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Introduction
 A book is more than just pure text – it contains a lot of structural 

metadata
 These metadata are (often) encoded in the layout of a document
 Size of characters, position on page, distance to other lines, etc. is 

used to express structural meaning
 FEP is a platform to process digitised or born digital documents and 

to “understand” the meaning of the layout by using a rules engine
 FEP was developed within the IMPACT project by Lukas Gander, 

Raphael Unterweger, Sebastian Colutto, Cornelia Lezuo
(about 80 person months were invested)
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 Print space (cropping)
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 Headlines

 Footnotes
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 Running title
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 Page number

 Signature mark
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 Table of Contents

5

 Single entries

 Authors

 Titles

 Page numbers
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Why structural tagging is important
– some examples
 Search & Retrieval
 References and links to other documents
 Reading: analogue and digital
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 Search & retrieval
– Ranking and scoring, 

noise reduction
 The same word 

appears in the running 
title of a journal at 
every page 
“Musketeers”

 Front matters, such as 
title pages, dedications, 
table of contents 
tables, etc. 

 Back matters such as 
indexes, ads, etc.
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– Search & retrieval
– Facets for full-text

 Currently facets are 
used for metadata such 
as author, year, text 
type, ...

 A user might be 
interested in facets 
such as headline, 
footnote, index, etc...
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 Citations index / cloud
– Footnotes, reference 

lists, citations contain 
bibliographic links to 
books, journal articles, 
texts, etc.

– Structural tagging 
supports detection of 
bibliographic references

– May also be used for 
catalogue enrichment 

Cawkell, A. E. (1971)
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 Digital reading
– Tablet computers as 

alternative for reading 
historical books with 
OCR below reading 
quality

– Expected features
 Nicely cropped pages
 Bookmarks
 ToC page linked with 

headings

 Advanced reading
– eBooks for modern texts 

with satisfying OCR 
quality 

– Structure can be 
encoded into ePUB etc.
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 Analogue reading
– Print on Demand
– Print space (exact 

cropping) as old concept 
with new benefits

– Reconstruction helps to 
semi-automate the 
standardized production 
of pre-press files
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Technical background
 Input

– OCR text which needs to contain at least word coordinates
– E.g. ALTO files, ABBYY XML or Google Books (Tesseract) HTML

 Output
– Annotations of structural elements with coordinates, e.g. page numbers, 

running titles, headings, footnotes, printspace, etc.  
– Output format: METS/ALTO, XML, etc.

 FEP System
– Images and/or OCR files are loaded via a web-service
– OCR data are converted into internal format
– Information is processed based on rules
– Results are stored in a database
– Quality control on the basis of “ground truth”, e.g. expected results
– Rules are either manually encoded (expert knowledge) and/or based on 

machine learning (large document sets)
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Evaluation method
 Basic rules set

– General structural elements of books from e.g. 1700 to 2010
– Data set: 155 books, 30.673 pages (141 training set, 41 evaluation set)
– All pages were manually annotated (ground truth)

 Recall, Precision, F-Measure
– 10 lines with headings in a book. We find e.g. 12 lines, 8 of them correct, 4 

false:
– Recall = 8 of 10 = 0,8
– Precision = 8 of 12 = 0,66
– F-Measure = 2*0.8*0.66/(0.8+0.66) = 0,72

 More information
– Important: We count lines, not structural entities!

 E.g. if a heading has two lines one might be correct, the other one might not be 
recognised

– Differences between training and evaluation set are low 
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Results on the evaluation set
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Recall Precision F-measure

Running text 0,99 0,98 0,98

Running titles 0,97 1 0,98

Page numbers 0,97 1 0,98

Footnotes 0,83 0,89 0,86

Headings 0,85 0,80 0,82

Signature marks 0,68 0,89 0,77
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Table of Contents pages and entries
 Original plan was to take part in the INEX competition 2011 but time 

constraints made this impossible
 We got the INEX dataset for training and evaluation purposes  our 

results can be directly compared with the INEX results of 2011
– the data set consists mainly of English books from the 19th century with 

partly really complicated ToC pages
– Also Ground Truth was not always consistent

 Two rule sets
– Results for table of content pages: 90% of the pages were detected 

correctly also the F-measure in this case is about 90%
 Evaluation of table of content entries follows XRCE link-based 

measure. The XRCE link–based measure permits evaluating the 
performance of the systems by matching ToC entries primarily 
based on links rather than titles.
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Linking of table of content entries
Institution Recall Precision F-measure

IMPACT-FEP 0.682 0.727 0.662

Microsoft 
Serbia

0.702 0.645 0.651

Nankai 0.674 0.676 0.632

Xerox 0.551 0.759 0.581

GREYC 0.499 0.652 0.507
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Excursion: How to deal with uncertainty?
 Automated processing produces always errors!

– OCR is a highly developed technology
– Modern texts: 

 Clearly above 95% word accuracy
– But for historical texts word accuracy comes down to 80% or even 50 or 

50% accuracy rate
 E.g. British newspapers from the 19th century are around 80% (Tanner)

 How to deal with these error rates?
– Many libraries did not apply OCR since “too many errors”
– On the other hand Google and other industrial projects certainly use 

OCR for enhancing their documents
 Metadata enrichment/annotation with FEP

– The same issue: Will produce errors, how to deal with them?
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How to deal with uncertainty and errors?
 Option 1: Leave it as it is

– Accept the accuracy which can be provided automatically
– Inclusion of ground truth in the database allows to exactly measure the 

quality of the automated processing  one knows in advance what can 
be expected

 Pro
– Maybe the only solution for really large document sets
– It is much cheaper to develop better rule sets than to correct large 

numbers of documents
– Good results for homogenous sets are possible
– Similar to OCR

 Con
– You and your users need to accept errors
– People want to contribute and to correct
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How to deal with uncertainty and errors?
 Option 2: Correct it 

– Service providers or library staff needs to correct
– Manual correction with automated support
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 Pro
– Batch correction + off shore is relatively cheap and effective if the error rate 

is above a certain rate (e.g. 80%) otherwise correcting is more effort than 
simply do it from scratch

– Quick and standardized results
– Users are satisfied

 Con
– A reasonable investment is necessary
– The complexity of the workflow may not be underestimated
– Probably it will be too expensive to correct all interesting elements, therefore 

you and your users still need to accept “some” errors
– Users still want to contribute but do not have a chance
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How to deal with uncertainty and errors?
 Option 3: Provide a user interface for the crowd

– Correction of OCR results may only be the start for also providing interfaces 
for structural annotations

– Might be combined with some basic corrections carried out by service 
providers

 Pro
– Satisfies the willingness of users to contribute
– Users get immediate benefit, e.g. they are able to download structured 

PDFs for their iPad, or annotated full-text for further processing
– Users are satisfied AND are able to contribute
– Library gets correct and standardized data 

 Con
– An reasonable investment is necessary both for the user interface as well 

as for adapting the digital library application 
– User interfaces need to be powerful, self-explaining and simple
– You and your users need to accept that there are always errors in the 

collection and that it will take decades to come to an end
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FEP User Interface
 A first attempt for a powerful, self-explaining and simple GUI

– Currently a “general purpose interface” to display, edit and correct the 
structural elements of books

– No optimisation for specific tasks and large amounts of documents
– Has the potential to become a user interface for the crowd
– Could look completely different!
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 Based on Google Web Tool Kit (GWT)
– Open source tool kit for complex browser based developments
– GWT allows for features previously seen mainly in FLASH interfaces
– Growing community
– Good experiences: GWT allows to create interfaces in a relatively short 

time period
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Display of results
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Rich interface
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Recognized elements, e.g. headings
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Display of ground truth
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Page numbers
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Page numbers control
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ToC pages
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ToC entries
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Linking of entries with pages/headings
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ToC hierarchy editor
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Drag and drop of entries
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Export from FEP web-interface
 METS/ALTO

– XML Standard for digitised books and documents
 PDFs

– Advanced PDFs for eBooks
 Original version
 FEP processed version

– Pre-press files for Print on Demand
 FEP prepress file

 ePUB
– For modern documents with good OCR quality or corrected books (not 

implemented yet)
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Application areas for FEP
 In the digitisation workflow

– OCR processing + automated metadata generation on all levels
– Quality control with specific editors
– E.g. page numbering or detection of illustrations in books

 In the metadata workflow
– OCR processing of specific pages, e.g. table of contents
– Support of cataloguers

 Enriching already scanned collections
– Option 1: Batch processing of large collections
– Option 2: Involve end-users in the enrichment process (crowd)
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Implementation of FEP
 Option 1: FEP as remote service

– EOD Network: FEP is connected via web services 
– Image and OCR data are transferred and processed within FEP
– Therefore the EOD Network needs not to care about technical 

infrastructure or support
– E.g. a solution for crowd processing of already digitised documents

 Option 2: FEP as local service
– E.g. for very specific processing within a digitisation workflow a local 

installation may be the best solution
– Will become possible once the generic DUP will be available

 Option 3: Research partnership
– Institutions which are interested to provide significant input to the FEP 

are invited to cooperate with us
– E.g. we are in close connection with Prof. Schulz from LMU and will 

share the platform so that LMU can use it for their projects
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Current implementations
 Europeana Newspaper Projekt (2012-2015)

– 8 Mill. newspaper pages will be OCRed
– For a small portion UIBK will use FEP for tracking articles in newspapers

 EOD Network
– Pilot to implement FEP as an additional option for the workflow
– Usual workflow is not touched: Libraries decide if they want to use the FEP 

and for what options
 Simple: Correct only page numbers
 Medium: Correct page numbers and the original table of content
 Full: Correct print space (cropping) and create new table of content

– We are highly interested to see the results of this pilot in the next months!
 Under negotiation: German National Library (DNB)

– Pilot in order to use FEP to extract metadata from title pages of 
dissertations (author, title, year of publication, university, document type) 
and to provide data for the cataloguers
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Future plans: a generic DUP
 Overall objective

– Provide a contribution to the set up of European research infrastructures 
such as DARIAH or CLARIN 

 Generic input and processing
– Currently the “input facts” for FEP are restricted to OCR data
– In the future we will be able to work with all kinds of data connected with 

text
 Image data, e.g. for better segmentation
 Preservation data, e.g. for providing rule based archiving
 Morphological data, e.g. part of speech, or syntax trees
 Semantic data, e.g. named entities such as geographical names

– Also storage of the different data types shall become flexibel
 E.g. simple files or Lucene index
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Thank you for your attention!
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