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DOCUMENTS• Thousands of UNIQUE documents are
stored unpublished in archives

• e.g. Birth/marriage/death records
• Digitizing of archives is expensive
• Physical access is necessary

Image Acquisition
• Crowd scanning (ScanTent)
• MS-Imaging
• Professional mass digitalization

Recognition





CURRENT TREND

• Hessian State Archive allows to use cameras in reading rooms (6.1.2017)
• State Archive of Austria allows to use cameras in reading rooms (1.9.2017)
• Italy allows to use cameras in archives and libraries (11.09.2017)

Conference of the head of the archive administration of the German 
federation state that archives plan a medium-term digitization of 5-10% of 
archives holdings.



CROWD SCANNING



DOCSCAN AND SCANTENT
LOW COST MOBILE SCANNING SYSTEM

• Digital copies of historical documents are 
needed for the digital humanities

• Cameras of mobile phones allow ~330 dpi 
for 297x210mm (DIN A4)

• Take pictures yourself in the archives
• No waiting time
• No digitization service needed
• No cost intensive equipment needed



Prototype I





DOCSCAN

• Document scanner app
• Focus Measure
• Learns background model to detect page turns
• Page detection

• Available on Google Playstore and Github (OpenSource)
• https://github.com/TUWien/DocScan



MSI



Image Enhancement
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DOCUMENT ANALYSIS AND 
RECOGNITION
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Image Segmentation



Goals
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Robust Skew Estimation of Handwritten and Printed…

Florian Kleber, Markus Diem and Robert Sablatnig
Computer Vision Lab, Institute of Computer Aided …
{Kleber,diem,sab}@caa.tuwien.ac.at

Skew estimation is a preprocessing step in document image analysis 
to determine the global dominant orientation of a document’s text 
lines. A skew angle can be ….

Abstract

1. Introduction

A digitization of documents is done on individual documents or in 
projects which are dealing with the mass digitalization of libraries 
or national archives….

1www.impact-project.eu, accessed 20.12.2013



Document Layout Analysis vs. Understanding



• Extract the layout structure Layout Analysis
• Segment a page into homogeneous regions

• Map the logical structure Document Understanding
• Label regions according to their function (e.g. author, title, abstract, footnote, ...)



Complexity: Restricted vs. Freeform Layouts

• Highly structured documents
• Precisely defined page layout (e.g. forms)
• Defined by geometric templates
• Regions of interest (ROI) defined in the template

• Semi structured documents
• Partially defined by geometric templates
• Some regular geometric features to allow ROI identification

• Loosely structured / freeform documents
• Cannot be described by geometric templates
• Logical objects hidden in irregular layout



Typical Applications – Form Processing

• Performance depends on
• Form complexity 
• Form variability

• Fields are located easily 
• If their positions are fixed 
• When using different colors

• Challenges of content recognition
• Degraded images 
• Approximate positioning of symbols
• Variability of handwriting



Document Analysis Tasks
Preprocessing

20



Document Binarization

• Image Segmentation consists of 2 classes: foreground 
(written text) and background (paper)

• It converts a gray-scale document image into a binary 
document image

• Document image binarization is [was] usually performed 
in the preprocessing stage of different document image 
processing related applications:

• OCR
• Writer Identification
• Layout Analysis, …



Effect of Binarization on OCR



Global Binarization: Otsu

• Nobuyuki Otsu: A threshold selection method from grey 
level histograms. In: IEEE Transactions on Systems, Man, 
and Cybernetics. New York 9.1979, S.62–66. ISSN 1083-
4419

• Otsu is a statistical method which assumes a bimodal 
histogram

• Find a threshold that minimizes the weighted within-class 
variance/maximizes the between-class variance.

• Example:
http://www.labbookpages.co.uk/software/imgProc/otsuThreshold.html 



Otsu Example



Otsu Example



Otsu Results



Deep Learning based Binarization

• Tensmayer and Martinez, 2017
• Suggest FCN for image binarization, Architecture has U-Shape
• H-DIBCO performance improvement of 0.5% compared to 

97.5% (p-FM)



Skew Correction

• Pre-processing step of document layout analysis and 
OCR methods

• „For Humans, rotated images are unpleasant for 
visualization and introduce extra difficulty in text 
reading“ [Rafael Dueire Lins and Bruno Tenrio Avila, 
2004]

Skewed by 5°



Example: Gradient and Projection Profile based



Document Analysis Tasks
Layout Analysis

30



Idea of Layout Analysis

• Page segmentation: split page in regions of interest (ROI)
i.e. find homogeneous regions in a page

• Segment into regions of one type (e.g. text, figure, formula, ...)
• Different granularities (e.g. characters, words, text lines, 

paragraphs)
• Baselines
• Text, graphics and images separation

Hairlines and frames detection

• Furthermore
• Recover paragraph formatting (left, right, justified, ...)
• Line height, line spacing, character size, ... 



Objectives

StAM Marburg Grimm



Objectives

Page Segmentation



Objectives

Baseline Segmentation





Granularity

Institute of Computer Aided Automation, Computer Vision Lab36



Document Clustering

Institute of Computer Aided Automation, Computer Vision Lab37



Segmentation

• Strategies
• Top-Down
• Bottom-Up
• Hybrid

• Segment into regions of one type (e.g. text, figure, 
formula, ...)

• Different granularities (e.g. characters, words, text 
lines, paragraphs)

• Text, graphics and images separation
• Recover paragraph formatting (left, right, justified, 

...)
• Line height, line spacing, character size, ... 

39 Institute of Computer Aided Automation, Computer Vision Lab



Page Segmentation – Strategies

Segmentation produces a hierarchy of physical objects

• Top-Down
• Start with entire image, recursively split to elementary shapes

• Bottom-Up
• Start at pixel level, group to structures such as words, lines, regions

• Hybrid
• Combine both strategies

• Deep Learning based (e.g. UMAP, ARU Net)

• Model-driven
• Knowledge about the expected layout

• Data-driven 
• No expectation about the layout, use only data properties

40 Institute of Computer Aided Automation, Computer Vision Lab



methodology



super pixel extraction



local orientation [Il Koo]



local orientation



MRF optimization



text line clustering



baseline estimation



Result on printed text



tables



degraded documents



Document Analysis Tasks
Writer Identification & Retrieval

Institute of Computer Aided Automation, Computer Vision Lab52



Writer Identification

Writer Identification is the task of determining the author of a sample 
handwriting from a set of writers

• Given:
• Set of documents where the writer of each page is known
• Document from an unknown writer

• Wanted:
• ID of the writer of the document

53 Stefan Fiel - Automated Writer Identification and its Use Cases for Archival Documents



Writer Retrieval

Writer Retrieval is the task to obtain all documents of one writer out of a set of 
documents

• Given:
• Set of documents where the writers are not known
• A reference document 

• Wanted:
• Ranking of the documents 

according to the similarity to the
reference document

54 Stefan Fiel - Automated Writer Identification and its Use Cases for Archival Documents



Use cases for Writer Identification

• Forensics (e.g. threat or ransom letters)
• Smart meeting rooms (online identification)
• Historic Document

• Digital libraries
• Follow trace of medieval scribes

55 Writer Identification & Retrieval



Use cases for Writer Retrieval

• Finding more documents of the same writer 
(e.g. unknown document of a writer in 
archives)

• Forensics 
• Clustering of not indexed set of documents 

(e.g. Stasi files)
• Preprocessing for other applications (e.g

Handwritten Text Recognition)

56 Writer Identification & Retrieval



Offline vs Online Writer Identification

• Offline handwriting
• Scanned images of handwritten documents

• Online handwriting
• Collected in real time 

(at the same time it is produced)
• Additional dynamic information

• Velocity
• Acceleration
• Pen-pressure
• Writing direction
• Strokes order

57 Writer Identification & Retrieval



Variations of Handwritings

Schomaker, L. & Bulacu, M. “Automatic writer identification using connected-component contours and edge-based features of uppercase Western script”, PAMI 2004, 26, 787-798

• A affine variation
• B allographic variation
• C neuro-biomechanical variability
• D sequence variability

58 Writer Identification & Retrieval



Handwriting Samples / Challenges

59 Writer Identification & Retrieval



Handwriting Samples / Challenges

61 Writer Identification & Retrieval



Handwriting Samples / Challenges

62 Writer Identification & Retrieval



Bag of Words

Fiel, S. & Sablatnig, R., “Writer Retrieval and Writer Identification Using Local Features”; DAS, 2012, 145 -149 

• SIFT features (describes the neighborhood)
• Comparison with cluster centers of training data
• Generation of occurrence histograms
• χ2 distance

63 Writer Identification & Retrieval



Vocabulary Generation

64 Writer Identification & Retrieval



Histogram Generation

65 Writer Identification & Retrieval



READ
• Recognition and Enrichment of 

Archival Documents
• Virtual Research Environment
• Automated recognition, transcription, 

indexing and enrichment of 
handwritten archival documents

• Partners (amongst others): 
• UIBK (Coordinator), NCSR (Greece), 

UPVLC (Spain), National Archives 
Finland, Zurich State Archives, … (13 
partners in overall)

• Details: 1.1.2016-30.06.2019
• Funded by: EU H2020





TRANSKRIBUS

Cloud Platform offering document
analysis services

• Manage collections
• Layout analysis
• Transcribe HANDWRITTEN documents

automatically
• Search in documents (keyword

spotting)
• https://readcoop.eu/





Demo

thank you
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