Document Image Analysis

State of the Art
and
Technology Roadmap

March, 2008

Eric Saund
Area Manager, Perceptual Document Analysis
Intelligent Systems Laboratory
Palo Alto Research Center



Ervin Lnning Company

Every Document Tells a Story... S .

[ eatEcnamaes|

INVOICE DATE _ 04 /05,/32001

et -ﬁ“'_ﬁ | SALERMISE TAX AMOUNT :
Merorsal e hscosz) 5435.72 |

El‘l'.l‘Erprlsﬂ - e 5435, 71
ﬁ'&% ! ---'Eu“‘ |
— = - T =l (refce 251.76 |
Ligse s s 1T e r-.m.mm L i
e v L ET_ _'—.'W"ﬂ“ﬁ—-r!— - fubtotal 251.74 |

Martes, 27 de enero del 2004 mﬁm (08 et

Our Ref: Your Ref: fubtotal 143.96

BUSCAN UN ACUERDO DE COOPERACION W

Ecuador y Japon interca

El objetivo de los en-
cuentros técnicos es
que se firme un acuer-
do de cooperacior
que .incluye la dona-
cién de una nueva
nologia de monitore
para los volcanes
topaxi y Tungurah

FIN de mejorar la vigilancia en los

voleanes Tungurahua y Cotopasi
téenicos del Instituto Geoffsico de la Poli-
téenica Nacional (IGEPN) y una misién
de expertos del Japn comparten expe-
riencias sobre las nuevas tecnologias.

Segiin el director del IGEPN, Hugo
Yépez, la visita de los japoneses respon-
de a un pedido del Ecuador para lograr
un convenio de cooperacién que podria
incluir la transferencia de equipos para la
vigilancia de volcanes.

“Una misi6én de japoneses evalud la
propuesta hecha por el pais y otra misién
se encuentra evaluando las condiciones
de campo para la vigilancia de los volca-
nes”, confirmé Yépez, quien espera que
luego del trabajo técnico se logre la firma
definitiva del convenio.

De lograrse un acuerdo, el Gobierno
de Jap6n donarfa sismégrafos de banda
ancha y micréfonos con censores actisticos

que responden a muy bajesTrecuenciy

Estos equipos, dentro de lo pre
to, serfan instalados en los volcanes

topaxi y Tungurahua, que mantienen
distintos tipos de actividad y que, actual-
mente son vigilados por una red de sis-
mdgrafos de baja frecuencia.

VIGILANCIA INTEGRAL

Tras dejar claro que todo depende de
la aprobacién del Gobierno japonés, Yé-
pez explicd las ventajas que tendrfa Ecua-
dor con la instalacién de los nueves equi-
pos, los cuales se usan para la vigilancia de

Los equipd
seen una bandal
permitird vigilag

la mcorporamén
en el registro y
que emiten los v
no como extern

Hugo Yepez hosted some Japanese |
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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 iIs research done?

5. Roadmap: pressing problems and opportunities

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

Image Preprocessing -
— ScanFix® Xpress v5.1
BWClean v. 1 DEMO

XPRESS Bitonal Image Enhancement Toolkit
Bl e el S - _ # Image Input, Image Dutput, and Image Handling
Qiqq'@] demojpg 12061799 (100%) QIQz!'@ = demo.jog 12061799 (100%) > Deskew
- - % Noise Removal
" gt > Dot Shading Removal
= CET =

; . * Hole Punch & Blob Removal
1. 7 Line Remowal
* Comb Removal (commonly used in ICR forms)
# Character Completion 2 Smoothing
# Auto Inverse Text Correction
# Auto Negate
» Auto Binarize
» Auto Border Crop
> Image Registration
# Blank Page / Blank Rectangle Detection

.' . . Dozens of commercial products
Adaptive thresholding for binarization

l 3% 3

Not available: >< kasts
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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]
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The Classical Document Recognition Pipeline

Optical Character Recognition

FROM

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 Neolamprologus 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.

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)

State of OCR:

THE DESK OF HON(HIRABLE MINISTER OF ENERGY AND MINERAL e commercial market mature

RESOURCES REFUBLIC OF SUDAN: DR AWAD AL-JAF

* results depend heavily

* “up to” 99.9% accuracy: ~ 2 errors/page

‘ SOURCE FOR AGENT/PURCHASE OF MACHINERY on image quality

* non-Roman alphabets still lagging

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



The Classical Document Recognition Pipeline

Handwriting Recognition

there waa  met a LH“;{ Frowhle
{ ' ' ¥

word word word word
recognition recognition recognition recognition
system system system system
- L
ordered woh ﬂd_arad word ﬂgared w\\ ordered word
list with list with list with
\\Ijlﬁn SCOMES lexicon scores \I{l‘x‘lcm SCOMES
N L
. }
H T
| models S

Syntactical
Post-Processing ! JR L S
! i there was not a bit of trouble
i there was not a hit of rouble
i then was not a bit of rouble |

i then was not a hit of rouble |

Brown corpus Word
Model rec. rate
Baseline 83.53 %
Bigram 91.72 %
Trigram 92.30. %

Quiniou & Anquetil, IWFHW 2006

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

Input /

text

¢

Recognition |«

!

Combination

03

0z

Error Rate

01k

_— Y Cutting the
rejected parts 0

N d.z 0|.4
0 Rejection Rate

Pasting

Transcription

Bertolami, Halter, Bunke, IWFHW 2006

1
0.6

1
08

1

; Word recognition error vs. reject



The Classical Document Recognition Pipeline

| RANDOMSAVPIES

Page Layout AnaIySIS : EDITED BY u.m WHITLOCK BURTON

* 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
edocument logical structure vs.
edocument layout structure.

* Lack general theories and formulations
for combining weak evidence.

» Lack ontologies of layout elements.

» Lack taxonomies of document genres
and layout patterns.

CE _VOL 319 15 FEBRUARY 2008 881




Text Analysis Component Function

OCR,
Page Layout Analysis Sentence level text extraction

A 4

Shallow
parsing

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

Google

: A : Complex relations built on
Entity relations predicate-argument structure
(very domain-dependent)

Indexing
engine

y

Anaphora Resolving pronoun references,
& pragmatics other contextual dependencies

Increasing precision,
recall, and relevance

y

Lexical expansion
& reformulation

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

PowerSet




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 iIs research done?

5. Roadmap: pressing problems and opportunities

State of the art:
It all depends...



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

e 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.



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 iIs research done?

5. Roadmap: pressing problems and opportunities



Is running your business
getting in the way of running
your business?

Then get QuickBooks and spend

less time on your paperwork and
more time on your business. It’s
the easiest way to:

CREATE INVOICES
PAY BILLS
TRACK SALES

www.QuickBooks.com




Trends: Commercial Document Recognition

Scale Market Segments
Office Production
e convert to * indexing,

word, PDF data capture

Document Type

Structu
e forms

red Semi-structured  Unstructured
¢ invoices, bills * |etters, slideware,

receipts emalil

Value Chain
/ Components Solutions Services
image-enhancemen data capture from forms scanning services
document classification, invoice processing forms indexing

ABBYY
A2iA
IRIS

_ i mailroom
MR (mark recog.) health care records processing

OCR, ICR (handwriting), bank check processing forms data extraction
key entry tools, engineering drawing management document repo.S|.tor|es
vectorization litigation support document archiving

EMC / Captiva drawing vectorization
Kofax

ReadSoft
OCE

legal document coding
medical records scanning & indexing
mortgage document processing

Xerox Global Services
Source Corp

Accessible $ # connect the dots

* large volume of

* large volume of
predictable documents

» offshoring

 value to customer

variable documents
* human assist
* need flexible access for fishing



Trends: Academic Research

Drivers:
* Digital libraries

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

The Universal Digital Library

Mitian Book Colleclion

Title Search

» Cameras
* Web data capture

Enter any word in the book title, e.q. Operas

Advanced Search | Browse the Collections

* Pen computing

N

AT N\ =
rodu y

LY
7 by .
- N Extracted Data

LA
Create Scraping  Explore Site .;IA"“P“'E}E y
Template Navigation avigation
and Extraction

/ s

2

Package History

Boraper is to take data off of a website and put it into a spreadshest or
Brraper Way is athree step process to help getyou there

mplate (Datapage) that maps sections of weh content to rows and columns
atabase

e wiy to automatically navigate the web site

b package to automatically navigate the web site, and using the scraping
Jrom the weh pages into a spreadsheet or database.




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

» document image matching and retrieval

* layout modeling

* graphics recognition

* maps
» The “face recognition” of document | primie Stk
. . (Extended Random Graph)
|mage anaIyS|S Egr'lar;rézg::gr:::tt —
vV - vertical vowel Fk
HV © horizontal vowel =




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

el et

» document image matching and retrieval
« layout modeling Optimizing OCR accuracy for bi-tonal, noisy scans of degraded
« graphics recognition Arabic documents
* maps Paul Herceg, Ben Huyck, Chris Johnson, Linda Van Guilder, Amlan Kundu®
The MITRE Corporation, 7515 Colshire Drive, McLean, VA 22102-7508

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



Trends: Academic Research

TODiCﬁZ e ECIERILK £ 7o) 4 b Te AR
« handwriting EEIERIED ] 5 3z
« parsing and segmentation EEEIEGE W W F A % R T
« lexical constraints = it ﬁ'%ﬁ}'@ % W’@% %
* learning and inference methods EBEELIEE Y /
« OCR on degraded documents chel Tj‘ﬁf‘ﬁg | O AT AR R
— «languages, non-roman alphabets [P FR[TEG] 20| W\, \Fe )
« word spotting Devnagari Chinese
* image preprocessing for lighting, oo
deformation, degraded sources MQ%‘S\ L)

« scene text - finding and reading Arabic
« writer ID / signature verification

» document image matching and retrieval

* layout modeling

. . Orders
* graphics recognition Base o3 i g7 ‘
Sound| &) fw) (i) () (e) (3) (o) ¢
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Ethiopic D o _
N Tamil

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



Trends: Academic Research

Topics:
* handwriting

* parsing and segmentation
* lexical constraints

nar

) Frojection profile feature

* learning and inference methods T

i L
anr PAL J00
magec: calaar ¢ i

s 40 450

* OCR on degraded documents !
* languages, non-roman alphabets
e word spotting

J}\J’W\f\)‘lﬂ\‘ Upper profile feature

L
fin 170 180

* image preprocessing for lighting,
deformation, degraded sources
* scene text - finding and reading

L L
anr: 25T K]
mage: cal g et
' '

ARD 4ama AR

A A A AN AN A A Lot eanr

An 100 1580

« writer ID / signature verification
» document image matching and retrieve!

L L
ann 25T a0
magc: cald=r # i

AR0 AT A8

. F IS
« layout modeling D°°ir:e_nt g (Ve = ’11 o
. . o el i Image . Hay WL
« graphics recognition 2 M 1T e
* maps el A
p Extraction “ ‘L LVV\ e
,.-_g,,,;,._:ﬁg .
el

Index

1755 p.12, p.23, ..

Express: p.12, p.i4,...

May: p.12. p.45,. ..

 Task-driven workaround for difficulty of
handwriting recognition & OCR on difficult documents.

Clustering || Tagging

Indexing

R. Manmatha, U Mass



Trends: Academic Research

Topics:
* handwriting
* parsing and segmentation
* lexical constraints
* learning and inference methods

* OCR on degraded documents

* languages, non-roman alphabets

» word spotting

— eimage 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

« Ubiquitous computing:
potential to radically
transform work.

Landon, Lin, Seales, U. Kentucky

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



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

— e scene text - finding and reading

« writer ID / signature verification

» document image matching and retrieval

* layout modeling

* graphics recognition

* maps

—_—

_- "i(l “i{] ( -_1;1.'." -_

e I

* Expect language translastion in Silapachote, Weinman, Hanson, Weissy, Mattar, U Mass
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
— e writer ID / signature verification

» document image matching and retrieval

* layout modeling

* graphics recognition

* maps

{a) Sequence (online signature)

/Terminal
//

Connection
vertex

(b) Graph (Offline sigmature)

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

— e document image matching and retrieval
* layout modeling

* graphics recognition
* maps

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

(a) Input image.

(b) Binarized image.

Document
Image
Database

fingerprint
index
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(c) Connected components.  (d) Feature points.
Nakai, Kise, Iwamura, Osaka Prefecture University



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

— e« |ayout modeling
* graphics recognition
* maps

* No one has a clue here.
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Beusekom, Keysers, Shafait, Breuel, DFKI, Germany




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

— e graphics recognition
* maps

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

|

1
|
|
1

Su, Song, Cali, Nanjing U.



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 retrie\

* layout modeling

* graphics recognition

—> e maps
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only way forward for now.



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 iIs research done?

5. Roadmap: pressing problems and opportunities



* Primary use: adjusting parameters of fixed models based on statistics of data

* character classification Kernel / Support Vector Machine
« document type classification Neural Net / Multilayer Perceptron
* HMMs for string recognition (e.g. handwritten words) Decision Tree

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

» 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



Where is Progress in Document Recognition?

. " Industr
Universities 4
. . * short-term outlook
* harvest advances in computer vision, . secretive
machine learning, natural language, « R&D by acquistion

digitial libraries

« imaginitive but need connection to Sta”“ps
real-world problems \ @4 ®<l

Neurascript  Kofax DICOM
SWT  Captiva EMC

system
integrators
Government

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?

—P 5. Roadmap:

* bottom line state of the art
* pressing problems and opportunities



¢ index online handwritten
notes from a Tablet PC

Cameras and scene text

Database search

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

places in neatly handwritten papers

* spot and translate street signs
in camera images

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

Available Current research / Future
Commercially Could be engineered Research
- s
Office OCR .
_ o _ * scan and sensibly
» convert clean office » extract main fields and topics of organize the contents
memo for pdf, editing memos in company correspondence of an office
(mixture of memos,
published material,
receipts, notes,
invoices, etc.)
Books * extract structured representations * parse all encyclopedias
* scan and OCR books for Russian language proceedings since 1900
for search of one publication
Handwriting « index and search names and « transcribe the notes off

a typical conference room
whiteboard

e translate a posted
bus schedule

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



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

e 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

Process < build data sets reflecting problems of interests

* build community
» workshops
e competitions
« evaluation methodologies
* “a few good researchers”

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

* Mine open source



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 (AlIM)






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

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

* problem definition
simple transcription < ? » build a resource for exploring knowledge

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

» Real applications seldom obey narrow problem constraints.



