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Introduction

Definition & History

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

OCR Research

OCR belongs to pattern recognition, artificial intelligence, computer vision
(hot topics)
product related proprietary research mostly done in companies (recently:
scanning hardware manufacturers, for obvious reasons)
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)
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Introduction

Renewed Interest in OCR

massive digitization (=scanning!) of historical printings (newspapers,
books): Google Books (scan 130 mill. books until 2020), libraries (BSB¹
has > 1 mill. books scanned)
long term goal of funding institutions: make all scanned books available in
text form (must be automatic process = OCR)
how to OCR? Big problems: current methods don't work very well
EU IMPACT project (2008-2012): www.digitisation.eu
CIS: Prof. Schulz (postcorrection, since 2004)
Open Greek and Latin project @ Leipzig:
http://www.dh.uni-leipzig.de/wo/projects/
open-greek-and-latin-project/

¹Bavarian State Library, see www.digitale-sammlungen.de
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Concepts

OCR Errors

OCR errors can be classified as elementary edit operations:
misspelled characters (substitutions)
spurious symbols (insertions)
lost or missing text (deletions)

Examples:
exerciſed → 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)

Uwe Springmann (CIS, LMU) New OCR Methods for Early Printings 2015-04-29 7 / 33



Concepts

Measurable Quantities

Levenshtein distance
minimum number of edit operations to transform input string into output
string
example: ernest → nester: LD = 4

delete er at beginning and insert at end)
not 6 (substitute each letter separately)

error rate
ratio of errors to total number of entities = i+s+d

n
n: number of characters (either in ground truth or in OCR output)
can be measured at character (CER) or word (WER) level
accuracy
accuracy = 1 - error rate
example: 98% character accuracy means 2% wrongly recognized characters
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Challenges

"Historical OCR"

not the OCR done by ancient civilizations …
…but the OCR of historical documents (1450² - today)
unlocking our printing heritage is of interest to many groups -- see also
Texas A&M Early Modern Printing (EMOP, Laura Mandell) project:
http://http://emop.tamu.edu/

concentrates on Tesseract for ECCO corpus
published some tools and training files, but unfortunately no measurements
up to know

²Gutenberg's invention of movable letter printing
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Challenges

Challenges of Historical Printings I

printing year (clockwise): 1564 (Valla), 1487 (Foresti),
1735 (Leyser), 1577 (Bodenstein)
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Challenges

Challenges of Historical Printings II
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Challenges

State of the Art: OCR Engines' Results on 1589 Printing

Quality of OCR output on Pontanus' Progymnasmata Latinitatis³
(default results, no special preprocessing, no training)

³http://daten.digitale-sammlungen.de/~db/0003/bsb00037616/images/
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Progress

Enter Oc[rt]opus, the giant eight-armed squid.
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Progress

Example: 1577 Printing with trained OCRopus Model

Adam von Bodenstein, Wie sich meniglich …⁴

Abbyy FR: Gothic recognition + historical lexicon; Ocropus: raw output
Going from 85% to >98% without language model based postcorrection?
⁴http://daten.digitale-sammlungen.de/~db/0001/bsb00015627/images/
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Progress

OCRopus - OCR based on Neural Networks

recurrent neural network (RNN) with long short-term memory (LSTM) as
invented by Hochreiter & Schmidhuber 1997

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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Progress

OCRopus - Training preparation

single image text lines
need to be transcribed
diplomatically
can be done in browser
line images (*.bin.png)
and corresponding ground
truth files (*.gt.txt) form
training pool
see Ocrocis tutorial for
detailed info
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Progress

OCRopus - Training in Action
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Progress

Example 1: Valla 1564 ed., Thucydides' Peloponnesian War⁵

Can you spot
the OCR errors?
average accuracy: 9⒏3%

⁴http:
//reader.digitale-sammlungen.de/resolve/display/bsb10139625.html
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Progress

Example 2: Leyser 1735 (… Meditationes ad Pandectas …)⁶

script mixtures (Gothic + Antiqua) get learned simultaneously
(average accuracy: 97%)

⁵http://diglib.hab.de/drucke/rd-255-5b/start.html
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Progress

Going back to the incunabula period (1450-1500)?

An incunabulum printing has its typical share of special abbreviation signs, e.g.
ꝑ, ꝓ, p̈, , Ꝙ, ꝙ͛ ſcʒ

"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."
(Rydberg-Cox, 2009)⁷

⁷http://www.digitalhumanities.org/dhq/vol/3/1/000027/000027.html#p7
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Progress

Example 3: Beauvais (ca. 1476), Speculum Naturale

trained on 13 pages; average accuracy on test pages: 98%
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Progress

OCR over the centuries - first results⁹

24 herbal texts from 1487 to 1870 (RIDGES-Corpus⁸)
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⁸http://korpling.german.hu-berlin.de/ridges/index_en.html
⁸with Anke Lüdeling of Humboldt-Universität zu Berlin
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Outlook

Unlocking our printed textual heritage data

We have methods to unlock our textual printing history back to the
incunabula today - this was thought impossible until recently
How do we organize the effort to recover these data?
Collaborative effort needed: Document image analysis, ground truthing,
model training, annotation + postcorrection
Possible use cases depend on data quality
Annotation and interlinking will make data ever more valuable
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Outlook

How much training is needed?
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Bodenstein: residual error vs. # training pages

how many characters in context have been seen in training?
quickly approaches 1-2% level, adding more pages reduces variation
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Outlook

How can we organize postcorrection?

PoCoTo - induced error series with interactive batch correction¹⁰

¹⁰http://github.com/thorstenv/PoCoTo
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Outlook

Use cases - some ideas

searching: look for iustitia, find all wordforms (iustitiam etc.)
also justitia (historical spelling)
also juftitia (OCR error)
and highlight findings in image

named entity recognition: names, places, institutions, …
intertextuality: text reuse within corpus, references, citations
reading environment: click on a word in the image to get lexical entry
align editions: use OCR text as marker to align corresponding page images
from different printings (show texts in transmission)
make a new edition (correct remaining errors of OCR text)
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Appendix

Useful links

Ocrocis Tutorial:
A high accuracy OCR method to convert early printings into digital text
(A detailed account on how to train your own models)
http://cistern.cis.lmu.de/ocrocis/tutorial.pdf
Ocrocis: A project manager interface to Ocropus
http://cistern.cis.lmu.de/ocrocis/
Ocropus: https://github.com/tmbdev/ocropy
Tesseract: https://code.google.com/p/tesseract-ocr/
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Appendix

Q&A

?

Uwe Springmann (CIS, LMU) New OCR Methods for Early Printings 2015-04-29 32 / 33



Appendix

Thank you for your attention!

Dr. Uwe Springmann
last name [ A T ] cis.uni-muenchen.de

http://www.cis.uni-muenchen.de/~springmann
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