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From Pixels...
Digitization =» Set of pixels ?

m Images come from a grid of microscopic photosensitive cells called PIXELS
s Sampling

Acquisition system CCD
Source of
illumination

Radiant | Analogical
energy image

Pixels

Digitized object: Quantization :
color information encoding by the
sensors

Initial object

Space patrtitioning :
(real world) P P g

sampling
m  Quantization
1 Assignment of a numerical value drawn from the received lighting energy / pixel (grid unit)
=1 Continuous value (xi,yi) — Discrete value (xi,yi) — Pixels
1 The range of colors that each pixel can take
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From Pixels...
What is an image?

Image Quantization
Binary images: I(i,j)) = 0 black or I(i,}) = 1 white

Gray level (8 bits/pixel) images:
I(i,j) = 0.....255 from the lighter to the darker.

Color images (24 bits/pixel):
3 values of lighting intensity Red, Green, Blue

1,,j) = 0....255 — 1,(i,j)=0....255 — Iij)=0.....255

, i _"-;f'
. UR
s ‘ . o~
Fes &
“ § 9 e ~*"‘A -;g

Image Representation & Processing

32 bits

0 j nc -1

Niveaux de gris - 8 bits:
0 - noir
255 - blanc

100 149 151 176 182 179
97 145 148 175 183 181
95 142 146 176 185 184
90 135 140 172 184 184
84 129 134 168 181 182
88 130 128 166 185 180
85 127 125 163 183 178
62 58 81 122 120 160 181 176
63 64 58 78 118 117 159 180 176

Image = Array(s) of pixels = Matrices of values
1 pixel = A position inside the image (i,j) + 1 color (1 to 3 values)

The values I(i,)) associated to each pixel s(i,j) represent
their brightness intensity
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From Pixels...
What is an image?

« Sampling @ Image resolution
« Number of pixels per lenght unit
« In dpi (dots per inches) or ppp (points par pouce)
« When the resolution decrease, the precision decrease

256x256 128x128 64x64 32x32

VF Image processing
Page A4 = 21x29.7 cm
200 dpi : 1650 x 2340 pixels = 3 861 000 pixels
300 dpi : 3500 x 2480 pixels = 8 680 000 pixels

16M colors, 1 pixel = 3 octets = 10 a 25 Mo/page !

A trade-off between quality-quantity/time is mandatory
Fidelity of the numerical version
Mass of storage size — Transmission / Processing time 2
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From Pixels...
Why few pixels are so important?
Yo o . :

lated patterns can correspond
ixels) !

bn the boundaries of the shapes
~)cess

arance of characters until the

acters or touching characters
e resolution

i procedure and
~ ments of patterr

OCR errors

Touching
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From Pixels...
What is Image (pre-)processing?

After the digitization, the images usually still have a lot of defaults
m Curvature and skew due to scanning
m Noise on boundaries, dots, blur, ...

o554, Luminance

Largeur du livre X

NoIale

Corriger I'image (rotation, wrapping) FOE

Destination ”
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From Pixels...
Image (pre-)processing
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From Pixels...
Image (pre-)processing

The problem is more complicated in case of heterogeneous content
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From Pixels...
Image (pre-)processing

The problem is more complicated in case of heterogeneous content
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From pixels ... to text
Automatic transcrlptlon but also layout Analysis
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From pixels ... to text
An overview of OCR mechanisms

First step : Image segmentation

« Transformation of the image (set of pixels) into patterns (regions of
interest) of higher level (EoC)

« These EoC could be very simple (part of characters) or more
sophisticated ones (paragraphs, illustrations, ...)

« EoC extraction: Background white) / Foreground (black) separation

« Color Image = Grayscale = binarisation

B R IM A R =
GESIMIBEGC VYN
(dn Capes Figomms amoen
v patellz fiem
Gemg.,

m i
f.; o oAty i
D &M@@El% il exeerng famoriy ol
B %@m.m%m@m@%%mﬂmm@

Ny S S ¥ vy S o | S— | Sy, W

EoC
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From pixels ... totext
An overview of OCR mechanisms

Just to illustrate the difficulties...
m Most of the segmentation methods need a binarisation

f}’)féﬁr;-cés 3‘[53‘éfx‘ﬁcés prémices
’_ l"’nn age tf bl *’nttagé feul nuage
‘ciproque. I Mprorfae:] [iciproque. 1

- s R

Threshold selection ?

! 255
' (b) (©) intensity value
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From pixels ... to text
An overview of OCR mechanisms

Just to illustrate the
difficulties...

m  Most of the segmentation
methods need a binarisation

m Global threshold =
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| m: mean et s : standard deviation
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From pixels ... to text
An overview of OCR mechanisms

First step: Image segmentation / Connected components

m Then, we can try to group black pixels together to localize and
recognize higher level Element of Content (EoC)
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From pixels ... to text
An overview of OCR mechanisms

Next step : Layout analysis

« Connected Components = Words = Lines = Paragraphs = Page
 The results have to be saved in XML format (Alto, ...)

Choosing how to organize the XML tree (physical / logical) is not so easy...
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From pixels ... to text
An overview of OCR mechanisms

Next step : Layout analysis

Two kind of structures have been identified by researchers in DIA:
« The logical structure =» the generic one corresponding to a priori
knowledge about the content of the document

 The physical structure = the analysed instance corresponding to the
extracted EoC inside the image, each one associated to descriptive
features (size, position, number of sub-patterns, ... )

« Layout analysis tries to recognize these 2 structures (EoC identification)

|Article|

Section

Physical structure & = =~ [ Sub-section € logical structure

(v

Paragraph

NS

Sentence
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From pixels ... to text
An overview of OCR mechanisms

Next step : Layout analysis
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« The analysis / identification of the EoC is usually achieved based on a rule

based system defined through a grammar (static one) or defined interactively

by the users
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From pixels ... to text
An overview of OCR mechanisms

Next step : Pattern / EoC recognition (toward Machine Learning)

How computers can recognize objects?

« We need a large set of (labelled) examples similar to the patterns to be
recognized = a training set

« We need a list of stable and discriminative features (shape, color, size,...) used

to describe the patterns (labelled ones and unknown one)
_________________________________________________ | i | [ 2D Representation -

] ! :
! Vv=(0304,12,43,03) V=(6100,124,010100) ! : of the training set] |
: ; i !
; | ' !
; ! ¢ !
; ! ’ !
i EEm | I I
; ! ’ !
; i i ’
i I | F }_;\\ I
: " I o :
. .. . i - ™ I :
IS [ Training set] -.-.-._,«"._.- ; . E / !
mrmrmrmimmimimimimmimmim e :,:./ _______ _ : a \‘{;‘-j--b E/,'; Stable and
p ! ! T~i..---77 T~ discriminative
: i‘l . i : C : features
.1 EoC = 1 Vecteur X=| ““ & fR---r---______ ! X A :
; | Tl A | , '
: X . ! 20 " a0 " 60 " 80 f I
. X |
| i ! 2
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From pixels ... to text o
An overview of OCR mechanisms
Next step : Pattern / EoC recognition (toward Machine Learning)
How computers can recognize objects?
« When an unknown EoC arrives, we compute its features and compare it with the
content of the training set (associated built models)
v=(0,10,0,5,14,5,3,0,2)
\\\ I_ ......................................... [2D Repl’esentatlon _i
R Cox ] Y W, | T of the training set] ;
o ¢ ¥ N T ’
Vv=(0,3,0,4,12,4,3,0,3) V=(6,10,0,12,4,0,10,10,0) \\ ! B I I
A | hES 15 i
A Eq: | WX T !
= N e N :
\\\\ Forme inconnue 1 X\\ T ~ i E F I
% ' NN B i
\\\ EESEREEE : \\\\ C b E & :
\\\ v=(0,10,0,5,14,5,3,0,2) ; . \\\:,:':: C " -, |
\\\ ; X :,:'*A E |
\\\\ 1 3 C I
. s : X __i---vNA f
D(A,7)=1/(0—0R+(3—-10R2+(0— 0 (452 +..+(3-22| ; [ ____.=--- "7 A I i
h -7 20 a0 60 " 80 Xz; !

— -
-
-
-
-
-

D(A,7)=7,48 et D(B,7) = 19,05 *>
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From pixels ... to text

An overview of OCR mechanisms
Deep Learning (Conv. Neural Net)
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From pixels ... to text
An overview of OCR mechanisms

s Why commercial OCR are not working well on historical
documents?

Noises and degradations
Unusual layout . .
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From pixels ... to text
An overview of OCR mechanisms

= Why commercial OCR are not working well on historical
documents?

m Lack of data, knowledge and experiences
Unusual fonts and characters = training data needs to be created
Unusual languages=>» Lexicons, dictionaries and language models need to be created

m Context often allows to modify our understanding of what is perceived by our
senses

Until now, we tried to recognized EoC without using their context
The same EoC could be interpreted differently according to its surrounding context
Results of OCR are highly correlated to the adequacy of the used word dictionary

g&;ﬁ C/P'\(&t l Sclw“« , ,,43 (/Pw.t -c-,o}it'

m Is there methods that need less a priori knowledge?
m Processing non-Textual parts can be good source of inspiration?
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From pixels ... to non-textual contents
Pictorial Content is also of high interest
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From pixels ... to non-textual contents
An overview of Content Based Image Retrieval

Perceptual meta data instead of classical meta data

« Computation of signatures for all the images or even sub-parts of the
Images (EoC)

-

- Computation time not crucial > ) _

« Signatures = Visual Features ; B ' |: -
= Perceptual meta data [ T

Te )/ _ Set of images to index ]

{xuxl xp]
1 [ E .

L Base de données images

\

(g, X]see x;} o

Index
M.,C,...
{ } database
. Statisrics \ J
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From pixels ... to non-textual contents
An overview of Content Based Image Retrieval

OFF-LINE Back-office ON-LINE Front-office
Using images
, @ _ h as query
<! QUERY instead of
words
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DATABASE
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From pixels ... to non-textual contents
An overview of Content Based Image Retrieval

It is again a question of features...
= We speak about signatures

Query Image

Signature
— CcOmputation

On-line retrieval

.--""'-.---.-r % F
Index database = | » Zone do similarits
containing a
perceptual signatures — L -
[ ] i

Image Dataset Representation space
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From pixels ... to non-textual contents
An overview of Content Based Image Retrieval

m From CBIR to Word spotting
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From pixels ... to non-textual contents
An overview of Content Based Image Retrieval

m From CBIR to Word spotting

Query images

Results: retrieved images
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From pixels ... to non-textual contents
An overview of Content Based Image Retrieval

m From CBIR to Word spotting

Training El;teatti!'e Feature Learned features, L
data ean Analysis codebooks, dictionaries -§ 0
B (0 ® {0 »  grymsue
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REn s NHRE - CLI AL LA R
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The standard model
Descriptive meta-data + transcription

We have usually

» Descriptive meta-data in standard formats (MARC, EAD, Dublin Core, MODS, ...)
« Edited manually
« “Semantical” information

« Text transcription associated to additional meta-data (TEI)
e Semi-automatic transcription or manually edited
« “Semantical” information

{ 7 image OCR S
e ey . . P PR >
Digitization [ Analysis 3%
Text regions . U Images
images ' -
g Descriptive meta- || gy Text (TE)

Keyboarding data (MARC)

| Meta-data ;
XML -

“Semantical” meta-data



The standard model
Perceptual meta-data

m |t seems that CBIR can help to extract and save supplementary
Information about image content (EoC) without going to the semantical
aspect (recognition)

Regions of interest
Visual features =» Perceptual signatures and index
Shapes, positions, colors, textures, ... =» Numerical values (vectors)

CBIR

Non-Text regions

Image OCR
Digitization —*/ / Analysis i
Text regions .

images

Descriptive meta-
data (MARC)

\|/ Keyboarding

XML

+ “Perceptual” meta-data
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Is it just a problem of Meta-data?
What about the encoding formats?

Structuration of data and file formats is a difficult problem
- Data architects are needed

« Some interesting formats linked with previous discussions
o METS - Metadata Encoding and Transmission Standard
o ALTO — Analyzed Layout and Text Object
o TEI - Text Encoding Initiative

Images j> METS j> Enriched
9 documents
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Is it just a problem of Meta-data?

ALTO for OCR

ALTO = Analyzed Layout and
Text Object
J p? | o8,

= Standard XML \

" Created in 2003 during METAe Layout LS s
project i;, ,g

= Developed by Graz, Linz, Innsbruck |1 =S S pts” ?
universities e — Eﬁ <

= Description of the content and == /fmmm
the physical layout of one page |

= Used by several OCR software —— |l—=]| —

=  Adapted and used by the BNF and —— = \ e

other libraries

|
J
=  Drawbacks: huge / static :

I

s

I |
I

[

[

[

I
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Is it just a problem of Meta-data?
TEI for transcription and enriched contents

= TEI = Text Encoding Initiative - Standard XML
= Content tagging and logical structure encoding (full document)
= Used a lot by libraries
®" Too much « open »? = Quit « complex »

Tableau

<TEI>

Figure
{Lext>
{bﬂd},-’} Paragraphe
<table rows="5" cols="3"/>
<p xml:id="parl"/> Paragraphe
<p xml:id="parl"/>
<0 xml: id:HFEIE "J"r} Paragraphe .
<p xml:id="par3"/: Partie 4.0
<div n="3" type="partie"/»
{fig'.lIE,"r} Paragraphe
<div n="4" type="partie"/:
{J"rh':”jl'u'r} Partie 3.0
</texty

</TEI>

Numéro de page
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s it just a problem of Meta-data? =
Link between meta data?

METS - Metadata Encoding and Transmission Standard

« Open XML Standard created in 2001 by the Digital Library Federation
maintained by METS Editorial Board

» XSD-Schema — | METS - First level Elements
e Linking between
multimedia objects metsHdr METS document
header (info author, sotware, ...)
« Complete Description of descriptive metadata section

texts, audio, sculptures, ...)

_ administrative metadata
« Physical / logical structures section (copyright, ...)
o Descriptive Meta data fileSec file inventory section
(DC MODS. MARC ) (file localisation)
4 7 /4 nEn
o .. structLink structural map linking

(link between structures)

tructMan structural maps

(physical et logical)
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METS
—metsHdr |

—dmdSec |

fileGrp

ID=Images

- IMSU00

\y,

4I$ALTOS
\

IRSAL Q00001

ID=Physical \‘% \a
% "<

ID=BVk \%
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METS - Physical Structure

Possible link to the descriptive meta data (dmd Sec)

UT'—————_

FLOcat xlink:href="file://./master/DDD_010120914_001.j

p2"

i . _—
xllnk:href="f|Ie://./alto/DDD_010120914_001.xrrT|'" _— oy — >

FILEID=IMG00001
FILEID=ALTO0000

Image

ALONZO DE OJEDA,*

i | ALTO

METS allows to specify the
locations of resource files =
File pointers METS (fptr)
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METS - Logical Structure
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The Logical StructMap reflects the enrichment of the different logical blocks
located in different pages that can be split by other logical blocks (like foot-notes,

METS ).

ID=Logical

TEI

Type=Volume \

ALTO
ID=TXT203
ID=Images - - text block
-
—-_—
ID=ALTOS -
-
-
B=ALTO00001

xlink:href="file://./alto/DDD_010120914_001.xml"

Image

VEALTgooooz ALTO

X : f="file://./master/DDD 010120914 001.j
FLOsat hgf=""file SRR 001

_—y
_—y
—_—y
\ — ==)| [ID=TXT004
\")(6\ text block
%\

\
Type=|ssue\ <

\/(6‘
)
Type=Chap§r \O
Type=l§ragN’h
\

FILEID=ALTO0000

1, BEGIN=TXT203

area |FILEID=ALTO0000
2, BEGIN=TXT004

~JE] rype-cnaprer
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From Pixels to Contents
Conclusions

m Building tools for the valorisation of digitized
historical content is a pluri-disciplinary task
Meta-data production = Experts of the domains
Selection and verification of the data = Experts + Data accuratist
Structuration of the data and system = Data / system architect
Computer vision, Machine learning =» Data scientist

m Manual indexing is needed
Descriptive meta-data = Semantical meta data
Standard formats for data encoding
Annotations could be seen as supplementary meta-data?

m Operational methods and tools are available
Acquisition devices
Automatic tools: low level image processing, OCR
Perceptual meta-data should be added : CBIR
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From Pixels to contents
Conclusions - Perspectives

m The actual context: big data and heterogeneous collections
Connexion between data, mutual enrichment, interoperability
Introduction and management of additional knowledge
Facing the diversity of the types of contents and usages

= Quality of the interaction instead of only the quantity

Semantic Web : queries reformulation, smart crawlers, automatic
categorisation

Interaction Automatic Indexation
Needed Dc . dEnedn ¢ 2 : Dpcumfents
mformatlon o 2 inside a library

- ~
® ¢ yinféedra o
o < >
. )
L W SOCTOS ey @ 5;:)““5 :
0 it iy, Analysis
e | T
=R
o " Signatures, Meta-
AnnOtathﬂS s - data, Annotations

47
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