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Manfred Winslow rented a car...

Every Document Tells a Story...

Ervin Leasing billed a customer...

Hugo Yepez hosted some Japanese visitors...

Sudan procured oil drilling equipment...

Goal: Connect the Dots



Outline

1. The classical document recognition pipeline
• image preprocessing
• page segmentation
• text recognition

• OCR
• Handwriting

• page layout analysis
• text analysis

2. Why is this so hard?

3. Trends 
• What is industry up to?

• the paper/digital divide
• What are academics up to?

• digital libraries
• camera document imaging

4. Structure of the Field
• Machine learning
• Where is research done?

5. Roadmap:  pressing problems and opportunities

State of the art: 
It all depends...
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The Classical Document Recognition Pipeline
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The Classical Document Recognition Pipeline

Image Preprocessing

Adaptive thresholding for binarization
Dozens of commercial products

Not available: 
• separate multiple content layers
• non-uniform skew
• detect multiple documents in one scan image



The Classical Document Recognition Pipeline

Page Segmentation

Purpose:
• identify zones of text, image,

line-art,  page graphics (separators)
• used widely to improve compression 

and image quality of scanners/copiers

Main approaches:
• recursive decomposition by
analyzing whitespace runs

• image morphology to form
blobs of like image material

[ICDAR Page Segmentation Competitions]



The Classical Document Recognition Pipeline

Optical Character Recognition

Behind every male leader, there's a female
calling the shots. At least that's true in one
type of African fish, according to research
that contradicts previous notions about
male-determined hierarchy.

The cichlid fish Neolampmlogus pulcher
lives in groups in Lake Tanganyika in southeastern
Africa. Each social group contains one breeding
pair and about 20 other males and females that
look after the young and ward off predators.
When the alpha male dies or is displaced, another
comes forward to breed with the alpha female.

(ABBYY FineReader)

from Tin: DCSK OF HOftOftJltABLB minIsti.k09 ENKR£¥ and MINERAL
KFSC>1IK<T.S HICniBl.K Of SI DAN: OR A WAI) AL-JAZ
SOURCE FOR AOENT/PlKCHASK OF MACHI.N KRY

State of OCR:
• commercial market mature
• results depend heavily
on image quality

• “up to” 99.9% accuracy: ~ 2 errors/page
• non-Roman alphabets still lagging



The Classical Document Recognition Pipeline

Handwriting Recognition

Brown corpus

Quiniou & Anquetil, IWFHW 2006 Bertolami, Halter, Bunke, IWFHW 2006

Word recognition error vs. reject

0 1

.4

0

State of handwriting recognition:
• Online writer-trained HW rec. is very good
• Offline general HW rec. unusable for transcription,

but may support some search and 
word-spotting applications

• Isolated numerals very good: > 99%
• Finding and segmenting handwriting still an issue
• Much work to be done on non-English scripts



The Classical Document Recognition Pipeline

Page Layout Analysis

• Reading order

• Functional Role Labeling (Zone typing)
e.g. title, header, caption, page number.

• Table parsing

• Current methods mostly rule-based,
heuristic, error-prone.

• Current formulations are in terms of
•document logical structure vs.
•document layout structure.

• Lack general theories and formulations
for combining weak evidence.

• Lack ontologies of layout elements.

• Lack taxonomies of document genres
and layout patterns.



The Classical Document Recognition Pipeline

Text Analysis

OCR,
Page Layout Analysis

Shallow 
parsing

Entity relations

Anaphora 
& pragmatics

Lexical expansion 
& reformulation

Stemming, part of speech tagging,
basic entity extraction.
(97% accuracy on newspaper text)

Complex relations built on
predicate-argument structure

(very domain-dependent)

Resolving pronoun references,
other contextual dependencies

Expanding out paraphrases 
and inferences, AKR creation
(Abstract Knowledge Representation)

Component Function

Sentence level text extraction

Indexing 
engine

Increasing precision,
recall, and relevance

Google

PowerSet
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What Makes Document Recognition Difficult?

• variability
• 100000s of journal, magazine, newspaper formats

• unpredictability, exceptions
• handwritten annotations, post-it notes, strange fonts, languages
• figures, graphics can include anything

• context
• meaning of glyphs, graphics, whitespace depend on---and define---genre and style

• You can engineer a solution to any narrowly constrained problem.

• Real applications seldom obey narrow problem constraints.



Outline

1. The classical document recognition pipeline
• image preprocessing
• page segmentation
• text recognition

• OCR
• Handwriting

• page layout analysis
• text analysis

2. Why is this so hard?

3. Trends 
• What is industry up to?

• the paper/digital divide
• What are academics up to?

• digital libraries
• camera document imaging

4. Structure of the Field
• Machine learning
• Where is research done?

5. Roadmap:  pressing problems and opportunities



Trends:   Commercial Document Recognition

Driving Force: Bridge the paper/digital divide



Trends:   Commercial Document Recognition
Market Segments

Accessible $
• large volume of

predictable documents
• offshoring

• value to customer

• large volume of
variable documents

• human assist
• need flexible access for fishing

=  connect the dots

Office Production
• convert to

word, PDF
• indexing,

data capture

Scale

Structured Semi-structured Unstructured
• forms • invoices, bills

receipts
• letters, slideware,

email

Document Type 

Components Solutions Services

ABBYY
A2iA
IRIS
Nuance

EMC / Captiva
Kofax
ReadSoft
OCE

Xerox Global Services
Source Corp

image enhancement,
document classification,
forms layout, OMR (mark recog.)
OCR,  ICR (handwriting),
key entry tools,
vectorization

data capture from forms
invoice processing
health care records processing
bank check processing
engineering drawing management
litigation support

scanning services
forms indexing
mailroom 
forms data extraction
document repositories
document archiving
legal document coding
medical records scanning & indexing
mortgage document processing
drawing vectorization

Value Chain 



Trends:   Academic Research

Drivers:
• Digital libraries

Google books, Million book project, 
historical document mining, geneology

• Cameras
• Web data capture
• Pen computing

Topics:
• handwriting

• parsing and segmentation
• lexical constraints
• learning and inference methods

• OCR on degraded documents
• languages, non-roman alphabets
• word spotting
• image preprocessing for lighting, deformation, degraded sources
• scene text - finding and reading
• writer ID / signature verification
• document image matching and retrieval
• layout modeling 
•graphics recognition
• maps



Trends:   Academic Research

Drivers:
• Digital libraries

Google books, Million book project, 
historical document mining, geneology

• Cameras
• Web data capture
• Pen computing

Topics:
• handwriting

• parsing and segmentation
• lexical constraints
• learning and inference methods

• OCR on degraded documents
• languages, non-roman alphabets
• word spotting
• image preprocessing for lighting, 
deformation, degraded sources

• scene text - finding and reading
• writer ID / signature verification
• document image matching and retrieval
• layout modeling 
• graphics recognition
• maps



Trends:   Academic Research

Topics:
• handwriting

• parsing and segmentation
• lexical constraints
• learning and inference methods

• OCR on degraded documents
• languages, non-roman alphabets
• word spotting
• image preprocessing for lighting, 
deformation, degraded sources

• scene text - finding and reading
• writer ID / signature verification
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• layout modeling 
• graphics recognition
• maps

• The “face recognition” of document
image analysis. 



Trends:   Academic Research

Topics:
• handwriting

• parsing and segmentation
• lexical constraints
• learning and inference methods

• OCR on degraded documents
• languages, non-roman alphabets
• word spotting
• image preprocessing for lighting, 
deformation, degraded sources

• scene text - finding and reading
• writer ID / signature verification
• document image matching and retrieval
• layout modeling 
• graphics recognition
• maps

• Lots of very helpful image processing can be done.
• The problem is knowing what to apply to any given image.



Trends:   Academic Research

Topics:
• handwriting

• parsing and segmentation
• lexical constraints
• learning and inference methods

• OCR on degraded documents
• languages, non-roman alphabets
• word spotting
• image preprocessing for lighting, 
deformation, degraded sources

• scene text - finding and reading
• writer ID / signature verification
• document image matching and retrieval
• layout modeling 
• graphics recognition
• maps

• Lots of activity overseas is training a world full of document recognition practitioners. 

ChineseDevnagari

Arabic

Bangla

Tamil
Ethiopic



Trends:   Academic Research

Topics:
• handwriting

• parsing and segmentation
• lexical constraints
• learning and inference methods

• OCR on degraded documents
• languages, non-roman alphabets
• word spotting
• image preprocessing for lighting, 
deformation, degraded sources

• scene text - finding and reading
• writer ID / signature verification
• document image matching and retrieval
• layout modeling 
• graphics recognition
• maps

R. Manmatha, U Mass• Task-driven workaround for difficulty of
handwriting recognition & OCR on difficult documents.



Trends:   Academic Research

Topics:
• handwriting

• parsing and segmentation
• lexical constraints
• learning and inference methods

• OCR on degraded documents
• languages, non-roman alphabets
• word spotting
• image preprocessing for lighting, 

deformation, degraded sources
• scene text - finding and reading
• writer ID / signature verification
• document image matching and retrieval
• layout modeling 
• graphics recognition
• maps

Landon, Lin, Seales, U. Kentucky 

Lampert, Braun, Ulges, Keysers, Breuel, IUPR, Germany

• Ubiquitous computing: 
potential to radically
transform work.



Trends:   Academic Research

Topics:
• handwriting

• parsing and segmentation
• lexical constraints
• learning and inference methods

• OCR on degraded documents
• languages, non-roman alphabets
• word spotting
• image preprocessing for lighting, 
deformation, degraded sources

• scene text - finding and reading
• writer ID / signature verification
• document image matching and retrieval
• layout modeling 
• graphics recognition
• maps

Silapachote, Weinman, Hanson, Weissy, Mattar, U Mass• Expect language translastion in 
Japanese cameras soon...



Trends:   Academic Research

Topics:
• handwriting

• parsing and segmentation
• lexical constraints
• learning and inference methods

• OCR on degraded documents
• languages, non-roman alphabets
• word spotting
• image preprocessing for lighting, 
deformation, degraded sources

• scene text - finding and reading
• writer ID / signature verification
• document image matching and retrieval
• layout modeling 
• graphics recognition
• maps

Qiao, Liu, Tang, Chinese U. of Hong Kong

• Useful for filtering obvious cases, but even experts argue.



Trends:   Academic Research

Topics:
• handwriting

• parsing and segmentation
• lexical constraints
• learning and inference methods

• OCR on degraded documents
• languages, non-roman alphabets
• word spotting
• image preprocessing for lighting, 
deformation, degraded sources

• scene text - finding and reading
• writer ID / signature verification
• document image matching and retrieval
• layout modeling 
• graphics recognition
• maps

Document
Image
Database

fingerprint
index

Nakai, Kise, Iwamura,  Osaka Prefecture University

• Breakthrough is in the lab
now, looking for customers. 



Trends:   Academic Research

Topics:
• handwriting

• parsing and segmentation
• lexical constraints
• learning and inference methods

• OCR on degraded documents
• languages, non-roman alphabets
• word spotting
• image preprocessing for lighting, 
deformation, degraded sources

• scene text - finding and reading
• writer ID / signature verification
• document image matching and retrieval
• layout modeling
• graphics recognition
• maps Beusekom, Keysers, Shafait, Breuel, DFKI, Germany

• No one has a clue here. 



Trends:   Academic Research

Topics:
• handwriting

• parsing and segmentation
• lexical constraints
• learning and inference methods

• OCR on degraded documents
• languages, non-roman alphabets
• word spotting
• image preprocessing for lighting, 
deformation, degraded sources

• scene text - finding and reading
• writer ID / signature verification
• document image matching and retrieval
• layout modeling 
• graphics recognition
• maps

Su, Song, Cai, Nanjing U.

• A whole field unto itself, no longer
stuck at vectorization. 



Trends:   Academic Research

Topics:
• handwriting

• parsing and segmentation
• lexical constraints
• learning and inference methods

• OCR on degraded documents
• languages, non-roman alphabets
• word spotting
• image preprocessing for lighting, 
deformation, degraded sources

• scene text - finding and reading
• writer ID / signature verification
• document image matching and retrieval
• layout modeling 
• graphics recognition
• maps

Roy, Vazquez,  Llados, Baldrich, Pal, Autonoma de Barcelona

• Incredibly challenging, 
human assist seems the
only way forward for now. 
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Machine Learning in Document Recognition

• Primary use:  adjusting parameters of fixed models based on statistics of data
• character classification
• document type classification
• HMMs for string recognition (e.g. handwritten words) 

• Exploratory:
• learning of features as well as classes (e.g. deep belief networks)
• unsupervised e.g. clustering to learn novel glyph sets
• build structural models of layout patterns
• MRF, CRF models for page segmentation
• discriminative learning for structured output

Kernel / Support Vector Machine
Neural Net / Multilayer Perceptron
Decision Tree

Data is critical
• large quantities
• preferably real, not simulated
• groundtruthing
• competitive advantage in industry
• data obfuscation



Where is Progress in Document Recognition?

• harvest advances in computer vision,
machine learning, natural language,
digitial libraries

• imaginitive but need connection to 
real-world problems

Industry
Universities • short-term outlook

• secretive
• R&D by acquistion

Government

system
integrators

startups
. .

DICOMKofaxNeurascript

SWT Captiva EMC
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ICDAR 2007 papers by country
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1. The classical document recognition pipeline
• image preprocessing
• page segmentation
• text recognition

• OCR
• Handwriting

• page layout analysis
• text analysis

2. Why is this so hard?

3. Trends 
• What is industry up to?

• the paper/digital divide
• What are academics up to?

• digital libraries
• camera document imaging

4. Structure of the Field
• Machine learning
• Where is research done?

5. Roadmap:  
• bottom line state of the art
• pressing problems and opportunities



Bottom Line State of the Art

Available 
Commercially

Current research /
Could be engineered

Future
Research

• convert clean office
memo for pdf, editing

• scan and sensibly
organize the contents 
of an office

(mixture of memos,
published material,
receipts, notes,
invoices, etc.)

• extract main fields and topics of 
memos in company correspondence 

Office OCR

• scan and OCR books 
for search 

• extract structured representations
for Russian language proceedings
of one publication

• parse all encyclopedias
since 1900 

Books

• index online handwritten 
notes from a Tablet PC

• index and search names and
places in neatly handwritten papers

• transcribe the notes off
a typical conference room
whiteboard

Handwriting

• spot and translate street signs
in camera images

• translate a posted 
bus schedule

Cameras and scene text

• find potential document
duplicates through text
string matching
(depends on good OCR)

• find document matches in a 
database from a low-res camera
image

• automatically construct
a version history of 
documents scanned mulitple
times over their authoring
cycle 

Database search



Roadmap:  Pressing Problems and Opportunities

• structural models for document layout  
• combined segmentation and labeling
• representations for variation, patterns, degrees of freedom
• learning
• inference

• principles for document genre
• multidimensional types and taxonomies
• multivalent definitions of similarity
• learn from corpora

• document collections
• relations among documents and items within a “case”
• probabilistic logic – combine rules with statistics

Topics

Process • build data sets reflecting problems of interests
• build community

• workshops
• competitions
• evaluation methodologies
• “a few good researchers”

• leverage cross-discipline interaction
• computer vision, machine learning, natural language, Artificial Intelligence

• mine open source



saund@parc.com

International Conference on Document Analysis and Recognition (ICDAR)
International Journal of Document Analysis and Recognition (IJDAR)
Document Image Analysis for Libraries (DIAL)
International Conference on Pattern Recognition (ICPR)
IEEE Transactions on Pattern Analysis and Machine Intelligence (PAMI)
International Workshop on the Frontiers of Handwriting Recognition (IFWHR)
Association for Image and Information Management (AIIM)





What Makes Document Recognition Difficult?

• variability
• 100000s of journal, magazine, newspaper formats

• unpredictability, exceptions
• handwritten annotations, post-it notes, strange fonts, languages
• figures, graphics can include anything

• context
• meaning of glyphs, graphics, whitespace depend on---and define---genre and style

• problem definition
simple transcription                                           build a resource for exploring knowledge?

Scanned
Image

Document
Image

Analysis

Output
Representation

Task
(search, etc)

Scanned
Image

Document Image Analysis

Intermediate Representations

Task
(search, etc)

• You can engineer a solution to any narrowly constrained problem.

• Real applications seldom obey narrow problem constraints.


