Digitization of documents

Federico Boschetti
federico.boschetti@ilc.cnr.it

CNR-ILC & VeDPH
June 3, 2021 - University of Pisa
Summerschool - Digital Tools for Humanists


mailto:federico.boschetti@ilc.cnr.it

Introduction



The importance of OCR and HTR

The Optical Character Recognition (OCR) is a bottleneck in many activities that
need large quantities of legacy information:

digital libraries
corpus linguistics
digital history



The importance of OCR and HTR

Nowadays OCR can perform 99% of accuracy on recent, good quality printed
editions and it can reach 98% of accuracy on challenging printed documents

The new field of Handwritten Text Recognition is very promising, so that libraries,
universities and other institutions (such as state archives) are planning to acquire
the digital text not only from printed documents but also from manuscripts



Acquisition and pre-processing of digital images



Digital images and digital texts

Scanning is the process of acquiring information from two-dimensional or
three-dimensional objects, in order to create digital images

Different operations can be performed on digital images of a document and digital texts:

copy and paste it
search it
tokenize it

count the tokens
make indexes

e crop an arbitrary part

e change brightness and contrast

e compare the high fidelity of the
layout and of the figures to the
original manuscript or printed edition



Various kinds of scanners are available, but a simple flatbed scanner can be enough, if
the document is not fragile. The coplanarity of the written surface of the document with
the moving carriage of the scanner has a high impact on the accuracy of the recognition




Currently documents are acquired also by smartphones, but the quality of the
acquisition is poor, compared to a flatbed scanner




DPI and PPI

DPI means Dots per Inch and PPl means Pixels per Inch. In order to have an
accurate OCR, 600 DPI are optimal, but 300 DPI can be acceptable.



The preservation of the master images and metadata

Along the digital text acquisition workflow one or more image elaborations are
required. It is necessary to keep always the original images and possibly to
preserve also the metadata related to the necessary transformations and use
naming conventions for the files, with minimal metadata about dpi, color, etc.



OCR (or HTR) preprocessing on images

In order to improve the accuracy of OCR or HTR, images must be processed at
least with the following operations:

fixing orientation (if necessary)

splitting pages (if two pages have been scanned together)
deskewing (i.e. small rotation)

selecting content

adding margins

change the output resolution (if necessary)

binarization

dewarping



Fixing orientation
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Splitting pages
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Deskewing
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Selecting content
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Adding margins

© ® unnamed - ScanTailor Advanced [64bit]
Filters ]

1 Fix Orientation
2 Split Pages

3 Deskew

4 Select Content
5 Margins

6 Output

-~ Margins
Auto Margins
Top 5.0
Bottom 5,0
Left 10,0
Right 10,0
Apply To ...

ignment
Match size with other page:

Mode: Manual
K F =

+ =
X 3 M
Apply To ...

Guides Help
+ Right-click t
trom the conte:

Resize margins by dragging any of the solid lines.

W (98%) 4) mergiu 2 21:2029

16 DE RERUM NATURA

Succidit et salso su

Inque dies quanto circ

Et radii solis cogebant undique ter

Verberibus crebris extrema ad limina in artum,

In medio ut propulsa suo condensa coiret,

Tam expressus salsus de corpore sudor

Augebat mare manando camposque natantes,

Et tanto magis illa fors olabant

Corpora multa vaporis et 1

Densebant procul a terris fulgentia pla.

Sidebant campi, crescebant montibus-altis

Ascensus ; neque enim poterant subsid

Nec pariter tantundem omnes succumbere
Sic igitur terrae concreto corpore pondus

Constitit atque omnis mundi quasi limus

Confluxit g et subsedit funditus ut faex;

Inde mare inde aer inde acther ignifer ipse

Corporibus liquidis sunt omnia pura relicta,

Et leviora aliis alia, et li issimus

Atque levissimus aerias super influit auras,

Nec liquidum corpus turbantibus aeris auris

Commiscet ; sinit haec violentis omnia verti

Turbinibus, sinit incertis turbare procelli

Ipse suos ignes certo fert impete labens.

Nam modice fluere atque uno posse aethera nisu
nificat Pontos, mare certo quod fluit aestu

Unum labendi conservans usque tenorem.
Motibus astrorum nunc quae sit causa canamus

Principio magnus caeli si vertitur orbis,

Ex utraque polum parti premere aera nobis

Dicendum est extraque tenere et claudere utrir

Inde alium supra fluere atque intendere eodem

Quo volvenda micant aeterni sidera mundi;

Thumbnails
Follow page

20051 EN

20051 N8

20052 BN

Natural order

-31,45 132x195mm p.1/11



anging resolution
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Binarization
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especkling
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ewarping
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Manual or automated?

On small projects, this operations usually are performed
manually; on massive projects, usually they are performed

automatically.



Compare processed and raw images on htips://archive.org



https://archive.org

Optical Character Recognition (OCR)



Commercial applications

There are many commercial applications for Optical Character Recognition, such
as Abbyy FineReader, Adobe Acrobat Pro, etc. (Among many other comparative
evaluations, see for example: https://www.adamenfroy.com/best-ocr-software)

There are also many solutions online (e.g. a new service on GoogleDrive to
extract text from PDF of images)

And finally there are many apps to capture images with a smartphone and convert
them into text or searcheable PDFs.


https://www.adamenfroy.com/best-ocr-software

Commercial applications: strength points

The main advantages of commercial software are:

e simple to install on Windows and Mac
e casytouse
e graphical interface



Commercial applications: weakness points

The main issues of commercial software are:

e necessity to renew the license for new versions

e scalability (when you must pay per page recognized)

e |anguages and scripts (FineReader has additional packages for old or ancient
scripts, such as Fraktur)



Open source applications for OCR

The most performant open source applications for OCR are:

Tesseract (https://github.com/tesseract-ocr/tesseract)

OCRopus (https://github.com/ocropus/ocropy) and its derivatives, listed below
Kraken (http://kraken.re)

Calamari (hitps://github.com/Calamari-OCR/calamari)

Another interesting OCR project is

e Gamera


https://github.com/tesseract-ocr/tesseract
https://github.com/ocropus/ocropy
http://kraken.re
https://github.com/Calamari-OCR/calamari

Open source applications: strength points

The main advantages of these projects are:

e scalability (to process millions of pages)

e scientific research to process challenging documents (endangered languages,
ancient languages and scripts, low quality paper and ink, damaged
documents)

e support of the community



Open source applications: weakness points

The main issues of these projects are:

e incompatible versions in quick evolution
e no graphical interface (only command line)
e not available for all the Operative Systems



What is an OCR engine?

In simple words, an OCR engine is a classifier, which assigns a label (i.e. a
character or a sequence of characters) to an image region

For this reason, the most recent OCR engines are based on Neural Networks

datascience.stackexchange.com



Layout analysis

In order to assign a label, at the character level, to an image region, regions must
be identified by layout analysis and segmentation

The layout analysis decomposes the page in its textual and graphical
components (e.g. columns of text, illustrations, and tables)



Segmentation

Textual blocks are hierarchically segmented in lines, words, and characters
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Segmentation issues

Bad segmentation causes bad OCR
Factors that must be taken into account:

e avoid artifacts during the image acquisition process, such as page warping
(when it is possible, pages should be unbounded!)

e preprocess the images to reduce artifacts
if an OCR engine makes a bad segmentation, try another one (for example, if
Abbyy FineReader does not satisfy your needs, try tesseract or Kraken and
vice versa)



Trained data sets

Both commercial and open source OCR applications are provided with pre-trained
data sets

For this reason, we can perform the optical character recognition on a variety of
languages and scripts, without taking care of the training phase



When the accuracy of the recognition is not satisfactory, it is necessary to train the
system

Training is based on an accurate association between text and image
The text that exactly matches the image is called ground truth

Some OCR engines, such as tesseract, need a small amount of ground truth,
some others on the contrary need a large amount.



Training: the case of tesseract
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Performing OCR

tesseract -| <language(s)> <image> <output without suffix>

tesseract -l ita+lat img001.tiff doc001

(training data are available here: htips://github.com/tesseract-ocr/tessdata)



https://github.com/tesseract-ocr/tessdata

tesseract -I <language(s)> <image> <output without suffix> hocr

tesseract -l ita+lat img001.tiff doc001 hocr

<html xmlns="http://www.w3.0rg/1999/xhtml" xml:lang="en" lang="en">
<head>
<title></title>
<meta http-equiv="Content-Type" content="text/html;charset=utf-8"/>
<meta name='ocr-system' content='tesseract 5.0.0-alpha-20210401-94-ga%68' />
<meta name='ocr-capabilities' content='ocr page ocr carea ocr_par ocr_line ocrx word ocrp_wconf'/>
</head>
<body>
<div class='ocr page' id='page 1' title='image "z0053.tif"; bbox 0 0 12181 19222; ppageno 0'>
<div class='ocr carea' id='block 1 1' title="bbox 3910 479 11495 887">
<p class='ocr par' id='par 1 1' lang='ita' title="bbox 3910 479 11495
<span class='ocr line' id='line 1 1' title="bbox 3910 479 11495 88
93; x ascenders 120">
<span class='ocrx word' id='word 1 1' title='bbox 3910 500 5473 805; x wconf 68'>LIBER</span>
<span class='ocrx word' i word 1 2' title='bbox 5838 479 8127 887; x wconf 51' lang='lat'>QUINTUS.</span>
<span class='ocrx _word' 1 ord 1 3' title='bbox 11121 576 11227 763; x _wconf 95' lang='lat'>I</span>
<span class='ocrx word' i word 1 4' title='bbox 11311 573 11495 854; x wconf 95' lang='lat'>9</span>
</span>
</p>
</div>
<div class='ocr carea' id='block 1 2' title="bbox 402 1167 11496 18639">
<p class='ocr par' id='par 1 2' lang='lat' title="bbox 485 1167 11496 6397">
<span class='ocr_line' id='line 1 2' title="bbox 525 1167 10060 1598; baseline -0.004 -88; x size 407;
85; x ascenders 117">
<span class='ocrx word' i word 1 5' title='bbox 525 1182 3279 1598; x wconf 89'>Quandoquidem</span>
<span class='ocrx r i / 6' title='bbox 3515 1198 4706 1505; x wconf 89'>claram</span>
<span class='ocrx word' i / ' title='bbox 4944 1185 6378 1593; x wconf 89'>speciem</span>
<span class='ocrx word' id='w 1 8' title='bbox 6610 1241 8492 1583; x wconf 89'>certamque</span>

Q7N

oo/ >

9
7; baseline -0.006 -81; x size 400; x descenders




Early printed editions and
Handwritten Text Recognition (HTR)



Early printed editions and manuscripts

Early printed editions and manuscripts are challenging:
complex and/or irregular layout

abbreviations

ligatures

irregular letters
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Kraken on early printed editions

;:8‘48 XPYEXOXTOMOY [lavnyup. apmpaii.

v. ppd. EIX TON TIMION KAI ZQOIIOION ETAYP-
ipov: Kai €i¢ 10, L0 €1 6 Epyopevog, fi E1epov Tpoadokdpev; Kai £ig

OV TLPAOV Kal poythdhov: Ko £i¢ 10 prTov Tob pogrtou ApBakoiy,

VOUV- Kol AGUIPROY 0D) Gt

ik@hAog Exgrvaoay. Kai dnag, dkove. Topvetovia napérafley 6 aTaupog TV KOOPOY, Kai 66
|ppovoivia nécty Gvédeige. TOD GTRUPOD ai GKTIVEG 0K GO TV AGYGY KNPOTTOVIGL, GAAK
{&(’z oV Epyev Eppnvedovian. ob xpeiav Exel ataupdg YAdaong nelotong kol Aékemg éppn- 15
%vmm’ml](, ARG UG EDYVOPOVOLONG Ko Epya SIKoaivIg EmTeEACHANG. &’ 0D GTRUPHE ENd-

§\,'11, oi péBugorl vnotenovay: (o’ o oTaupdg Endyn, oi THpVaL KINPLKES TG eVoEPeing Kal Tig awo-

%(p‘)u(lll\”g t\t\l)\l() G’ ol aTaUPOG, lu‘w\ul wuy\t/lmm Kol Stk tat Kijpukeg TG eboefeiag

VOG (vew avapog; £pa

001 Kétyo, g 1 Eda npur] \Bev €k 10D /

g\l hél (l(J[I((ll UU 10 l(l[)( ((AI.LI\ llk 0" toito Hay

K@V, 00OEV €7

TETpa 0 U(Sl op, OUK i/(‘ll)ﬂ(« UTMOKE {4 FV|]\' ('lll'“ﬁ on T '10'[{(']”\ OTE (!Iﬂﬂrﬂllf\ ov, ol "‘LU\ 0-



How to train Kraken

Tutorial:

http://kraken.re/training.html#training

Training ancient Greek, early editions:

https://github.com/pharos-alexandria/ocr-greek cursive/blob/91d72606e2a60593e5eccafe14e6c98493a90ce7/README.md



http://kraken.re/training.html#training
https://github.com/pharos-alexandria/ocr-greek_cursive/blob/91d72606e2a60593e5eccafe14e6c98493a90ce7/README.md

How to train Kraken

ketos transcribe -o train.html img001.tif img002.tif
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Improving OCR and HTR



Accuracy

OCR is evaluated according to the accuracy, a measure that is expressed by the
following formula

matches / (matches+mismatches+adds+dels)
according to the general formula
TP+TN / (TP+TN+FP+FN)

matches are the agreement between the OCR result and the ground truth



Techniques to improve OCR and HTR

OCR and HTR can be improved by postprocessing
A couple of strategies are worthy of attention:

e alignment of multiple and independent OCR engines with efficient selecting
criteria

e alignment to different editions of the same text, with criteria to distinguish
between OCR errors to be corrected and genuine variants



https://link.springer.com/article/10.1007/s10032-020-00359-9

GT: An example
OCR: An exame

Char alignment first:

(TN~~~ ™ # char errors: 2
I

:/?rll::?)l(?rln?llel # word errors: 1

|Anliexameee,

\__} M ——————

..............................................................

................................

‘An:iexam: {€:  #worderrors:2

.......................................


https://link.springer.com/article/10.1007/s10032-020-00359-9

Try to align two sequences of characters

https://bioboot.github.io/bimm143 W20/class-material/nw



https://bioboot.github.io/bimm143_W20/class-material/nw

Manual correction



< > Paara mmagine A\ Leggi | Modica Cron

Modifica di Pagina:Tragedie di Eschilo (Romagnoli) I.djvu/129
G C @ M M M OCR 2 >Avanzate > Caralter special > Auto > ZoomiAti & [ woun separnia [ 5 | smter v |

WIKISOURCE

4800x | center]]

Wi

Iii I %ﬁﬁ‘ﬂ»jﬁ?&k‘\

'n ‘3

. PRIMO CANTO INTORNO ALL'ARA
asiacl pope

spinse d uomir

i, qua peconi, 1 dal pelag I veghardi, compiendo intorns all ssa Jente evoluzions ritmiche, castano

</poern> ahernasdasi | due semicori, le spuesti coppie strofichs

Mot CORO
Strofe 1
A sterminio di citth mosse |"esercito
o del Gran Re, I tema invase che finitima
surge contro il suolo d'Asia:
su compagini di tronchi, su compagini di canapi
superd d'Elle Atamintide il tragitto,
poi che un giogo, un ponte tutto irto di cunei
del mar sopra Ia cervice ebbe confitto

Antistrofe 1



Aiuto:Stato di Avanzamento del Lavoro

Aiuto: Stato di Avanzamento de!

Manuale » Guida del so di qualita dei testi » Stato di Avanzamento del Lavoro

Lo Stato di Avanzamento del Lavoro (SAL) & il livello che indica la gqualita dei testi che hanno intrapreso il percorso di g

& di Wikisource

Nel namespace pagina [modifica

SAL 25% predefinito

SAL 50% La pagina é problematica

SAL 75% La pagina é stata trascritta e formattata

HEH o

SAL 100% La pagina e stata riletta

da un utente diverso da quello che ha portato la pagina al SAL 75%
Il SAL 00% si usa per segnalare

« pagine vuote

« pagine che conteng

pubblicita di altri volumi della collana, ex libris, oppure i "giudizi della critica”) o immagini (es.: timbri o etichette della biblioteca o d

proprietario) che non fanno parte dell'opera in senso stretto
 pagine in lingue diverse dall'italiano (vedi {{iwpage}})

SAL 00% La pagina non necessita di trascrizione
Nel namespace indice [modifca]

u SAL 25%

m SAL 50% Tutte le pagine hanno raggiunto o superato il SAL 50% (e

scluse le pagine SAL

ﬂ SAL 75% Tutte le pagine hanno raggiunto o superato il SAL

(escluse le pagine SAL 00

E SAL 100% Tutte le pagine hanno raggiunto il SAL 100% (escluse le pagine SAL 00%)



Commerce Numérique

commerce 9 v ‘Page 80: Show Image Status: | %% %% v Save‘
Index
OCR

— 180 |-

Y

suite creusé des lacs, songé a capter les eaux, a faire
suite creusé des lacs, songé a capter les eaux, a faire

établir des barrages, sans quoi (on pouvait faire le

établir des barrages, sans quoi (on pouvait faire le

calcul) en trente-deux heures plus une goutte d’eau.

calcul) en trente-deux heures plus une goutte d’eau.
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Lace (http://nheml.mta.ca/lace)
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Conclusion



OCR and HTR

It is necessary to continue improving OCR accuracy, because it is the real
bottleneck for computational linguistics and digital humanities

Currently OCR is very satisfactory on modern languages and documents with a
simple layout, but it is challenging on early documents and old or ancient scripts

HTR is emerging with very promising results



