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ML forHandwrittenTextRecognition

Machine Learning techniques are effective for Handwritten Text
Recognition (HTR) tasks

Machine Learning needs (a lot of) training data.:
examples to teach the system how to accomplish a task

For HTR, training data consist of images of many different portions of th
document (e.g., worlds, lines) and their associated transcription



Main Machine Learning Problem

AHow to produce the training data

AWe experimented two approaches:
ACrowdbased: we exploitedon-expert persongdmany and not skilled)

AQualifiedexpert: we relied orprofessional paleographerérery few and rather
busy)
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Crowdbased Approach

Goal: leverage a crowd of naxperts (highschool students) to
produce training data

Problem: they cannot read words mes entirely

Solution:

APropose to the crowd a simple task: |
recognize symbols (not words or lines) based on pattern matching

AAlgorithmic approach based on language model to aggregate
candidatetranscriptions



Mark the strokes that give rise to a symbol that is similar to the samples in the green area
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Students provided labels to ML

700students
from 26 schools

10M imagesprocessed




Wetrained an Artificial Neural Network
with the examplegroduced by the students

Samples for a
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Results (intuition)

On a page of 296 words
62%: correct transcriptiorg(een)
20% at edit distance 1 { )

18% not processablej@y)

Failures due to
Segmentation errors (many)
Symbol recognition errors (a few
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ML needs
training data Hey Al, these lines
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Supporting the production
of training data

"he production of this kind of training data Is a tht@nsuming activity

that requires the intervention of expert paleographers and/or
diplomatists

Francesca Gallo, Rdsc, Roma Tre University
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steriu(m) idem noscitur i{(m)mediate spectare multotiens sollicite
laboravit s(ed) usq(ue) ad eo exuberavit (et) exube-

rat monachor(um) eor(un)de(m) malitia ut nulla diligentia co'r'rigi
potuerit eor(um) p(er)v(er)sitas nullo studio potu(er)it ip(s)i(us)

loci deformitas reformari Deniq(ue) cu(m) fe(licis) me(morie)
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aut fere om(ne)s ip(s)i(us)

loci monachos p(ro)p(ter) suos multiplices (et) enormes excessus
amoveri fecerit ab eodem (et) alios de div(er)sis locis in

ip(su)m monasteriu(m) i(n)troduci speratis g{uo)d v(e)l sic posset
ip(su)m monasteriu(m) reformare hij qui sic amoti fuera(n)t

ad monasteriu(m) ip{su)m v(e)l occ(asi)one litt(er)ar(um) a sed(e)
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i(n) eo malitia sic(ut) nup(er) accepim(us) debachant(ur) factis int(er)

u
se colligatio(n)ib(us) ac iuram(en)to firmatis (et) ut brevit(er) con-
cludam(us) Monasteriu(m) ip(su)m alienatis magnis (et) nobilib{us)
poss(essijonib(us) ei(us) (et) distractis (etiam) libris ac alijs

ecc(lesi)'a'sticis

ornam(en)tis ad ei(us) desolatio(n)is miseria(m) deduxer(it) ut ubi
magnus honorabilisq(ue) Co(n)vent(us) co(n)sueverat i(n)neces-

sarior{um) habundantia d(omi)no famulari nu(n)c pauci Monachi solo
no(myi(n)e seu larve poti(us) Monachor(um) in bonor{um)
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Results

Training set
A40 pages transcribed by a PhD student in paleography

Promising achievements:
Aon average less than 8 errors per line
Amost lines are perfect, errors are concentrated in a few lines: why?
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ICR on a Smartphone

In aTecnologylransfer Project with Bbbcalcompanywe developeda
solutionto readfiscaldocuments

It isin production!

14,00 OTALE FURe



Googlenasselected

our researchas
showcaseprojectfor o
thell’ AI plathl'm Helping paleographers transcribe

medieval text using TensorFlow

Watch the video ()

http:// tensorflow.org



Manynewspapers
magazinesandTVs
reportedour results

Popular Latest Sections v

MIT
Technology
Review

Artificial Intelligence

Al tackles the Vatican’s
secrets

Even church archivists don't know what mysteries lie hidde
Vatican Secret Archives, since many of its documents hav
been transcribed. A machine-vision system for medieval te
about to change that.



Twostudentsof our universityhavefoundeda
startup to exploit th&echn@ydeveloped

in the project ag

Theirgoalisto offer a service tautomatedata
entry processes

Exampleof the problenm a smalbank
processe2M fiscaldocumentseveryyear
Data areenteredmanually
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The Archive of the Chamber of Deputies
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Matrices is a sequel of the IG@odiceRatio project, in
collaboration with the
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Medievaldocumentsfrom
SSCosmasand Damianin Mica Aurea




exceedone'sown bounds




Paleographers and
librarians must be
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but how?
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Handwriting Identificatiol

Handwriting identification is the challenging problerr
attributing handwritten texts to specific scrib

Scribe 1
Scribe 2

Scribe 3
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Handwriting identification is the challenging problerr
attributing handwritten texts to specific scrib

Scribe 1




Handwriting Identificatiol

Handwriting identification is the challenging problerr
attributing handwritten texts to specific scrib

Scribe 2




Handwriting Identificatiol

Handwriting identification is the challenging problerr
attributing handwritten texts to specific scrib

Scribe 3




A Classification Problem

Given acollection of objectsand a set
of predefined classesassign objects to
classes based on their features

In our context:

the collection of objectscorresponds to
pagesthe predefined classeare the
scribes




Machine Learning is the Solution

Stage 2: prediction

the system relies on these learned features to classify new pages that were
seen during the training stage
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Classifier: a Deep Neural Learning

We have used classifiers based on deep learning architectures
(ResNetl18*, Mransformer**)

i

~ Classifier

o7
bl

g
.‘;":!f‘..-.. =
B

S
o

* Ammirati et al. 'Selfsupervised learning for medieval handwriting identification: A case study from the Vatican Apostoli¢ Library
Information Processing & Management 59 (3), 2022
** Liuet al. "Swintransformer:Hierarchicalision transformeusingshiftedwindows'
Proceeding®f the IEEE/CVF international conference on computer vision. 2021
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1279 px

XI century, Subiaco
538 269 folios)
4 scribal hands in 522 pages out of 53

A\ 4

A :

\ 4

902 px

scribe 1, 42 pages (fols-41v)
scribe 2, 58 pages (fols. 2365v)
scribe 3, 202 pages (fols. 2IZ21v)
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Classification Results (Accuracy)

ResNetl8: 86%
V-Transformer: 91%
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The Blackhox Problem

A neural network operates as a 'blalotx'"

:k;

we know the weights of the connections (m|II|ons,‘é%m” -

~ What are the features that
\ FEESE the neural network has
learned?

How is it attributing pages
to scribes?

MissalBox, 1490. New York Public Library

Can we trust the classifier?



Our Approach to Generate Explanations
We have adapted LIME* to our analysis to highlight the relevant regions
Intuitively:

s we divide the image into square patches, each with a side length equa

to the line height
s for each patch, we generate multiple perturbations and observe how th

Of F aaAFASNRE LINBRAOGAZY OKI y3ISa

This allows LIME to infer the relative importance of each patch

o a  *LocallnterpretableModelAgnosticExplanations
Ll me Ribeiro et al. WhyShould TrustYow? Explaininghe Prediction®f AnyClassifierKDD 2016



Extend the study to other manuscripts. 1%“, e
Canexplainabilitypuild actual trust? i i
Can we keep the computer scientists? || K,
Can we train the paleographers?

Are DH competitive?

Riccardo De Cesaris, Pstiddentin Computer Science, Roma Tre Universeégdarchproject in
DH)

Elena De Luca, PhDRaleographyRoma Tre Universitgiimmerand winter school in DH)
Chiara Parlagreco, PhDRaleographyRoma Tre University (Next Generationfelthdedgrant)
Elena Pastorini, PhD in Digikimanities University of Bologna
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