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Introduction
Context of the work

m Collaboration with the CESR of Tours
The Humanistic Virtual Library (BVH in French)
A research center and library with rare books (Loire Valley)
From the Renaissance period (14th - 16th)

m A pluri-disciplinary collaboration
Experts in DIA + Experts in old books + End-users

m Objectives: Deal with and manage specificity of old books
Fully automatic is impossible because of variability
Introduce more interaction into DIA systems

=» user-driven method
Adaptation according to image contents (typography)
= not before but during the processing
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Introduction

Challenges
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m Experiments with OCR realized by [AitMohand&AIl2010]

Segmentation in lines, words, characters is a problem

Books of the CESR Omnipage Omnipage with
classical Ocropus

segmentation | segmentation

Recueil des antiquités Gauloises 89.82% 85.93%

Histoire de I'expédition

chrestienne au royaume de 86.48% 61.25%

Chine

Les treselegantes et copieuses 85.6% 73.92%

annales

Les histoires de Diodore sicilien 90.19% 83.82%

Y H

nepris pourLa vertu

Learning datasets (typography) and prior knowledge (dictionaries and
linguistic aspects) are very important

Font poly-font system Adapted poly-font system mono-font system
Average (30 fonts) 86.59 96.02 99.55
Berkeley Old — Berkeley Oldstyle 9662 972 9898
Banco— Bance 34.08 73.46 98 77
Mistral — MM 46.63 92.16 94 89
Fette Kanzlei — Sette Ranglei 66.36 9574 99 43 4
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Proposed Architecture
Learning from the users and from the data

Learning
datasets and
dictionaries have
to be adapted
for each book !
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AGORA

Segmentation and layout
analysis have to be
adapted for each book !

Clusters of patterns
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System Architecture

User-driven analysis with AGORA

75 AGORA 5 - Vesale - [vesale_0153.1pg] el @

T Projes Edbion Tratemercs Classficion Oudls - Affichage ]

m & W ccfz mifiix]®

m User-driven analysis = e o

Titre, haut de
page

m Extraction of specific elements .
of contents (dropcaps, ...) —

Lettrine

Note

m Generate XML files describing on marge

the structure (similar to Alto) i ]

Lines, words and CC positions

Prejer Jourral |

lo type TEXTE devisnt de type TEXTEL 4 con vosin de cauche est dans {) &t son voish de cofte est dars [} et son waisin U haut ast dars [} et sor ~
les zcrnes de tyoe TEXTEL sont sugoii . ﬂ
pication de Faigeritme des plages
- type TEXTE dare
m Used since 2004 (CESR Y
3 Effacer
Frée frosalo_0153.jpg | — /4

Download :
http://www.rfai.li.univ-tours.fr/pagesperso/ramel/fr/workil.html
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Pattern Redundancy in text o
Description

m Goal: Analyzing redundancy in images (text part for us)
A text, ancient or not, is made up of sequences of similar patterns

m Methods: Clustering of similar patterns to create groups (classes)
Comparison of patterns (matching techniques)
Without prior knowledge about the meaning of these patterns

m Constraints are that the techniques should:

Produce very homogeneous clusters = Different patterns may
not be blended into one cluster

Produce a minimal number of clusters

m What could be a pattern?
Connected components [Lebourgeois95]
Words [Kluzner&AI2009]
Others [Roy&AI2011]
Redundancy rate > 80 %

m Used first for compression in Debora project and DjVu Format 7
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Using connected components

AGORA ouputs

Ffety  Comgeesion ATl gt Fdeke  Feuds vrtoils  Opleone Transogdon

QI_IM | 155"“!333 gmmﬁ F L) ..........

SN 2 TN LN L 2

=IVIRILCEN

R (£ O 3

Bjﬂ
i m'@”&'@b@

ECHY T 11 (L LR 123 “s w S

clnlo- e nltiAlaim =irirEl A

Edition  Affichage  Favoris  Outils
e Précédente = | ; i'} p Rechercher H?_l Dassiers '
Aidresse |[E;| Di\RameliPFE_DEA_stages\an2006_07\PFE_Cureau_Agora\Exemple_Résultats_agoraz007\TEXTE_FIM\Formes v | B ox
1 Dossiers ®  Mom | Taile Type ]
) TEXTE ~| . forme2335. txt 74 ko Document bexte
= 1) TEXTE_FIM [Z] Forme2295, txt 70Ko  Documnent kexte

. | 5 { | \ il | ¥
/ 60b]et(;)_ (Espace disque disponible : 15,3 Go) s‘ 3,84 Mo Q Poste de kravail

[ Blocs = D Forme2328, kxt 66 Ko Document kexte
/ D Formes v E] Form32329 Exk 48 Ko Document kexte ¥
‘ | {flIs

<bloc name="C:\PFE\ImagesCESR\Lot\vesale_0150.jpg" “. forme2335.txt - SciTE
COOI’CI=”798,107,2023,155”} Fearch  Wiew Tools Options Language Buffers Help
<ligne> DR & 4Bl X o = | Qa
<mot> . 1 D :ywRamelwCourssM2Pro_cesrLot_1%wesale_0150.jpg 1078 15886 1098 191z A
<cc value="2"»798,123,831,155</cc> 2 D:oyRamelZCourssM2ZPro_cesrhlot_1%wesale_0150.jpg 1504 1883 1524 1909
Edus Value="3">849,123,881,154<XCC> 3  D:MRamel“wCourswM2Pro_cesrhLot_1%wesale_0150.jpg 2157 1879 2177 1904
<rcc value="4">8909,.123,934 155<fCC} < D:nwEamel s CourssMz2Pro_cesrsLot_1%wesale_0150.jpg 823 2018 S44 2043
¥ r r .
_nen 5 D :nRame]lwCourssMz2Pro_cesrsLot_1hwesale_0150.jpg 893 2020 914 2045
=ce Value_”5”>951’121’981’153{XCC> & DisvRamelsCourssMz2Pro_cesrslot_1%wesale_0150.Jpg 1922 2009 1942 2035
<cc value="6">997,121,1024,153< /cc> 7 D:iwRamel“Cours\M2Pro_cesrsLot_1hwesale_0150.4pg 1171 2079 1191 2104
<cc value="7"»1038,119,1069,151</cc» 8 D:wRamelnCours“M2Pro_cesrsLot_1%wesale_0150.3pg 1994 2073 2014 2099
<Kmot> =} D :nRamelwCourssMz2Pro_cesrsLot_1%wesale_0150.jpg 2158 2137 2178 2163
10 D:\Rame'l\CDur‘s\MzPr‘D cesr‘\LDt 1\ve5a'|e 0150. jpg 886 2208 Qo7 2233 |
</ligne> B i el — =
</bloc=
lime 1, column 1 (IMNS) (CR+LF) - 0O chars selected




H Using Pattern Redundancy for Text Tran

Using connected components

For Transcription

m RETRO GUI - Computer Assisted Transcription (manual)

1 For tagging the clusters using unicode
1 Cluster visualization

1 Characters (CCs) in context

-1 Creation (selection) of new templates
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o Lol (a1 7 ke o7
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Using connected components
For Transcription

m Inside a loop!

1 Cooperation between manual (collaborative users),
automatic (OCR) and contextual (dictionaries) contributions

1 Adaptive-system : From simplest to the more complicated

User collaboration [Neudeker&Al2010]

Collaborative Correction EE

RIS il fimoffaappel.
St i = appdfat.afh.
-_- = sela. achor
a l.n.:.;:.:-alltcrun
e = e
Collaborative ' o
Manual Transcription u — : Automatic Transcription
OCRopus P
: ~ Retro P
t Interactive Transcription ' m— ji’f;.i:z’.‘z”i e i::‘f’.li,:i'z.‘jﬂ
ranorel — 0 O O O BT ] (W T LY o A (0 [T
m_‘='_=m; : ¥ [HEESECES| .5 ET| SC |  8 SY SCON | ST ) |0 S| | S W RO S
- | it St it afrulir ate ataae STeatenterte ot e aheates o
(] Show saySosed ® | b || pasatacy an Fagar |+

Loop between the 2 modes 10
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Using connected components

For Typographic analysis

m Create a classification of the Early Modern fonts

Relationship between words containing characters which have the
same shape - typographical family and character style

Sorted newly created families to find the main typography class as
well as minor typographies used for a precise logical meaning

Very small typographical families represent words which seldom
occur in the text (text in graphics, titles, authors' names, etc.)

m Study of aesthetic aspects of printing

The thickness and the shape of printing types evolved greatly from
the 15t to the mid-16t century

Extract and create new font packages from specific printing material
(e.g. rare books printed with particular plug sets).

S ocaePBre e T/ ffFL

11



= Using Patter n Redundancy for R ,
FRANCOIS- RABELAIS

Using connected components

For Typographic analysis

m Improving the OCR learning step (templates)

m Dataset production
Based on the previous proposition = typographic analysis

Produced fonts + model of distortion and degradation =
adapted training sets

m Dynamic template selection (incremental learning)
Identification of specific fonts used inside the images
Automatic selection of specific OCR dedicated to that font
(mono-font OCR)

Increase the potential performances of OCR engines

Adaptive-systems able to learn from the data

12
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Using connected components
Experiments

Vésale - 1543

150 pages in Latin

1.062.081 connected components
Around 40.000 clusters

The 200 largest classes
correspond to 85% of the text

57% of the classes are composed
of a single shape

90% of the classes are composed
of less than 10 occurrences

Ignoring these classes during
transcription means to miss one
character for 14 - more than one
on each text line !!!
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diftinguente,aliaeducitur futura, obliqué deorfum inter caninum & inciforium canino
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Using connected components (CC) P s
Discussions

m Good points with CC redundancy
CCs should correspond to characters

System can learn from the images and adapts itself to the used
typographic materials

Cluster transcription or recognition instead of individual pattern
recognition (collaborative, manual, contextual, automatic, ...)

m The segmentation problem is still remaining...
Still require a segmentation step for characters, words and lines
Problem with touching and broken characters (CCs)
Problem with accents, punctuations, ...

1-1
. ... LILLI®#8® (L L L
Lu ften (117 888 L L L

14
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Using glyphs [Roy&AI2011]
For Word spotting

m Overcoming of the segmentation problem
Glyphs (parts of the connected components) instead of CCs
Don’t need a segmentation in words and in characters
Water reservoir method to split a CC into glyphs

Cut at the maximum height
Water Flow Level <-4

Helgl‘?/)
1:\\ Pixel
Surface Width

()

Height of Reservoi

a)

conltice—»s @ i |l h ﬂ
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Using glyphs o
For word spotting

m Clustering of glyphs
Similarity measure between glyphs

s For comparison of 2 glyph images
m Size normalization by 20x20

Creation of a codebook of frequent glyphs
m Using a set of training images
m Clustering of glyphs
m Clusters selection (according to the size)
m A glyph cluster is represented by a selected glyph (median)

Text blocks are encoded
m Each text line is indexed by a string of codebook indexes
s Glyph clasisication with the same similarity measure

16
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Using glyphs

For word spotting

m Word retrieval

Glyph extraction and classification
Top ¢=3 conservation (label and similarity measure)

el

(@)

-l
L
0.68

-

@
0.58

)

9,
0.53

L

0.62
x
0.57

L.

0.52

3
0

Eﬂ'-'

i

0.69

b

0.51

Approximate string matching algorithm (DTW like)

Length of the strings Query and Indexed may be different
Finds all substrings of the Query that have at most k errors
Adapted to handle ¢’ choices for each glyph in the Query

.

UNIVERSITE
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Using glyphs
For word spotting

m Experiments
1 Examples of Top 3 results for 5 queries

nature LI VRE [OULE | contrc|viure

nature LIVvRE | tOULE contre€ viuen
lature| t 1 vrR | route contre| vince

nture  rvre 10UrS Conte |#2eure

1 Examples of spotted regions

altres— grandeurs,&autres
comme—accoultremens . comme

18
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Using glyphs
For word spotting
m Experiments

45 pages of a historical book written mostly in French
AGORA line segmentation = 8675 word blocks

Codebook of glyph generated from 24 pages (training)
57324 glyphs found in the training pages

Clustered in 183 representative glyphs

With connected components = 326 representative clusters

Indexing = page processing

Results on 20 query word images

Approach Precision | Recall
CC based 70.39% | 74.58%
Primitive based | 79.46% | 81.21%

19
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Conclusion

m Proposition of new methods
Learning from the images (using redundancy analysis)
Adaptive system, user-driven system

m Cluster transcription / recognition (collaborative, manual, contextual,
automatic, ...) instead of individual pattern recognition

m Segmentation of text in words and word in characters is a problem
Touching and broken characters/connected components
Accents, punctuations, ...

m Using glyphs can be a solution
Done for Word spotting
To be studied for Transcription

m Work in progress...
Continue on using glyphs for text spotting and transcription
Google DH project (typography, lexicons, ...) with CESR

20
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Thanks

Questions ?

21
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Context of the work

m {Marinia2003]
Character Objects = CO
Extraction and clustering of COs
The COs in the word are located
Each CO is labeled with the output neuron of the trained SOM.
The word image is partitioned into a fixed number of vertical slices.
Each slice gets the label of the CO with the largest overlap with it

parent [ — ..

%

o
e
&

u .'E ﬁ# # W ##11@

- 99 ¢

! 000

s 008 ////
.'.' e ep egep gigi gi ac ac ac c¢h ch ¢h de de de bbb

998080

19900000
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Context of the work

1 Word Spotting [Leydier&Al2009]
1 Guides and Zone of interests quety word

§ zones of interest

23
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Introduction
Our proposal

m More interaction in DIA systems
m For adaptation according to each “book” specificities
m For integration of the user needs

m Interactive analysis of images
Adaptation according to user objectives

m Incremental analysis of images
Segmentation for recognition, recognition for segmentation
Solution: From the simplest to the more difficult

m Requirement
An adequate representation of the image content

Interoperability and compatibility capabilities between automatic
and manual processing

24
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Introduction

Our proposal

Why OCR software will never work
on such books ?

Linguistic aspects (Old French, Latin, ...

Typography
Materials (specific fonts)
Spacing (touching, broken, space)

For example

The “long s” characters often
confused with the letter “f” by OCRs

LIVRE PREMIER. ]

aumonde infericur. Mais quantaux autres animaux
ileft dict quil comm anda aux cauxde produire [es
oifeaus &les poiffons: & laterrede produirelesau-
tres beftes: &non pas I homme qui deuoir ftre le
lyendumonde incelligible & viﬁglc slaquellelisifon
acotinuéentreles Anges, &leshinéts petfonnages,
pacla priere, & moyen defquels legenre humain cft
con elbpourquoy 1l eft dick aue Pt s 1o 2fibme. 8,
que|Dieuafiikronmme Fcu moindre queles An- el ooy
8¢ ou le motjrhal, nefignifie pas Diey , comme wingel.
quelques vos oneraduiagflile p
tesonerraduit 57, ;8 [ Toteipegie Caldean atours
Néwan , quicft prisdumor Hebrictragss quifigni-
fic Anges, &ofte l'cquiuoqucdu Mot prbys
ainfi enlien que Marora tousné s Tul's faick eo o
plusil neluy refte, fors eftre Dicu sl pouttoit dire:
Tulasht haureleuéde foneftre, quill eft penmoins
que [Ange de ta dextre. Clelt pourquoy les* He- , 1, 14,
bricuxappellentles Angesles Ped agoguesdes hom- maspmo
mes,commeles hommes font ber rers desanimauy,

ce quePlaton? ayantappris desHebrieux, adict qUE 375 fimpafs
on nebaille pash garde descheures auxchenres , 0y ﬁ:;"‘!g“;f’“
des befbes aux beltes, ainsaux hommes, &hgﬂdc e ,.'1,;;,:
deshommesanx Anges. Nos,inguit ficntoses mivs di- e in i
seinorsion pafloram cuftodia fomper egemus. Puis docques "
queles Angesfont bons, & les Diables mauais,aulli
leshommics ontle franc achitre pourctteebons, ou
mauuais,comme Dicu dicenfaLoy * Lay, dic.il mis 4 Druter 30,
deuant tes yeus lebien, & le mal s lavie Selamort, & 6o/ 4
choify donclebien, & tu viuras: Et encores plugex-

The “ct” ligature used in European fonts before the 19tf‘
Pattern to recognize (words, characters or primitives)?
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Introduction B
Our proposal

m Experiments (on synthetic data)

Significant improvement when modifying the learning set of the OCR
according to fonts present in documents

m Experiments (on books from 17th - 18th)

Significant improvement when replacing the default learning set by template
characters from Human or Garalde font families:

= Numerous ligatures between characters
m Special characters used during the Renaissance period

Results provided by [AitMohand&AlI2010]

26
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Using connected components

Experiments . de diemsibi dibusiffe fuprd

- Faum 3

Montaigne - 1557 Grata[uperucmiet que non [perabitar

119 pages - 3260 text blocks Bkl ,

125 744 connected components I eftincertain ou la morenous atten

(pseudo characters) de,atendons la par tour. La premeds

m 29 943 clusters tation de la mort eft premeditation

_ de la libert¢ . Quia apris a mouririla

m 25 classes = 25% of the text defapris a feruir . Le fcauoir mot

m 136 classes = 50% nous afranchit de toute fubiecion®

m 4 000 classes = 75% contrainte. Paulus £miliusrefpondi

m 20 000 classes = 90% 4 e s m}'“d?:
m /9% of the classes are

. ) -
composed of a single shape % cumulé des formes dans les classes
80,00%

m The biggest class = 3% 70.00%
60,00% —
. 50,00% /
m 1,2% of the shapes are put in w000% 1/
the wrong cluster 30000 ||

20,00%
10,00%
0,00%
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Pattern Redundancy B
Pattern selection

m Using Words as Patterns [Kluzner&AIl2009]
Converge after about 30000 words - limit of 85% for 40000 words
Experiments : 101 scanned pages from a book printed in 18th century

Qid German Gothic Book Histogram {(18th Century)

Reco. Rate | Subst. Rate ;é’: 08f
Commercial OCR | 82.5% 1.85% -
Commercial OCR % -
after addition 36.6% 1.7% g
of Adaptive OCR
Dﬂ ill.'} EI[} BI-D 4IU E:U EIGI TIEI Ellf.] QI[} 10C

Mumber of Words x 1K

Hiaithat| |wewsvs| | EREEAE) E,iﬁn
thatBll =~ Ry ||

word_105 word_107 word 114 word_116 28
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Pattern Redundancy
Pattern selection

Using connected components as patterns
The first and simplest way to realize such analysis
Redundancy rate starts around 75% when using a single page

Redundancy can reach up to 95% when processing an entire book
(modern)

This rate depends largely on the quality of printing

Number of pages 1 2 3 4 o G 7 8

Total # of clusters of | 555 915 1,208 | 1.485 1,678 1,670 2 083 2 262
binary patterns

Total # of characters | 2 327 4 245 6,681 | 8681 11,159 | 13589 | 16,141 | 18,028

Redundancy rate 76% 78% 81% 82% 84% a6% a7% 68%

Redundancy rates slightly upwards of 80% when documents present
high typographical variabilities of character style, size, and font.
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