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Introduction

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
palæographic 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OCR for historical documents?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In historical documents we often find: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

u? n? tt? un? v? meüßoͤrlin (modern: Mäusöhrlein)?
brey (modern: Brei)? brust (brnst)?
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Introduction

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

Gart der Gesundheit (Kaub 1487)

Ilsuchist dises krank vod yam-
ulso das ais-I yeglich verging Her
days nit Homer es hab sein natur
darauf gewozffä»von freiiden vsi
kiiczlung seines sammscjoon di
fejn krank bescheeibt vns Diosko-
rides vnd fpeichetsd as dises Braut
beneme vnnd haile acrocotdincs
das sind lpchdoen oZ wckeczö q
Tesseract¹, 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.”

¹https://github.com/tesseract-ocr
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Introduction

State of the Art: OCR results on (Bodenstein 1557)

Abbyy FR: Gothic recognition + historical lexicon; OCRopus: raw output
Going from 85% to >98% without language resources!
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Introduction

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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Case study I: Gart der Gesundheit (Kaub 1487)

Step 1: Preprocessing
Preprocessing: zone, deskew, dewarp, despeckle, crop, binarize, line segment

original image binarized text zone line segmented
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Case study I: Gart der Gesundheit (Kaub 1487)

Step 2: Ground truth production

can be done line for line in browser
single text lines need to be
transcribed diplomatically
use UTF-8 code points of latest
MUFI recommendation² 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

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

Gart der Gesundheit (Kaub 1487)

¶ Auch ist diſes kraut von natur
alſo das ain yeglich vergiftig tier
dauõ nit komet es hab ſein natur
darauf geworffẽ von freüden vñ
küczlung ſeines ſamens ¶ Von di
ſem kraut beſchreibt vns Diaſco⸗
rides vnd richet ˖ das diſes kraut
beneme vnnd haile acrocordines
das nd lychdorn od̉ waͤrczẽ auff
OCRopus, 9⒍48% 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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Case study 2: Diachronic study

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

how many characters in context have been seen in training?
quickly approaches 1-2% level, adding more pages reduces variance
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Case study 2: Diachronic study

Is any model good for other books?

Fraktur models applied to Fraktur printings

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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Case study 2: Diachronic study

Common Fraktur model
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in all but one case)
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training, error rate
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:

transcription vs. OCR correction (Gart der
Gesundheit, 96% acc.) of 2 pages (minutes)

annotator transcription OCR correction
1 40 21
2 80 28
3 60 35

average per page 30 14

correction: 50% saved time compared to
transcription
unusual glyphs make OCR correction a time
consuming activity
correcting single errors at a time
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Postcorrection

OCR postcorrection tool PoCoTo (I)

PoCoTo - induced error series with interactive batch (Vobl et al. 2014)
correction³

locally installable Java package for postcorrection
developed at CIS as part of the EU IMPACT⁴ 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⒮
batch correction: rank errors according to frequency & error pattern and
enable quick correction decision in concordance view
adaptation of OCRopus to PoCoTo under way

³http://github.com/thorstenv/PoCoTo
⁴http://www.impact-project.eu
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Postcorrection

OCR postcorrection tool PoCoTo (II)

Concordance view of error series (Tesseract hocr output)
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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 für die
Geisteswissenschaften, München, 14-15 Sept. 2015,
http://www.cis.uni-muenchen.de/download/flyer/
workshop-20150914.pdf,
Registration: <ocr-workshop@cis.lmu.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
❧ digital humanist ❧

lastname [ A T ] cis.uni-muenchen.de
http://www.cis.uni-muenchen.de/~springmann

Anke Lüdeling
firstname.lastname [ A T ] rz.hu-berlin.de

http://www.linguistik.hu-berlin.de/institut/professuren/
korpuslinguistik/
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