@ however, on book
pages without
representations in
is above 10 %

@ more training
needed
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Postcorrection
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Postcorrection

OCR vs. manual transcription

Browser-based manual correction of OCR result vs. transcription from scratch:

latine.Der wirdig mais transcription vs. OCR correction (Gart der

‘latine + 91 Der wirdig mai-

Gesundheit, 96% acc.) of 2 pages (minutes)

ftex Sexapioin dem bitch annotator transcription  OCR correction
‘ﬂ:er Serapio in dem biich ‘ 1 21

, 2 28
Aaaregatoris fpucht das die blez
‘ B . 3 35
Aggregaroris fi)ucht das die ble-

average per page 14
tec von cipzeffert die tinden vit die
‘ter von cipreffen die rinden va die ‘ @ correction: 50% saved time compared to
. transcription

niip douon geniicst werdenin det
‘ni'.ifz douon geniicze werden in dei‘ @ unusual glyphs make OCR correction a time

] ) consuming activity
eccsnei I Auicenna in feine ande:is

‘crcznei 1 Auicenna in feiné andern‘ @ correcting Slngle errors at a time
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OCR postcorrection tool PoCoTo (1)

PoCoTo - induced error series with interactive batch (Vobl et al. 2014)
correction?

@ locally installable Java package for postcorrection

@ developed at CIS as part of the EU IMPACT* project

@ word synopsis: image + OCR with interactive correction
°

error profiling: calculate statistical error model based on
a) historical spelling (not an error)

b) proper OCR errors

and propose most probable correction candidate(s)

@ batch correction: rank errors according to frequency & error pattern and
enable quick correction decision in concordance view

@ adaptation of OCRopus to PoCoTo under way

Shttp://github. com/thorstenv/PoCoTo
‘http://wuw.impact-project.eu
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OCR postcorrection tool PoCoTo (II)

Concordance view of error series (Tesseract hocr output)

File Edit Profiler View Tools Window Help

B 5@ &HHE @ @ EBEEN EEF« « Q-
TokenActions Window X S | Fageiofat [ t->ril x| Dol

Concordance Actions ®

Entries Total: 39 Entries Selected: 0 Entries Corrected: 0 Entries Disabled: 0 Entries to process: 39

1 0ccurences er lange tauchey  blerter- L =5 ] schier w-
Hperd ffengdiBeir (s bleteer find geg—
——— _ | lydlzers Engel-Bei-1fas p,lg;ggx‘:‘__'> Hemer sind geg|
- . b Der bli be jdyech
nmixthierer feiste oder  blar/L—=* befsche
ot Lanarid fo doctor Adam|  fi
die Lunarin soY QQQNFQJD Adam s
E/iung( ba ner/end endeen mitgefils
anBfinnge baYnenxrnd endrenD mitgefic-|
OCRFehler Window OCR-Errors Prof... X| =l i I L I L "D
Pageias X
[ Show concordance TSI GEJCHETS VIEE GIUE [SITF Wk P =
s . e viies [ey Das et Affevion/ odee H
L2 s Solfequifi/ oder die Lonariafo H
[ b boctot Adam fichens laffers/wels
i Z lefey anch wiffen s Aldimey e
poon 2 biauchers | Aber als ernidesivil |
> - 21— hdl
L=l 5T it Il
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Conclusions
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Conclusions

Conclusions

@ We are now able to use OCR for the complete printing history with
high-accuracy results (> 95%)

@ Recognition no longer being the biggest hurdle, emphasis shifts to
preprocessing (zoning) and postprocessing (annotation, error correction,
normalization)

Desideratum: A centrally available web service at a library (consortium) or other
cultural heritage institution for people to train and share models would be a
great benefit (mixed models could be trained from a large corpus of training
material that no one person could produce alone)
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Conclusions

If you want to learn more

@ Workshop OCR und Nachkorrektur alter Drucke fiir die
Geisteswissenschaften, Miinchen, 14-15 Sept. 2015,
http://www.cis.uni-muenchen.de/download/flyer/
workshop-20150914 . pdf,

Registration: <ocr-workshop@cis.Imu.de>

@ Ocrocis: A project manager interface to Ocropus
http://cistern.cis.lmu.de/ocrocis/

@ Ocrocis Tutorial (Springmann 2015):

A detailed account on how to train your own models

@ general OCR Tutorial (Springmann 2014):
http://www.cis.uni-muenchen.de/~springmann/acroases/
2014-04-23-HU-Berlin.pdf

@ Ocropus: https://github.com/tmbdev/ocropy
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Conclusions

Thank you for your attention!

Uwe Springmann
Se- digital humanist Se-
lastname [ A T ] cis.uni-muenchen.de
http://www.cis.uni-muenchen.de/~springmann

Anke Liideling
firstname.lastname [ A T ] rz.hu-berlin.de
http://www.linguistik.hu-berlin.de/institut/professuren/
korpuslinguistik/
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