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Artificial intelligence (Al) is a game changer in many fields, including cultural heritage. It supports the planning and
preservation of heritage sites and cities, enables the creation of virtual experiences to enrich cultural tourism and
engagement, supports research, and increases access and understanding of heritage objects. Despite some

impressive examples, the full potential of Al for economic, social, and cultural change is not yet fully visible.

cultural heritage Al agenda

| 1. Introduction

Digitization is key for protecting, preserving, documenting and opening up European and global cultural heritage (CH) to
meet pressing sustainability threats, including environmental ones and increasing social inclusivity. Within the CH
sector, economic activities related to digital collections in cultural institutions are a market worth ten bn EUR in 2015 &,
These developments have been accelerated by the COVID-19 pandemic @, Digital technologies can transform the
entire value chain model in CH institutions—from capturing and digitizing tangible and intangible heritage and long-term
preservation over innovative digital research methods to digital channels allowing people across the globe to interact
with digital objects. These channels enable connections to other collections published on the web and accelerate the
creation of new artistic works, unearthing new narratives in collections. While all these areas of work could be improved

by applying the latest digital technologies, a significant increase is expected during the next few years.

The Strategic Topic Group (STG) Cultural Heritage in Green and Digital Transitions for Inclusive Societies was formed
in 2022 within the European Institute of Innovation and Technology’s (EIT) Knowledge and Innovation Community for
Culture & Creativity and seeks to unlock the potential of CH for the green and digital transitioning of Europe
encompassing societal challenges on this key policy topic. The group includes 32 partner organizations in mid-2023
and focuses on four closely connected areas, including (i) upskilling and capacity building; (ii) environmental impact of
operations of CH institutions; (iii) increasing outreach and community engagement; and (iv) creation of new business

models.

| 2. Application Fields of Al in CH

In CH, Al is being used in a variety of research areas. These include:
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» Image analysis and restoration: Al algorithms can analyze and restore old, damaged, or degraded (moving)
images, sounds, paintings, and photographs. These algorithms can enhance image quality, remove noise, and even
reconstruct missing parts of the artwork, aiding in preserving and restoring cultural artifacts. Examples listed in ¥ are
the prediction of the painting’s style, genre, and artist, the detection of fake artworks by stroke analysis, and the
artistic style transfer using adversarial networks to regularize the generation of stylized images.” Further research

deals with the automatic colorization of images 4! and the restoration of ancient mosaics 2.

» Object recognition and classification: Al-powered computer vision techniques enable automatic recognition and
classification of cultural objects. By analyzing visual features and patterns, Al algorithms can identify and categorize
artifacts, sculptures, and architectural elements [ facilitating the organization and cataloging of museum
collections. Examples are the prediction of color metadata, e.g., for textile objects W, of technique, timespan,
material, and place metadata for European silk fabrics &, and the recognition and classification of symbols in

ancient papyri [,

« Translation and transcription: Al language models are capable of translating. e.g., ancient texts, inscriptions, and
manuscripts into modern languages. They can also be used for modern languages by translating metadata or full-
text content of heritage objects and related information, making sharing cultural heritage across languages easier.
Other models can transcribe handwritten texts, allowing researchers and historians to access and understand

historical documents and perform automated analysis (e.g., 19).

« Automatic text analysis: This comprises various approaches 2. An example is the automatic semantic indexing of
pre-structured historical texts, which enables historians to mine large amounts of text and data to gain a deeper

understanding of the sources (e.g., 12); for example, tax lists or registers of letters sent to a historical entity 131,

« Virtual Reality (VR) and Augmented Reality (AR): Al technology supports the creation of immersive VR and AR
experiences for CH sites and museums. Visitors can virtually explore ancient ruins, historical sites, or museum
exhibitions, interacting with Al-generated virtual characters or objects to enhance their understanding and

engagement with the cultural context [141123],

« Recommender systems for personalized experiences: Al algorithms can analyze user preferences, historical
data, and contextual information to provide personalized recommendations for CH experiences. Despite the risks of
information filtering (e.g., 1&)), use is to suggest relevant exhibits, customized tours, or tailored content, Al-powered
recommender systems enhance visitor engagement and satisfaction, or—triggered by the advent of large language
models (LLMs) such as GPT—dialogue and chatbot systems. Examples are the use of chatbots in museums [1718]

or recommender systems for CH collections (e.g., 12120,

e Cultural content analysis and interpretation: Al techniques, such as natural language processing (NLP), are used
to analyze large volumes of cultural content, including literature, music, and artwork. This analysis can reveal
patterns, themes, and cultural influences, providing valuable insights into historical contexts and artistic movements.

Examples are metadata enrichment (e.g., 21221231y and linking to open data sources (e.g., ©).
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» Heritage digitization and preservation: Al can be crucial in digitizing cultural artifacts and archives. By automating
digitization processes and extracting knowledge, Al speeds up the preservation of CH, allowing researchers and the
public to explore and study rare artifacts remotely. Several articles provide an overview of particular technologies,
e.g., for 3D acquisition, such as laser scanning 24 or photogrammetry 23, and quantify their use 28, Al-powered
systems can monitor and analyze CH site environmental conditions, helping with early detection of potential threats
such as humidity, temperature fluctuations, and structural damage. This real-time monitoring aids in the proactive

conservation and protection of cultural landmarks (e.g., [27[28]),

» Multimodal analysis: Al is capable of bringing together different sources and types of data. Approaches include

text, images 8, 3D models 22, qudio BY, and video (311,

« Al supports or creates artistic expressions: Applying algorithms that analyze heritage objects (or entire
collections) and extract information that either artists and other creators can use to create new works 22 or Al

creating “artistic” expressions.

| 3. Project Examples

To date, there are some impressive examples of the utilization of Al technologies in the field of CH (Table 1).

Table 1. Project examples of Al application in CH (all links accessed on 1 December 2023).

Art Transfer by Google Arts & Culture
amemees  USing Al algorithms, Art Transfer allows users to transform their photos into the style of famous artists such
- as Van Gogh or Picasso.
Link: https://artsandculture.google.com/camera/art-transfer

MicroPasts by the British Museum

MicroPasts is a project that combines crowd-sourced data with Al technology. Volunteers contribute by
digitizing and tagging images while Al algorithms analyze the data.

Link: https://micropasts.org/

R
BN
:

4Dcity by the University of Jena iverables/DSI-
o This application uses Al to automatically 4D reconstruct past cityscapes from historical cadastre plans and 04.pdf
h photographs. This 4D model is world-scale and enriched by links to texts and information, e.g., from
Wikipedia, and accessible as mobile 4D websites (331,
Link: https://4dcity.org/
TR 2018.
SCAN4RECO )
r- I This EU-funded project combines 3D scanning, robotics, and Al to create digital reconstructions of ning for
damaged or destroyed CH objects.
Link: https://scan4reco.iti.gr/

AI-DA by Aidan Meller Gallery
AI-DA is an Al-powered robot artist developed by Aidan Meller Gallery in the United Kingdom. The robot
- uses Al algorithms to analyze and interpret human facial expressions, creating drawings and paintings
inspired by the emotions it perceives. Al-DA's artworks have been exhibited in galleries across Europe. sonstruct
Link: https://www.ai-darobot.com/
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Transkribus by Read Coop SCE for
= Transkribus is a comprehensive solution for digitization, Al-powered text recognition, transcription, and
= searching historical documents. A specific emphasis is on handwritten text recognition.
https://readcoop.eu/transkribus/ e

Transcribathon

The Transcribathon platform is an online crowd-sourcing platform for enriching digitized material from

Europeana. It applies the Transkribus handwriting recognition technology to input documents, performs

some automatic enrichments (including translation) on the obtained text and metadata, and lets volunteers ;. 2023,
validate the results.

https://transcribathon.eu/

The Next Rembrandt by ING Bank and Microsoft 2tection
' This project employed Al algorithms to analyze Rembrandt's works and create a new painting in his style.  |jmgs,
https://www.nextrembrandt.com/
020; pp.

Rekrei (formerly Project Mosul)

Rekrei is a crowd-sourcing and Al project aimed at reconstructing CH sites that have been destroyed or

damaged. Users can contribute photographs and other data, and Al algorithms help in reconstructing the xt

lost heritage digitally.

https://rekrei.org/ 2search.

Notre Dame reconstruction
1 After a fire destroyed parts of the Notre Dame Cathedral in Paris in 2019, a digital twin model was created
to experiment—physical anastylosis, reverse engineering, spatiotemporal tracking assets, and operational

"“ research—and create a reconstruction hypothesis. The results demonstrate that the proposed modeling
method facilitates the formalization and validation of the reconstruction problem and increases solution
performance 34,
1 https://news.cnrs.fr/articles/a-digital-twin-for-notre-dame
Finto Al by the National Library of Finland >
=  [Finto Al is a service for automated subject indexing. It can be used to suggest subjects for text in Finnish,
10 = Swedish, and English. It currently gives suggestions based on concepts of the General Finnish Ontology,
YSO. Link: https://ai.finto.fi
Europeana Translate noden
This project has trained translation engines on metadata from the common European data space on J.,
. cultural heritage in order to obtain a service that can translate CH metadata from 22 official EU languages
Imfk_l to English, improving the multilingual experience provided to its users. It has been applied to 29 million
1 metadata records so far. \ppl Sci
Link: https://pro.europeana.eu/post/europeana-translate-project-brings-together-multilingualism-and- ’ '
cultural-heritage
1 MuseNet by OpenAl
_ MuseNet composes original music in a wide range of styles and genres. It can create music inspired by
1 - different cultural traditions and historical periods, demonstrating the potential of Al in generating new I
compositions that reflect CH.
put.

Link: https://openai.com/research/musenet

The Hidden Florence by the University of Exeter
1 The Hidden Florence is an Al-enhanced mobile app that guides visitors through the streets of Florence, 1t steps
Italy, offering insights into the city’s rich CH in an engaging way. The app utilizes Al algorithms to provide

q

‘ence on
-358.

18. Bongini, P.; Becattini, F.; Del Bimbo, A. Is GPT-3 All You Need for Visual Question Answering in
Cultural Heritage? In Proceedings of the European Conference on Computer Vision; Springer: Cham,
Switzerland, 2022; pp. 268-281
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1 location-based narratives, AR experiences, and interactive storytelling.
Link: https://hiddenflorence.org/

)23, 14,

Smartify App by Smartify
Smartify utilizes Al to provide interactive experiences with artworks in museums and galleries. The mobile
2 F app uses image recognition to identify artworks, delivering detailed information, audio guides, and curated  j|t. Herit.
tours. It is compatible with numerous cultural institutions across Europe and beyond.
Link: https://smartify.org/

2 Second Canvas App by Madpixel and the Prado Museum ription
The app uses Al technology to enhance the visitor experience. It provides high-resolution images of ontreal,
- artworks, along with interactive features that allow users to explore the details and stories behind the
o paintings.
Link: https://www.secondcanvas.net/
2 nal
WAIVE [, 2021;

- WAIVE is a smart DJ system utilizing Al to create unique music samples, beats, and loops from the
digitized audio archives of the Netherlands Institute for Sound & Vision.
Link: https://www.thunderboomrecords.com/waive .
2 zations

for Designing the Jena Experimental Repository for the DFG 3D Viewer. Appl. Sci. 2023, 13, 9781.

24. Di Stefano, F.; Chiappini, S.; Gorreja, A.; Balestra, M.; Pierdicca, R. Mobile 3D scan LIDAR: A

| 4-AlTechnologies for-CHGtate af therArto.

ZE:ﬁ%WH\?nfa&%cerino, E.; Toschi, I.; Menna, F. A Critical Review of Automated Photogrammetric
Processing of Large Datasets. Int. Arch. Photogramm. Remote Sens. Spat. Inf. Sci. 2017, XLII-2/W5,
Histitab®ages hold immense value in documenting our collective heritage. However, analyzing and extracting
2B ETPERRJiF B iR oS Ay S B "I Bt oP R afB eI HERL. Rtlspm™
COPUIEERURL: U STENRC BB EIITR RISHERIBHES, Uhd UL RS2 20254 P
netg%lﬁsy(&glﬁlcsm?flzurzjél'erlgﬁeésognlrz%]r%%%%rp rh%fs%?grj%é%msfﬁnztsgﬂlques employed in historical image analysis
(371881 including:
27. Mishra, M. Machine learning techniques for structural health monitoring of heritage buildings: A state-
« Qbtientbassicimagerease,atuEifsert. reilvad ant. S@tarbh @2istdd&l images based on visual similarity and
atent- : iti i i . inj [3][39][40][41]
23, TR FEUHE e MBSOl B0 A M BRGNS e SRR e A R o the.
HIEh BBy EaRER S B UTRARGE eyl RrBied ALY s rotioete IepdmnTe RUikinginyy BRifd o insde!
5/&5 Iﬁ_ﬁ@i@”‘:tive architecture, such as houses of similar style. Even using more advanced ML approaches or

combining different algorithms 2 only allows the realization of prototypic scenarios 431441,
29. Minster, S.; Bruschke, J.; Hoppe, S.; Maiwald, F.; Niebling, F.; Pattee, A.; Utescher, R.; Zarriess, S.

 Midgeioasid\lGapipationf Immee@ititisgds thenHhmaDtiemrkn Rieceadingsaslire ARitationt 2@gdires
delieyatirppano@prad Sty #O2df-freedom (6DOF) camera pose. While several methods exist for homogeneous
. Iﬁ”ﬁl . . . . . . .
30. URERV' S Reviving the"SRER 368?'§%Scr'[2}1_]7r§%§/'f}%'ﬁrﬁ%rﬂ LBl Y R FBPH  AOA GRS S st ons:
?ﬁgﬁ‘é{ﬁ%{%ﬁ"g{‘ U&r:ghsct)%rlgéggat?ﬂF?HQFAC(')ustic Objects on Mobile Devices; Springer: Cham,

Switzerland, 2023,; Rg 165-186. . , , o _
» Image recognition and classification: Identifying objects, scenes, or people depicted in historical images using

31. fusptrepniap s ddeldsalakasidoms-Tikkpantes, inknenprastaise WarasumaliciseN. iniastitsaliserial
Madper®, i Hstendar dbueheoatent anPysie s & histwitsl snap ;setmefdvbtizpBdREApproach for the
Safeguarding and Transmission of Intangible Cultural Heritage: The Case of i-Treasures. IEEE Intell.
Syst. 2018, 33, 3-16.

https://encyclopedia.pub/entry/55488 5/11



Artificial Intelligence for Digital Heritage Innovation | Encyclopedia.pub

32. BaayittjRsegarraatidn Gadtebj¢od ajsmictionP eosathali saliore anyhiEime speaifie b Betréevakefioply ofgirié test
Githpp dirs g dreagentusiiih @etnReasdikel PasienllQontent waOS0ale. senfarviceedingstafdnad 2tssify parts
ttieragteddbdhference on Agents and Atrtificial Intelligence (ICAART 2020), Valletta, Malta, 22—-24

February 2020.

+ Image restoratlon and enhancement: Re&alrlng and enhancing degraded or damaged historical images through
33. M nster Laz n, S. Toward an Automated Pipeline for a

nlques |ke (?enmsmg mpamtlnanv (]-SU er- rescﬂutlon
Browser Based, City- -Scale Mobile 4D VR Application Based on Historical Images. In Proceedings of
4.3"ARSHRPFEaNd Education in Urban History in the Age of Digital Libraries; Springer: Cham,
Switzerland, 2019; pp. 106-128.
IS8, SR il A 150 e o SRR R BT g %&gﬁéng%%férg‘&xSteeﬁ.w'ume £
co IeX|{_Y P.lstorlcakl é\rchlves i(te manpual analgss laborious and time- rtR 8 571, ML aI orithms s orted
ngt ig

ace € post-disaster heri age reconstruction process wi |taI win ramewor

thef\?og[)roc sz,isr%se |rC1i (\e/ IgHSS gsTRf(raom fBE&aI ?a%ée:{ recognition (OCR) to automatlng the extraction of knowledge

and patterns from historical texts B2 Approaches include these ML approaches commonly used in historical text
Indtydrhevsky, A.; Sutskever, I.; Hinton, G.E. ImageNet classification with deep convolutional neural

networks. Commun. ACM 2017, 60, 84-90.
6. S &5 R ioes NI R BISKGR OB R S52BF SRL HASIBRS FSTHESEL ARSI iRl Bl The
ost re«ieQ}l F\R/L% tio 8Fk(sj (l)\lg %88“386%@5— 16, are consistently successful |n accurately extractlng and

reducmg the number of errors even with unsupervised pre-training.
37. Lang, S.; Ommer, B. Attesting similarity: Supporting the organization and study of art image

- TeleclssifiedtioncigovikimassivayORgyeSchglaostivédtomsiatihided,&ei3R 84mn8B6rests.

3 B oL e R B e L et oAl Py Rl B el et il Tioorks. e

Routledge Companion to Digital Humanities and Art History; Routledge London, UK, 2020; pp. 338—

In O%%Yt'ron, various preprocessing techniques are used for historical texts to enable their digital processing and respond

39. hallengeRinnetiad INonissRivRyiaith .iArGhe Hieeahean Rl iexiurhregi@daiean Image Collections.

Available online: http://archimedial.net/ (accessed on 1 December 2023).
« Preprocessing: Includes character recognition (e.g., OCR), unification, processing of spelling variations and

40. 5@991\@& Médﬁgé‘ﬁg&v@ocgbh%%g:mbjed Recognition in Aerial Images Using Convolutional
Neural Networks. J. Imaging 2017, 3, 21.

41, ROSERrosession: HseBnS0Ra IS Y508 QRRIPRERE fE ¢taLafRURb AN RH IRAERABES Votumetric

CNN. arXiv 2017, preprint. arXiv:1712.09216.
4.3. Al ané |rtualp3[§) E)jecs

42. Maiwald, F.; Lehmann, C.; Lazariv, T. Fully Automated Pose Estimation of Historical Images in the
Thecymisation AH GBo dphicH iferorinen SYfeas UiARiag IMECHIPReREAPIRY VIt EUSNISPR S manglysis,
integpegyaign 2apd pregerpapon of CH in 3D environments. Here are some key areas of scientific analysis:

43 GORIOFKEIGniROHERRY MasSAUSHEH URRE-S¥mStR sbo ORI BBRAD MRGSRRFEHPIPEHOML -based
REMGKRIAD HEIGRARRPIUS FRAAAKARINIG,EANE EHARS TISRIIGREJIRGR RidRG R MRS ROR R chitectural
aUMeEng ARG Bde R0 GBI raegiRine g CopieR BRIk anee 2 EIRRaRA0LS), BMss)

%Jrh_éq(asks include Al-based semantic segmentation techniques to partition 3D models into meaningful regions or

44. fASHRpNeNts @@IIavia, F.; Menna, F.; Remondino, F. Photogrammetry now and then—From hand-crafted
to deep-learning tie points. ISPRS—Int. Arch. Photogramm. Remote Sens. Spat. Inf. Sci. 2022,
XLVIII-2/W1-2022, 163-170.
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45. Shtteodel; bleatimin Raspdadt, fas TiotusAd biarmevakgiiend\bassterbprghis BafafiicBit Qkdt@euyfste 3D
Robesaystidd. pSCHE pbje @t abuBimysh mat ldings 6D Qi iat dogebvaruab roaalies timninnpGdtaggimenetry, employ
agndttironsuitnirPrgeateis gsgof thde2 SdsEHE \dRdCattdr gaomaricGeampesan \fisiges A4t dhattemeate 3D
RedelgnitioapPaiidrelkseatsityy iehth) BAa\V1IB+2@S drohe 2 BAB uppd 3G0ilned@14hd 3D point cloud analytics in CH

. . [§] . . . . . . .

6. SRR PR Sadl 4" ET R PRD BRI RIS RS Eis SOE R RS (A agromacon

f the. |.and t t M tl loyed imative techni in 3D
Do PR A S S B TS "R RSO F8 ek N1 3 B gy employed as approximative techniques in
modeling, e.g., for single photo digitization 8], completion of incomplete 3D digitized models £ or photo-based

47. Mabwaltetor \Windgukda:the fPastihity aHa DM ofdera YEhRR ENNUIga esis ey dhich have shown
Shoigaramaainig N Qediauies them QpiastadianrRRiBReleiuE SHRRIP BRI iRt sal JsrasRe BAMD.
Thesis, Technische Universitat Dresden, Dresden, Germany, 2022.

43, JIRSE 'R VIRRIZR1B" RRRICAShS PR oA IoR DYRe S MR ReR T SR iSp e s Lraters drecty
o MABERNy detectceftn Mo AR oL S A RO P B o RS ITRB R e PA L E ™
Eﬁg{% gljjrlglrjr?}%n ﬁre %igjt%ugleews.%B%&?%qri%%i?ased on NeRF to predict shifting spatial perspectives even from
single images [BY can predict 3D geometries.

49. Chumachenko, K.; Mannisto, A.; losifidis, A.; Raitoharju, J. Machine Learning Based Analysis of
« Bswnishw/arlgovithinis Rb ategapitern & En dnakiss, 20 2habgbd Ahe4-tidd 18Gin 3D models (e.g., [&). The
0. ERREO S UREamRETE A IERES, 9 Mul RGBS fiaRAnes! BEmafen. foglyaReeare *°
G e, NP A e A R AR S B RS B S B Ff XS A & Sentation; Springer:

Switzerland, 2021; pp. 693-707.
4.ZE Wan&\’ ﬁaps ’ PP
51. Maiwald, F.; Komorowicz, D.; Munir, |.; Beck, C.; Minster, S. Semi-Automatic Generation of Historical

The BRI B MY 1L A2 PURPEICSARS B Sty 'BEMTBL TR - 10BN, RUBGFAY REFTaET ATy A9arI8rREament
histRricas CRIAYSRBRYSIO xR, HarkFott, FSIRINMY I drgSSSRRIESMEN AntRte JRE]OARATCATES 1IStSH)
entifehn AYE LNDTRMR EHFARSESEitgerM et BURALIANE B8P igfrrpation on the stylistic-graphic

evolution of cartography or graphical elements of the past, such as the road network [82] or the footprints of buildings on
52 12Y8ie0 B REGIRICHE dRin P02 Rad 1 BB IR e MACNINSHRSRY MG GrDaRges ELgsedun) Magealing

HisIgrric% cgclx%{[sqﬂa%alp%\}f eS aR %%%meStéggﬁlq%ﬂicRrﬁ@jﬂ}ren ?oepn%rz 8%%13&115@?%82@00nstructions [86] Because of their

58sMErtimogien iy, Kieypenbe Rigmensdiandidenotaiet/asir@soVN_aBt Tatinsfermayaiseoaaeic Sé&mentation

of urban scenes from start to end in 3d. In Proceedings of the IEEE Computer Vision & Pattern
4.5 ALAREMYSISon, MA, USA, 7-12 June 2015; pp. 44564465,

SthéHatkehtiona\Ggiay, foruSchhaiestikn Restsamizfitieskigsiemniatioatioh FHatpewat (NoORYasviHistt omglgims
at deusitygndensityulSiBRE 1doln. f20 hc8sdidg—SBdching, organizing, and accessing music-related data” B9, MIR

o8 B P B R A R e S P SRR e B D e SR B P A Smate B At e o
o L S EE S RB T PR A SR B o YA R i B R SRS Y e e
acc&gggma(goféérge datasets of annotated data. However, the dataset size can be increased by data augmentation. For
sound, two data augmentation methods may be used: transformation and segmentation. Sound transformation

Sfartditang anudiB ikek R0E, &t ok Hbw-mil§ie R deREHNE R iY FBrCHHATIANG -SSR AR fHEHH]. For sound
sedOsRE6E cROdpMERIAE ol MEYigRAPA0ld deldI2BBRer time segments 1211,

57. Michel, J.-B.; Shen, Y.K.; Aiden, A.P.; Veres, A.; Gray, M.K.; Team, T.G.B.; Pickett, J.P.; Hoiberg, D.;
n t?ffg%g)f/,dfg!t; %'#v?é‘,dﬁF? é%saeﬁraqugﬁ i{glgf\)/vg%negﬁ/%slsogw?uﬁr&rée \é?r% Millions of Digitized Books. Science
2011, 331, 176-182.
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58. Xidbyeat&dAndsixt déissificdionesitizde chmiguesagulifhoc sirinVD wervewetnb dulorhaliealiyichtédarmagmusic

2l Ola6de3-@Anres based on features extracted from the music data. Automated music classification has various

licat lib ti h. M lated
50. B RAIT Ve Ea i R Bt S B RS ae o Bauel, BN d et réesgiition Ang "'t

ssification task clude mood clas ificgtion, artist i ti catlon instrum c ition, music annotation, and
c'laassn‘C on in ?nsntoncal documents: A'survey. ?:PM & §urv %ﬁ %gé] f—ﬁn
genre classification. For instance, one study |nvest|gates automat|c mu5|c genre classmcatlon model creation using

60. Rpwou, A.C.; Dhiaf, M.; Kessentini, Y.; Salem, S.B. Transformer-based approach for joint handwriting
and named entity recognition in historical document. Pattern Recognit. Lett. 2022, 155, 128-134.
o1 QRIS " BerRE Ao RSMER B RO Y IGK0i8 STRAMSR S iy e arfeurene

Exp?onng a‘%ﬂ?r't'a"l%' apsress el %c':rt‘udr'gl"éitéfnf{gﬁ‘téj%r B TATATISAT KISRATNE T B8FAIRG " e

rties of music notation. as a cpntex riting s First, the visual e sion sic is ve e. For
BFcatlons \Jn i"rocee |n S OPEh Wor'l\(sﬁwcgpd m uta onﬁ ﬂefﬁ’o%ls tﬁeWumanltle)é(%eﬁ
|nstance the ta{tdarfj Mgs& c61t La OLQ lists over 2440 recommended characters and several hundred optlonal
ausanhe, Switzerland, 9-10 June 2022.
glyphs. Second it is only their configuration—how they are placed and arranged on the staves and with respect to

62. P1abaper-thifdftuitesQAPHEAbERARGIRI T pRIBHIGMAND Retia ReiwWoskdraa’ post-correction with
finite state methods. Int. J. Doc. Anal. Recognit. (IJDAR) 2020, 23, 279-295.

oo SR 5B BB, ORI TG TP ISR
EdtILESH TS OMSaP ﬁ‘.’&é’t i the Q%rgvé’ft SISEBigadk TBF R A mSt .CRaB g bsd A, usic
Spn"n%%or”&%m'\" \'/Sft(Q"eLrlanS Y31 pp. 213-233.

64 NReosiaribg; mipsitahiserhdntiss||j. 8., teratzynsiireBs iBid ey drelo pitcHenaadoities, Tasdigramd dikations).
Digital @dlturaldHieritagpphdpeitseigitat tdpresmitision . Aichodhotogramm. Remote Sens. Spat. Inf.

Sci. 2019, XLII-2/W15, 813-820.

. Automatlc MUSIC Transcrlptlon (AMT) is the process of automatlcally converting audio _recordings of music into

65. Bell, P,; Omm Btﬁer Vision und unst eschichte—Di oog zwele[ Bildwissenschaften. II
Sy mbollc representatlons such as sheet music ( usicXML or MEI MIDI files. AMT"is a very use ul tool for
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