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Abstract

The dissertation investigates the visual interpretation of heritage objects and practices
providing both a theoretical framework for understanding the process of meaning-assignment
and a formal ontology for grounding propositions about visual objects into a constituent-based
framework.

The thesis starts its investigation from the theory of the perception of heritage, taking a semiotic
standpoint and proposing a new framework of understanding Jakobson’s Cultural Model of
Interpretation (JCMI). The model, based on Jakobson’s model of communication, illustrate the
nuclear components used in the process of interpretation of our heritage. JCMI focuses
particularly on the reconstruction of the original meaning, providing to the reader a theory of
interpretation as a way to understand how the meaning of the object is constructed. Building
upon the work of Eco, the dissertation advances a functional theory for the classification of the
perceptual experience, correlating perceived signals to situations and physical things. The
theoretical work analyses the use of the correlation in three diverse scenarios: recognition of the
known, enhancement of the known and identification of the unknown, outlining how we use
diverse similarity-based recognitions for defining the constituents of a perceptual manifestation.
The resulting structure helps to examine the meaning assignment of cultural content and to
study the framing of both physical objects and performative actions in our everyday visual
experience.

The broad relevance of the framework in the context of the heritage practice is made explicit
through the analysis of the problem of instance vs type, which is illustrated using pictorial
examples of a famous subject of Eastern and Western art: Saint George. Instances of the visual
representations of the saint are used to demonstrate both the function of the theoretical
framework as well as its alignment with some iconographical representation theories in Art
History, specifically Panofsky’s and Van Staten’s image description frameworks. These two
theories are integrated and grounded within Jakobson’s Cultural Model of Interpretation,
highlighting the necessary correlations and critiques.

The framework developed is then used to guide the formalisation of an ontology which is
constructed as an extension of CIDOC-CRM and sustain the recording of statements about the
diverse elements present in a visual representation on the base of their interpretation. The result,
tested with artworks coming from the church of Asinou, a small Byzantine foundation in
Cyprus, demonstrates the capacity of the formal ontology to sustain the recording of statements
about the denotative and the connotative dimension of the church’s iconographical objects,
helping unveil their contextual meaning through the clarification of symbols and constituents,

liturgical performances and historical influences.



The ontology is further linked and harmonised with 3D data annotations structures, providing
a framework of operation for using the ontology to classify visual annotations within a three-
dimensional environment. The core components of the standard annotation model, the W3C
Web Annotation ontology, are presented and analysed with respect to their usability for 3D
annotations, specifically examining the connection between object fragment and annotation.
The fragment-object relation is scrutinised using examples of solutions used by 3D web
annotation projects. Moreover, a proposal for the creation of a shared URI structure able to
characterise single areas within a scene is outlined. The Web Annotation model is further tested
against 3D data and used to provide possible information pipelines for the semantic annotation
and interconnection of 2D-3D areas within the Aioli project. Additionally, supplementary uses
of the ontology (e.g. data harmonisation and enhancement, semantic reasoning) are examined
and presented.

After having provided and tested the feasibility of the ontology to document the meaning-
assignment in visual work, the dissertation further elaborates on the validity of the recorded
information, specifically the one grounded on digital mediations such as photographs or three-
dimensional hyper-realistic reconstructions. In order to tackle the problem, a provenance-based
framework for the documentation of reality-based recording is presented.

The framework provides a formalisation for recording the different steps of a digitisation
workflow in order to document the accuracy and reliability of the digitisation as well as to frame
the developed digital objects as scholarly product and not mere visual artefact. The framework
analyses both the essential processes to be carried out and the metadata to be gathered in digital
photogrammetry survey projects, breaking up a typical digitisation workflow into seven
iterative and repeatable steps. The documentation of each step is achieved using key metadata
registers that capture the main framework of data interactions, starting from the functional
requirements until the scientific analysis of a digital documentation project.

The provenance framework is tested using the digitisation of a part of the church of Asinou as
key study, and the output produced is modelled using CIDOC-CRM and extensions. The results
are linked with the annotation model and the ontology to provide an example of a full semantic
documentation of a digitised heritage object which includes and records its digitisation, data
processing, three-dimensional annotation and cultural interpretation of that object. The result

is a single graph of object, practice and meanings linked together.

Keyword: Iconography, Semantics, Cultural Heritage, CIDOC-CRM, Semiotics, 3D,

Annotations, Provenance
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Extended abstract

H Swatppn e€etalel TNV otk TPOSANYTN TWV AVTIKEILEVWV TIOALTIOTIKNG KAT|POVOULAG
TAPEXOVTAG TOOO £V BEWPNTIKO TTAX(O10, TIPOKELLEVOU VA YIVEL KaTavon T 1] Stadikaoia
™G amoS00MG VONUATOG, 0G0 KAL UL TUTILKI) OVTOoAoyiQ, TIPOKELNEVOL va oTnpLxBovv
AOYIKEG TIPOTACELG YLX OTITIKA QVTIKEIPEVA 0€ Eva TAXIG 10 TTIOV Vo Bac({ETAL OE EMUEPOVG
OUOTOTIKA.

H Swatpn apxifet ™ Siepevvnon amd 1n Beswpila TPOGANYNG TNG TOALTIOTIKNG
KANPOVOULAG, VIOBETWVTAG LA OTUELOAOYLKT] OTITIKY KAl TpoTeivovTag Eva vEo TTAaGLO
katavonong: to Jakobson’s Cultural Model of Interpretation (JCMI). To povtédo auto,
Baolopévo 0To EMKOLVWVINKO pHovTédo Tov Jakobson, amotumwvel Ta BaoIKd CUCTATIKA
IOV XPMOLHOTIOOVVTAL 0TT Sladikaoia TpOcANYMG TG KANPOVOULAG HAG, EVTOTI(OVTAS
€€ BepeAlw b otoela: To TAAIOLO0 AVAPOPAG, TOV SIVAO, TOV ETIKOLVWVLAKO KWOSIKA, TO
UNVUUN, TOV OTOOTOAEN KOl TOV TAPAANTTH. A@OoU THPOLCLHCGTOUV TA CUCTHTIKA
otolyela Tov JCMI, 1) €pevva EMKEVTPWVETAL GTNV AVAAVGT] TOV ETKOLVWVIAKOU KWSIKA,
TOU UNYXAVIOUOU TIOU SLG@AALLEL TNV KATAVONOT TOU apXlKoU VONUatoS. O KwoKag
AELTOVPYEL WG ULX YEVETIKT] YPUUUATIKI] IOV KABLEPWVEL EVO GUVOAO AELTOVPYLWV, LKAVWDV
VO GUOXETIOOUV TO ETIMESO TEPLEXOUEVOV EVOG ONUATOG HE €V ETTESO €KPPAONG
OLVEEOVTAG TU OTOLXELX EVOG GUOTIUATOG UE TETOLO TPOTIO WOTE £V OTOLXED O va
XPMNOLOTOLE(TAL YIar v onpaivel éva ototyeio B. Autni 1 Asttovpyia elval Bepediwdoug
onpaciag yl v 6An dourn g mpooAnyPmg, aAAd amatteital Ttepattépw Slepedivnon 660V
a@OPA& TOV TPOTIO TIOU O GUVELPULKOG UNXOVIOROG AElToupYel kal amodidel vonua ota
OTITIKA aVTIKElpEVA.

'EVOG TETOLOG GUVELPULKOG UNYAVIOHOG AVAAVETAL EKKLVWVTAS aTtd To €pyo Tov Eco, kat
OUYKEKPLUEVA ATIO TNV AVAAVGT TOV Yl TOV Yvwolako tuto (Cognitive Type-CT) kat tnv
katnyoplomoinon. H Statpin) vmtootnpilel pia Asttovpykn Bewpla yia thv taglvounon
™G AVTIANTITIKNAG EUTELPLAG, ELCAYOVTAG TNV €VVOLA TWV LNUACLOAOYIKWV InUeElwv
(Semantic Marks-SM), ecwTePIKEG KWOIKOTIOMUEVEG AELTOVPYLEG IOV CLUUBAAAOVY GTNV
Tadvounon eEWTEPIKWV EPEBIOUATWY, UE YVW OV TN PUOT) TOVUG. Av kal éva SM umopel
va Bewpnbel wg évag dAA0G TUTIOG ONUATOG, Elval avti auToV pla KwSLKoTo(non tov
aVTIANTITOV pe Bdomn P Taglvounomn 1 oTolo EMAVAYPTCLLOTIOLEL TNV EUTIELPLX LAG KAL TO
KOWWVIKO 8e80UEVO, TIPOKELEVOL VA TIpoadlopioel T onpacia TG TPAYHATIKOTNTAG
nag. ‘Eva EInpactodoyikd Inpelo ival To QmMOTEAECUA MLOG OTUELOAOYIKNG Sladikaciog
TIov Aeltovpyel pe Tpla cvotatikd: (i) TovAdylotov éva onua, (ii) pa mepiotaon kot (iii)
éva avtikeipevo. OL oUVIOTWOEG TOLV SM TUTILKOTIOLOVVTAL [E TN XPTION TNG AOYLKNG KoL
TOU GUVELPULKOV UNYAVICHOV IOV avaAvOnke, Aapfavovtag VoYV TPELS TTEPLTTWOELG:
TNV Qvayvwplon Tou yvwoTtovU, T BeATioworn Tou yvwoTovu, Kal TNV avayvwplon Tou
ayvwotov. Ol TPOCSIOPIOUEVEG GUVIOTWOEG Yl TNV AVAYVWOPLOT HLAG OVTIANTITIKNG
ekdnNAwong 1 omola Bacifetal oTnv opolOTNTA €lval Ol agleg TWV TANPOQPOPLWOV TOU
a@opovv tnv TomoAoyla, Ta Xapakinplotikd, Tnv Adla kat v EvBuypdupion péoa oe
EVAl OUYKEKPLUEVO OUCTNUA, TO OTOl0 OLVIOTATHL OE UL AQVAYVWOT TNG OTITIKNG
avamapdotaons Baclopévn oty TomoAoyla, TNV afla, TO YXAPAKTNPLOTIKA 1 TNV
evBuypdupon.

Ot duvatomreg kat ta 6pta Tov Cultural Model of Interpretation avaivovtatl Vo To
Tplopa Tov TapaoTatikov mediov. H eupela oxetikdnTa Tov MAXLGIOV ava@opag, ota
OLHEPAJOUEVA TNG TPAKTIKNAG TNG TOALTIOWIKNG KANPOVOULAS, kabloTtatal ca@ng av
aVOAVCOUUE TO TPOPANUA TOU «OTIYMLOTUTIOU» OE OXEOT HE TOV «Ttumo». H Satpifin
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vmootnpilel 6TL 1 Sladikacia Tavtomonong, KABwG KAt 1 aviyvevon Twv OUOLOTHTWY
HeTadl  Sl@OpPWV  AVATIHPACTACEWY, TEPAUPAVEL TNV  AVAYVWPLOT]  TWV
INUACLOAOYIK®WV INUEIWV TOU QVTIKEWEVOU Kol TN SIKTUTIWOT) CUUTEPACUATWY TIOU
Baoilovtat oty opowdtnta mpog €vav CT (yvwolakd tumo). ITo ovykekppuéva, M
avayvwplon tov yvwotol Baciletal ota (Sla TPOTUTA TIOV YXPTNOLUOTIOLOVUE YA VX
aVIiYVeEVOOLE TNV EYYUTNTA KAL TNV OUOLOTNTA TWV OTTIKWV AVATIKPACTACEWY, KAL TN
OUVEXELX VO KATAANEOVLE OE CUUTIEPATUATA OXETIKA PE TIG LETAEY TOUG OXECELG KAL TOV
Babud avawopag toug otov (Slo yvwolakd tumo. To mpoBAnua mapovolaletal Le T
BonBela elKACTIKWV TAPASEYUATWY €VOG SNUO@IAOUG BEPATOG TNG AVATOALKNG KL TNG
SuTKN G TéYVNG: Tov aylov F'ewpylov. OL amelKOVIOELS TOV AY(OV AVAAVOVTAL WG TIPOG TLG
mAnpo@opieg TomoAoykoU yapaktnpa, Xapaktnplotikwyv, Aflag kat EvBuypdppiong,
IOV KATASEIKVUOLUV T1] SUVATOTNTA HAG VA XPTOLLOTIOM GOV HE P TIOAVSLACTATN U TP
Yl VO GUYKPIVOUUE TIG ATIELKOVIOELG OO0V APOPA TA OUACGLOAOYIKA TOUG onuddia. H
Bewpla otn ovvéxela eEeTAETAL CUYKPLTIKA UE OPLOPEVEG BEWPIEG ELKOVOYPAPLIKNG
avamapdotaons and v lotopla g TEYvNG, Kal CUYKEKPLUEVA TA TIAXIOLX TLEPLYPAPTG
EIKOVWV TIov xpnopomoinoav o Panofsky kat o Van Straten. Autég ot Vo Bewpleg
Baoilovtal kat evowpatwvovtal oto Jakobson’s Cultural Model of Interpretation,
VTIOYPAUUIOVTAG TIG ATAPAIT TEG CUOXETIOELG KAL TNV ATTAP AT TN KPLTIKY.

To mAaiclo mov avamtOXONKe XPNOLLOTIOLEITAL 0T CUVEXELWX WG 08NYOG yla TNV
TuToTo(non Hag ovtoAoyiag, mov ovopdletat VIR kal 1 omola TPOKUTITEL WG EMEKTAOT
™¢ CIDOC-CRM. H Ttumomompévn autn ovtoAoyla €l0dyel OKTW VEEG KAAOELS
(Xapaxtipag, Ewkovoypa@ikd Atopo, IStotnta, Avamapdotaon, ESatopikevon, OmTikn
Avayvwplon, Verso kat Recto), kaBwg kat eikoot 18lotnteg. H véa ovtoAoyia vtootnpilet
AOYIKEG SLATUTIWOEL OXETIKEG UE TN QUOT TWV OTTIKWOV CTOLXEIWV KAl ETITPETEL TN
dnuocisvon aVTWV TV TEPLYPaWV 0To SladikTvo. Me TOV OpPO «OTITIKO OTOLXELON»
€VVOOUNE eKelva TA oNUASLA TTOV TIPOGSLOPITOVTAL GTOV OTITIKO XWPO WG SEXWPLOTES Kol
TEKUNPLWUEVEG LOVASEG, OL OTIOLEG UTIOKELVTAL O€ LA AVOAUTIKT epunvela. To avtikeipevo
aUTING TNG ovtoAoyiag eplAapfdvel T Stapdp@won evog Aatsiov ov Ba vtoo TP el
TNV AVAYVWOPLOT), TO OXOALXOHO Kal TIG SLacuvéoelg PHETAE) TwV SLa@OPwV OTTIKWY
oTolelwv Kal Ba BonBNoeL 0TNV TEKUNPLWOT KL TNV AVAKTNOT) TOUG. ZUYKEKPLUEVA, TO
HOVTEAO ETIISLWKEL VO ATTOCAPNVICEL TNV TAUTOTNTA KAL TN OXECT AUTWV TWV OTITIKWYV
ONUEIWY, TTAPEXOVTAG TIG ATAPAITNTEG KAAOCELS TPOKELUEVOL VA XAPAKTNPLOTOVV T
OUOTATIKA TOUG oTOLXElX, I avaPOopd, To CUUPBOALKO TTEPLEXOUEVO KAL) TINYN TIPOGANYNG
TOUG.

H ovtoloyla ypnolpomoleltal yio va TepLlypayeL £pya TEXVNG IOV TIPOEPXOVTAL ATIO
™v ekkAnotia ¢ [Mavayiag g Acivov, éva pikpod BulavTivo EKKANGLACTIKO (Spupa 6TV
KOmpo, kat amodeikviel tn Suvatdtnta ¢ emionung ovroAoyiag va vmootnpi&el v
KATAYPAPT] TWV SNAWCEWV TWV OXETIKWV UE TN SNAWTIKN KAl TN CUVUTIOSNAWTLIKY)
SLEoTHON TWV EKOVOYPAPIKWV AVTIKEIPHEVWVY TNG ekkAnoiag, fonbwvtag ta £ToL va
ATOKXAVYOLV TO CUHPPACTIKO VOT|UA TOUG HECW TN ATTOCAPTVION G TWV CUUBOAWVY Kol
TWV OLOTATIKWV TOoVG. EmmAéov, 1 ovtodoyla xpnotlpomomOnke yla va mepypayel
Staovvdeon PeTAd TWV OTTIKWV OTOEIWV KAl TWV LOTOPIKWV TOUG ETLPPOWV.
[IpOKEHEVOL HLX AVATIAPACTACT] VA TIEPLYPAPEL HE akpIBELa w¢G TPOidV TOV Kalpol Kot
TOV TOTIOV TOV, KAl VX oLUVOEDEL e CUYKEKPLUEVEG TIAPASOOELS 1] LA OTITLKT] KOVATOUPQ,
elval amapaltnTo Ol OTTIKEG TIANPOo@Oopieg va evtaxBolv oe éva EVPUTEPO LOTOPLKO
mAaiolo. O mivakag pe tn Oeotoko EAgovoa Kot TOUG AATIVOUS SwPNTEG 0TV EKKANGia
™G Acivou eMAEYETAL TIPOKELLEVOL VA TEKUNPLWOOVUV oL aloONTIKEG TTANpO@OpieG EVTOG
TOVU LOTOPLKOV TAALGIOV TTapaywyng, TTov cuVEEeTaL pe TNV Kuplapxia tov Oikou Twv
AovQwvidv otnv KOmpo, 1 omola emmpeace v €MA0YTN TOU TUTIOU KAL TOU VQOUG TNG
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Toloypa@iag. EmmAgov, oL ewkoveg otov vapbnka TG ekkAnoiag mov efetaletal
ATEKOVI(OVV TTACTYVWOTEG OKNVEG BLBALKIG TIPOEAEVONG KUL ECXATOAOYLKWV OPAUATWV.
l'vwotd kat Tumika mapadelypata eivat avtd mov ocvvBétouvv v TeAwkn Kpion: o
Ayy€A0G IOV TUALYEL TNV TIEPYAUNVT], O TTUPLVOG TTOTAHOG KAL) TTPOETOLUAG (o TOV BpOVOoU.
Kdmotot amod Toug elkovoypa@ ko TUTIoUG TTov cuVBETOUY To B TNG TeAkn g Kploewg
LUVNUOVEVOVTAL OE PHEPIKA aTIO TA AELTOVPYLIKA BLBAla IOV 0pilloVV TIOLEG TIPOCEVXES KL
vpvol Ba akovotoVV Katd TN Asttovpyla g Kuplakng twv Amokpew (tnv Kuplakn mpv
atd v évapén ¢ Zapakootn). H onuavtikdtepn mnyn ya tov 120, 130 kat 140 aiwva,
NV TEPLOSO TTOV EMNPEACE TEPLOCOTEPO TA TAPACTATIKA BEpaTA 6TV Acivov, elval To
Tpwwdiov, eva vuvoAdylo tov 9ov awwva ya Ty mepiodo g MeydAng ZapakooTr.
[ToAAEg amd TI§ Toloypa@les otnv ekkAncia ™™g Acivov cuvdéovtal pe to Bepa NG
Agvtépag TMapovoiag kat amewkovi(ouv oknvég amd edd@a PBBAKWV  KEWEVWV.
OpLOPEVES AVATIAPACTACELS, WOTOCO0, SV ATEIKOVI(OVV ATAWG eva BLBAKO KelPEVO dAAG
AVOPEPOVTAL KAl EVTOG TNG Asttovpylag. H ovrtoAoyla xpnowomombnke yua va
HLOVTEAOTIOWOEL KAL VX OUVSECEL QUTA TA GUVOAX TANPOPOPLOV TA OXETIKA HE TIG
Toloypa@ieg TG Acivou pe Ta BPNOKEVTIKA TEAETOUPYIKA, QALK KAl T AELTOUPYIKA
BBAla Tov TI§ avaEpouv.

‘OAa avutd Ta Tapadelypata Katadetkviouy TOoo BepeAlwSEG ElvaL TO XwWPLKO 0TOLXELD
yla TNV avAALOT) KAl TNV TEPLYPAPT TWV EKSNAWCEWVY TAPACTATIKOU Yapaktipa (Tr.x.
™G olvaing Twv TIOTWV Yl TN AelTovpyia), T®WV OTTIKWY povadwv (Tx. Tnv
KATAVEUNUEVT] 0TO XWPOo Agnom), T pop@oroyia Kat Tn B€om Tov omTikoV oTolXElov o€
oxEoM UE TNV OAN Soun.

[Ipokelpevou va xwpoBetnBovV oL TPOCSIOPLOUEVEG ONUACLOAOYLIKEG TIANPOWOPLES, 1
OVTOAOYLOt CUVSEETAL TTEPALTEPW KL EvapUovileTal pe Sopeg oxoAlaopoV 3D dedopévwy,
Tapéxovtag éva mAaiolo Asttovpylag wote 1 ovroAoyla va ypnoigomowmnBel otnv
Ta&VOUNON TWV OTMTIKWV OYXOAACHWY HECA O €va Tplodiaotato meplailov. H
evapuovion tTwv 3D SeSopévwv Kal TG OTTIKNG TANpo@opiag xpnolpomolel wg Baciko
ovotatiko TNV ovtoAoyia W3C Web Annotation, povtédo mov mapeyel éva mAaiolo to
OTIO(0 ETMITPETEL TNV EKQPAGCT] TNG OXEONG AVAUESA OE LA TPLASA cLVSESEUEVWV TIOPWV:
TOV OXOALXO UG, TO CWHX TOV KL TOV 0TOX0 Tov. O oX0Alopog opileTal wg pa Sniwon
AVUPOPLKOTNTAG, VG TPOTIOG IOV L TTANpO@OopLa OXETIETAL PE EVX UTTO PEAETN BEpaQ.
To umo perétn Bépa elval, oe auty TV TPLESA, 0 GTOXOG, €vag Yn@Lakog TOPog Tov
VTIOKELTAL 6TO oXOoALoUo. To Tpito PEPog TG TPLAdag elval TO CWUA, TO TTEPLEXOUEVO TOV
OXOALAG OV, OL TIANPOo@Oopieg TTov oxeTi{ovTal pe TO 6TOX0. TO HOVTEAO TTIOU TIPOKVUTITEL
elval pa eVEAKTN TpLepng Soun, n omola pumopel va emekTabel TEPATEPW WOTE VA
OLUTIEPAGPEL TTANPOPOPIEG OXETIKEG LE TN SNLOVPYLX, TO KIVIITPO KoL TNV ASELX VOGS ATtO
auta ta tpla otoyela. ‘Eva onpavtikd eumodio mov €xel emPBpadivel Thv avamtudn
OUOTNUATWY oXoAlaopoU elvat 1 TpofAnpatiky StacVvdeon peTadl OXOALXOHOV KoL
mopov. To Tt Ba kaBoplotel WG 0TOXOG, KAL TWG AVTOG ETMALYETAL, EEAPTATAL ATIO TOV
TUTO TOV oTo)X0BEeTHEVOL avTiKelpEvoL. KaBe péoo kat kwdikomoinomn eivat Sounpeva
SLLPOPETIKA, KAL ATIALTOVVTAL KATAAANAEG UTIOAOYLOTIKEG HEBOSOL Yl TOV TIPOGSLOPLOUO
TOV TUNHATOG TOV. AoV emAeyel, Yo va xpnopomowm el pall pe to Web Annotation data
model, To TuNUa TPETEL VA TTPOGSIOPLOTEL XPTOLLOTIOLWVTAS EVAV ETIAOYEQ TUNHATWV
(Fragment URI), pax ovvtoun oaxoAovBia yapaktipwv mov Tpoodlopilel KATL
OUYKEKPLUEVO WG AELTOVPYIA TOV EYYPAPOV.

H ox€on TUHATOG-OVTIKELLEVOU EAEYXETAL LLE TT) XPTOT TIAPASELYHATWV AVGEWV TIOV
xpnoomolovvtal amd Stadiktuakd Tpotlekt 3D oxoAlacpov, cvpmepliapfavouévou
tov 3D Heritage Online Presenter (3DHOP), touv Sketchfab kat touv véouv Smithsonian
Voyager, evog AoylopikoV 3D oTTIKNG AmeEKOVIONG KAl OXOALKTHOV TIOV ELvaAL VOLXTOU
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KooK Adyw NG eAAewdmg pag kowws yvwoms doung URI ywa tov evtomiopd 3D
TIEPLOY WV, OKLXYPAPETAL P vEQ TIPATAOT) Yia T Snutovpyla piog Tunpatikng Soung URI
tKavn g va xapaktnpioel 3D onuela, emupdveleg kat 0ykovg. To Web Annotation model
Sokpaletal tepattépw o€ 3D edopeva, Kal xpnoLUOTOLETAL ETTONG YIX TOV KABOPLONO
TOAVWV KAVAALWV SLOXETEVONG TIANPOPOPLAG YLK TOV OT|HACLOAOYIKO OXOALXOUO KAL TN
Staovvdeon 2D-3D meploxwv, oto mAaicolo tou Tpdtlekt Aioli. To Aioli gival éva véo
oVo TN, TOo oTolo avamtuxOnke amod to epyactnplo CNRS MAP kol mapéxel éva kavaAl
Sloxétevong yla ™ dnuovpyia, Tov oxoAlopd Kat thv kown xpnon 3D povtédwv. O
XPNOTNG lval og B€0M VA LETAPOPTWOEL TO ATIOTEAECHA ML SLadIKAG G TIPOOKTNONG
deSopévwy, Kal To ocVoTNHa SNUOVPYEL AUTOUATA, XPNOLLOTIOLWVTAG TO Mmicmac oTo
backend, éva vé@pog onueiwv (point cloud) tov Ymelomomuévou avrtikelpévov. MoAlg
UTIOAOYLOTEL TO VEQOG OMUELWVY, UTIOPEL VAL GXOALACTEL XPNOLLOTIOLWVTAG TIG apXLKeG 2D
EIKOVEG. O OYOALAGHOG TTOU SNULOVPYEITAL TTIAV®W ATIO P ELKOVX TTPOBAAAETAL AUTOUAT
médvw amd tn dopn 3D kat Tig 2D ekdOveEG IOV KAAVTITOUV XWPLKA TO oXoAlaopo. ‘Eva
OTNHAVTIKO XXPAKTNPLOTIKO VTG TNG SLASIKTUAKNG EQAPLOYNG Elval 0 GUVEVAGUOG Kol
ot Staovvdéoelg petalv 2D kat 3D, 1 dnpovpyla oLVSECEWY AVAUESA GTNV APXLKN)
TPOOoKTNOT SeS0UEVWV KAL OTO TPLOSIACTATO ATOTEAEG AL

To mpodtlext Aioli xpnowomoleltat wg SOKIHATTIKN TepImMTWOoN yla va avadeiyBel 1
Staovvdeon petady ™ VIR kot tov Web Annotation data model, meptypd@ovtag to
UTIOAOYLOTIKO HEPOG TNG Stadikaciog oxoAlacpov xpnopomolwvtag to Web Annotation
data model, evw 0 opyaviopdg, oL evépyeleg Kat oL SLacUVEETELS e SESOUEVA TIOALTIO ULKTG
KAnpovopdg mepypd@ovtal TANpws xpnowonowwvtag t VIR kat t CIDOC-CRM.
XpNOWOTOIWVTAG TNV TPOTEWVOUEVT]) Sop1}, UTOPOUVHUE VA OCUVSECOUUE €Vl OTITIKO
oTolyelo, OTwG plx Totyoypa@ia, pe pa 3D Soun, kat emmA€ov va KataypdPoupe tnv
TNy TOU OXOALKOHOV KL TOV OPYQAVIGHO TOU SnplovupyoL Tou. EmmAgoy, | kataywplon
Twv SloAoyéwv pmopel va pag Bonbnoel va evromicovpe T SOTATIKOTNTA TNG
OXOALAGUEVNG TIEPLOYNG OE EVX GUVOAO SES0UEVWV.

EmumpooBeta, efetalovtal kat mapouolalovtal CUUTANPWHATIKEG XPNOELS TNG
ovtodoylag ywx Swdwkaocieg ETL (m). evappdvion «kat PeAtiwon Odedopévwy,
OTNHACGLOAOYIKT) GUAAOYLOTIKY).

AoV SlatuTwoe Kal €Aeyée TN SUVATOTNTA TNG OVTOAOYLOG VA TEKUNPLWOEL TNV
amd800N VONHATOG OTA OTITIKA £PYa KL VAL XWPOBOETNOEL TO VONUA QUTO MECA OE ML
Unoakn avamapaywyn, 1 Slatpif] MPaypaTeVETHL TEPALTEPW TNV EYKUPOTNTA TWV
KATAYEYPAUUEVWVY TIANPOPOPLWV, CUYKEKPLIUEVA auTT) TTov PBacileTal ot pecoAdfnon
Unekov péowyv, OTwG elval @WTOYypa@ieg 1 oL TPLoSIAOTATEG VTEPPEAALOTIKES
AVUKATAOKEVEG. OL PN@PLAKEG AVUKATATKEVEG GE OAEG TIG LOPPES TOUG PaivovTaL va ivatl
akpLBels avamapaywyesg, wotdoo, Kat auTo LoXVEL KAL VLA TIG AVUAOYIKEG, TIPOKELTAL YL
AVATIAPAOTACELS EVOG OCUYKEKPLUEVOU (PUOLKOU QVTIKELHEVOU OE €V GUYKEKPLUEVO
mepBdAdov katl xpovo. M Ymerakn eikova, pa Ymelakn capwon 1 eva Yneako 3D
avTiKe{peEVO B ATTOTEAEL TAVTOTE TO OTLYMLOTUTIO VOGS VTIKELLEVOV, TO oTtolo BacileTal
0€ IO YPOUUATIKY Kal Eva oVVOA0 emtiloywv. H Uom ™ ¢ Ym@lakng elkévag vTovoel pia
TETOLN VUTIOKEIPEVN] YPAUUATIKY, T oTola e€lvat peEPog Tou (Stov tou pécov. Eva
QVTIKE(LEVO, OTNV TPAYUATIKOTNTA, UTTOPEl VA TAALOLWOEL XPNOLHOTIOLWVTAG TIOLKIAEG
SLOTATIKOTNTEG HIa PN@PLOK EKOVA ATELKOVI(EL HOVO €val CUVOAO ATIO QUTEG TLG
SO TAOELG, LE OKOTIO VA STULLOVPYTOEL LA ATIELKOVLOT) TOU AVTIKELLEVOU TIOV VX (OAL{VETAL
000 TO SUVATOV TILO KOVTA OTOV KOO TPOTO HE TOV OTOL0 EUEI TO KATAVOOULLE.
ETopévmwg, ot avamapactdoelg Sev mPEMEL val aVTILETWTOVTAL ATIAWG WG £§080G LG
Unoakng Stadikaoiag, aAA& wG avTiKelpeva HEAETNG KABAUTA, Kol Yl TETOLOUG AGYOoU§
elval {wTikng onuaoiag va dtevkpviotel N Stadikaoia Tapaywyng tovg. (g ek ToUTOV,
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elval amapaitnto va dnpovpynBovv mAaiola yia TNV Kataypa@r) Kot Tnv Tekunpiwon
TWV TANPOQOPLWV TIPOEAEVCTG TTAV®W GE PYNPLOAKA OTITIKA AVTIKEIHEVAL.

[IpoKeEVOL VA AVTILETWTLOTEL TO TPOPANUA, TapovoldleTal éva TTAaiol0 To 0To(o
Baoiletal otV TMPOEAELON YA VX TEKUNPLWOEL TNV Kataypa@n mov Baciletal oty
TPAYUATIKOTNTA.

To mAalolo mapéxel Eva KavaAl SLOXETELONG YA TNV KATAYPAPT] TWV Sla@opwv
fnudTtwv Katd ™ pong Wag epyaciag Pn@omoinong, TPoKEWEVOU Vo TEKUNPLwOel 1
akpifela kat n aflomotia ™G Yneomoinong, kabwg kal va TAaCwOOUV T
QVETITUYHEVA PN PLAOKA QVTIKEILEVA WG aKASUATKA TIpoldvTa Kal OXL ATTAWS WG OTITIKA
teyvovpynpata. To mAaiolo avaAlel 1000 TIS BaCIKEG Slepyacieg TOU TPEMEL Vo
Ste€ayBovv 600 Kal Ta petadedopéva Tov MPETEL va GUAAEXOOVV GE EPEVVES YMPLUKNG
EWTOYPAUUETPLAG, YwPIlovTag TNV TUTIKY pon epyaciag pag Ymnelomoinong oe entd
EMAVOAANTITIKA Kat emavaAnPipa Brpata. H tekpnplwon kdBe Bpatog emtuyxavetol pe
TN XPNON ONUAVTIKOV UNTPWWV HETASESOUEVWY, TA OTOlX KATAYPAPOLV TO KUPLO
mAaiolo Twv aAANAeTIOpdoewV TwV SeSOUEVWOY, EEKIVWVTAG OO TIG AELTOUPYLKES
ATIALTIOELG KAL (PTAVOVTAG PEXPL TNV EMOTNHOVIKY aAVAALVGOT €VOG TIPOTIEKT PYN@PLUKNIG
tekunplwong. To mAaiolo emTpEmEL TV TTpakoAovOnomn ¢ Stadikaciag Ynelomoinong,
Tov odnyel 6To Ynelako mPoidv kal KaBlotd Suvatr) TV TPAYUATWON TOV, HECW TNG
TIAT)POVG PWTOYPAUUETPLKIG POTIG EPYATLAG, ATIO TOV TIAN PN OXESLAGHUO TNG TIPOCKTNONG
dedopévwy, Ty emegepyacio kat TNV avdivon pexpt ™ Sadoon tov. To mAaiolo
TPOEAEVONG EEETALETAL XPNOLLOTIOLWVTAG TNV Yn@loToinon ¢ ekkAnoiag g Acivou
WG peAétn kAeldl. Ou mapdpetpol TPOOKTNONG SeSOUEVWV KAl Ol TANPOQOPILES
enegepyaoiag kataypagovtal kat SnAwvovtal [Ipokepevou va evtayxBel n €€080G g
Sadikaoiag pECKH OTO ONUACLOAOYIKO TAQiOL0 TOU avamtluXOnKe TapATAvVW, T
Tapayopevn €6080¢ Stapop@wvetal xpnopomolwvtag T CIDOC-CRM kot TI§ ETEKTATELS
™. H £§080¢ oL TTPOKUTITEL GUVSEETAL UE TO LOVTEAO OYOALXC OV KL TNV OVTOAOY(Q, yla
va SWOoEL Eva TTapASeLy LA TTANPOUG OTLACLOAOYIKNG TEKUNPIWONG EVOS PNPLOTIOMUEVOV
QVTIKELHEVOU TIOALTIOTIKNG KANPOVOMLAG TIoU TEPAXMPBAVEL KoL KATAYPAPEL TNV
ymnelomoinon tov, v enelepyacia SeSopévwy, Tov TPLOSIAOTATO CYOALXOUO KL TNV
TOALTIO UK TTPOGAN YT TOVL.

To Tedkd oamotédeopa elvat éva eviaio ypA@NUA, OTO OTOO0 GCUVUTIAPXOULV
OLVSEESEUEVA TA AVTIKEIUEVA, OL TIPAKTIKESG KAL T VOT)LOTA.
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Preface

The purpose of this thesis is to provide the foundation for the construction of a digital
iconographical/iconological method for tracking and analysing the global evolution of
representations and their qualitative and quantitative attributes over time and space. The
thesis introduces a new approach which is grounded in formal ontology link to the possibility
to use graph technologies for the storage of multiple types of information about the object

visual or informative dimension.

This work stemmed from the collaboration within ITN-DCH project, the CNRS MAP
Laboratory, the Laboratory of Photogrammetry in NTUA and personal passions towards the
visual aspects of the heritage discipline. The thesis has been hosted within the Laboratory of
Photogrammetry, School of Rural and Surveying Engineering, National Technical University
of Athens (NTUA) and carried out together with the Mod¢les Et Simulations Pour
L’architecture Et Le Patrimoine (MAP) Laboratory within the Centre National De La
Recherche Scientifique (CNRS). Both laboratories analyse diverse aspects of the digitisation
and study of the heritage object and the integration of the knowledge coming from these two

important institutions has been fundamental for the success of this thesis.

This dissertation, multidisciplinary at its core, should be of interest to several disciplines that
gravitate around the heritage object, and it is particularly aimed to semantic web researchers,
art theorists and digitisation specialists; however, some of its parts can be of interest to high-
level decision-makers in local and national museum and heritage institutions looking to define

new solutions for digitising their collection, or make a better use of their inventories.
This research was partially supported and funded from the European Union’s Seventh

Framework Programme for research, technological development and demonstration under

grant agreement no 608013.
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Introduction

“And the bird called, in response to
The unheard music hidden in the shrubbery,
And the unseen eyebeam crossed, for the roses

Had the look of flowers that are looked at.”

— T.S. Eliot, Four Quartets
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1.1 Introduction

The cultural heritage domain in recent years has seen novel developments that have broadened
up its field of action with respect to both its subject and its methods. One of the major driving
forces that has helped the field regain its central position within the humanities is the use and
mastery of computational methods. The partnership between heritage science researchers and
information technologists has helped develop new perspectives and approaches, creating new
challenges and possibilities. This “revolution”, still at its beginning, has forced a change in
paradigm, which entailed a new active participation to the conservation, classification,
preservation and democratisation of the heritage objects, engaging the public with new digital
tools and experiences. Many heritage institutions jumped aboard of this new digital adventure,
financing and collaborating with local and international companies or research institute to
develop new ways of engaging users, opening up their warehouse and transforming them into
digital factories, able to create digital reproductions of their collections. While digital objects, in
the form of 2D/3D representations, have not yet become common exchange goods between
researcher and memory institutions, their presence continues to grow and with that the many
problems we encounter when dealing with such a large quantity of digital resources.

While many are the issues arising when dealing with the creation of digital objects, the most
common problem faced by many institutions is probably the one of curation. The creation of a
large number of digital assets has forced the heritage community to search for a way to organise
and, in a later stage, retrieve and cluster the produced digital objects on the base of their inner
characteristics. While it is not a difficult task by itself, it becomes extremely troublesome when
we deal with a large set of objects. Novel instruments and methods for the cataloguing of a large
number of resources have been developed in the latest years and have helped organise and keep
track of the propagation of digital assets. Entangled with such an effort, novel ways to look,
interpret, and analyse digital objects have emerged. Digital resources have slowly become the
counterparts of their physical ones and, as such, the real object of analysis. The reasons for this
turn are quite easy to grasp and are mostly related to the fact that it is easier to collect and analyse
multiple objects in their digital format, and more importantly, it is easier to compare and cluster
information about hundreds or thousands of digital objects. Performing the same task using
physical items would be an endless and daunting (however not impossible) operation.

Due to the clear advantages for users and administrators of memory institutions provided by
the creation of digital inventories, the largest chunk of the digital shift has been dedicated to the
transformation of catalogues and other information resources (e.g. thesauri, controlled
vocabularies) in a digital format. The focus has been, for many years, on the examination and
creation of methodologies to reproduce the information pipeline that we are accustomed to in
our daily administrative tasks. The emphasis on the reproduction and amelioration of these
information-based procedures have devoured numerous resources, stirring the research
conversation towards the production of information-based artefacts. The information-

emphasis has prompted a split within the domain which now appears to be driven by two parallel
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research lines: one concerned with the digital heritage object, and the other one focused on what

we would call for clarity information object.

Digital heritage objects are the result of the digitisation of a heritage item which produces a
replica of the object itself as an inert item using a specific representational language. The starting
point is a physical object, a three-dimensional structure which is being re-created digitally as a
visual item using forms and colours expressed in 2D or 3D coordinates. It is purely a geometrical
object containing data about the morphology, colour, and (in some instances) depth of the
original cultural item. The emphasis of the reproduction is on the shape and appearance. The
purpose is to recreate it as faithful as possible to the original in order to use it for spatial and
conservation analysis.

Information objects instead are formed by a series of propositions, usually in written form,
which describe, interpret, discuss, refer to the heritage item or to entities related to it by some
properties or characteristics. Information objects are pure content, and we assess their
importance only with respect to their informative value. The content encoded in an information
object reflects the understanding that one or more communities have over a heritage item. The
formalisation of the content of an information object within a computational environment

serves primarily the retrieval purpose.

The theoretical and practical issues encountered in the digital transformation and use of
information and digital heritage objects have been the subject of two distinct lines of research.
Each of them perfected their scope to deal with problems related to just one of these two objects.
While separated, these research lines have been running in parallel, at a different speed and using
diverse paths continuing, each of them in their own way, to construct innovative ways to analyse,
manage and discuss cultural heritage.

The research line interested in information have analysed classification schemas and
experimented with novel ways to better describe and integrate heritage data, in order to create
a browsable network of information capable of presenting the history and usage of an artefact.
The popularity of these standard models has grown hand in hand with the demands for new
ways to describe and aggregate information about our heritage, making the data coming from
memory institutions quite a valuable currency in what is known as digital cultural heritage
domain. The initial focus of this research line has shifted from the simple data collection for
documentary practice to an analytical approach which enables researchers to cross-examine the
information and find global interconnections using clustering techniques.

The research line interested in the object has been focusing on methods and workflows able to
create perfect replicas of complex items, ameliorate or speed-up the process and establish low-
cost digitisation pipelines. Moreover, the research community has focused on the development
of new applications and algorithms to create better digital replicas as well as concentrated their
efforts on creating visualisation environment to fully reconstruct the digitised objects (e.g.

VR/AR and web). The computational novelties did not encompass only new machineries or
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applications, but also standard architectures for the presentation of images throughout common

API infrastructure.

1.2 Representation

The result of the research line focusing on the object encompasses a series of representations in
the form of models of buildings constructed using a CAD system, three-dimensional collection
of points, drawings, maps, pictures as well as objects in a virtual or augmented environment. All
of these types of representations are the reflection of different languages and encoding we use
for depicting reality. The same single rectangular room, for example, can be represented in
various ways, using simple points and lines, as a set of multiple points, as a map or even as a 360°
photo.

For as much as the representational languages are very much different, we use to recognise in
each of these depictions instances of the same object, identifying the points and lines as walls

and angles, the set of points as surfaces, a map as a stylization of a building and a 360° photo as

the panoramic distortion of a quadrilateral room.

Figure 1. Diverse representation of the church of Panagia Phorbiotissa of Asinou, Cyprus. Figure A -
mesh constructed following a UAV photogrammetric acquisition. Figure B - reconstruction in 3D
Studio Max developed by Marleen de Kramer (Coughenour et al. 2015). Figure C - photo of the
exterior of the apse of church. Figure D - east elevation of the church. Drawing by Richard Anderson,
Dumbarton Oaks BF. F.1993.F0909. Figure E - simplified CAD drawing of the church. Figure F -

rectified version of the exterior of the apse of church (Sofocleous et al. 2006).

Each of these representations is modelled with respect to the interests of a group of users and
capabilities of the producer, and all of them reflect some aspects of the real object. While it is
clear that the representations are not the same, each of them could be used to depict the object
using a chosen set of metrics. The degree of representational truthfulness of the set of metrics

determines the faithfulness with respect to the real object. Figure 1, for example, presents six
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different representations of the same single vaulted church, and each of them could easily be the
subject of a digital heritage project. While some representations are more faithful to the
architecture of the church, they are still not perfect, and their degree of faithfulness depends on
a series of variables which range from environmental light, colours, capabilities of our recording
hardware, aims, acquisition time and accessibility of the object, but also interpretation and
understanding of the language used for its creation. Figure 1.E, for example, is a two-
dimensional flat representation of a complex three-dimensional structure, nevertheless, due to
our shared experience of this representational language, we are able to understand it. This issue
is not limited to architectural structures, but it is also common in the figurative domain where
languages and perceptions have evolved through the years and the experience of space has

changed in respect to both the way of depiction (reverse perspective vs linear perspective) and

its conceptualisation.

Figure 2. Three different point clouds representing part of the closed south door of the narthex of the

church of Asinou.

Within the digital heritage domain, it appears from the literature that reality-based three-
dimensional representations are considered the most accurate renditions of a visual element. It
is, however, important to emphasise that the capabilities to illustrate a shape depend on the
accuracy of a survey, the information recorded, their processing and the aim of the final product.
The use of a three-dimensional representation does not imply de facto faithfulness in the
rendition, but it has to be considered only another representational model. Figure 2 can help
clarifying that argument. It shows three different point clouds representing part of the closed
south door of the narthex of the church of Asinou with variances in respect to number and type
of points recorded. The differences in the recorded information have heavily influenced the
representational capabilities of the three-dimensional model. In figure 2.A, for example, the
shape is barely visible and could be used just as a pointer to attach some texture, but its
representational capabilities are limited by the lack of information. While figure 2.B presents a
better recording of the shape, it still does not give us a clear understanding of the components
of the object (e.g. the presence of the lintel it is not clear).

The light, material, and colour variations can also be disruptive for the representational purpose
of these depictions. Not being able to record important colour variations or using artificial light
could create an unnatural effect, rendering very different the appearance of the whole object
and affecting further analysis. Whatever method we rely on, geometrical discrepancy could still

be an important issue if the survey has not been thoroughly performed, or the post-processing
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has been too heavy (e.g. hole filling), providing users and experts with an unrealistic
representation closer to a videogame model than a scholarly product. These issues affect both
reality-based model, and even more critically iconographically-based three-dimensional
representations, where the uncertainty, the bias of the modeller, and the sources used can heavily

influence the quality and scientificity of the results.

While initially the representational discrepancy could be seen only as a technical issue, after
further analysis we realise that it has its roots in our understanding and use of digital heritage
resources. The purpose of these representations, in fact, is not only to display and interact with
a simulacrum of the heritage object, but to actually use them as instruments of analysis, to make
statements about the world through them, to find metrics to compare objects, to study their
behaviour, to subdivide them into units, to reconstruct their holes, to re-define their existence,
to put them into their historical context, to study how they interact with their ecology and how
they shape it or to show how the object could be. Representations of this type are not treated as
simple depictions but are instrumental to the knowledge we derive from our past, because we
have the tendency to assign them the status of digital counterparts of heritage objects.
Therefore, representations should not be treated as just an output of a digital process, but as
objects of study of their own, and for such reasons, it is crucial to clarify the layer we use to
interpret them documenting both their production and how we assign them meaning.

The recording of production parameters for keeping tracks of the operations over the
digitalisation of an object is not, however, enough. Of the foremost importance to include such
analysis in a framework which documents and makes transparent what it represents and under
which condition.

While this could seem trivial at first, there is a whole set of actions which assign meaning to the
object on the basis of not clear, shared or formalised parameters. A great number of examples
can be found in operations the likes of image classification, scene semantic segmentation, object
detection, HBIM and human computation, where the initial bias of the content producer and
operator drive the meaning-assignment to the objects, without the necessary documentation of
the implicit knowledge used for carrying out the classificatory act.

The implementation of the defined classification act in re-usable algorithms or datasets can
disseminate the initial bias establishing a dangerous ground truth. It is the case of supervised
machine learning approaches.

It is important to stress that within every act that implies a subdivision of a whole into units for
the purpose of labelling or structuring them, we are driven by our understanding of reality as
well as by the mechanism to cope with its intrinsic vagueness. While this is true for every
classification and segmentation act, it is even more complex when we use heritage objects as
subjects of our classification. These types of objects are, in fact, carriers of values for a specific

community, and their unity and meaning is given, not intrinsically linked to the object.

This complexity is quite evident in the figurative domain. The description of figures and
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compositions depends on levels of subdivision that an examiner has determined and thus
depends entirely upon his knowledge of the examined object. The recognition of a particular
symbol in a visual culture (grounded in time and space)
depends on the level of knowledge that the viewer has about
that culture, plus the knowledge of artistic motifs and subjects.
In order to make clear the implicit complexity of a classificatory
act, we will use the example in figure 3 which presents an image
of the iconographical type of the Virgin Paraklesis interceding
with Christ on behalf of the humanity. This depiction is
generally identified as Paraklesis, but the epithet may change
and in Asinou it is named “Eleousa”, the merciful. An automatic
subdivision could probably recognise the depiction as a single
pictorial unit, we could even classify it as portraying a human
(fortunately it is not a personification in this instance), but how
would we proceed from there? The epithet Paraklesis is only
relevant if, and only if, the Virgin accompanies Christ and John
the Forerunner (Eastern Christian name of John the Baptist),
and in that case, is a part of a composition called Deesis. In the
east lunette the narthex of the church of Panagia Phorbiotissa
these three characters are present, but separated by a door
(Figure 4.A) and not appearing in their usual configuration

(Figure 4.B). There is spatial distance between the parts of the

compositions, and an automatic, or even a manual

segmentation, performed by a non-expert, would not probably

Figure 3. Virgin Paraklesis,

take into account such an example, failing to recognise what to
from the east lunette the

narthex of the church of an expert would seem a typical structure. Furthermore, the

Panagia Phorbiotissa in Deesis is itself a unit of a bigger and larger composition: the

Asinou, Cyprus. Last Judgment. A great number of representations in the
narthex of the church are part of this composition, but not each
and every one of them, and not following a specific order. Figure 5 highlights all the units which
compose the Last Judgment, and as it is possible to notice, the depictions are spatially spread
throughout all the narthex and adjacent pictures can belong to completely different themes.
A Deesis is present also in the Naos of the church (Figure 4.C). In this instance, the figure of the
Virgin Paraklesis is depicted together with John the Forerunner, in a very different schema than
the usual tri-partition where John and the Virgin are on the opposite side of Christ. Moreover,
also in the Deesis in the naos, the figure of the Virgin and John the Forerunner are spatially
separated from the figure of Christ. While in the narthex, the Deesis was part of a bigger theme,

the Last Judgment, it is not the case in the Naos.

We have, therefore, the same type of representation, a Deesis, depicted very differently both
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within the same church and in respect to the classical representation and, moreover, belonging

to two different themes.

Figure 4. Examples of Deesis. Figure A - Asinou Narthex, Cyprus. Figure B - Hagia Sophia, Istanbul,

Turkey. Figure C - Asinou Naos, Cyprus.

These examples underline the complexity of the scene and the uniqueness of each composition
which, in this case, takes advantages of the morphology of the church to overcome traditional
panel structurisation and to expand its reach in space. It is clear that, if we want to tackle such
complex cases, techniques, such as image classification, scene semantic segmentation and object
detection do not only need to be supervised, but they should record the status assignment as an
interpretation over the visual and not just assign mere label to a resource. Each classificatory act
is, in fact, an assignment of meaning which depends on our capabilities to understand what is
portrayed, the geometry of the scene, its subject and theme. Following the example above,
defining the presence of the Virgin, Christ and John the Forerunner in three different panels is

not incorrect or imprecise, but delivers incomplete information.
In order to tackle this complexity, and incorporate these aspects within the description of an

object, it is crucial to have flexible instruments able to sustain multiple classifications over the

same visual units, linking spatially separated wholes as part of the same instance and
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constructing system able to fuse object and content together, spatialising the heritage
information and encoding the morphology of the object. Without such links, we would not be
able to cluster visual object for their real multi-dimensional characteristics, but only create
systems able to indicate the existence of a sign signifing something without being able to
characterise the properties of the sign itself. It would be a crippled system unable to perform the

level of analysis necessary to fully comprehend our cultural heritage.

Figure 5. Wall paintings from the narthex of the church of Panagia Phorbiotissa in Asinou, Cyprus.

In order to avoid building such a system, we need first and foremost to understand the primary

elements that compose such an elaborate framework, and for doing so we must ask ourselves:

1. How do we assign meaning to the visual heritage?

The answer to this question should reveal how to create the connection between content and
object and how much universality can be extrapolated from that answer. This question is
particularly important if we consider that the framework should be re-used for computational
purposes and should take into account a multiplicity of visions. It is not useful to just define a
tailor-made formula for a community, but what is necessary is to understand the characteristic
of the process in order to define the elements that are used to assign meaning. While the problem
seems to appear very philosophical in nature, it has some quite real consequences. The

identification and definition of the features of the meaning-assignment process can help
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replicate its traits within an information pipeline which could reuse these features to record the
social and contextual characteristics used for an assignment of status.
However, if we want to use the answer to our first query to define a computational method, we

must ask ourselves a following question:
2. How do we formalise the relationship between meaning and visual heritage?

This second question is cardinal to transpose the initial philosophical enquiry into a
formalisation which could be exploited by a computer in order to aggregate, harmonise and link
datasets together, enabling the user to specify new questions and reveal new trends. While the
final formalisation could be enough to define new ways of using and linking our collections of
digitised cultural objects, it is not fully complete. In order to overcome the traditional object-
representation dichotomy, we need to spatialise the visual characteristics of a heritage object

within a digital representation. It is, therefore, essential to further ask ourselves:
3. How do we spatialise semantic information in a three-dimensional representation?

The answer to this third question should reveal methods to ground the semantic information
within a three-dimensional structure, interlinking geometrical and morphologic features with
representational values. The completion of this passage can help aggregate and compare objects
not only for their visual features but also for their dimensional ones, transforming the 3D object
into an information hub. This new scenario introduces new challenges and opportunities to
interact with the digital. One of the possible challenges regards the assessment of the produced
three-dimensional representations. If we introduce the use of the dimensional properties as a
driver for similarity research, it is important to ensure the accuracy of the data. It is crucial to

look at the problem asking ourselves:

4. How do we assess the relationship between the digitised visual heritage and the original

artefact?
The answer to the last question is essential to ensure the scholarly use of this new information

pipeline we are proposing in this work. These four questions are going to be further analysed in

more detail in section 1.3.

1.3 Objectives

1.3.1 Objective #1 - How do we assign meaning to the visual heritage?

The first objective is to develop a theory for the construction of meaning with respect to visual

objects, in short to construct a theory of interpretation. This passage is fundamental for the
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global understanding of the visual phenomenology and it is paramount to identify and
characterise the necessary elements that define the diversities of our interpretation. An answer
to this objective can be found in the chapter 4 and 5 which develop, following and expanding on
the researches carried out by Floridi, Eco, Jakobson and Hjelmslev, a framework explaining and
defining the characters and elements of the visual interpretation of a cultural object. The
framework starts with the re-use and modification of Jakobson communication model, slightly
altered to create a Cultural Model of Interpretation able to explain the phases and interactions
that characterise the recognition of the visual heritage. The model starts assessing the elements
we use for the interpretation of a heritage object: from the identification of the visual
information itself (which is not apparent) to the major problem faced by this process, the
association between visual sign and concept that constitute the recognition. Re-using and
expanding on Eco’s theory of interpretation outlined in Kant and the Playtus (2000) a new
theory explaining the associative mechanism between visual information, type and context is
presented. The new theory underlines strongly the situational role of the context as well as of
experiences (in the form of past experience and classificatory habits of a social group) and
defined a series of attributes of the interpretation.

We further test the theory within the complex domain of visual art (section 5), using Saint
George as the primary example for demonstrating the complexity of the visual recognition in
diverse contexts. We examine the problem of the identification of the diverse depictions of the
saint present in the different representations of Western and Eastern artistic traditions. Using
the theory developed in section 4 the characteristics for the recognition are identified and an
example of their relationship in respect to a set of depictions of Saint George is provided, thus
making clear the basic shared set of elements that we used to reference the saint. The developed
theory is further related to comprehensive art historical theories of interpretation and

assignment of visual meaning, making clear their commonalities as well as differences.

1.3.2 Objective #2 - How do we formalise the relationship between meaning
and visual heritage?

The second objective builds up from the first and defines how we can use the elements of
meaning-construct identified in the previous objective to formalise a knowledge model to
describe heritage objects. The purpose of this computational model is to develop multi-agent
systems able to search, cluster, and identify common features between visual objects. The
answer to the question raised in objective #2 is given in chapter 6 where, by re-using the initial
theory, a model for the annotation and classification of visual objects is presented. The model,
constructed as an extension of the ISO ontology for cultural heritage CIDOC-CRM, is grounded
in the difference between sign and reference, and enable users to define visual knowledge in a
specific context. Example of its use have been tested for the classification of wall paintings from
the church of Panagia Phorbiotissa in Asinou presented in section 3. Diverse paintings, themes
or spatial aggregations present in the church are classified with the ontology, and further

modelling examples are provided in respect to the historical context of production. Moreover,

31/290



the model is used to describe the generative or descriptive interconnections between visual and
text, as well as between performative actions and pictorial elements. Using the byzantine rites as
an example of a performance carried out in the church of Asinou we demonstrate the possibility
to define performative or textual elements as a carrier of meaning for the representations,
linking it with religious rites and other type of situations which better define the context where
the meaning of the visual heritage is assigned or re-defined.

The modelling example demonstrates how the meaning of the visual heritage, and its
characterising elements, can be annotated, linked together and clustered with similar items

which share the same denotative or symbolic meaning using formal ontologies.

1.3.3 Objective #3 - How do we spatialise semantic information in a three-
dimensional representation?

The third objective is discussed in chapter 7 which explores methods to ground the semantic
information produced using the results of objective #2 within a geometrical recomposition of
the heritage object. A three-dimensional model is chosen as a medium of reference to spatialise
the information for its capabilities to reproduce physical 3D measurements as well as texture,
creating explorable spatial environment which closely reproduce the original object or scene. An
annotation-based method is chosen for the spatialisation of information in the 3D model, and a
harmonisation between the ontology presented in #objective 2 and a standard W3C annotation
ontology is provided. The chapter further discusses the problem of interconnecting semantic
with 3D information providing an information-based solution to link the target of the
annotation in 3D space with entities and information stored in a graph. The solution comprises
the definition of targets and the recording in the graph of the geometrical information about the

defined annotated volumes, linking the representational and geometrical values.

1.3.4 Objective #4 - How do we assess the relationship between the digitised
visual heritage and the original artefact?

The fourth and last objective, discussed in section 8, examines the assessment of the produced
three-dimensional representations in respect to the original object. The question stems from the
possible use of the combination of geometrical data and representation values as a scholar
analytical tool.

It is clear that the validity of the outcome of the possible analysis performed using the
combination of these information must be validated against their sources and processes. While
there is an ample literature about the treatment of source data in humanities studies, it is
necessary to define methods of assessment usable in the domains which concern themselves with
the digitisation of heritage artefacts. The concept of knowledge provenance is used to explain
possible verification pipelines. The section further provides a methodology for the meta-
documentation of the digitised object, making clear the initial assessments, chosen methods,

issues and solutions encountered. The result is a meta-level of documentation which clarify how
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the digitised object relate to reality and, therefore, how our meaning assignment can relate not
only to a specific digitisation but to the actual original object. The developed method is tested
with the digitisation of part of the case study, the church of Panagia Phorbiotissa in Asinou,
showing it in action. A formalisation of the method using CIDOC-CRM is provided
demonstrating how, using spatial annotations, we can relate the original object to the assigned

meaning throughout a pipeline that enable its verification and spatialisation.

1.4 The Context: ITN-DCH

This work has been developed within the ITN-DCH (Initial Training Network for Digital
Cultural Heritage) project, a European Marie Curie project in the area of digital documentation
and preservation of cultural heritage. The project aimed to analyse, design, research, develop
and validate a framework comprising the whole life-cycle of the Digital Cultural Heritage
research.

The project included contributions from a multi-disciplinary team that was involved in the
different steps for the creation and examination of a digital heritage object. Data acquisition and
processing, data modelling, semantics documentation of the material and immaterial aspects of
the object, querying, visualisation, multimedia interface or mixed/augmented reality

applications were some of the aspects analysed within ITN-DCH.
The ITN-DCH project identified three major research areas:

e  Data Creation: the acquisition and processing throughout the use of photogrammetry
or laser scanning techniques of a heritage object. This research direction aimed at the
development of novel documentation methods such as the integration of multiple data
sources for the creation of a final model, or the comparison, integration and
development of processing pipeline able to exploit the strengths of the various softwares
or algorithms in the market. Part of the research in this area was devoted to the
comparison of the results between diverse acquisition methodologies and sources.

e Data Modelling: the documentation of the resulting digital data using semantic
methods. This research direction focused on testing current semantic models such as
CIDOC-CRM or others for the description of complex cases and information, exploring
the possibility to annotate geometric and provenance information, as well as develop
new techniques and structures for the modelling of specific type of objects.

e  Visualisation: the exposure of the results of the acquisition and modelling phase. This
research area focused on the use of computational techniques to visualise complex and
large geometries using basic instruments such as the browser, or the visualisation of
elaborate information within 3D structure, such as historical transformations. Research

on the visualisation was made in respect to the information, the support, and the visual.
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Several research centres, companies and universities across Europe were working towards the

creation of novel contributions on the above subjects. Major partners were:

e  Cyprus University of Technology (CUT) - Cyprus

e  National Technical University of Athens (NTUA) - Greece

e  MAP Laboratory at the Centre National de la Recherche Scientifique - France
e  MiraLab at the University of Genéve - Switzerland

o  Fondazione Bruno Kessler - Italy

e  University of Stuttgart - Germany

e  University of Ljubljana - Slovenia

o  Foundation for Research and Technology Hellas (FORTH) - Greece
e  Fraunhofer IGD - Germany

e ArcTron 3D - Germany

e  7Reasons Medien Gmbh - Austria

e  Katholieke Universiteit Leuven - Belgium

e Universidad de Murcia - Spain

e University of Warwick - United Kingdom

Each of the partners had diverse expertise on one or several aspects of the project and the
collaboration between the institutions were insured by the presence of common objectives and
tasks. The collaboration was particularly developed across four diverse case studies which were

chosen to better develop the envisioned Digital Cultural Heritage workflow and comprises:

e The church of Panagia Phorbiotissa in Asinou. A small byzantine foundation in the
mountain of Troodos in Cyprus. This church, built around 1105, has been fully
decorated by diverse painting cycles and perfectly represents the diverse influences and
phases of the byzantine tradition in the island. We are going to look at this church more
in detail in the following sections.

e  Ilmendorf, an early iron age burial discovered in 2010 in South Bavaria, Germany. The
findings in the site encompass human remains, several large wood fragments as well as a
series of grave goods that were the subject of an acquisition campaign. The latter
consisted mainly of jewellery and beads made of gold, glass, amber, frit and bronze,
averaging only a few centimetres in size. The artefacts are preserved and stored in the
Archaeological State Collection in Munich, Germany.

e  Carnuntum, a Roman legionary fortress in Lower Austria once the capital of the
Pannonia Superior province. Important castrum along the frontier of the Roman Empire
was founded in 6 CE and once housed 50,000 people. In respect to many other site, much
of Carnuntuum town's structure remains intact, and it is still not yet fully excavated.

e  The Castle Hill of Donaustauf (“Burgberg von Donaustauf”) is a castle sitting on a

hilltop, in the township of Donaustauf, 10 km east of Regensburg. The first documents
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. . . h
preserved that mention the castle date from the beginning of the 10™ century, although
archaeological excavations have revealed the presence of previous Celtic settlements.

The castle was destroyed in 1648 and since then remains in ruins.

The church of Panagia Phorbiotissa in Asinou was the one chosen by most institutes to develop
their methodology, and this work follow the same path, focusing on one specific aspect, which
is the description of the visual information. The church of Panagia Phorbiotissa in Asinou was
chosen as the main case study of this work because it was the one which had the largest amount
visual representations coming from different periods and presenting diverse influences. The
work presented here have to be, therefore, understood as part of the bigger framework which
has been developed by the whole ITN-DCH consortium, and part of its scope is fulfilled by the

integration with the rest of the relevant work within the project.

1.5 Overview

The present work is organised as follows:

Chapter two provides a general overview of techniques and instruments for the digitisation of
3D objects, traditional knowledge organisation systems, knowledge representation and
ontologies for the description of a cultural object. Three-dimensional annotation systems are

presented and briefly discussed.

Chapter three introduces the problem related to the characterisation and classification of a
representation. The chapter analyses the complexity of the figurative domain, clarifying how
the same representational value can be derived from diverse types of digitisation processes and
highlighting the current problem and issues present in respect to their aggregation and

identification.

Chapter four presents the case study used across the thesis, the church of Panagia Phorbiotissa
in Asinou. The church is described with respect to its history and the various painting cycles.
Some important wall-paintings, which are going to be used as an example across the thesis, are

introduced.

Chapter five delves deep into the theory of interpretation, providing an overview of the problem
and defining a theory of reference. The classificatory elements identified in the theory are

analysed and formalised in a logic-based structure.
Chapter six reuse the elements identified in chapter five in order to find commonalities and

diversity in an iconographical representation using Saint George as the primary example.

Further, the theory elaborated in chapter five is linked and relate to common art-historical

35/290



model of interpretation.

Chapter seven provides a computational model of the elements of the theory using formal
ontology. The new ontology is tested against several examples coming from the church of
Asinou. Visual, performative and historical information are linked with each other in order to

define the meaning of the visual item.

Chapter eight demonstrate the possible interconnection between the developed ontology and
an annotation system, discussing possibilities and defining an annotation model integrating
three-dimensional annotations and cultural object information. An overview of other practical

uses of the ontology, including data harmonisation and semantic reasoning, is provided.

Chapter nine presents a methodology for the assessment of the constructed model and the link
between digital parts, meaning and physical object, using provenance-based pipeline to track

the link between digital and physical. A framework is proposed and formalised as ontology.

Annex A presents the classes and properties of the developed ontology introduced in chapter
seven. The annex list and define classes and properties and provide an encoded version of the

ontology in RDF, using the Turtle format representation.

Annex B introduce the process methodology for obtaining the models defined in chapter nine,

listing and introducing all the identified elements.
Annex C presents, in the form of graph, the model that demonstrate the integration of the

representation of the object, physical object, its constituents, annotation, and the resulting

encoded knowledge.
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2 Literature review

“What looks to you like a barber’s basin looks to me
like Mambrino’s helmet and will look like something

else to another person”

— Cervantes , Don Quixote
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2.1 Introduction

The documentation of a cultural object includes the collection of information about it,
comprising its history and its physical characteristics, as well as the interpretation and
management of the recorded information.

The importance of such practice has been thoroughly recognised by the many international and
national charters, treaties and recommendations that have been discussed and agreed on. The
Athens Charter in 1933, the Venice Charter in 1964 (Erder 1986; Vecco 2010) and the Burra
Charter in 1999 are surely the most important, but not the only ones. The “Convention for the
Protection of the Cultural and Natural World Heritage” of 1972 command the establishment of
a World Heritage Committee with the purpose to create an inventory of the heritage objects in
each state. On the base of this text the Council of Europe have defined recommendations and
programmes asking each of the parties who signed the document the establishment of
inventories and documentation about their cultural objects (Erder 1986; Vecco 2010).

The reasons listed in these documents to engage in such type of documentary activity are
manifold, but can be summarised in (i) the necessity to list the significant heritage objects, (ii)
the creation of record useful to manage them, (iii) the assessment of their conservation status.
The creation of a good documentation enables first and foremost a better understanding of a
country's history, creating a stronger national sentiment which become associated with the
tangible heritage of that country. The listing becomes, therefore, not only a pure conservation
effort but an endeavour which encompass economic, political, historical, aesthetic and social
values. The documentation enables, moreover, the management of a set of cultural objects,
which can be finally tracked and preserved. Constant monitoring can be performed and
interventions and treatments can be planned, measuring the results with similar sites both

nationally and internationally.

The current research panorama in the domain Digital Cultural Heritage (DCH) reflect the
outcome of these treaties and charters, which have pushed the research activities of the field
towards the analysis of newer forms of documentation. The bifurcation of the needs towards
the creation and management of the heritage documentation is one of the drive that have
brought to the subdivision of the domain in two diverse halves concern with two aspects of the
heritage object: creation and classification.

The creation phase encompasses all the steps necessary for the creation of a 2D/3D resource
starting from the basic step (recording) to the manipulation of the resulting images through
process pipelines which creates digital artefact.

The classification phase includes the creation of systems able to retrieve and organise
information about the original physical object which has been digitised. We will look at these

two processes in details in sections 2.2 and 2.3.

2.2 Creation
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In the previous section we listed some of the most important international resolutions which
have shaped the purpose and type of documentation applied to our heritage resource. One of
them, the Venice Charter, is particularly important because it was the first one to demand
“precise documentation”. The charter in a small passage made clear the necessity to rely on a
geometric documentation workflow able to precisely record the characteristics of the heritage
object. With the term geometric documentation we refers to the recording of metric
information describing shape, size and position of an object formalised as orthoimages, vector
drawings or 3D models (Georgopoulos and Stathopoulou 2017). Geometric information has
been traditionally recorded as section or vector plan to be used in situ by the heritage
professional, however, the more recents development in 3D acquisition has lower the cost of this
technique opening it up to new communities. In the recent years the 3D documentation for
heritage object has become an important step to preserve and archive cultural objects
(Remondino and El-Hakim 2006). The reasons are manifold and includes the capabilities to
have an easy-to-inspect contactless geometric account of an object, the possibility to use the 3D
object within multimedia products as well as manipulate it to derive 2D digital documents such
as ortohotos or sections.

This section will present a very brief account of techniques for the creation of “precise

documentation” which can be used to document a heritage object.

2.2.1 Active Sensors

Different methods can be used to compute the 3D coordinates of a cultural heritage object. The
current reality-based 3D acquisition use primarily uses two techniques for recording
information: active or passive sensors (Remondino and El-Hakim 2006). Active recording does
not rely, as Passive recording does, to the light present in a scene, but controlled projection of
light to derive surface-feature (Godin et al. 2002). Two basic active systems can be identified:
Time-of-Flight and Triangulation.

Triangulation scanners functions by projecting a laser beam on the surface of the object and
measuring the returning direction throughout a known observation point (a camera). Knowing
the baseline and the orientation of the laser and the sensor we can define a triangle which is used
to compute the 3D coordinates of the projected point in respect to the system (Godin et al. 2002;
Blais 2004). Moving the laser spot across the object, we are able to record and calculate
thousands of known points. A triangulation scanner can be used to project patterns instead of
points. It is the case of the Structured Light 3D scanner, which function using pattern projection
which deform when striking a surface, deriving the geometric information from the degree of
deformation of the pattern. It is dependent on the object surface reflectivity and colour and on
optimal calibration. Diverse patterns (e.g. time-coded and grey-coded) and filters (e.g.
polarising) can be used modulate the acquisition in respect to the object. The results are optimal
indoors because of the lack of direct sunlight (Godin et al. 2002; Remondino and El-Hakim
2006; Boehler et al. 2002).
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Another very important active system is Time-of-Flight (ToF). ToF is the most popular and
used active system for scanning heritage object (Yastikli 2007). Time-of-Flight scanners
functions by measuring the delay between the emission and detection of a beam of light reflected
by the object surface. Using the speed of light as a constant, it is possible to calculate the point
position in the object (Godin et al. 2002). The beam of light can be a pulsed wave (PW) or a
continuous wave (CW). The former techniques use short light pulses for computing the object
coordinates, while the CW technique use a continuous light wave and calculate the object
coordinates by observing the phase shift of a between the ongoing and returning wave
(Georgopoulos and Stathopoulou 2017).

ToF laser scanners are able to records dense point representation of small and very large object.
The range and flexibility of this sensor has enabled its use in airborne devices, using techniques
such as LIDAR (Light Detection and Ranging) to create Digital Terrain Models as well as in
other type of devices (e.g. cars, UAV, backpacks).

2.2.2 Passive sensors

Passive methods differ from active ones because they rely on the light present in a scene. No
light is projected from the recording device, but the measurements use natural or artificial light
reflected from the object (Godin et al. 2002).

Passive methods create 3D measurements using multiple views of the object, computing the
coordinates only through the processing of the created images (Remondino and El-Hakim
2006). Using the interior parameters it is possible to apply triangulation technique to calculate
the triangle which is formed by the baseline between the two cameras and the angle formed by
the camera rays. (for further explanation about the technical aspect of the calculation see
(Georgopoulos and Stathopoulou 2017)).

As mentioned above, photogrammetry requires processing to calculate the 3D coordinates of
the recorded scene. The procedure, called Structure from Motion (SfM), use changes in the
camera pose in 2D images to calculate the object’ structure and producing a sparse point cloud
and calculating the camera parameters. The use of Multi-view Stereo (MVS) algorithms enable
the production of a densified version of the produced point cloud and further processes can

project textures over it (Furukawa and Herndndez 2015; Pierrot-Deseilligny and De Luca 2011).

2.2.3 Integration

The result of active and passive acquisitions can be merged together in order to overcome the
limitations of active/passive technology and created a richer representation that better
document the cultural object. The series of operations that combine and merge datasets
originates from diverse sources are defined under the umbrella term data fusion (Ramos and
Remondino 2015; Weckenmann et al. 2009). While often use for the creation of a more precise
model, the integration of diverse data sources can be particularly useful to create multilayered

representations which encompass dimensions useful to diverse heritage operators (Pamart et al.
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2017). The integration and combinations of datasets continue to be analysed by the community
(Karachaliou et al. 2019; Farella et al. 2019; Serna et al. 2015; Leach et al. 2018; Calantropio et
al. 2019; Guidi et al. 2018) together with other techniques that can help integrate acquisition
with further information that can help the recording of the measurements (Stathopoulou and
Remondino 2019).

2.3 Classification

While the creation of the digital resource is surely an important step, it is not enough for the
documentation of the heritage objects which requires, as highlighted in section 2.1, the
establishment of inventories able to retrieve and connect information about cultural objects.
This noble aim, however, can be quite challenging because data in the cultural heritage
community comes in many shape and size, due to their belonging to different disciplines and
traditions which lead both to different forms for the data. Diverse data can be also the results of
the use of diverse technologies or recording techniques which can produce incompatible
datasets. Problems can also be caused by the use of legacy data system which cannot be changed,
and therefore, constrain their user to a specific data regime. A large amount of data
heterogeneity is the result of different data recording and retrieval traditions. This wide range
of possibilities is a constitutional condition of the heritage domain and reflect its vastity and
multidimensionality.

When considered together the output of the cultural heritage domain forms a latent pool of
information with the capacity, when integrated, to support potential knowledge generation
relative to any period, geographic location and aspect of human activity in the past.

The integration of information that can reveal so much about our past have to start from the
inventories of heritage object, the ones that, institutionally or for research reasons, have been
collecting and analysed our material past. Very different methods have been tested in the past,
and only recent computing developments have been able to tackle the challenge at scale using
semantics systems which formalise in logic terms the inventories’ information. However, such
systems are not yet widespread and still the object of research, and many more still use what we
have defined as Traditional Knowledge Organization Systems (KOS) (Bruseker et al. 2017). We
will take a brief look at some of these systems not only because they are still in use today, but
also because they are still in use today, but because formal systems have to be thought as a
continuation of KOS. Moreover, some of this systems are complementary to formal methods

and can still be used together.

2.3.1 Traditional Knowledge Organization Systems

2.3.1.1 Controlled Vocabulary

A Controlled vocabulary is an “organized arrangement of words and phrases used to index

content” (Baca et al. 2006). In its basic version, it is a simple flat terminological list which
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provides a set of controlled terms that can be used to specify something about an object, its
subject for example. Controlled vocabularies can also be more structured, including equivalent
terms (context-based synset) and, in case of two or more variants, a preferred term is chosen
(e.g: USE Salinity for saltiness) (National Information Standards Organization 2005).
Authoritative controls over the vocabulary distinguish it from other forms of free listing of
terms, like folksonomy. Vocabulary control is used to standardize naming and improve
indexing, browsing, uniformity and retrieval of the data described (Véllez et al. 2015). The
classical case of vocabulary control happens in libraries, where the bibliographic records are
organized based on a process called authority control. In this instance, the form of the name of
the authors is closely controlled in order to relate their work to a standardized version of their
name. Changes in the form of an actor’s name can happen for many reasons, commonly
including artistic ends (Prince Rogers Nelson or Prince or Joey Coco or The Artist Formerly
Known As Prince) and personal reasons (maiden or marriage name). In any every case, the use
of a controlled vocabulary maintains a consistent means of referring to the same entity with the
same name within the bibliographic catalogue, while also accounting for variants which should

refer back to the standardized name form.

2.3.1.2 Taxonomy

A taxonomy is a “cognitive model of a particular kind [..] built into languages throughout the
world” (Lakoff 2008). It is built up by classical non-overlapping categories defined by their
features. Structurally, a taxonomy relies on a controlled vocabulary and on the use of
subsumption relationships for ordering a diverse set of entities. It is usually used to relate an
individual to a species, therefore creating a generic-individual type of relationship, or to express
the membership of a subset within a superset as in a generic-generic relationship. In the former
case, we express a type of predication, for example, when we assert that Socrates is a man, while
in the generic-generic case we assert a subtype relationship, for example, when we declare that a
penguin is a bird . They enable standardized classification terms. Taxonomies are used in very
controlled information environments. A classical case of the application of taxonomy in the CH
domain is related to the natural sciences community. Curators and researchers build and
maintain taxonomies of species and particularly track the creation and variant naming of taxa.
This evolving structure is related back to specimen evidence and allows curators and researchers
to find and re-examine evidence and test conclusions. Taxonomic relationships are also used for
constructing certain classification schemes intended to be used as large taxonomies which rely
on a notation language to provide information about their status. An example is the Decimal
Dewey Classification, which aims to catalogue the subject matter of any book into one of its
categories, assuming that would fit the aboutness of the book in question. Taxonomies resemble
ontologies in their strong ontological commitment. They are developed generally on a
correspondence model between information structure and world, where the information
produced aims to mirror objective reality. Two main differences, which we will explore below,

are on the nature of the ontological commitment and the exploration of relations in the world
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over classification. Being highly structured and regular data, taxonomies are perfect structures

for adaptation into information aggregation scenarios.

2.3.1.3 Thesauri

A thesaurus is a type of controlled vocabulary that relates its terms using taxonomic and
semantic relationships, and it is defined as “a controlled vocabulary arranged in a known order
and structured so that equivalence, homographic, hierarchical, and associative relationships
among terms are displayed clearly and identified by standardized relationship indicators that
are employed reciprocally” (National Information Standards Organization 2005). At a
functional level it is used for enhancing the retrieval of information from a system (Moreira et
al. 2004). Thesauri, too, begin to move towards an information structure that would resemble
an ontology. Both subsumption relations (BT/NT)' and horizontal relations (RT/UF)? can be
expressed in thesauri, but they remain an exploration of terminology rather than clearly
formalized conceptual entities, moreover there is not a strong focus on the definition of the
functions that relate terms, underlining the lack of ontological commitment which would make
this type of information structure subject to a number of pitfalls described below.

Thesauri can be developed to deal with the naming of a broader or narrower range of subjects
and applied to control data consistency and retrieval. Examples in the domain of cultural
heritage might be the targeted thesauri developed by the British Museum organizing terms for
describing object names or material. Examples of broader scale initiatives would be the Getty
thesauri: Art and Architecture Thesaurus, the Getty Thesaurus of Geographic Names, the
Cultural Objects Name Authority and the Union List of Artist Names.” These thesauri, having
a wider range, apply techniques of faceting. A recent European wide example is the work of
DARIAH in developing local and backbone thesauri, which attempt to provide both very
specialization-oriented thesauri linking to a broader back bone of terms. Within the scope of
developing common terms for reference to sub-classes of objects to particular specialists, and
providing homogeneously generated data for further analysis, thesauri execute an important

role in the production of standardized data for reuse within aggregation structures.

2.3.1.4 Metadata and data schemas

With the advent of the relational database, and the ability to rapidly create bespoke data
structures for data organization, standardized metadata and data schemas have been designed
as a means to suggest appropriate models for capturing information in particular domains of
interest. The schemas are the result of an interpretation of a domain resulting in an intentional
model which delimits the finite set of descriptions that can be assigned within a specific setting
(Falkenberg et al. 1998). A schema therefore formalizes, often implicitly, a view of a domain

which can have different levels of complexity in relation to the granularity of the initial

! Broader Term/Narrower Term
? Related Term/Use For
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investigation and its function in the actual world. The complexity to use a schema, their specific
nature, and the usually under-analyzed relation between the data structure and the objective
world it describes, strongly limits the possibility of their use in large-scale data integration. The
complete replication of such complex schemas from one environment to another is rarely a
viable solution even if the purpose of two information systems is the same, given the variable
needs and traditions of local contexts. For this reason, another solution suggested in order to
capture at least a core of the generic conceptualization of a field and thereby enhance the

interoperability between different systems is the metadata schema.

Metadata schema are intended to increase, “the ability of multiple systems with different
hardware and software platforms, data structures, and interfaces to exchange data with minimal
loss of content and functionality” (National Information Standards Organization 2004). A
metadata schema consists in a flat formalized set of elements, usually in the form of structured
textual information, which standardizes the description of the core elements used to
documenting a specific type of information resource (text, video etc.) or one of its aspects
(administration, preservation). Sometimes there are cases where one aspect of a metadata set is
considered so important that it is given a unique name, like in the case of paradata. It is
important to underline, however, that in these cases, we continue to talk about metadata, under
a new name. In the case of paradata the functional aspect of the metadata for tracking
provenance of data is emphasized. Using a standard metadata schema allows for the partial
preservation of an aspect of the richness of different data schema between diverse databases,
thus enabling federated query functionality over this reduced set. It is important to underline
that both the data and the metadata schemas do not have a formal commitment to the explicit
representation of their scope. Well-known examples of metadata schemas include Dublin Core
(Baker 2000) and METS (Cundiff 2004). These schemas serve a functional role within specific
contexts for the purpose of providing a structure composed of multiple descriptors that allow
the documentation and the retrieval of an item. Applied at this level, in conjunction with other
Knowledge Information Systems like classification schemas, taxonomies or thesauri, metadata
schemas reduce the overall level of heterogeneity within the information space by providing
access points towards a small set of standardized information of an object, and allowing an initial
analysis of the information coming from systems deploying schema using different

conceptualizations.

2.3.1.5 Limitations

What can be said to be common among the traditional approaches is the creation of pre-
established information frame that specifies possible documentation of the object and try to
provide a unique description limiting the semantic expressivity of the information we can
document. The use of a standardized knowledge frame to align data together it is not a solution,

because it forces perspectives over the information, making them ultimately unusable.
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The problem is quite easy to see and indeed very practical. Classical hierarchical classification
systems such as classificatory schemas, taxonomies and thesauri are inappropriate to the task of
large scale data integration due to the constraints imposed by language itself and the intellectual
architecture by which they are expressed. Such systems are stymied in the task of integration by
basic linguistic problems, especially the issues of homonymy and polysemy. In the former the
words are pronounced alike but they have different meanings, while in the latter they are
systematically related. Examples of both are given by Lakoff (2008). He offers for homonym the
example of the word “bank”, which refers both to the institution and the edge of a river, while
he shows the problem of polysemy by reference to the case of ‘warm’, which stands for the
temperature and also the type of clothing that allow you to keep such temperature. The inability
to differentiate the meanings of the word causes the classical retrieval/description problem, in
which producer and users cannot communicate or research the same content because no relation
to the entity that the term is supposed to represent is established. The effectiveness of such
systems can be enhanced by the use of hierarchical structure, which would define the words
within a particular category, or by the use of textual qualifiers that define its role within the
system. The qualifiers could help resolve the issue, but only during the manual browsing of the
information structure (Svenonius 2000). In reference to the hierarchical solution, it could help
disambiguate some basic terms, but the problem would not be resolved with the vaguer ones. It
would be quite challenging for example to force the term “beauty” within a specific category.
Moreover, a hierarchical structure is always the product of a context, and therefore the choice
of what is to be categorized, the recognition of a gestalt as well as the salience of the word used
for constructing the information structure are always context-dependent and they always rely

on some modeling-choice, which are usually not clearly stated.

Furthermore, the classical hierarchical categorization systems lack the means to distinguish
different types of fundamental relations. The problem arises from treating classes as if they act
in the same ways as sets, therefore conceiving a subclass as a subset, which, per se, implies a
subsumptive relationship. Guarino and Welty (Guarino and Welty 2002) illustrate this problem
using the example of the relationships between an engine and a car, where the former is
sometimes described as subclass of the latter, even if, even with a quick overview, we can easily
recognize that they share different properties and their relationships should be described using

mereology.

It is easy to see how due to the polysemy of language and the seeming impossibility of formal
correspondence between the world, or the state of affairs described, and the schema used, such
methods are not appropriate to the task of wide scale data integration. It is, however, important
to underline that all of these tools are still enormously useful for indexing data at a local level,

playing a pivotal role for the production of structure data.

In order to overcome the limitation of traditional KOS, it is necessary to rely on solutions which
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allow for the expression of the domain conceptualizations, divorced from its linguistic features,
discarding, moreover, the notion of a final classificatory system and, rather the attempt to
deploy the new more flexible understanding of categories developed in the past years. Finally,
this work on reimagining categorization would have to be expressed in a formal language
separated from particular linguistic expression or closed domain expressions. It is to the

question of how to achieve this that we turn in the next section.

2.3.2 Knowledge Representation Systems

2.3.2.1 Knowledge Representation

The tradition of formalising propositions in a natural language independent formalism, with the
aim of providing a neutral means of presenting conceptualisations and allowing reasoning and
description in a specific domain is the typical work of logic and mathematics. During the second
half of the 20™ century, and mostly from the 70’s (Hoekstra 2009) computer science, and in
particular the sub-field of Al begins to adopt these tools in order to try to develop systems able
to exploit the definition of formal propositions with the aim of building rich knowledge bases.
The field has come to be known as knowledge representation, which has been defined as “the
application of logic and ontology to the task of constructing computable models for some domain”
(Sowa 2000). The definition of the ontology, and therefore the specifications of our model, is
the job of the knowledge engineer (Brachman and Levesque 2004)

The method proposed for building such structures is the generation of a formalisation of a
conceptual domain. Concretely this means attempting to engage with and describe the
fundamental principles, objects and relations appealed to and invoked by a group of users within
a wide domain context (Smith 2006). It involves an interdisciplinary dialogue between domain
specialists, computer scientists and knowledge engineers (Sure et al. 2009). This forms a
fundamental task of understanding and conceptual design wherein the scope of a domain is
investigated as to its meaning and with regards to its typical contents and arguments. The
method aims to describe the so-called ‘ontological commitment’ of the user community. As

Guarino (1998) puts it, the product of this effort is a formal ontology which is,

“logical theory accounting for the intended meaning of a formal vocabulary,
i.e. its ontological commitment to a particular conceptualization of the world.
The intended models of a logical language using such a vocabulary are
constrained by its ontological commitment. An ontology indirectly reflects this
commitment (and the underlying conceptualization) by approximating these

intended models.”

By its very manner of construction, a formal ontology attempts to avoid the traps for data

integration associated with classical categorisation efforts. It does not attempt to provide a
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universal, one-to-one objective correspondence of its categories, nor present itself as a data
surrogate for the world described. The purpose of a formal ontology is functional (Zuifiiga 2001).
It specifically focuses on finding and describing the particular view of the community of users it
aims to help structure data for, and to model this explicitly. It does not present a neutral view,
but by making its commitments explicit, it neutralises the ambiguity and overreach problems
reviewed above. The goal is not a perfect representation of knowledge, but one adequate to the
aims of the domain users and consistent with reality. It is important to highlight that this kind
of approach would differentiate between the ontology, the conceptualisation that it is
committed to, the language used for its implementation and the objective world that it refers to.
The method deliberately eschews an interest in any particular implementation either with
regards to individual projects and even with regards to particular types of encoding (Davis et al.
1993). The work in creating a formalisation is an entirely conceptual work undertaken by
knowledge engineers in close collaboration with the user community.

The technical means that enable the work of knowledge engineers to develop tractable
formalisations from such a process are the expression of domain knowledge in terms of well-
defined classes and properties ordered in an isA hierarchy, that will be used as the backbone of
a formal ontology. A formal ontology has as its substance a declaration of its scope and a series
of classes and relations that result from the generalisation work done in the dialogue/research
described above.

The scope of the formal ontology describes the domain which is to be taken into account for the
construction of the ontological model. It must be explicitly declared in order to limit the
intended domain of application of the overall formalisation.

A class is “a category of items that share one or more common traits serving as criteria to identify
the items belonging to the class” (Bekiari et al. 2015), and serves as a documentation unit that is
described by a scope note, which textually indicates the intension of that class. The intension of
a class is a description of the essence of that category such that a human being can read the
description and identify instances of it. The clarity of such descriptions is paramount for the
effectiveness of an ontology (Guarino and Welty 2000). Properties or relations are
generalisations of kinds of relationships that can exist between classes. Their formalisation
results from research into how users actually do reason over and relate objects in the domain.
The discovery of properties is crucial, and even prior in importance to the declaration of classes,
as they form the basis for the latter’s declaration. It is moreover important for each of them to
be given an intensional definition to ensure their proper application. Properties are additionally
restricted according to a domain and range of classes (Doerr et al. 2007). That is to say each
relation’s domain and range scope, that of which it can be said sensibly, is explicitly specified in
the formalisation, thereby delimiting the types of acceptable propositions that can be made
through data encoded in this structure. The specification of these relations is the basis of the
possibility of reasoning over the data at later stages.

The central tool for gaining expressive power, however, within the ontology is the application

of an IsA hierarchy over the classes and relations. Formal ontologies make use of a function of
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inheritance provided by the IsA relation in order to be able to order classes from more general
to more specific, attributing and restricting along the way the relations that can be used to
describe entities at a more general level and those which, when added, create a new functional
unity for the class and determine a new level in the IsA hierarchy.

This method of constructing the classes, which can be encoded and reasoned upon, delivers a
number of advantages in providing integrative data structures. It allows describing relations that
pertain to a broad number of classes at a very generic level just once, and to use these generic

relations to model specialising subclasses and relations of any depth.

Having built up an ontology as a conceptual tool it must be encoded in a formal language. Due
to possible ambiguity in understanding, it is important to specify that the formalisation of an
ontology in a particular language results in an information artefact that is a representation of
the initial ontology, but is distinct from the latter. Representing the ontology in some formal
language necessarily imposes constraints on modelling practice and inexorably alters the initial
statements in order to fit them to the grammar of the chosen language.

That being said, it is through this trade-off with pragmatics that functional automated reasoning
through ontologies can be achieved. It is therefore of use to telescopically present some common
methods for formalising knowledge. While during the past 40 years several languages have been
proposed and studied (KIF, KIR, KL-ONE among others) with the aim to meet this end with
the knowledge representation (KR) community (Hoekstra 2009), it only is during the last fifteen
years that, thanks to the practical needs brought forward by the semantic web community, a
language of this type reaches a wider and more general public, more specifically with the
development of RDF. Below we are going to give a concise account of a select subset of languages
used to describe web resources.

RDF is the acronym of “Resource Description Framework”, a data model for representing
statements about resources in the semantic web. The assertions encoded in RDF take the form
of subject, predicate, object <s,p,0>, where the predicate is a relation between the subject and
the object, where both resources are available on the web. Such assertions are called triples. A
collection of linked triples constitutes a graph, with the subject and the object of the assertions
acting as nodes and properties as edges.

In order to keep a stable identity for the assertions created, each object is identified with a stable
Web identifier, a Unicode string called an IRI (Internationalized Resource Identifier); URL
(Uniform Resource Locator) and URN (Uniform Resource Name) are particular types of IRI.
The use of an identifier with a global scope is quite important because it helps in resolving the
identity problem in the harmonisation of different data sources. RDF also provides machine
processable XML-based syntaxes (RDF/XML, Turtle, N-Triples) for recording and exchanging
the propositions (Allemang and Hendler 2011; Manola et al. 2004).

It is important to underline that RDF itself does not define the meaning of a resource; for this
task, we should employ an ontology, which can be encoded with RDF syntax using the RDFS
(RDF Schema) vocabulary. Even if the vocabulary employed in RDFS is quite small, it allows the
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definition of classes and basic taxonomical relationships. Moreover, it provides the possibility
to define property and subproperties, as well as specify their domain and range, providing
therefore a basic tool for the encoding of an ontology (Hyvonen et al. 2009).

The syntax and semantics of RDFS, as well as its meta-architecture, were in some cases not
considered rich enough, and therefore other proposals for the construction of a KR language for
the web have been made. The most successful attempt has been OWL (Ontology Web
Language), a product of the Web Ontology Working Group of W3C, built upon RDF and RDFS.
OWL is a richer language, and it allows to define features like the local scope of properties,
cardinality restrictions, disjointness of classes and special properties (e.g. Transitive, Symmetric
and others). It has three main varieties, OWL Full, OWL DL, and OWL Lite. Some of the main
distinctions are the compatibility with RDFS, the restriction in the language and the efficiency
in computation. Only OWL Full is fully backward compatible with RDFS (Allemang and
Hendler 2011; Uschold 2018) but it is also the less efficient with respect to computational
reasoning.

This excursus into some well-known encoding languages for formal ontology aims to underline
that given the restrictions entailed by these languages, they should be chosen carefully, with the
final application in mind. The use of OWL instead of RDFS, for example, could restrict the
expressiveness of our statements in exchange for making them more computable. Even the
simple use of an XML-based language forces everything into a nested data structure.

It is also salient to highlight that the use of a particular language for expressing a data model
does not automatically make the outcome an ontology. Having an OWL encoded file does not
entail that it or the data therein is an expression of an ontology. It can, for example, simply mean
that one has a taxonomy which is encoded in that specific language. Ontologies cannot be
identified by a certain encoding, but rather, by whether or not they aim to explicitly represent

an ontological commitment in some domain.

Ontology and Knowledge Representation seems to be the perfect grounding for recording multi-
actor perspectives with respect to cultural information. The main advantages are both
theoretical and practical.

From a theoretical standpoint, a good initial modelling would sustain and classify the diverse
propositions over the conceptual and physical world, classifying statements in respect to their
validity in the personal, social or physical domain. The interpretative nature of the visual can be
easily translated as statements which are valid only within the person’s reasoning, or only within
a social context, without classifying them as imperative physical evidence of a process.
Moreover, the development of a flexible-enough ontological model would not enforce one
specific schemata, but maintain the different levels of information which are naturally present
when making a posteriori statements.

On the other hand, the logic grounding is essential to the practical task at hand: the real
integration of multi-actor information. A logic-based language, in fact, has the advantage that

while constraining the form of the language, it forces its users to respect specific rules which,
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pre-defined by the knowledge engineer, validate and classify the recorded statements. The
possibility of information integration is given precisely by this grounding, which supports the

possibility to harmonise data without a semantic loss.

2.3.2.2 CIDOC-CRM

Ontologies and Knowledge Representation methods have been applied to a wide range of
domains. While it is essential to re-use existing structures, the capacity to adapt a formal
ontology from one domain to another is dependent on the specific requirements of the use cases
of that domain. In the field of cultural heritage, while there are a number of widely known upper
ontologies that can be brought to bear, the one which has the widest and official acceptance is
CIDOC CRM. At present, a great deal of research and implementation is happening around the
CRM ontology extending it conceptually, applying it in new scenarios and developing large-scale
implementations (Bruseker et al. 2017).

The design strategy of the CIDOC CRM was explicitly set as empirical in two basic senses. On
the one hand, modelling is done only on the basis of existing information structures and their
explanation by expert domain users. Information modelling always proceeds from practical
examples and real use cases. Information structures are not built based on a priori theories whose
concepts should be linked to the data structures to be modelled, but rather concepts are only
derived from the input data structures. If there is no use case, then there is no basis for including
a concept within the model, because there is no means against which to check the validity of the
representation proposed. On the other hand, some specific design principles need to be
followed.

The first design principle is symmetry (Doerr and Crofts 1998). The classes are modelled as
neutral to a specific point of view within the domain, in order to prevent the description of
identical facts as different ones only on the base on the perspective of the documenting actor.
The prototypical example is that of E8 Acquisition Event, where the scope note clarifies that
every transfer of legal ownership, comprising beginning or end of ownership, can be
documented as an acquisition event. In this case, the class itself it is constructed in order to avoid
modelling the transaction from the perspective of one party or another (acquisition or
deaccession), using instead the properties for disambiguating between who surrenders and who
acquires the legal ownership of a physical object.

This kind of approach helps establish an ambiguity-free model, and moreover helps to introduce
a second design principle of CRM, the context-free interpretation (Doerr 2003). The principle
is to allow a clear interpretation of individual recorded propositions without any other type of
contextual data. Thus, for example, saying that John hasRole Buyer’ does not really say anything
about the action, and a context is required to understand the proposition. On the contrary, if we
encode that John hasParticipedIn Activity’ and link the buyer role to the form of participation
it has a stronger information value, allowing greater integration of different information sources
relative to the buying of what, from who, when’ and others. The assertions we represent with

CRM are therefore structured purposefully to achieve this context-free status.
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These principles made CIDOC CRM consistent, a quality which is further ensured by its
curation by the SIG. The Special Interest Group helps the decision-making process, keeping the
modelling consistent and proposing revisions and additions, in order to keep the CRM useful
for all of its users and avoid running after new construct for the sole functional purpose. Thanks
to this type of work the ontology become an ISO standard for the cultural heritage domain.
Another significant advantage of CIDOC CRM is the possibility to expand it with extensions or
to use different modules, which have been already developed, such as CRMGeo for the
description of spatial information and FRBRoo for the documentation of bibliographic
information (Bruseker et al. 2017).

The foundation within the heritage practice together with the advantages of having an ISO
standardisation seems to provide us with the perfect platform for developing an ontological
extension which takes into account the constraints we need to assume when we computationally

classify and make assertions about cultural objects.

2.3.2.3 Other ontologies for the description of heritage artefacts

CIDOC-CRM it is not the only ontology or schema which can be used to encode formal
statements about cultural heritage. There are several resources which, even if not as complete as
CIDOC-CRM, are surely worth mentioning.

The Europeana Data Model (EDM), the ontology that drives Europeana, a data portal that
aggregates content from diverse museums and other memory institutions across Europe. EDM
keeps a strict division between object, digital representation (edm:isShownBy) and metadata,
linking object information to its representation and giving much attention to the provenance of
the data (as it would be expected by an aggregator). The role of the institution shape the
ontology and it strongly focus on linking item aggregation to original provider (Isaac and
Haslhofer 2013; Peroni et al. 2012).

ArCO is a newly specified upper ontology for the description of cultural objects, sites, and
events. It has been developed together with the Italian Ministry of Cultural Heritage and
Activities and Tourism under the umbrella of the ArCo project, an Italian Cultural Heritage
knowledge graph comprising 169 million triples about 820 thousand cultural entities. The ArCO
ontology is modular and consists of a shared core and five additional modules (catalogue,
location, denotative description, context description, cultural events). (Carriero et al. 2019)
DOLCE (Gangemi et al. 2002) is another important upper level ontology used across several
domains. DOLCE is based on the distinction between endurant and perdurant and provide
classes and properties for talking about physical and not-physical object (e.g. social and mental
object). CIDOC-CRM and DOLCE are not the only upper level ontologies which can be used in
the heritage domain, many more do exist and are flexible enough to be used for a basic
description of cultural objects (Mascardi et al. 2007), however, very few institutions decided to
rely on them and the community is more and more oriented towards the use of CIDOC-CRM

or, in alternative, a simple domain-specific ontology.
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An example of an easier formalised schema, but still quite complete for basic documentation
scenarios, is the Light Information Describing Objects (LIDO) standard, LIDO is a product of
the ICOM-CIDOC Data Harvesting and Interchange Working Group and it isa CIDOC-CRM
compatible XML schema that it is used to encode basic metadata about an object. LIDO is a set
of fourteen elements which encode five types of information: (i) Object Classification, (ii)
Object Identifications (iii) Events, (iv) Relations and (v) Administrative metadata. LIDO has
been developed to enhance and redesign Categories for the Description of Works of Art Lite
(CDWA-Lite) and museumdat (Stein and Coburn 2008) as well as follow the recommendation
of the Standard Procedures for Collections Recording Used in Museum (SPECTRUM).

Dublin Core (DC) Metadata Element Set is a formal schema widely used by the community for
general metadata purposes. It provides 15 standardized elements (e.g. creator, publisher,
format) for basic resource description with additional element refinements (Baker 2000).
Dublin core is used for large number of application profiles and as a base for other cultural
metadata schemas. The Visual Resource Association’s (VRA) schema, for example, redefined

their elements as subproperties of corresponding DC elements (Hyvonen 2009).

2.3.2.4 Ontologies for the description of digital resources

An important type of domain ontologies we should examine in more detail, are the ones which
deal specifically with the digital domain and can be used to describe 2D and 3D resources. Two
suitable ontologies were identified: CARARE and CRMdig.

CARARE started as a three-year European project that focused on the aggregation of content
from the archaeological and architectural domains. The project, initially established a service
aggregator for the delivery of 3D resources to Europeana, developed a new metadata schema to
describe the 3D content. The aim of the schema was to ensure interoperability between content
producers and Europeana. CARARE is based on various standards, like MIDAS, LIDO and
CIDOC-CRM, and it reuse several elements of the Europeana EDM ontology. CARARE was
further developed, reaching version 2.0, within the 3D ICONS project, where it was used to link
together different media and representations of a cultural object as well as the activities that
produced them (Hansen and Fernie 2010).

The schema is based on the distinction and description of four information categories: "Heritage
assets”, “Digital resource”, "Collection information” and "Activities”. The category “Heritage
asset” is devoted to the description of physical cultural heritage objects. The category “Digital
resource” provides information about type, format and location of a digital file. The category
"Collection information” details the information of the content producer. The “Activities”
category describes diverse types of events which had as a subject the documented heritage
object, comprising alterations or excavations. The “Activity” facet can also be used to describe
any type of historical events related to the object. CARARE 2.0 extended this schema to include
characterisation of activities (eventType), the methods used to perform them (Methods) and
the technique used (Technique) (D'Andrea and Fernie 2013). While the two fields are fairly
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useful, they are not enough to record the complexity of the digitisation process, specifically when

talking about photogrammetric data.

CRMdig is a model extending CIDOC-CRM for the description of data generated by
digitization processes. Originally developed in the EU funded project 3D-COFORM, the model
has been successfully deployed in the Greek national project 3D-SYSTEK, in an NSF-funded
project for RTT tools led by Cultural Heritage Imaging, San Francisco, in the ARIADNE project
for scientific data in archaeology and in InGeoClouds for geological observational data. It is
founded on the processes proposed by the Open Archival Information System (OAIS),
customised and improved for covering the workflow for the 3D model construction. CRMdig
provides class and properties to trace the various steps and procedures which result in the
digitisation process of an heritage object. CRMdig includes properties that can be used to specify
the parameters used at each step, treating the digitisation as part of the history of the objects
itself. These facts lead to a modelling of this process which is uniquely concerned with the
provenance, from the moment of transition between the physical and digital world to the many
transformations that occur to digital objects once stored in some digital environment (Pitzalis
et al. 2010).

Digital objects are modelled with a new class D1 Digital Object defined as a subtype of the CRM
class E73 Information Object, pointing to its substance as encoded information whose identity
is in the information held and its particular encoding, not the particular carrier (e.g. a file).
Likewise, a distinct class is proposed for documenting the particular carrier(s) on which digital
objects are stored, D13 Digital Information Carrier. The strong innovation of the model,
however, is in representing the relevant events which lead to the creation of such objects. Events
leading to the creation and modification of instances of D1 Digital Object are modelled under a
D7 Digital Machine Event class which is purposively modelled as either the result of a human
action. This is to underline that deciding factors in the digitisation process are given by human
actors, who are the responsible agents for such process. It is important to underline that this
approach contrast with the one held by other important provenance ontologies, such as the
W3C PROV-O (Missier et al. 2013), which do presents classes and properties to annotate

computational process that do take place without any human interactions or responsibility.

2.4 Annotation System

A key objective of this study to formalise a relationship between the digital object and its
conceptualisation. As we are going to describe in greater length in section Visual Annotation,
we are going to achieve such objective using an annotation-based approach. Annotations are not
a novelty and have been a tool used by scholars and intellectuals for many years and are a
fundamental scholarly practice common across disciplines (Unsworth 2000; Bradley and Vetch
2007). In a digital context annotations can facilitate research, enabling richer knowledge

exchange in a collaborative setting (Simon et al. 2017).
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Many digital annotation tools have been developed during the latest years, as commenting tools,
wiki-bases systems, digital libraries tools or textual analytical systems (Hinze et al. 2019). While
a large part of the development of annotation tools have been committed to reproduce the
easiness of text marginalia in a digital setting, there were also attempts to create digital
annotations framework for three-dimensional objects.

However, the term annotation in the 3D realm is a fuzzy one, and it can describe two different
activities: (i) semantic segmentation and (ii) user-driven annotation.

Semantic segmentation is the process of dividing the 3D model into structural parts using
automatic or semi-automatic algorithms that provide shape characterisation. The result is a
partitioning of the 3D model into segmented parts.

The user-driven annotations are the product of the selection by a user of a portion of a
representation and the (optional) interconnection with a related subject matter.

In this section, and in general in this work, we will only consider as annotation the one generated

by users.

Already in 1999 Jung at al. (1999) developed a 3D annotation tool for reviewing architectural
models. The tool used VRML (Virtual Reality Modeling Language) scene description language
which served to specify object behaviours and provide geometrical rendering. It was automated
and available online thanks to Perl script and Java applets. In the implementation it was possible
to interact with the scene, changing design elements and colours, as well as create annotations
as numbered coloured spheres. The spheres were linked to textual annotations together with the

identity of their authors and loaded separately as a layer on top of the scene (Jung et al. 2002).

Several years later, in 2005, Bilasco et al. (2005) developed 3DSEAM (3D SEmantics Annotation
Model) for indexing 3D data with respect to their semantic aspects. The article poses the
problem of semantic retrieval, lamenting that signal-based retrieval systems are not enough for
a successful use and reuse of 3D content. The article proceeds to details the process of creation
of a 3D scene using X3D and continue analysing the use of XPATH for the selection of an object
in the scene. XPATH enable the creation of an information path able to point or retrieve the
data from an X3D model. The same process can be used to link to the object in X3D. This work
extended MPEG-7, a multimedia object standard, with specific descriptors for geometric, visual

and semantic features which are linked with the corresponding X3D elements.

A similar approach was used by Pittarello and De Faveri [[-Pittarello and De Faveri, 2006,
#43853]], which however used semantic web standards to link directly with the X3D encoded
information. The authors produce a series of ontologies which connected to “X3D primitives”,
geometrical objects defined in the X3D. The approach associates basic metadata to specific
geometrical references and uses ontologies to organise their relationships. The ontology is
linked within the X3D header and used to make sense of the attributes, encoded in the form of

common names (door, wall, knob), which are embedded within the X3D file. The approach the
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association of vocabulary elements expressed in RDF to geometric elements defined in the

model.

In the same year, a very different approach to the problem of 3D annotation was taken by
Kadobayashi et al. (2006) when they proposed a prototype for a collaborative 3D environments
where multiple authors, from diverse viewpoints, would be able to annotate 3D objects. Such
contribution, even with a very limited scope, raised another challenge in the field: how to create
a collaboratory annotation environment. In order to achieve that, the authors produced a
prototype using Croquet, a collaborative peer-to-peer network architecture for the development
of virtual world applications. Croquet allow the creation of virtual spaces that can be linked
together using views called portals. The prototype follows the Croquet’s logic of the portals, to
create physical and conceptual annotations, where the physical one are perspective of the objects
that is present in the world while the conceptual ones are annotation paths which say something
about the object in respect of one topic. The idea is to have overlapping annotations which

would together reveal diverse truths about a digital object.

Maass and Déllner (2006) developed a technique for the dynamic display of annotation in 3D
scenes. In respect to other techniques, the approach of the authors treat annotation as 3D
dynamic scene elements which are not encoded with the main 3D scene, but loaded as external
elements. The annotations are represented as billboards and they are automatically positioned
according to the shape of the object and the camera, in order to always be present in the scene.
The approach was quite innovative, but it had the peculiarities that the full elements would

always be covered by the annotations, therefore, cluttering the scene.

Collaborative annotation environments were also examined, in the biochemical domain, by
Hunter et al. (2007). The authors developed the AnnoCryst system which enabled collaborators
to discuss and annotate with textual or media file 3D crystallographic models retrieved in a local
repository or in a public database. The AnnoCryst system allow groups of colleagues to remotely
access the system and use the 3D object as anchors for the debate. Moreover, the system would
enable the inclusion or exclusion of a person from viewing the model and the discussion, ensuing
license protection in respect of the used data. The system used Annotea, an initial attempt of an
annotation model by the W3C, and other ontologies for the encoding of the annotations. The
3D viewer used was J-mol, a free open-source Java molecule viewer for 3D chemical structures.
Using a plugin for internet explorer it was possible to load a sidebar next to the 3D viewer where

to create or search for an annotation.

Goldfeder and Allen (2008) analysed the annotations problem from a diverse perspective,
asking if we can propagate information based on similarity. The objective is to overcome the
lack of descriptors in large databases of 3D structures automatising the annotation process. The

proposed solution relies on an initial corpus of tagged 3D models (Google 3DWarehouse) to
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compute similarities with newer ones, automatically assigning them the tag of the 3D model
they are similar to. It is important to underline that the annotation the paper talk about are not
spatial, but simple descriptors or tags assigned to a model. However, the paper deserves to be
listed here for the interesting problem that it poses, a problem which it is not yet given an answer

to.

In the late 2000 the discussion between folksonomy vs formal structure was still ongoing as it is
possible to see in the work of Moccozet (2008), where he explores the possibility to use
folksonomy to retrieve 3D object parts. In this article, the author presents a prototype able to
spatialise user created tags to 3D structure. In the same years the work of Attene et al. (2009)
was exemplary in using formal structures to characterise pre-selected shape within a 3D model.
Their tool, ShapeAnnotator automatically define object segment to be further annotated by a

user using concept expressed in an ontology.

In 2009, the work of Havemann et al. (2009) presented an original and useful attempt to deal
with the 3D annotation problem. The authors used TEI/XML (Text Encoding Initiative) to
encode CIDOC-CRM statements about the object and linked these with a chosen region of
interest in the 3D model. To achieve such result they used Collada, a 3D file format encoded in
XML, and developed an authoring tool that enable a user of the system to create a “markup
area”, in the form of a three-dimensional sphere within the model. The newly create sphere,
itself a Collada file, act as an anchor in the scene recording a link to the TEI information encoded
by the user. In this instance, the annotation is spatialised, however, not without limitations. No
dimensional information is recorded and the semantics is, unfortunately, quite loose. However,
the method can help the retrieval of information, on the base of the annotation, in a large

database of 3D objects.

Another important work to cite is the one of Rodriguez-Echavarria et al (2009) which present a
semantic annotation pipeline which includes 3D data, a metadata server and a software,
Tagg3D, which support the integration of semantic information coming from the metadata
server in a 3D representation, encoded using Collada. As seen before, also in this instance the
tags assigned using Tagg3D are stored in the 3D file itself, instead of being stored separately as

linked resources.

Reusing the approach developed in Hunter et al. (2007) Hunter and Gerber (2010) designed
another semantic Web annotation tool using Annotea as a data model, but this time oriented
towards the heritage community. The system presented in this paper allow for linking to X3D
objects using an Internet Explorer and Firefox plugin which connect the user to a MySQL
database. The system enables the user to create annotations and assign keywords, using a refined
version of the Art and Architecture Thesaurus (AAT), to a 3D object. No dimensional

information is stored in the database, but only comments and keywords.

56 /290



The Empire 3D project (Abbott et al. 2011) examined the creation and navigation of annotation
in a large 3D scene. The paper describes the development of a web system to visualise the 3D
reconstruction of the 1938 British Empire Exhibition in Glasgow, UK. The web system has been
designed in order to navigate the reconstruction of the British Empire Exhibition and consult
the original architectural plans as well as the original photos and drawings. These recorded
research data were modelled using CIDOC-CRM and linked with the visualisation. The
interface enabled the user to navigate the 3D scene and browse through spatial annotation
information and resources related to each of the reconstructed buildings. In order to not clutter
the scene, the annotations were shown as a floating pane or clickable point in the 3D scene. The

graphical layer, comprising the annotation, is linked with an SQL database in the back-end.

An important work in the field of 3D annotation is the one carried out within the 3DCOFORM
project. where a new software and data model for the annotation of 3D objects has been created
(Serna et al. 2011). Within the project, an Integrated Viewer/Browser (IVR) for searching,
querying, browsing, viewing, segmenting and annotating multimedia objects has been
developed. The IVR enables the users of the system, provided as a computer application, to
select segments of 3D objects and link them with annotations. The selection of a segment of a
3D object is not precise but use geometric shapes such as spheres or rectangles to define the
selected area (Serna et al. 2012). The information about the 3D object, the metadata about it,
the segment and the annotation are stored in an RDF triple store, encoded in CIDOC-CRM.
The annotation model developed within this project, CRMdig, it is still actively used and it was

presented in section 2.3.2.4.

Another project that reuse open models and resources is the one of David Yu and Jane Hunter
(2014), which extended the Open Annotation Model in order to link it to X3D objects. The
paper describes a new approach to the development of a web-based system for the annotation
of 3D objects. The system, 3DSA, was composed by a object repository linked with a web portal,
and an annotation client which enable the user to create annotation linked with a particular
spatial area of the object. The annotations were encoded and stored in an RDF triple store
(Sesame). Each annotation object created in the system was linked with the spatial information

encoded in the X3D, storing the dimensional values and spatial position in the triple store.

An important web platform for the analysis and documentation of heritage objects is Nubes
(Stefani et al. 2014). The platform, specifically targeted to architectural object, is a complete 3D
information system designed to relate and visualise heterogeneous information. The platform
store models and information in a MySQL database and uses a web interface to present them.
Once a model is loaded it is possible to create spatial annotations reusing terms from controlled
vocabularies. Nubes does not focus only on 3D models, but it is able to load and relate model 2D

images, such as ortophotos, which can be automatic or semi-automatic projected within the

57 /290



model. Previously created annotation on the 3D surface would be re-projected and spatialised

within the newly inserted 2D image.

It is quite interesting the approach followed by CHER-ODb (Shi et al. 2016) an open source stand-
alone system developed to visualise, analyse and annotate 2D/3D object. CHER-Ob use a
variety of annotation mechanism with one thing in common: user-selection. Annotations in 2D
images are based on pixel area, while in 3D models it is possible to select vertices, surfaces of
volumes. Selection can be color coded, recorded using a subset of the CDWA metadata and
annotated. The annotations are saved as a text file together with metadata, user information
and associated images (Wang et al. 2018). No specific encoding for the annotation is chosen that

are recorded in the hard drive as simple textual files.

Another stand-alone system developed in the recent years is Agata (Soler et al. 2017), a software
that creates a three-dimensional environment for annotating 3D models with textual or
graphical information. The software also provides some analytical functions, and it is possible
to automatically compute layers for estimating risk scenarios. Agata relies on a XML database
to store the annotations and metadata about each object. The database uses a CIDOC-CRM
compliant XML schema and supports XQuery as a query language. However, no specifications

are given on how the annotation is related to the three-dimensional model.

Recently, a new platform for 3D annotation, called annotation trimming with Clipping Volumes
(in brief ClippingVolumes) has been presented (Ponchio et al. 2019). This web-based platform
is designed to annotate 3D volumes. The model is first loaded into a web interface where the
users can select, using a polyline, the interesting area and further adjust it. Once the selection is
complete, the system computes a bounding volume and the annotation is recorded. The web
platform does not work with the full mesh, but with a lighter representation, therefore the
annotations’ information are transferred to a server which recreate the annotation on the full
mesh. The specification of the annotation (perimeter and area) are recorded into a database but

the specific encoding or the use of a semantic system has not yet being taken into account.

This brief overview had the purpose to present diverse annotation methodologies and their
evolution in history. The idea itself what is the purpose of a visual annotation has evolved very
much during the last twenty years. Initially, an annotation would take the form of a simple text
or tag associated to an object, with the purpose of explaining or better retrieve the 3D model.
The use of controlled vocabularies has slowly demonstrated its usefulness over the simple use of
tags. This important transition opened the door to systems based on formal semantic structure,
able to reuse external semantic authorities.

At the same time the community become more aware of the potentiality of a collaboration
platform, where multiple actors would be able to exchange ideas and opinion over the object,

using it to anchor interpretation and discussion. When the object becomes the custodian of

58 /290



research opinion, newer research has tried to embed this opinion in the object. Working mostly
with XML-complaint files (Collada or X3D), the community has tried to create links between
information systems and 3D geometries, embedding information in the object, or linking it to
the source.

Slowly a shift took place. Initially the object was the central element and the annotations would
always be about one of its characteristics or about a label assigned to it. Over the years, the
annotation themselves acquired a different status, with more systems treating them not only as
useful information about the object, but as useful information in themselves, which deserve to
be recorded and not embedded. Their recording as a different entity in respect of the object

enable an annotation to be annotated, as well as to be studied and preserved as a social object.
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3 On the church of Asinou

“When I use a word,” Humpty Dumpty said, in rather
a scornful tone, ‘it means just what I choose it to mean

— neither more nor less”

— Lewis Carroll, Through the Looking-Glass, and What Alice Found There
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3.1 Introduction

During different sections of this contribution we will refer to one church which we adopted as a
use case, the church of Panagia (Mother of God) Phorbiotissa in Cyprus (Fig. 6), commonly
known as Asinou, because it was built in the now vanished village and river with the name Asine.
The church, built in the picturesque setting of the lower Troodos mountain in central Cyprus,
around twenty kilometres from Nicosia, and served the monastery of Mother of God ton
Phorbion. The internal walls of the church are richly decorated (Fig. 7) and displays a wide
variety of frescoes ranging from twelfth (foundation) to the early seventeenth century, reflecting
and documenting the life of an Orthodox monastery during three different regimes and status.
When the first frescoes appeared in the church, Cyprus was an essential piece for the Byzantine
naval power. In 1191 the island was conquered by Lusignan family, and it becomes a colony of
Venice in 1474 until the Ottoman conquest of 1570/71. During these years, the church has been
reshaped, have found new donors, have seen new influences and has proven to be a testament
of the history of the island. For its stylistic and social value, it has been recognised as UNESCO
World Heritage Site since 1985, together with nine others richly decorated rural churches and
monasteries in the area, which have been grouped by the UNESCO as “Troodos Painted
Churches Group” (Stylianou and Stylianou 1985).

Figure 6. Asinou Church, Cyprus.

3.2 The church

The exact date of the foundation of the church is unknown, but a dedicatory inscription presents
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in a wall painting within the church itself report the date of 1105/1106. The inscription is,
unfortunately, masked thus it is unclear if it does report the date of foundation (was built) or
the date of the first painted cycle (was adorned with images). It is, however, widely accepted that
the date of the foundation is within 1099 to 1105/06 (Carr and Nicolaidés 2012, 53). The
inscriptions also reveal the name of magistros Nikephoros Ischyrios as the founder of the
church. Its portrait is present in a votive panel in south wall of the central bay of the Naos where
he is pictured presenting the church to Christ with the Virgin as intercessor with the
accompanying inscription “Having been blessed in life with many things of which thou, oh
Virgin, wast seen to be the provider, I, Nicephorus Magistros, a pitiful suppliant, erected this
church with longing, in return for which I pray that I may find thee my patron in the terrible day
of the Judgment” (Stylianou and Stylianou 1985, 114).

Figure 7. Wall painting in the vault of the Naos. Asinou Church, Cyprus.

This votive panel depicts the initial architecture of the church, a simple barrel-vaulted church
formed by a barred vaulted rectangle of three bays with an Eastern apse, a simple plan already
in use by 4™ century CE in many Asia Minor regions as well as Greece. The original architecture
was modified one century after the foundation (1115) with the addition, to the original structure
of the church, of a narthex with a north and south apsidal end. (Carr and Nicolaides 2012, 19).
Three entrances, in the south, north and west wall of the narthex, were initially built, but the
south door was quickly closed in order to make space for the famous wall painting of Saint
George.

The initial architectural form of the narthex has not lasted until today without modifications.

Damages were provoked by the frequent earthquakes that have struck the island. Buttresses
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were built on the south and north wall to strengthen the stability of the church. The original
semi-dome of the apse collapsed and was replaced with a deeper conch and supports. Some
structural failure happened, most probably in the thirteenth century, also in the naos. Following
the incident, the structure of the Easter and the central bay was reinforced with two responds
and two transverse arches were constructed beneath the original vault, dividing the space into
three bays.

The architectural history of the church was tormented by several incidents, which have caused
modifications and additions. The figurative history was no different.

The original decoration of the church has been carried out by an anonymous painter which we
know only with the name of Asinou Master, but only two-thirds of the original decorations have
been fully preserved. In fact, following the structural failures in the Naos, the new responds and
apse were painted in the late thirteenth century. However, around fifty years later, in the middle
of the 14™ century, the entire central bay was repainted anew, covering walls, the vault, inner
faces of the responds and the transverse arches. This last work has created new imagery (arches
and responds) but also repainted over parts of the barrel vault and the walls covering surfaces
which had been already painted by the Asinou Master. While we do not know the name of the
initial painter, we do have some significant details about the possible identity of the one that
redecorated the central bay of the nave. The stylistic choice and details have convinced some art
historians to look at Deacon Leontios as the author, an artist who also frescoed the narthex of

Lagoudera, and there left his name in an epigram outside the north door.

As mentioned above, the Narthex has been a later addition to the church, and it was initially
only partially painted. The remains of these paintings, with the exclusion of the panel of St.
George on a horseback, which is still intact, they appear now only as fragments, visible only
where the plaster of the new paintings has been scrapped (ibid pag. 93). This space seems to
have served almost as a private chapel for individual devotion (ibid pag. 130). At the exception
of three paintings in the south apse, a new comprehensive program draped the narthex in
1332/33 CE. The dating is given by an inscription in the lintel on the door leading from the
narthex to the nave (Stylianou and Stylianou 1985, 134).

3.3 The iconography

The church is very rich in iconography. The narthex has been adorned with various subjects
ranging from donors to local saints, with a beautiful depiction of the Christ Pantocrator in the
drumless dome.

While the iconographical description is a fascinating subject, specifically in reference to his
themes, it is not the purpose of this contributions to describe each and every one of the figures
and depictions present in the church. For this reason, in the following section, we will provide a
very brief overview of the some of the ones which would be cited within this work and testify

the peculiarities of this small church.
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3.3.1 Saint George

Possibly the most well-known depiction within the church is Saint George, a mural in the south
conch of the narthex. The wall painting (Figure 8) picture Saint George, portrayed in opulent
materials riding eastwards a white horse in a golden saddle and holding with his left hand a lance,
while with its right end the reins of his horse. The representation does not portray any dragon
or princess as would be common in a later stage, but only the saint in a spare landscape. George
is dressed using a military attire of the Komnenian era, which characterise him as a warrior saint
and not a crusader. The military attire symbolises its thaumaturgic power. However, the saint
was not only a warrior but also a protector of the cattle. Considering that the icon’s donor,

Nikephoros, was a veterinarian, this was probably the primary objective behind of the depiction.

Figure 8. Saint George, south apse of the narthex of the Asinou Church, Cyprus.
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The wall painting reflects elements of a later iconographical type, the one of Diasorites.
Typically, portraying Saint George on a horseback, the iconographical type, however,
sometimes included a boy from Mytilene the saint has saved from the Saracen. Nevertheless,
this is not this the case, no children are portrayed, and the saint it is not a crusader (as when he
saves the boy from Mytilene), but a protector of the narthex.

Exactly for this reason, the position of the wall painting in the south apse of the narthex it is
probably not casual. The monastery was, in fact, located north of the church, thus, the monks
entering the narthex would be faced with this icon, who would welcome them while coming
from the northern entrance with a clear sign of protection. The date of the painting is uncertain,
and it has been heavily discussed. Andreas Nicolaides (Carr and Nicolaidés 2012) suggests that
the icon must be dated between 1164 and 1192.

3.3.2 Last Judgment

The overarching iconographical theme in the narthex is the Last Judgment and the Second
Coming. Painted in 1332/33 it is spread across the vaults, lunette and arches of the narthex and
represents several eschatological visions and apocalyptic elements of the middle Byzantine
period. Between typical iconographical subjects of the Last Judgment that we found also in
Asinou are the Heavenly Court, the River of Fire (or Fiery Stream), the Preparation of the
Throne (Hetoimasia), the Angel’s Trumpet (figure 9), the Personification of the Sea and the
Earth, the Angel Rolling up the Scroll, the Weighing of Souls, the Collective and Individual
Torments, the Choirs of the Elect the Garden of Paradise and the Deesis (figure 4).

While the representations are deeply rooted in the middle Byzantine iconographic tradition, the
disposition has in Asinou a very distinctive character, because the scene adapts to the
morphology of the church, rearranging figures and compositions. Traditionally the Heavenly
Court consists in the figure of Christ ready to judge the dead. He is arranged on a high throne
in a vesica piscis with the apostles seated next to him together with an army of angels and one
archangel dressed with the imperial loros. Next to Christ, forming the Deesis, the two figures of
the Virgin and John the Forerunner (Patterson Sevéenko 2009).

Due to lack of available space, the author of the 1332/33 cycle in Asinou had to make some
adaptations in the composition. Instead of the classical configuration, the elements of the
Heavenly Court are dispersed across the dome, pendentives and east wall. Thus, the Christ
Pantokrator is the centre of the scene, surrounded by twelve medallions of angels and
archangels. The apostles are depicted, divided in group of three, in the pendentives, while the
Deesis is separated in the east wall in three different panels. All the figures of the Heavenly Court
are depicted but are rendered in a dome composition. The scene appears scattered, but the
figures are linked together by their gaze. The Apostles in the pendentives look at each other, as
much as in the Deesis the Virgin and St. John the Forerunner look across their panels to the
figure of Christ. Using this pictorial schema, the artist is able to create a stronger bond between

the dispersed elements of the composition.
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Figure 9. From right top left: Angel’s Trumpet, Adam and Eve, the Preparation of the Throne, the

Fiery Stream, Hades. West lunette, narthex of the church of Asinou, Cyprus (photo courtesy of The
Byzantine Institute, The Byzantine Institute and Dumbarton Oaks Fieldwork Records and Papers,

ca. late 1920s, Dumbarton Oaks, Trustees for Harvard University, Washington, D.C.).

3.3.3 Donors portraits

3.3.3.1 Saint Anastasia

The narthex of the church hosts many donor’s portraits important for our analysis. In the south
apse, on the right of Saint George is pictured the panel of St. Anastasia Pharmakolytria with the
donor Anastasia Saramalina (Figure 10).

The panel presents the saint holding a bottle of medicine in her left hand and cross of
martyrdom in her right. This iconography is linked with her healing power, but also to the
resurrection of Christ, with the last judgment and descent into hell, as well as with funerary
context. She is usually painted with medical saints, therefore she expresses healing, salvation and
resurrection. The donor next to her, Anastasia Saramalina dress in a typical byzantine attire
which widely recur across the Mediterranean area in donor’s portrait. The dating of this panel
is of later date the one of Saint George, but it is earlier than the 1332/1333 cycle and has been
linked with the murals of the bema, which appears to be from the same hand.
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Figure 10. Figure A - St. Anastasia Pharmakolytria with the donor Anastasia Saramalina, south apse of
the narthex of the Asinou Church, Cyprus. Figure B - Mother of God between Archangels, Apse, north
side of the Asinou church, Cyprus.

3.3.3.2 Latin Donor

The semi-dome of the south apse of the narthex of the church presents a depiction of another
important donor, the Virgin of Mercy and Latin Donor (Figure 11). The virgin is holding the
Christ child at the centre of the panel, with a kneeling woman on her right and two young
persons on her right. While the virgin stretches her maporhion towards the kneeling woman,
Christ ben his arm blessing her. The virgin in this depiction belong to an iconographical type
originated in Italy, the Madonna della Misericordia, which have been spread in the Latin east by
the Venetian rules. It is not the first example of this depiction in Cyprus, but it is important
given the position of the church. The female supplicant is the Latin donor, and her presence
with two young boys indicate that she is a widowed mother. Her posture and hands closed in
prayer are typically western. She is dressed in a scarlet dress called “cotte”, originally from
France, which has been in fashion among Latin women in Cyprus.

While the character of the composition is western, the realisation follows stylistic features found
in the panel of St. Anastasia in the murals of the bema and, for such reasons, have been attributed

to the same workshop.
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Figure 11. Panel of the Virgin of Mercy and Latin Donor. Semidome of the south apse of the narthex of

the Asinou Church, Cyprus.

3.3.3.3 Nikephoros

This donor’s portrait depicts the Virgin, together with the founder of the church, Nikephoros,
accompanied by the small figure of Gephyra, which held in his hands the church of Asinou
offering it, through the mediation of the Virgin, to the figure of Christ surrounded by angels.
The Virgin is interceding with the Christ in favour of Nikephoros, passing his words to Christ,
who gesture affirmatively back to her.

While it appears that has been a donor’s portrait originally in the church, the depiction (Figure
12) which has survived until today characterised by 12* century stylistic choices, such as
Nikephoros’s costume as well as the epigram present in the panel which conforms to 12* century
usage. It is probable that the original panel occupied the same position and have been repainted.
The position of the panel closed to the bema is deliberate, because it could be seen and addressed

during the ceremony.
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Figure 12. Panel of donor’s portrait. Naos, central bay, south lunette. Asinou Church, Cyprus.

3.4 Conclusion

Asinou is a small foundation with a rich history and in a country of strategic importance for the
intricate relation between east and west, a container of influences which have been drained by
so many diverse visual cultures. The diversity of customs and the new rules had an impact on
the culture of the island, and their visual works testify such influences. In Asinou, we can see
women in western dresses, Frankish donor and western iconographical types next to typical
Byzantine imagery with ties to Syrian or Constantinople traditions. The presence of such
influences in a small rural church located in the mountain above Nicosia, bear witness not only
how the new culture had reached the core of the country, but it also presents us with the
challenge to give a name and type to such new representations. The diversity in imagery gives
us the change to pinpoint precisely on how the new custom come into being, what they represent

and how we can describe them without overlooking their intrinsic characteristics.
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4 On the phenomenology of interpretation

“I fully agree with you about the significance and
educational value of methodology as well as history
and philosophy of science. So many people today—and
even professional scientists—seem to me like somebody
who has seen thousands of trees but has never seen a
forest. A knowledge of the historic and philosophical
background gives that kind of independence from
prejudices of his generation from which most scientists
are suffering. This independence created by
philosophical insight is—in my opinion—the mark of
distinction between a mere artisan or specialist and a

real seeker after truth”

— Einstein to Thornton, 7 December 1944, EA 61-574
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4.1 Interpretation of information in Cultural Heritage: literature and major
analysis

4.1.1 Jakobson and communication

Talking of information and cultural heritage means discussing about a social discourse that is
undertaken by heritage managers, archaeologists, architects, curators, archivists and other
experts with the aim of managing and preserving our past. The overall system is based on the
interpretation of the material traces of an event throughout a code which is constantly used for
their signification.

To investigate this process, and understand how we relate content with an expression to produce
perceptual judgements over physical objects, we decided to examine the interpretation in its
most granular terms. We chose to focus on how the informative content gets its meaning, and
drawing from the theory of code production we opted to use a framework on understanding
which is the closest to our needs: the Jakobson’s communication model. Jakobson’s model
already contains, in fact, some of the nuclear elements that we determined to be fundamental in
the explanation of the interpretation of visual items.

Moreover, communication and interpretation are very much alike. The latter is nothing else
than an asynchronous and indirect communication process which involve an addresser, a
cultural object or phenomenon and an addressee which is responsible for providing a
signification to the object/phenomenon. Classifying it as a cousin of a communication process
does not mean, however, as someone carelessly expressed, that “the monument talks to us”, but
just that the elements in play are quite similar in structure and significance within the process.
Both the communication and the interpretation rely, in fact, on code production for the

meaning assignment within a community.

Context

Addresser Message — Addressee

Channel

Code

Figure 13. Jakobson’s communication model.

In order to express an interpretation as a particular type of communication process, we adapted
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the Jakobson’s model of communication (Jakobson 1960) (Fig. 13) transforming it into an
asynchronous two-step process (Fig. 14) where the initial addresser's message and the
addressee's interpretation happen in two different points in time (respectively called T1 and
T2). We called this new model Jakobson’s Cultural Model of Interpretation (JCMI).

To better fit with the heritage practice, we preferred renaming the addresser as Creator and the
addressee as Interpreter. Creator refers to people, both as individual or group, who, known or
unknown, are behind a creative cultural performance of any kind. This expression does not aim
to restrict the subject to a specific kind of cultural practice. We do not wish to distinguish
between tangible or intangible heritage, and we do not aim to classify the degree of creativity of
any activity; cultural performance should be understood as merely an act aimed to create a
cultural content. No other distinction is needed at this stage because whichever type is the
cultural content created it will still follow the same type of pattern as a matter of interpretation
process.

The product of the creative cultural performance is a visual Message, which is also the object of
the act of interpretation.

The Interpreter is the agent which will examine and, indeed, interpret the visual message in a
different moment (T2) from the one of its creation (T1), and on the base on his judgement and
experience will assign his meaning to it. The result is influenced by the Code and the Context
used by both the Creator and the Interpreter. For example, in case of an inclination towards a
reconstruction of the original meaning (as in the case of heritage scientist), the Code and the
Context in T2 would tend to overlap with the one in T1. Nevertheless, they could also remain
entirely separated if too much time has passed and no effort has been made to reconstruct the

original (T1) socio-cultural environment.

Figure 14. Jakobson’s Cultural Model of Interpretation (JCMI).
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The Contact, together with the Message, is the other unaltered and stable element within JCMI.
Although the name could be deceiving, the Contact is nothing else than the channel used by
Creator and Interpreter to communicate with each other. The original Jakobson’s model took
into account the possibility that the communication channels would change over time
throughout a re-formulation of the original message. The typical example of this case “is the link
postulated between a pair of communicating Native Americans, such that one, the source, moves a
blanket over a fire, while the other, the destination, observes the resulting message cast, or coded, in
smoke” (Sebeok 1991, 27). In this example, the transmissions would have to be rearranged and
adjusted to the channel used to convey a meaningful message.

However, if this complexity fits perfectly within a semiotic theory of information transmission
which includes numerous channels, our case uses exclusively visual means to interpret
information. Hence, the channel used to deliver the visual message would be the material
support that the Creator used in its original creation. A re-arrangement of the disposition of the
visual message in another channel should be treated as a different manifestation of the work. An
exact copy of the work (a photograph for example) carries a different informative content. That
is the main reason why the contact, together with the message, need to remain a stable element
in JCML

Two other elements are essential for our interpretation model: the Context and the Code. The
Context in Jakobson original model does not denote the circumstances around the message but
its referent “seizable by the addressee” (Jakobson 1960). In JCMI the referent can significantly
change between two points in time, losing its original denotation or acquiring an entirely new
one, and that is why is present as a single element in both T1 and T2.

The Code is the encoding shared by a Creator and an Interpreter which ensures the

comprehension of the message. Similarly to the context, it can change over time.

Missing from the original model is a theory of interpretation, a way to understand the mechanic
of it. Specifically, we need to expand on how the code is used, and meaning is constructed,
making sense of the manifold of experience. To untangle these problems, we will analyse how
the code function as a generative grammar for establishing a set of functions, able to correlate
the content plane of a signal to an expression plane linking together elements of a system such
as an element 4 is used to stand for an element . Hjelmslev (1963) called these type of functions
“sign-function”, and define its two constitutive elements as functive.

We determined that the capability to construct sign-function is the primary attribute of the
Code. Working as the semiotic associative mechanism, it allows us to link the visual cues with
the object recognition through the process of perception. To unravel how such outcome is
achieved, we should look more comprehensively to such process and examine its relation to the

meaning assignment of a visual object.
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In the following sections, we will see how visual messages are encoded and shared between
agents, and how the communication of the Message is constricted by the elements in the JCMI,
creating that variance which is the base of the richness of our visual experience. A considerable
amount of space is going to be dedicated to the Code, which appears to be the more troubling
element of the JCMI. Specifically, we will face the recognition of the elements used for encoding
a visual message between agents in section 4.1.2, Cognitive Type, Semantic Marks and

Semantic-Perceptive Field, while in Reference we are going to shed some lights on the Context.

4.1.2 Shared Perspective

A thorough explanation of the Jakobson’s Cultural Model of Interpretation compels us to define
the objects which the code acts on during the function generation. To do so, we are faced
immediately with the challenge of visual representation and, therefore, with the one of
perception.

What it is to perceive something is a fundamental question which emerged and become popular
in the philosophical debates among the ancient Greeks. The Atomists were the first to propose
a doctrine of light and vision, followed shortly by Euclid and Ptolemy who started to employ
geometry for their analysis. Intertwined with the theory of knowledge the question remained a
critical topic in the medical, philosophical and geometrical debate ever since, collecting
contributions from scholars of the likes of Alhazen, Descartes, Berkeley and many others
(Lindberg 1981; Hatfield and Epstein 1979). The content of perception is, in fact, the very first
form of knowledge and its nature, as well as its relationship with the sense and the outside world
it is highly debated and studied.

We will continue this tradition taking the semiotic stance. Following several scholars before us,
we argue that perception does not have to be reduced to a mere sensation because it is always an
assignment of meaning. It is not merely a “becoming aware of the external world through the
action of the senses” (Pizlo 2008) but it is an active semiotic process of collecting and relating
sense data to a (conceptual and semantic) model (Eco 2000). Perception should not be confused
with sensation because to perceive something it is always a type of inference, which is implicit
in the classification of the percept as “something”. Even when something is defined as a
completely unknown, there is still an inferential process that defines it as a thing which we do
not know how to classify, but it is, indeed, still thought as a thing, which is a categorical object.
However, when everything is taken into consideration, there is little close to nothing that is
visually unknown, because we have a tendency, as will we see in the section Cognitive Type, to
perceive similarities between things in order to make sense of the manifold of reality.

If perception is not just a sensation but a collection of information from the continuum of
reality, what is the percept and how we identify it? Initially, and a for a long time, the percept
was associated with the boundaries of the perceived physical object. It was quite later that

appear evident that the vision is a mediation where:

“The shape of an object we see does not, however, depend only on its
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retinal projection at a given moment. Strictly speaking, the image is
deter-mined by the totality of visual experiences we have had with that

object, or with that kind of object, during our lifetime (Arnheim 2004)”

The visual experience includes diverse factors which influence each other such as perspective,
spectrum, environmental condition, spatial position as well as the framing or the closeness to
other shapes (Fig 15). The boundaries too sometimes are not necessary because we use our
previous experiences to reconstruct the boundless figure (Arnheim 2004; Gombrich 2004). Even
2D or 3D representations, such as photographs and reality-based 3D models that we assume are
flawless in their way of capturing the physicality of an object, provide just a selected or limited
set of information based on the environment, hardware, software settings and projective system

chosen as a medium.
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Figure 15. The Gestalt Principles Composition highlight the role of the mind in the perception of an

object.

Thanks to the studies in Gestalt Psychology we started to be aware that are many features that
affect our understanding of an object. However, if this historical development helped the
scientific community comprehend the problem, and understand how difficult the identification
of a percept is, it did not provide us with a method we can rely on nor a point of departure for

our analysis.
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A more reliable way of discerning something in the continuum of reality was lately suggested by
Floridi (2011). While providing the epistemological foundation for its new discipline,
Philosophy of Information, Floridi reformulated and expanded on the work of MacKay (1969)
and Bateson (1972) arguing that it is not the presence of a thing, but the lack of it, which suggest

the existence of something. He introduced the concept of datum, which he defines as:

“datum = def. x being distinct from j.
where x and y are two uninterpreted variables and the relation of "being
distinct', as well as the domain, are left open to further interpretation.”

(Floridi 2011, 85)

The concept of datum is extremely useful for us because we can use it to develop a definition of
a percept.

The propriety of being distinct, which Floridi mention, is the first and foremost important thing
we need to use to define a percept. Being distinct it is, however, not enough. It has to be distinct
in some way. The type of distinction it is far from necessary, what we have to value is the
dimensional mapping of it as well as the reference system where it is distinct. With these

elements, we can finally have a percept that acts as the primary block in our phenomenology.

Having determined the object of the perception, we finally can analyse how the basic atoms
present in a visual item are used, together with the code, by an interpreter to form a sign-
function. To do so, we need to switch the focus of our analysis to the connection of the sense
data to a model. A percept can be interpreted differently from person to person depending not
only on their social and cultural background but also on their disposition in regards to the
percept. One of the easiest and probably more famous introductory experiment to prove the
interpretative nature of the perception is given in Fig. 16. It is the “duck-rabbit” picture made
famous by Ludwig Wittgenstein in his Philosophical Investigations (1963) as a means of

describing two different ways of seeing an image.

76 /290



Figure 16. The duck-rabbit illusion.

Looking at this picture, the viewer it s, in fact, prone to perceive only specific aspects of it, which
would lead him to recognise a duck or a rabbit. The viewer will have a more fruitful perceptual
experience and see them both only when he fixes his attention on it and develop a better
comprehension of the Code used by its Creator to construct the picture.

This example quickly shows both how the retinal images are not the only instruments people

use to understand something and how representations are always mediated by a code.

4.1.3 Eco and the genesis of Cognitive Type

The interpretation of a visual message requires the connection of the sense data to a model using
a specific visual code. This process relies heavily on an act of recognition, classification and
reference which necessitate an understanding of the equivalences between an object, or at least
some of its characteristics, and a similar type that we had experienced in the past.

In order to better explain our stance, we will reuse and expand on a theory formulated by Eco
(2000). After reviewing the theory of classification and recognition, Eco suggested that for the
comprehension of the known we should look at the unknown, thus laying down the ground for
our exploration. We will delve deeper into his thesis, focusing on the nuclear elements which are
necessary for a shared understanding of our reality. For such reason, it is of paramount
importance to firstly introduce, analyse and explain his theory.

Eco ask himself, and his readers, how we would be able to interpret and socially talk about
something if we would see it for the first time. He proposes a thought experiment using the
Aztecs’ first encounter with the Spanish knights. During this occasion, the Aztecs were faced

with an entirely new animal mounted by individual completely covered by metal plates and
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“Oriented therefore by a system of previous knowledge but trying to
coordinate it with what they were seeing, they must have soon worked
out a perceptual judgment. An animal has appeared before us that
seems like a deer but isn't. Likewise they must not have thought that
each Spaniard was riding an animal of a different species, even though
the horses brought by the men of Cortes had diverse coats. They must
therefore have got a certain idea of that animal, which at first they
called macatl, which is the word they used not only for deer but for all

quadrupeds in general” (Eco 2000, 128)

What is interesting from this passage is not just the recognition of the nature of a horse as an
animal but the difficulties that such collective recognition impose on the exchanges between the
messengers and the emperor. The former integrated their description with pictograms and
performances aimed to describe not only the form of this new animal but also its behaviour.
After listening to them the emperor had formed an idea of the macatl his messengers were
talking about it, but it would be probably different from the one in the mind of his messengers.
Nonetheless, it would be accurate enough to allow Montezuma to talk about a macatl, to be able
to recognise one and differentiate it from the Spaniard riding it. Moreover, he was probably able
to recognise not only the single macatl but the entirety of them as a single species, even if they
had differences in colours, size or carried armour. Gradually he was able to acquire more and
more knowledge about this macatl, about its usefulness in battle as well as its behaviour and
origin (earthly or divine for example). Finally, the Aztec started using a specific word for it,
modifying the Spanish word caballo into cauayo or kawayo

The story above presents an interesting perspective of the perceptual process, specifically on the
recognition and categorisation of new objects, and it allows us to see how, on the base of the
object’s characteristics, we produce an idea of a percept. In his analysis, Eco (Eco 2000, 130) call
this idea Cognitive Type (CT). In this case, the CT would be the concept that an Aztec used to
recognise a horse as an exemplar of their kind. After having seen some horses the Aztec would
have constructed a morphological schema of it, which does not comprise only an image-like
concept of the horse, but it includes its peculiar characteristics such as the neigh, its motions, its
capabilities of being mounted and perhaps even the smell. These elements are the base used for
creating the CT of the horse, which appears to be then a multi-sensory idea of what we see.

For many readers, this concept would quite resemble the one of prototype (Rosch and Lloyd
1978; Lakoff 2008)

Eco does not delve into explaining in details how that would work and how we can use this
grammar to relate sensing data to a semantic and conceptual model to achieve similarity-based
recognition (we will develop them in Semantic Marks), but he instead focus on the concept of
agreement and specifically on the alignment of the CT's between the agents. Coming back to the

Aztec example, there was undoubtedly a time when the Aztecs, discussing the macatl, they
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reached an area of consensus between their private interpretation and the collective
understanding, associating the content with the expression macatl. Initially, the agreement was
probably disordered but they surely soon homologate the features they all identified into
something public, circumscribing their meaning assigned to the animal macatl, therefore
unifying their collective CT, which are private, to a set of public interpretants which Eco called
Nuclear Content (NC) (Eco 2000, 137).

The NC originate by the harmonisation of CTs but, being a cultural trait, can also be socially
transmitted, becoming the origin of the classification of the reality of a social group. In this way,
a NC can be used to pass down instruction for the identification of an object or phenomena to
the newer generation.

These two concepts are essential to the perception process and our social understanding of
reality. Being privately and socially generated they are the foundation for our way of classifying
the world and socially communicate about it.

The combination of CT and NC is quite similar to the “structured and structuring structure”
which is Bourdieu’s habitus (Grenfell 2008; Bourdieu 1977). Bourdieu affirms that the habitus
is structured by its existence, and it is generative on the base of its structure, therefore, creating
classifications and practices on the base of a preconceived structure which is socially generated
in a specific field. We can easily see how the generative power of the CT and NC are just a more
elaborate analysis of one-person dispositions towards a particular classification of the world.
This classification is not innate (if not in the way of being structured in a certain way) but it is
socially given, and it evolves within the social boundaries of one person’s cultural arena.

Eco, continues his examination of the perceptual process and introduce another differentiation
over the sets of information which are necessary for the recognition and the ones which are not
necessary. An agent, in fact, can enrich his knowledge about an object over NC. The purpose of
the latter is, in fact, only help to recognise and socially talk about something. Montezuma, for
example, while initially only had a very few little information about the macatl, soon broadened
up his knowledge into a more complex structure which included a set of information which is
not necessary for the identification of a horse, such as they are breed in a precise manner. This
information would not be as numerous as the one held by the Spanish, nor at the same level of
precision as the one of a modern zoologist, but would be anyhow more encyclopaedic in nature.
This knowledge and competence should be diversified from the NC, which is just a
harmonisation of the CTs, and are to be call Molar Content (MC) (Eco 2000, 141).
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4.2 A new proposal

4.2.1 Encoding the visual: the Semantic Marks

The creation of the CT implies the collection of a series of multi-sensory data that allow us to
form an idea of a physical object. Unfortunately, Eco does not explain precisely how it would be
done. While for Eco this information was not relevant, it is for us. The research of the nuclear
elements of the process is essential for defining how their interactions affect our visual
understanding. In order to explain how the process work, and specifically how it works within
the Jakobson’s Cultural Model of Interpretation’s Code, we introduce the concept of Semantic
Marks (SM). We define an SM as internal encoded functions which help classify external stimuli,
discerning their nature.

SM are sense based and help classify the perceptual experience correlating perceived signals to
the CT of a situation, plus to the CT of a physical thing. Both of them are based on an
equivalence-based criteria between the percept and a situation/object which are similar to.
Further recognitions are achieved by a similarity-based degree of the newly perceived SMs and
the SMs that characterise a previously constructed CT.

SMs function as attributes of the identity of a percept. The number of the signals received by
the senses can be numerous, but the chosen ones that are used for the identification are a fewer
numbers and, they present themselves as constituents of a perceptual manifestation. While a SM
can be seen as another type of sign, is instead an encoding of the percept on the base of a
classification, which reuses our experience and social ground for determining the significance of
our reality.

Having outlined the gist of it, it is best to start formulate a formal analysis, because only through
their definition we can comprehend their role in the perception process. A SM is the result of a

semiotic process which works with three components:

e Atleast one signal.
e  Asituation.

e  Anobject.

The very first component is the signal, which is an external stimulus, a datum identified on the
base of its difference and its form. We will flatten its definition, for a functional purpose, using

logic as:

Def. 1) Vsignal(x) > Vx.((hasDimension(x, N) A isPartOfix,
System)) A different(x, Surrounding) )

Where x is the signal which is identified by a dimension (N) in a specific System (could be a

specific projection system as well as a topological relationship). The identity of the signal is,

moreover, defined by its differences from the Surrounding area because, it is exactly this element
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which ground its identification into a single unit.
A set of signals is a set of uninterpreted data, but for their identification we should look over to

the other components of an SM: situation and object.

The notion of a situation is quite fuzzy. Situation theory and its semantics was the subject of
many academic debates (Stojanovic 2011; Devlin 2006; Zucchi 2015; Cooper 2012) in the last
thirty years. Many have written on the topic, but there is no real agreement between the
community on what exactly is and how to define a situation. Nonetheless, we used some of the

elements discussed in those debates to build our definition of a situation (s) as:
Def. 2) Sdefz {R) Al ooy Ay wx}

Where R is the relationship perceived by a viewer between a set of physical entities (4,....,4,) in
a specific spacetime volume (w), a portion of the space-time continuum. The type of
relationships (R) between the entities can be of diverse nature such as mereotopological or
temporal (for a better account of those see (Smith and Varzi 2000; Smith 1996; Varzi 2003;
Freksa 1992).

Situations, however, while carried their own identity are not unique temporal state which need
to be determined every time, but can be approximated as an instance of a situation type (where
the situation type is just the closest logical counterpart of the CT of a situation, useful here to
determine its membership function), which is a prototypical situation we have experience of,
and help us determine a specific perspective or a behavioural pattern to follow. The relation
between a situation s and a situation type S is a degree of membership of the elements of sin §

where:

Def. 3) A situation type S is a pair (S, 7m) where S is a set and m:S
- [0,1] is the membership function. S is the universe of
discourse and for each s € § the value m(s) is the grade of
membership of s in (S, m). The function m = u(A) is the
membership function of the fuzzy set A = (S, m).

Using the same logical notation, we can define the relationships between a physical thing pand
its type P, such as that an object is the relationship of a set of physical parts identified by the

combination of certain materials over time and P is:

Def. 4) A physical object type Pis a pair (P, n) where P is a set, n:P
- [0,1] is the membership function and for each p € P the
value n(p) is the grade of membership of p in (P, n). The
function z# = u(B) is the membership function of the fuzzy

81/290



set B= (P, n).

As mentioned before the resemblance is given by a degree of similarity. Therefore, the set A and
B, which are respectively the set of all the matching situations, and the one of all the matching

physical objects, which we can describe as:

S) A ={s,pa(s) | s€ S}
6) B={p,us(p) |peP}

Should use a membership function type which take as an input the value or a similarity-based
degree calculation. However, similarity it is not, as commonly understood, a juxtaposition
between two anatomically similar elements, but a more complex phenomenon. Nevertheless, it
is possible to map the correlation between elements in a multi-quality dimension including,
depending on the case, Topological, Feature, Alignment or Value information (Goldstone and
Son 2012).

The Value information is used in social science to gather data about the closeness of certain
qualities, such as political vision. However, we can easily assume that such type of reasoning can
be applied to group elements based on different qualitative criteria, such as the material
property, colour, size or reflectance. For example, two representations portraying two different
subjects could be group together if both have a golden background, or if the objects portrayed
have the same size.

Topological information relates to the closeness of two or more object in a specific reference
space. It could be a local space, such as a portrait where two dots stand in proximity to each
other, or a geographical space, such a country or a town. The metric closeness between the two
objects for being grouped together it is determined by the viewer.

Feature similarity implies the presence of few distinctive features which are considered by the
viewer more salient than others and are taken as key for grouping some objects. Could be the
case of wearing a hat with a feather or carrying a Latin cross. In both cases we use these elements
to say that two objects are similar.

The Alignment similarity indicate the likeness of one or multiple parts of an object with one or
multiple parts of another object. It implies the possibility to juxtapose the two parts together.
The part could be the same or not (transformation such as magnification or shifting could be

used), but the effect is improved if it is the same.

We will not provide indication on which membership function should be chosen (Gaussian
distribution function, the sigmoid curve, and quadratic and cubic polynomial curves etc.),
because the methodology depends on what kind of similarity information are being taken into
account. For a full account on the methods refer to great commentary on the subject given by
Timothy J. Ross (2016).
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At last, having finally determined what is the relation between situations, a physical thing and
their CT (for functional purpose logically expressed as type) we have all the elements for

defining what is the Semantic Mark of an object, which we define as a tuple:
Def. 7) SM.= {(Sig.,..., Sig,) A ,B}

Where (Sig,,..., Sig,) is the set of signals identified, A and B are respectively the fuzzy set of all
the matching situations, and the one of all the matching physical objects in respect to a set of
signals which we used to contextualise the signal.

We define a Semantic Mark as the result of a function which relates the signals to a situation
and a physical thing to create denotative expressions that link the initial signals to specific

cultural content.

4.2.2 Identity construction and Semantic-Perceptive Field

We introduce the role of the Semantic Marks within the overall perceptual experience as
attributes of the identity of a percept and components used for the identification of a visual
item. We did not, however, examine how we use Semantic Marks to create denotative
expression.

The identity of the object is given by a set of Semantic Marks which are chosen during a
perceptual experience because they represent the characteristics that further help us recognise
and identify a visual item. As we saw in Semantic Marks, we link the SMs to a CT to assign
meaning to them and construct denotative expression.

In order for this process to occur we need to assume it exists a space where we collect the SMs
which are essential for the formation of a specific CT, and map them to the corresponding type
(Fig. 17). We called this space a Semantic-Perceptive Field (SPF), and we define it as a mental
space we use to semantically segment our reality and link processed sense data (SM) to meaning-

provider ordering structure (CT).
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@ Semantic Mark

Semantic-perceptive field

Figure 17. Composition of a CT

To better clarify the use of SM, SPF and CT we will see how we employ them. To demonstrate

their use we determined three categories of perceptual experience:

a) The recognition of the known.
b) The enhancement of the known.

c) The identification of the unknown.

The very first (a) is the simplest one. For a felicitous recognition, we collect the SMs of the
perceived object, and we compare them using a similarity-based degree, to the one belonging to
the closest CT mapped in our SPF.

Quite different is the case of the enhancement of the known (/). An enriched perceptual
experience, such as a diverse perspective, or a more profound analysis of an object, could lead to
an improvement in details or a partial substitution of the features we use to identify something.
In this case, we will have a reconfiguration of the mapped SMs using newer marks or just the

selection of diverse ones. The modified CT will be composed of a new set of SMs which
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represents our enhanced perceptual knowledge. The normalisation of the CT into a NC can also
be explained in term of a social reconfiguration of SMs, which take input from diverse SPFs (Fig.
18).
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Figure 18. Normalisation of diverse CT into an NC.

The identification of the unknown (c) is the probably the most complex of the three. As we saw
inCogpnitive Type, our first instinct is to classify something new using a close perceptual relative,
so when are faced with the unknown we are just evaluating the degree of variance between what
we have in front of our eyes and the SMs in our SPF. We search for the SMs’ disposition which
is close enough to the unknown and then we will identify it as such. Nevertheless, if the gap in
the degree of variance between the known and the unknown is too high, we will construct a new
CT and apply the SMs necessary for its identification. It is important to remark that the SMs we
will assign to the new CT are still based on the CTs of object and situation we previously
identified. That is the reason we used fuzzy logic to map the relationship between the object in
front of our eyes and its corresponding CTs. In such way, when an unknown object would be
encountered the identified SMs would be composed by chosen signals plus the degree of
closeness (7(s) and n(p)) of the chosen sense data to a previous object and situation. The result
is a new CT with a degree of closeness to any previously registered ones which is determined by

the sum of the degree of membership of its elements.

With these three examples we outlined the major use of SMs, CT's and SPF as the content of the
referential process and as an underlined grammar for the construction of the Code. Before
analysing the last step of the perceptual process, the reference, it is important to underline how
the structure of the perception process is not only defined by the Code, but it is influenced
heavily by another element: the Contact. The variances caused by these two elements can be

sometimes confusing, and they obviously influence each other. To clarify any misunderstanding,
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it is better to explain their differences with an example involving a well-known Contact: a
picture. If we look at a photo, what it represents and its counterpart in the physical world would
be quite different. A picture of a dog and a real dog are quite distinct. There is a reduction of a
3D physical object to a 2D reconstruction on the base of a certain amount of chosen data.
Nevertheless, we cannot deny their resemblance (a primary iconic base), as well as we cannot
deny the fact that a picture (or a drawing for that matter) follows some language which could
influence our understanding of the object which it depicts, such as the focus, perspective or the
colour captured. The language used, as well as the possible variances of it, is defined by the
Contact. It is important not to overlap such distinctions and do not treat the differences caused
by the Contact as variances in the Code, even if they are obviously influencing each other. Volli
(1972) help us clarifying this point when speaking about differences in graphical transcriptions
that allow us to see diverse channels (picture and paintings for example) and still be able to

recognise them. He speaks primarily about geometrical differences such as:

“congruencies (which maintain unaltered all the characteristics of a
figure, including metrical ones), homothetics or similitude (which
renounce metrical identity), projective transformations (which retain
characteristics like “being a straight line” or “being a second grade
curve”) and topological transformations (which retain only some

elementary properties, such as the continuity of lines).” (Polidoro 2015)

The use and modification of these type of criteria are intrinsic to each Contact, which depending
on the medium capabilities and the field tradition, is responsible for the extensionality of the
Code. Therefore, the use of the same visual code in different contacts would produce different
results, because there always would be a translation and an adaption to the new medium. When
McLuhan talked about Medium as the Message (McLuhan 1964), he successfully points out that
the role of what he called Medium is to shape the message into a form that is based on the
possibilities given by the Medium itself. The Contact in our model is definitively not a Message,

but we can comfortably state that it shapes its form and determine its expressive possibilities.

4.3 Integration with context: reference theory

Having finally discerned and analysed the problem of the code we should move forward with
our theory of interpretation with the last constituent in the Jakobson’s Cultural Model of

Interpretation (JCMI): the Context.

The Context opens up the problem of reference in the interpretation theory. We already saw
how we use the code, specifically SM and CT, as a function of correlation of a visual item to a
corresponding reference in order to provide communicative meaning. What is the nature of the

reference and what precisely those SMs are marking, however, it is not a simple question as it
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may sound. The understanding of the reference is frequently muddled by the use of Ogden and
Richards’ triangle (Fig. 19), which does oversimplify the complexity of the relationships relying
on a correspondence between reference and referent. However, a visual item does not merely
refer and denote something, but it conveys a cultural content, which is an abstract entity based

on a cultural convention.

THOUGHT OR REFERENCE

SYMBOL Stands for REFERENT
(an imputed relation)
* TRUE

Figure 19. Ogden and Richards semiotic triangle.

Even overlooking the visual aspect, the referent-reference relationship in the Ogden and
Richards’ diagram still designate a cultural unit, because the reference is intended a category of
objects (a referent would point not to a specific item, but to the class of all those items), which
is a taxonomical class for the interpreter and, indeed, an abstract entity, which is only valid
within a cultural convention. However we look at it, the referent points to a cultural unit, which
is nothing else than a part of a semantic segmentation of the reality, which does not need a
corresponding physical object in any possible world, but could be an abstract set of values or a
mythological or religious creature (see Quine (1948)).

The relationships between a cultural unit and its reference can be determine mainly by two types
of relationships: denotation and connotation (Martin and Ringham 2000). Visual semiotics
discern denotation and connotation as two layers of meaning, where denotation express what is
being depicted and the connotation express the values and ideas of what is represented (van
Leeuwen 2001). This view has some scholar of the likes of Barthes within its supporter. He
thought, for example, that there is not any encoding/decoding function within the denotative
layer because our object recognition originates from some form of “anthropological knowledge”
(Barthes and Heath 1977, 37). While appealing, this description seems tip-toeing around the

subject, explaining a significant feature of the perception process using a fuzzy concept which it
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is only grounded in itself. We stand instead with the definition given by Hjelmslev (1963, 114)
of a “semiotics whose is expression plane is a semiotic” (Figure 20), so a function that relates the

content of a signification to the expression of a further content.

Expression Content

Expression Content

Figure 20. Semiotics whose is expression plane is a semiotic.

A Connotation is just another type of sign function such as the denotation, but it uses an already
established sign-function as content. Connotations are founded only on code convention and
time-wise are less stable than denotation, because their duration is influenced by the stability of
the convention itself. However, when established a connotation is stable functive of a sign-
function.

Hjelmslev’s connotative definition clarifies the field from equivocal dichotomy such as
“univocal” vs “vague” or “referential” vs “emotional” which stemmed from Barthes’ definition,
leaving the focus to the structural relationship between the two process of signification (Eco
1976, 56). Nevertheless, a connotation could easily link some values and emotions to a certain
physical object, but it is important to underline that it is not its primary function, and it is not

limited to these types of relationships.

4.4 Conclusion

A theory of Semantic Marks can help us understand how the recognition, and the differentiation
between entities works. The model provides a combination of bottom-up and top-down
approach to the problem of perception, relying on both the factual and collective perspective of
our understanding of reality. It expands on the theory of code production and meaning creation,
overcoming the recourse to an oversimplified diagram. Moreover, the usefulness of the
proposition stands in both its integration with diverse theoretical stances and its functional
perspective, which allows a description of the process in its core terms while sketching the
different entities in play and their role in the phenomena.

Furthermore, the use of a communication model as a base for the JCMI allow us to avoid the
referential trap, which tend to mask the processes behind the selection of the reference. We

would like instead to focus on both parts of denotation, shedding some light not only on the
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connection between a reference and a referent but also on the selection of the percept that allows
the reference to exist in the first place. That is the reason behind our emphasis on the perceptual

process.
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5 On art and identity

“When we concentrate on a material object, whatever
its situation, the very act of attention may lead to our

involuntarily sinking into the history of that object”

— Vladimir Nabokov, Transparent Things

90/ 290



5.1 Introduction

The Jakobson’s Cultural Model of Interpretation (JCMI) shed some lights on how we use sign-
functions in our everyday life to assign meaning to cultural content. As mentioned in section
Cognitive Type the structures we create when perceiving something new are not limited to
physical objects, but they help frame situations, scenes and gesture in our everyday visual
experience. The framing of the visual can be, moreover, transmitted culturally, becoming part
of a newer generation social structure. The sign-functions become themselves part of the canon
of production of the cultural practices which distinguish a social arena, specifically becoming
intrinsically part of the code that is necessary for the communicative process that each cultural
product implies. The interpretation of a practice or of its products, as well as its characterisation
within a historical period, relies on the comprehension of these sign-functions.

In order to discuss the application of JCMI we will analyse its potential and limits throughout
the lenses of the figurative domain, focusing on its integration with the art historical tradition.
The choice was due both for its clear focus on the visual and the history of representations, as
well as the presence of a large amount of scholarly analysis that offered us some of the finest
thoughts on the subject, thanks to the significant works by Warburg, Panofsky, Gombrich,

Arasse and other scholars.

5.2 Imago

The use of CT and SM results in a formalisation over the creation of visual representation. Due
partially because of a social normalisation process, and partially because of the communicative
intent of the image, the effect is a series of formal structures used for representing tangible
physical entities or intangible concepts.

This formalisation should not lead the readers to assume the existence of a series of homogenous
representations, which it is certainly not the case. However, even if the differences are
conspicuous, the likeness in the way a scene, a character or a gesture is depicted is evident. This
likeness is the result of the derivation of the CT from the visual experience, but the similarities
in the way of depiction can be traced equally to the ability of the viewer, committer and artist to
agree and recognise a particular entity on the base of an internalised schema (the CT of it), as
well as on a specific visual vocabulary.

The presence of similarity but the lack of homogeneity between two images implies the existence
of a multiplicity of instances which even if not formalised are unconsciously recognised by
agents coming from diverse disciplinary backgrounds.

The problem is specifically compelling in heritage where the multiplicity of the instances in
relation to a (proto)type is an established issue which has puzzled many for so long. The digital
shift has further muddled the problem, because in the digital domain we face such challenge not
in relation to a small set of image, but at scale. The issue of unity and identity, if not formally
expressed can, in fact, affect the retrievability and clusterisation of the data.

In order to illustrate the complexity of the problem, we examine the figurative art domain,
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focusing on a famous subject of Eastern and the western art who can help us frame the problem:

Saint George (Fig. 21).

Figure 21. Painting of Saint George in the church of Panagia Phorbiotissa in Asinou, Cyprus.

Briefly, the legend state that St. George was a soldier in the reign of Diocletian who, after
declaring his belief in Christ, was tortured. The listing of the torments is quite long, and includes
being pressed into a box pierced with nails, impaled on sharp stakes, has his head crushed by a
hammer, lacerated on a wheel of swords, cut into pieces, tied on an iron bed, and others.
However, thanks to the intervention of God, George survived all of the tortures and deaths, and
in doing so converted many individuals to Christianity (Didi-Huberman 1994).

The visual representations of St. George draw from this very legend and use these stories for
visually representing his passion. Spanning from the sixth century to this very day, the
representation of St. George depicts him as a haloed beardless knight in various poses and
scenes. Initially painted standing in his military attire (Fig. 22), it was later represented in diverse
scenes such as the laceration on the wheel, the resurrection of the dead and the destruction of
idols, which are strongly linked to his biography and his legends (Busine and Sellink 2015).
While currently, the most widely known iconographical type is “St. George and the dragon”,
which portray the saint slaying a dragon and saving a princess, it was only from the 10* century
that he started to be represented on a horseback killing a dragon. Initially, no princess was

involved, if not in a unique case and in a very different role, as in the church of Panagia tou
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Figure 22. Virgin between Saint

Figure 23. Detail of altarpiece of the Virgin and Saint George:

Theodore and Saint George, martyrdom of St. George (breaking wheel and rack) by Lluis

Monastery of Saint Catherine, Borrassa. Vilafranca del Penedes, Barcelona around 1390-1400.

Sinai. VI Century.

Moutoulla, Cyprus, where the saint killed a crowned woman with the body of a snake (Stylianou
and Stylianou 1985). It was only in the 12 century that the laceration on the wheel and the other
torments started to get replaced by the rescue of the princess. The origin of this iconographical

type can be traced back from a Georgian

manuscript dated 1" century, and it is, indeed,
in Georgia that we can detect the first
representation of St. George saving a princess
from a dragon (Walter 2003).

It is important to underline at this point that the
depiction of St. George slaying a dragon did not
have any privileged uniqueness because several
other characters were famous for slaying
dragons (Garry and El-Shamy 2005, 73). A
reasonably similar example would be Horus on
the horseback, a small sculpture which depict
the Egyptian god Horus (Fig. 24) about to stab
the deity Setekh/Set, the Egyptian god of the

desert, who adopted the form of a crocodile to

escape his nephew (Busine and Sellink 2015).

Within the catholic context instead, quite many  Figure 24. Horus on horseback. Louvre, Paris
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Figure 25 St. Michael. Folio 195 recto, Trés Figure 26. Icon with St. George and the
Riches Heures du duc de Berry. youth of Mytilene. Mid 13" British Museum.

were the saints who slew a dragon. The most famous ones are St. Andrews, St. Matthew and St.
Philippe, St. Michael (Fig. 25), but they are not the only privileged ones, and many more can be
listed.

In the history of representations many are the works of art depicting Saint George, with very
different perspectives, stories, characters and stylistic choices. The whole list of these
representations appears to be linked to one another, but what is the common denominator
between them? How can we link these interpretations together and talk about them as a whole?

How do we determine identity?

5.3 A proposal for analysing and encoding visual similarity

The identification process, and the detection of the sameness between the diverse
representations, involve the recognition of the Semantic Marks of the object and the
performance of similarity-based inferences towards a CT on the base of the criteria outlined in
section Semantic Marks.

Particularly, the recognition of the known is based on the same norms we use for detecting the
closeness and the sameness of visual representations, and therefore make inferences about their
relationships and the attribution to the same CT. Topological, Feature, Value and Alignment
information are the sets of identified signals that we use for comparing SMs on the base of their
dimensional value (N) in a specific System, where the latter is a topological, value, feature-based

or alignment-based reading of the visual representation.
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The collection of images of St. George presented in section 5.2 can help us explain this process,
examining the significance and use of SMs for the recognition and interpretation of visual items.
Taking a look at one of the representations of St. George by Tintoretto (Fig. 29) we recognise a
series of SMs which, as previously mentioned, we use to interpret the image as a portrait of St.
George. For each of the representation of the saint we use the same criteria, using the SMs for
defining who is St. George. However, we cannot immediately define what are precisely the
identity conditions that a hypothetical visual configuration of point and lines needs to have in
order to be alike to all the other St. George representations. We are aware, from JCMI, that a
visual object is interpreted on the base of the code used by the Creator. Moreover, we recognised
the fact that the Interpreter needs to reconstruct this Code in order to grasp its original meaning.
This process does imply the existence of a “bridge” which could be crossed in order to define the
substance and elements used in the Code and, therefore, pinpoint, more or less precisely, the
SMs used for the interpretation of specific visual work. The same bridge can help us understand
the sameness between diverse representation, and how they fit within the JCMI framework.

Our analysis cannot begin with the examination of the degree of likeness of a representation in
respect to a Physical or a Situational Type, because such types are not so universal. As a result,

we would not be able to

proceed any longer. What

Wy )

could instead be done is
an identification of shared
SMs and a calculation of
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between representations,
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characteristics in a set. In
order to proceed down
this road, we will need to
reuse the four similarity
dimensions outlined in
section Semantic Marks:
Feature [F], Alignment
[A], Topology [T] and
Value [V].

W e will start by taking a
look at Fig. 22 and 21. We

can immediately notice

Figure 27. Particular of ~ Figure 28 St. George. Donatello,1415-
the Paumgartner 1417. Bargello Museum.

altarpiece depicting St.

George. Albrecht

. the diversity in the way of
Diirer, c1500.
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Figure 21. Painting of Saint George in the
church of Panagia Phorbiotissa in Asinou,

Cyprus.

Figure 22. Virgin between Saint

Theodore and Saint George, Monastery

of Saint Catherine, Sinai. VI Century.

depiction, which is due to the historical gap present
between the two images. Nevertheless, some
common SMs are recognisable, and we can still use
them to identify the characters.

From a Feature perspective [F] we can distinguish
the presence of the same type of hair and halo,
while from an Alignment perspective [A], the two
faces appear quite similar.

For each of the representation the set [F] + [A]
identify a set of signals which are initially
interpreted on the base of their similarities with the
CT of Saint George.

The same type of analysis can be done between St.
George in Asinou (Fig. 21) and the famous St.
George of Tintoretto (Fig. 29). These two paintings
come from a very diverse period and tradition,
however, we can recognise the presence of shared
Features such as the Horse and the Spear. From a
Topological perspective [T] we notice that the
spear is connected to the hand (touch), and the
cloak flutters towards the back of the horse
(proximity). From a Value perspective [V] we can
identify the same colour value for the horse (white)
and the trousers/breeches (red) of the saint.

It is interesting to compare the St. George of
Tintoretto (Fig. 29) with a miniature from the
follower of the Masters of the Gold Scrolls (Fig. 30).
We can quickly notice that they share many
Feature information [F], specifically the horse, the
princess, the dragon, the spear, the cross and the
castle. Topologically speaking [T], they both
portray the spear in the hand of the saint (touch)
and the spear entering the head of the dragon

(overlap). From the Value [V] perspective they share the same colour for the horse (white) and

of the saddle (purple). The dresses of the two princesses can be linked. Both, in fact, wear a long

purple dress. This analysis could be endless, so we should finish off our sample with a couple

more representations, leaving it as an example of a methodology more than an extensive

examination of all the saint depictions. Probably, the best way to continue would be to distribute

the value made explicit above, together with new ones from other representations, in

corresponding tables (Table 1, 2, 3). Such configuration would immediately show us the richness
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Figure 30. St. George on horseback fighting
the dragon. Fol. 8r: miniature, MMW, 10 F
11. The Hague.

Figure 29. St. George, Tintoretto. 1543-44.

and use of certain characteristics.

While this procedure is doable for the Feature, Value and Topology, it is not adapted to the
alignment, unless we have clear dimensional information in respect to the physical object.
Within the domain of digital images, methods to achieve such result are available, and we should
reference the reader towards implementations (Manuel et al. 2016; Lo Buglio et al. 2013) that,
if grounded in JCMI, would greatly enrich our analysis. What we can provide here it is just a
mere substitution, a simple visual side-by-side comparison of the representations (Fig. 31), but

better solutions should be implemented.

Figure 31. Particular (head) of Fig. 22, 21, 28, 26.
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As showed by Table 1, 2, 3, it is possible to isolate the differences as well as the shared
characteristics between the depictions of the saint. We could use the comparison and the
recording of the information to express the weight carried by specific Feature, Values,
Alignment and Topological information in the identification and understanding of a

representation.

Table 1. Feature space.

ID | Element Fig.22 | Fig.21 | Fig.29 | Fig.30 | Fig.28 | Fig.27 | Fig.26
f1 | Spear No Yes Yes Yes No Yes Yes
f2 | Horse No Yes Yes Yes No No Yes
f3 | Dragon No No Yes Yes No Yes No
t4 | Cross No No Yes Yes Yes Yes No
f5 | Halo Yes Yes No No No No Yes
t6 | Princess No No Yes Yes No No No
f7 | Castle No No Yes Yes No No No

Table 2. Quality value space.

Fig.
Quality Fig. 22 | Fig. 21 | Fig. 29 30g Fig. 28 | Fig.27 | Fig.26
Whiteness of the horse | No Yes Yes Yes No No Yes
Redness cloak No Yes No No No No Yes
Purpleness woman
No No Yes Yes No No No
dress

Table 3. Topological space.

Topology | Fig.22 Fig. 21 Fig.29 | Fig. 30 Fig. 28 Fig. 27 Fig. 26

Spear -
No No Overlap | Overlap No No Yes
Dragon
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Hand -
No Touch Touch | Touch No Touch No
spear

Taking into account only the features, we can easily say that “feature 1” (f) is present in 7

representations, while “feature 5” (f5) in a smaller set.

f1 = {21, 29, 30, 27, 26}
f5 = {22, 21, 26}

This procedure, if systematically done, could easily demonstrate the evolution of the Semantic
Marks used for the Cognitive Type of a specific representation, or its stabilisation into a Nuclear
Content.

The above analysis focuses on the similarities from a physical perspective, but the role of
situations is equivalently important. When diverse iconographical types are seen or discovered,
we frame them based on recognised similarities and situations, in the form of possible
relationships between elements in the visual field. What is important to underline is that the
value of the possible relationships within a situation is defined by motifs, themes and other
narrative-type elements. St. George is again a great ally in making this mechanism explicit. The
case of the saint saving a princess is typically related to a particular motif, which is the one of the
“knight saving a princess”.

The motif/theme of the warrior which save the damsel has been used vastly during the centuries,
becoming part of the canon, and that is the reason why we so easily interpret the painting. The
composition of this motif is well known and involves between two or three characters: a warrior,
a beast and a woman. When we perceive these elements together, we quickly provide a reading
of the representations based on the CT of the situation of “knight saving a princess”. The very proof
is the easiness we have in classifying and interpreting the presence of the woman in the St.
George painting not as an ancillary character, or just an external observer, but as the one to be
saved from the threat of the beast. The interpretation of her role is not given by the title, or by
the formal analysis of the composition, but just by her identity as a woman, and specifically, the
identity of the archetypical woman in the narrative of man vs beasts.

As mentioned above, the possible relationships between the elements of the depiction are
defined by this narrative. Consequently, we would have trouble understanding specific
configurations such as the woman who saves the man from the dragon, or the dragon who saves
the woman from the man, or vice-versa. That happens because particular values in a situation
type can be considered true only in respect of the possibility of being true in the hypothetical
development of the situation itself.

This framing is not limited to the visual analysis, but similar types of reading are fairly used as
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recognisable narrative structure in folktales, where very much work has been dedicated to their
formalisation (Thompson and Leach 1957; Aarne 1928; Uther 2004) , and undoubtedly

employed in all the other types of narratives we tend to construct every day.

5.4 Theoretical analysis and contextualisation

The analysis outlined in 5.2 is conceivable thanks to the human tendency to treat images as
communication devices or communicative actions, thus favouring the harmonisation of their
elements in order to deliver a message or merely be aesthetically comprehensible by a reference
public.

The tendency is autonomous from historical development, but that does not mean that
historically such standardisations have not consciously taken place, or have not been consciously
fought. Speaking about the tendency towards the harmonisation of the expressions it is not
equivalent to declare that we depict things in precisely the same way, but rather that we lean
towards the use of the same elements/constituents to deliver the same type of significance.
Hence, the illustration of these elements can be somewhat different, but they would still express
the same content. These constituents of the image are exactly the same as the ones we use for
the interpretation of the visual (as seen in section Semantic Marks), a process that, as we amply
discussed before, relies on the re-use of visual feature to make sense of our reality. We mention
before that sometimes the process of choosing specific features to deliver significance is

conscious; it is the case of some historical periods in the Eastern and western artistic tradition.

In the Eastern tradition, the Byzantine Art is the period which probably is the most easily
associated with a formalisation of the Christian imagery. The standardisation of the Byzantine
iconography was due partially by the belief that an accurate depiction of a saint bridged time
and space and connect its viewer with the prototype (the holy person depicted), as well as by the
belief of the explanatory role of the images for the less literate population (Corrigan 2008).
While the latter argument is easy to grasp, an explanatory role require standardisation for the
recognition and, therefore, style and themes should be carefully chosen in order to deliver the
original message, the Byzantine Art image theory is a bit more complex and requires few more
words to be fully comprehensible.

It was assumed that a Byzantine artist, when creating a religious image was not only driven by
their artistic capabilities but inspired by divine force which allows him to establish a life-like
imitation of the holy person depicted. It follows that any religious image in Byzantine art was by
definition an accurate copy of his prototype. The accuracy between the prototype and the image
had to be strictly kept and needed to be transferred from one image to another throughout a

laborious copying mechanism. Adherence to tradition and its authority was imperative, and
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innovations and new expressions had to be avoided (even if that was not always the case). A
depiction had to be reduced to its essence, avoiding superfluous details which were not essential
for establishing the likeness of the depiction to his prototype (Brubaker 1999).

While the modern viewers would probably have some doubts about the “true-to-life” experience
of such type of bare depictions, there is no doubt that the Byzantine themselves considered them
accurate portraits. The viewer position in the accurate/not-accurate argument it is only due to
differences in expectations. The modern reader would, in fact, value the likeness in respect to its
illusionistic nature, while the Byzantine viewer would value the ability to recognise the holy
figure represented from a range of sign, such as the clothing, attribute and portrait type. The
role of these features was to make a statement about the saint, because attires, age, and presence
of attributes were very important for their recognition, but were also function to the class of
saints. Bishops and monks, for instance, were often portrayed as old, with white or grey hair,
while doctors and soldiers were shown younger. The attributes were used to define the category
of saints to which an individual belonged. The focus on the category explains why Byzantine
artists did not develop an extensive collection of iconographical attributes for each specific saint.
The character depicted, unless part of the few Byzantine saints who had their own personal
attributes, were recognised by the inscription and differentiated using variations in colour
arrangements of beard, hair or facial features (Maguire 1996).

The Byzantine image theory had the consequences to confine the stylistic innovation under the
rigour of the religious debate, and to consciously choose a correspondence between significance

and visual, which led them to create and maintain a very specific visual vocabulary.

In the western tradition, the formalisation of the elements in visual representations had a
significant impact in the Renaissance art, where, thanks mainly to a rediscovered sensibility for
the Roman and Greek period, artists and patrons were feeling the need of having a standardised
and understandable canon of images, an easy instrument to get inspired and follow the design
and conception of new work of arts (Maffei 2012). While the need was, indeed, general, there
were certain specific tasks, for instance the representation of identifiable intangible concepts
such as Love or Fortune, which would benefit greatly from such formalisation. The illustration
of these abstract ideas had to be done throughout the use of substitutes for the abstractions, such
as symbols or personifications. The use of these visual devices as embodiment of concepts and
ideas, however, would also fulfil the communicative purpose of an image, providing the viewer
with a possible reading of the scene. In order to do so, these figures should be acknowledged by
the highest number of persons. Achieving such goal required a figurative normalisation in
accordance to specific models. It is bearing this prospect in mind that in the 16th centuries
manuals like “Le imagini colla sposizione degli dei degli antichi” (Cartari 1556) and

“Mythologiae sive explicationis fabularum” (Conti 1567) started to appear. A major milestone
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in this direction was the publication of Ripa’s Iconologia (Ripa 1603) in 1593. This work covers
over 1200 personifications, comprising an extensive collection of visual representation coming
from both classical and contemporary works of art. Ripa’s book reported on not only visual
representations (added only in the 1603 edition) together with the designated meaning, but
included a detailed description of how they should look and why they should be depicted in that
way. The impact that Ripa’s Iconologia had on his contemporaries, as well as on artists in the
later centuries, was remarkable, and started to lose its importance only with the advent of

realism (van Straten 1994).

The impact of Ripa’s Iconologia was not only to be searched on the standardisation of types and
composition, but on the influence that those standardisations had on the western-based vision
of art. Art historians become used to employ a type-based thinking for their studies as well as
heavily applied prescribed literary sources for their figurative reading, and “With Ripa in hand
art historians—initially Emile Male (1932)—were able to decipher hundreds of allegorical
statements in paint and stone, guided by this alphabet of personifications” (Bialostocki 1973,
530).

The method was so universal that many finally become “hunters of prototype”, famously
criticised for leaving matters there and not explore the matter further. The practice of searching
for a prototype has built the foundation for the creation of a prototype-based framework of
understanding which comes close to part of the theory outlined in chapter 4.

While the hunting of the prototype has been seen as an infatuation from which many fortunately
have recovered, it also helped deliver a methodology which, even if criticised (Camille 1993),
has not yet found a real challenger or an alternative (Mitchell 1994). We are talking specifically
about the work of Panofsky, which help found the discipline of art history as we know it now,
and it helped investigate those visual cues which we use to identify representations. In his work
Panofsky (1939) outlined a method for reading a work of art which required the distinction of

an artwork in three layers:

e The primary or natural subject matter, which identifies pure forms such as a
configuration of lines or representations of an object, which could be called the world of
artistic motifs. The collection of these motifs pertains to the pre-iconographical
description of a work of art.

e The secondary or conventional subject matter is the assignment of theme and concept
to the composition of artistic motifs, which are recognised to be the carrier of a
conventional (how specific themes and concepts are usually depicted in the visual arts)
meaning. The subject(s) of a representation are identified in this layer thanks to an

iconographical analysis.
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e The Intrinsic meaning or content is the interpretation of “the work of art as a symptom
of something else which expresses itself in a countless variety of other symptoms, and we
interpret its compositional and iconographical features as more particularized evidence
of this 'something else’ ” (Panofsky 1939). The intrinsic meaning defined by how
cultural-historical developments are reflected in a representation and such meaning it is
displayed independently by the willingness of the artist, who can be completely unaware

of it. In a later stage, Panofsky called this phase the iconological interpretation.

Panofsky assigned to the diverse subject matter/content different type of analysis (Table 4) that
would help art historians in their interpretation and discovering. Following his methodology,
the signs are identified during the pre-iconographical phase throughout the identification of a
specific artistic motif and act as formalised atom of a bigger structure. This step was also
identified by Barthes for the analysis of visual images. Barthes called this immediate visual
impact, which defines the primary subject matter, the denoted meaning of an image, and the
process where it originates, denotation (Martin and Ringham 2000; Polidoro 2008; van Leeuwen

2001).

OBJECT OF INTERPRETATION ACT OF INTERPRETATION

Primary or natural subject matter — (A) factual, _ _ o
) Pre-iconographical description(and
(B) expressional—constituting the world of _
o ) pseudo-formal analysis).
artistic motifs.

Secondary or conventional subject matter,
constituting the world of images, stories and Iconographical analysis.

allegories.

Intrinsic meaning or content, constituting the o )
. o Iconological interpretation.
world of ‘symbolical’ values.

Table 4. Panofsky's Scheme. Source: Studies in Iconology (1939).

The second act of interpretation is the iconographical analysis, which requires specialised
knowledge, and the use, in this case, of vocabularies of forms in order to describe the content of
the image. These vocabularies do not have to be external resources, but they easily can be
embedded in our knowledge repositories and inherited in a social arena (see (Bourdieu 1977;
Lemonnier 2012) for a theoretical treaty on the subject). The recognition of the meaning of the
image is based on the identification of the diverse signs incorporated in the image usually

consisting of sets of attributes and characteristics.
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The combination of these attributes, such as objects, plants, animals or other icon/symbols, help
identify a personification/characters in a specific situation/narrative in a work of art. Attributes
can also help identify certain qualities (for instance kindness, rage) of the depicted character, or
his belonging to a distinct group (such as blacksmith, noble or saint). The use and harmonisation

of this combination have helped to create

| iconographical types and defined archetypical

| Visual Representation

situations, providing the tools for the

Gestalt recognition.

Knowledge of general objects identification = of  diverse  types of

representations (Polidoro 2008; van Straten
1994).

Following the iconographical analysis,

Pre-iconographical description

Knowledge about themes and Panofsky introduces the iconological analysis

subjects in art

which  comprises  the  socio-historical

interpretation of the symbolic value of the

Iconographical description

painting, which is part of a bigger cultural

Knowledge of the possible visual history and it is not a conscious process

symbolic meaning

for the author. The indeterminacy of the

symbolic values has been debated by some

Iconographical interpretation

member of the art historical community

because in certain instances the use of symbols

Knowledge of visual culture

was, indeed, driven by the author's intention

. th
Iconological interpretation (as frequently happened in the 16 century

Dutch art for example).

Figure 32. van Straten re-elaboration of
In order to overcome these issue, van Straten

Panofsky's schema.
proposed a revised schema (1986), which does
not challenge the first pre-iconographical

phase of analysis but re-establish the parameters for the identification of the secondary subject
matter and the intrinsic meaning. van Straten proposed to divide the iconographical analysis in
iconographical description (second phase) and interpretation (third phase) (Figure 32).
The iconographical description is described as the analytical phase where the subject of the
representation is established (for example “St. George and the Dragon”), but not deeper
meaning is searched for. In this case, we can attribute an iconographical description to all the
works of art, in contrast with the analysis of Panofsky, which recognise the possibility of
assignment of a secondary subject matter only to a limited set of works of art (landscape, for
example, could not be iconographically analysed).

The role of the iconographical interpretation is instead to examine the explicit use of symbols

by the artist, and formalises the deeper meaning of a representation. The fourth and final step

of van Straten’s analysis is the iconological interpretation which aims to describe the symbolic

values which are not explicitly intended by the artist but are part of the visual culture of that
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social and historical milieu. These unconsciously used symbolic values can be analysed
historically and ethnographically and not only from an art historian perspective.

The iconographical interpretation as used by both Panofsky and van Straten adds a new
meaning level to a representation, the connoted meaning. If the denoted meaning previously
introduced is about the object as expressed by form, the connotation is an interpretation on the
base of the socio-historical analysis of the symbols of an image (Martin and Ringham 2000; van

Leeuwen 2001), making it closer to the iconographical interpretation.

5.5 Integration and connections with theoretical stances

Itis paramount to harmonise the art historian interpretative theories outlined in section Formal
Analysis with the one expressed in chapter 4. In doing so, we follow Eco's suggestion that
iconography and iconology can be considered a fully formed chapter of semiotics (Eco 1979), as
well as the thought of some other art historian who has noticed the congeniality of the analysis
of Peirce and Saussure with the study of Riegl, Panofsky and Schapiro (Bal and Bryson 1991;
Mitchell 1980).

Panofsky’s methodology, and the revised version proposed by van Straten, can be easily
integrated with our theory. The study of the phenomenology expressed in chapter 4 resulted in
a framework for understanding the meaning assignment in visual representation, which is
universally adaptable to the visual sign. Panofsky, on the other hand, does not propose a
framework for the meaning assignment but a methodological path to follow in order to discover
the meaning of an artwork. The likeness of the two methods is to be seen on the profound belief
in the importance of the visual cues as well as on the significance of the viewer’s knowledge
during the interpretation process.

The two methods should be then seen as complementary, where the phenomenology formalise
the relationships between the percepts and the formulation of the interpretation in respect to it,
while Panofsky’s methods provide a path for the reading of a work of art, defining the
propositional assumptions of a viewer in relation to a visual representation. The division of the
assumptions in layers of meaning is hypothetical and just a formal way of proposing a reading,
which Panofsky uses in his attempt to eliminate subjective distortions. The various phases
identified can be mapped with the JCMI (Table 5). Such mapping makes even more evident how
the pre-iconographical and iconographical descriptions are nothing else than the determination
of the Cognitive Type on the base of the Semantic Marks identified in the representation. The
“knowledge of themes and subjects in art” that is required to pass from the pre-iconographical to
the iconographical description is a mere analytical step which does not has any correspondence
in the visual understanding of an object. The CT is going to be identified based on the SMs on
a Contact. In this case, we have a set of Semantic Marks which identify an iconographical type,
moreover, in a familiar Contact: a canvas. There is no possible way that, having already a fixed

structure for such CT we would split the process in two and determine first some visual cues and
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then others. The greatness of the visual would not allow us to make this stance, if not only the
visual representation would have been shown to us only in details and not in its greatness.

The division seems to be just a residue of the diversity between formal and figurative reading in

art history.
OBJECT OF ACT OF JCMI
INTERPRETATION INTERPRETATION
Primary or natural subject
matter — (A) factual, (B) Pre-iconographical Determination of Cognitive
expressional—constituting the = description Type on the base of the
world of artistic motifs. Semantic Marks identified in
Secondary or conventional  Iconographical the representation
subject matter, constituting the = description
world of images, stories and | [conographical Connotative Reference based
allegories. interpretation on literary sources
Intrinsic meaning or content, )

o Iconological . .
constituting the world of . Abduction Inferencing

interpretation

‘symbolical’ values.

Table 5. Mapping between van Straten and the interpretation process according to JCMI.

The Iconographical interpretation is reflected in the construction of a denotative meaning over
a denotative expression. The reason why this step is separated from the two above is that we can
easily discern what is denotative and what is connotative in our daily experience, even if there is
a strong tie between the two. The iconological interpretation does not find any correspondence
in our theory of perception because it regards mostly the construction of a correlation network
based on previously discovered results. The result, an interpretative correlation theory, do not

concern us, but the domain of abductive reasoning.

5.6 Perspective

The theoretical stance above it not only aimed to clarify how we identify and interpret visual
messages, but it could be used to define a set of principles that could guide the deployment of an
information system able to correlate the symbolic and social nature of diverse visual
representation. The denotative and connotative content could be, in fact, easily studied
throughout space and time, to unveil social types and influences in the symbolisation of specific
artefact or phenomena. An examination of the pair denotative-connotative would overcome the
drawbacks of the current information methodology which only appears to handle an initial

denotative layer of meaning and, for as much as useful as they are, they do not appear to help us
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discover something new about our past, but they act as descriptive algorithm and substitute for
a human-based work. While this is acceptable in order to classify something, it does not help us
lay the ground on further exploration of the cultural dimension, because the object of
investigation is always the form and not the semiotic function.

The use of the SM theory for computation purpose would instead significantly help in this
challenge. We can easily imagine, and deploy (at least with an initial human effort), systems able
to link denotative and connotative content in a data-vector where for every object there a set of
SMs organised as an array comprising spatiotemporal information associated with the
denotative and connotative content. Such scenario would be driven by the SM theory but
adapted to a computational environment. A Semantic Mark would be, therefore, replaced with
a computational routine that, while reproducing the SM’s characteristics, would keep intact its
function in relation to the visual field. Images, for instance, comes in the form of pixel values,
where each pixel as a set of coordinates (x,y) and carries specific information (RGB for example).
The percept, in this case, would have to be identified using these kinds of elements.

The common Machine Learning pipeline tests the presence or absence of edges in images, check
their arrangements in motifs and assemble them into larger representations that correspond to
familiar objects. The task is achieved thanks to an initial labelled data set which act as a baseline
for the final classification (Lecun et al. 2015). This methodology is flexible enough to be
modified in order to associate for each vector data describing a denotative layer additional
connotative and spatiotemporal information. In such a way, we can easily imagine the
development of several informative layers for each of the object analysed. The result would a set
of vectors such as the one in Figure 33 where to each value is associated an object id, an SM, a

place, a time, a denotative dimension, or a connotative one.

ID | Px | P | T |D

connote

ID | Px| P | T

connote ID | Px P T

Figure 33. Possible type of connection in a data-vector.

In order to have a multi-actor perspective, we need to rely on exact grounded information. This
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task can be achieved only by a multidisciplinary effort taking into account the heritage scientist
requirements and computer scientist capabilities. The necessary ground for further exploration
of the subject should be laid down, in order to start describing and share data and information
about our heritage, specifically in regards of the diverse levels of visual information which can
be extracted from our current sources. The importance of the creation of grounded information
should not be overlooked because is the key to such discourse. Only with this type of remarkable
effort a real exchange would be achieved because without a solid foundation there would be no
possibility of exploring the incredibly vast dimension which is the visual culture. To reach this
result, it is essential to rely on tools and methodologies able to take into account a semantic and
distributive data system relying on a shared framework for describing the diverse levels of visual

interpretation.
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6 On existence and models

“Man is an animal suspended in webs of significance he

himself has spun”

— Clifford Geertz , The Interpretation of Cultures

109 /290



6.1 Introduction

The process of identity attribution in chapter 4 and 5 shed some light on how we classify visual
objects and how we link instance to type using perceptual information. However, if we want to
use this theory within the digital domain for gathering and harmonising information about the
diverse visual interpretations of our heritage, we need to do a step further. In order to achieve
this aim, it is essential to find a way to correlate the symbolic and social nature of diverse visual
expressions using a multi-agent perspective which would not only rely upon the denotative
meaning of a representation but would integrate diversity in respect to the framing and the
granularity of information. Such type of approach, however, raises the challenging issue of the
formal integration of heterogeneous percept’s descriptions.

A standard solution to this problem is the creation of a pre-established frame that specifies the
way and manner of the documentation of the object, providing a unique and correct description
of its object by creating language and domain-specific constraints, which, however, limits the
semantic expressivity of the information. While this approach is functional with respect to the
context of a field with an agreed viewpoint, it does not represent a fundamental solution within
a complex domain such as the visual heritage.

In order for this integration to take place, it is necessary to develop a foundational layer that
through the exploration of the conceptualisations expressed in the broad domain of discourse
and divorced from linguistic and accidental can take into account the general conceptualisations
common across the domain at the categorical level. It is necessary to discard the notion of a final
classificatory system and, rather the attempt to deploy the new more flexible understanding of
categories developed in the past years. Finally, this work would have to be expressed in a formal

language separated from particular linguistic expression or closed domain expressions.

In the following sections we will see how it is possible to formalise our information in a shared
and computable form, independently from its linguistic ambiguity and structure and we will
present and test a solution for sharing visual information over cultural object presenting a new

ontology call VIR in section VIR.

6.2 Ontology

It has been clear that the grounding of multi-actor perspectives in respect to the visual
information needs an ontological layer to map statements to, and it appears that CIDOC-CRM
is the perfect platform for developing such ontological extension. Before delving into the
explanation of the development of a new ontology, it is paramount to tackle some problems in
relation to the existential and identity commitments which should be at the base of the
development itself.

We will see in section 6.2.1 and 6.2.2 how such metaphysical commitments are essential for
defining the expected behaviour of the entities within a complex environment.

Finally, in section VIR, we will translate the theory in chapter 4 and 5, as well as the existential
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and identity commitments in section 6.2.1 and 6.2.2 in an extension of CIDOC-CRM called
VIR: VIsual Representation. Additionally, in order to provide not only with an explanation of
the classes of VIR, but present the reader with an example of the possibilities given by this new
extension, a set of the information about the church of Asinou (section 3) have been mapped
and formalised using CIDOC-CRM and VIR.

6.2.1 The clay and the statue

The process of identity attribution in chapter 4 and 5 shed some light on how we classify visual
objects, and how we link instance to type using perceptual information.

What it is paramount of this theory is the clarification of the terms of the identity assignment,
which is fundamental to face the material constitution problem in relation to visual objects. The
material constitution problems are a series of ancient puzzles which are still debated today, and
focus on the relation between matter and form, specifically questioning if constitution is an
identity or not.

One of the most important puzzles, and surely the most interesting for us, is the “Puzzle of the
Statue and the Clay”. To illustrate: imagine a sculptor taking an unformed lump of clay, and
sculpting it into the form of a statue of the biblical King David. It would seem that the sculptor
has brought something new into existence: the statue. However, it also appears as the lump of
clay still exists. It is tempting to say that only one entity is in the hand of the sculptor, however,
temporal properties, persistence condition and kind differs. The lump existed before the statue
was sculpted, and it could survive being squashed while the statue would clearly not. Moreover,
the kind of the statue and the lump are very much different. The Leibniz’s Law tells that, for any
x and y, if x =y, then x and y have all the same properties. Thus, it seems that the sculptor is
dealing with two entities, the lump and the statue, and not one.

The puzzle implies the possibility of spatially coincident objects, but it is considered a truism
that two objects cannot coexist in the same space and time unless of course, they are the same.
The most popular answer to this puzzle is given by the constitution view, which holds that the
statue is constituted by the lump, but not identical to it. The two entities share the same matter
and parts, and in virtue of this they are able to occupy the same place at the same time. Thus,
constitution is not identity (Wiggins 2001).

However, following chapter 4 and 5 another perspective could be developed. We argue that two
entities exist, but not in the same place and time. The lump of clay is a mass of substance, which
can have many forms, but whichever the form it still retains its properties. The statue is the
social object recognised by a person or a collective to reference something (the target of the
reference could be unknown, but the relationship would still be valid) in respect of something
else. The statue itself it is only the subject of an assignment of status. The fact that the lump of
clay is recognised as coexisting with the statue is an error in placement. The object that the
sculptor has in his hand is one and one only: a lump of clay. The shape of it has been the subject
of an assignment of status, a recognition, which do imply that exist another entity, the statue,

but it does exist only in the mind of the observer.
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The assignment of status of the lump of clay is carried out on the base of its Semantic Marks,
which are used to link it with a Cognitive Type. That is the reason that when a lump of clay has
been destroyed, or cut in some piece, the statue ceases to exist. However, does it? Because if the
statue is a social object, it will not really cease to exists unless we do not have any memory of it.
If only a photo of it exists, together with a person able to recognise it, we could argue that the
entity statue is still there. Therefore, social objects and material objects do coexist because social
objects are an extension of the first and they exist as an extension of the physicality of material
objects.

Moreover, the statue has been recognised as being the statue of David, but it would be still
possible that another observer would not recognise it as such, depending on its level of
knowledge over the artefact, or over the art.

Following, the lump of clay, now in pieces, could also be the subject of another assignment of
status and recognised to be something else by another person. This continuous process could

lead to several other status assignments, which they could even coexist socially with the first one.

6.2.2 The ship and the monastery

Another interesting puzzle of material constitution is the one of the Ship of Theseus. The
original thought experiment: suppose that the ship sailed by the hero Theseus has been kept as
a museum piece. Over time some of its wooden parts wore down and were replaced by new ones.
After a while, all the parts had been replaced. Suppose that the planks that have been removed
from the ship are preserved by a custodian and later put back together in the original
arrangement. Which one is the Ship of Theseus? The copy or the original?

Following 6.2.1 we should argue that the new ship is the Ship of Theseus because it is socially
recognised as such. The discourse does not change entirely with this paradox, but it does need a
bit of refining.

The identity is still given by an assignment of status of the object displayed in the museum as
the original. If all the parts have been replaced we can talk about a new materiality, but the
identity of the Ship of Theseus was never under discussion because it is not given by the
materiality, but to the social recognition of that parts as a gestalt called the Ship of Theseus.
However, things become more complicated if we take into account that exist another Ship of
Theseus collected by the custodian. In this case, we are faced with the concept of originals vs
copy.

In this case, both the ships, if recognised as such, are the Ship of Theseus. In a society were
mechanical reproducibility is a constant there is no problem into assigning the same identity to
two different things which are equal. Two copies of the same edition of a novel, only printed in
two different locations would still have the same identity even if the material used is coming
from different batches.

The doubts could remain on the transitivity between the two objects. Although, also this one is
a misguided issue because the two objects are the same only with respect to their social status,

and not in respect of their materiality. Thus, the transitivity property it is still valid only in
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respect to the social facts. Transitivity in respect to the materiality is impossible because the
social status is grounded in two different material components.

The only remaining problem is just on the originality of the artefact. However, the originality
attribute is only a social construct very much cultural dependent. The original artefact is nothing
else than the one considered as original by the community of practice. It is an institutional fact
and not a metaphysical problem. Chinese, for example, do follow different rules in respect of
what is original and what is a copy. The latter is defined using two different concepts:
Fangzhipin ({#4/h) and Fuzhipin (##4{h). Fangzhipin are imitations which are different
from the original, while Fuzhipin are exact reproductions of the original, which, for the Chinese,
are of equal value. Fuzhipin are not considered forgeries and not negative connotation is given
to them (Han 2017).

Another good example of the problem original vs copy is the Grand Shrine of Ise in Japan. The
shrine, thanks to a decree established by the Japanese Empress in 690 A.D., state that the shrine
would be renewed every twenty years in a custom known as shikinen zotai. The practice did not
stop with time, and nowadays the whole building continues to be constructed afresh every
twenty years. The process follows the original plan, and each new building is a copy of the old
one (Munjeri 2003). The material constitution of the shrine is not the original one. However, it
is still considered the same shrine because its identity it is not given by its materiality.
Nevertheless, the sceptic could suggest that such line of reasoning would imply the possibility of
the existence of several copies of an artefact not recognised to be forgeries or copies. If the only
criterion for the recognition of something is to assign identity, how we can assert what it is true
and what it is not?

The problem is, indeed, quite fashionable right now, because it can be easily applied to several
domains. We can only suggest that the truthfulness or falsity of an information is given by its
provenance and not by the fact that such information does exist. The original Ship of Theseus
would only be the one recognised by an authoritative institution, which has put into practice
procedure to define the scientificity of such work. In the case of memory institution, the
museum would probably the one assessing the two ship and coming to an institutional decision,

which in itself is a social fact.

6.2.3 A new ontology for encoding the visual: VIR

The work until now has been devoted to analyse and explain the phenomenology of visual
classification, and finally in section 6.2.1 and 6.2.2 to provide answers to quite well-known
metaphysical puzzles about the material constitution of an entity. The importance of this work
stands in respect to the realisation of what and how things are observed as well as on what
entities we make statements of. The unravelling of this process did not only aim to unveil how
we develop social constructions, but it can be used to define the ontological constraints we need
to assume when we computationally classify and make assertions about visual objects.

We will now translate the theoretical stance into a functional information artefact encoded as
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an ontological extension of CIDOC-CRM called VIR: VIsual Representation

The name is, of course, not casual, because the scope of the ontology is the formalisation of the
relationships between diverse visual representations and symbols that define our visual culture.
VIR relies on the semiotic distinction between expression and content, as well as on an art-
historical theoretical framework previously introduced for defining the inter-relationships
between atomic elements that compose a visual item, defining, therefore, a set of criteria for the
identification and clusterisation of figures in art. The objective of the initial development of the
ontology was the recording of statements about a series of wall paintings present in the church
of Panagia Phorbiotissa in the Troodos mountain, Cyprus.

In order to classify the statements about our use cases, we introduced eight classes (Character,
Iconographical Atom, Attribute, Representation, Personification, Visual Recognition, Verso
and Recto) together with twenty properties. We will introduce these classes and then use few
examples to demonstrate their usefulness in the description and mappings of information about
visual representations.

All the classes declared were given both a name and an identifier constructed according to the
conventions used in the CIDOC CRM model. For the classes, the identifier consists of the two
letters IC followed by a number. Resulting properties were also given a name and an identifier:
the letter K followed by a number. Inverse properties share the same identifier, the letter K
followed by a number, plus the character “i” (inverse) every time the property is mentioned
“backwards”, i.e., from target to domain (inverse link).

The following section will be dedicated to an explanation of the rationale behind the different
classes and properties, explaining the reasoning and giving examples about their possible uses
using the church of Asinou as the main case study. For each of the developed examples, we
present an ontological mapping of the information using CIDOC-CRM and VIR. While initially
done in RDF, the mappings have been transformed, for readability purpose, into graphical
representation.

The purpose of these graphs is to provide to the reader an example of the applications of the
developed ontology as well as display how the information present in just a small portion of a
wall painting, if correctly described, can help create a rich-information environment that opens
the doors to new ways to document a heritage object in relation to its functional and visual
context. For an easy reading, we specify that the letter K and IC represent respectively the
properties and the classes of the VIR ontology colour-coded in the graph in purple and orange,
while the letter P and E, colour-coded in blue and green, represent the properties and classes
belonging to the CIDOC-CRM ontology

The full ontology, encoded in Turtle, is available in the Annex A.

6.2.3.1 Analysis of VIR: classes and properties
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6.2.3.1.1 Recognition and Representations
The very step taken while creating the ontology was the introduction of a way to sustain new
relationships between the physical and visual domain declaring a new class, IC1 Iconographical

Atom,

IC1 Iconographical Atom
Subclass of: E22 Man-Man Object

Description: A physical arrangement of forms/colours created by
human activity which act as vehicle of a

representation.

The substance of an Iconographical Atom is the one of a physical feature embracing an
arrangement of forms/colours which are seen by an agent as a vehicle of a representation. Its
identity is socially given and can comprise a part of a man-made or natural object, as much as
the whole object itself. A set of Iconographical Atoms could be aggregated together, such as in
an altarpiece, and be described as a unique structure. We saw before when talking about the
“Puzzle of the Statue and the Clay” that the assignment of status of an object creates another
entity, which is the social object we actually recognise and talk about. The recognition of an
Iconographical Atom is derived by a status assigned within a specific type of observation, a

Visual Recognition, that we define as:

IC12 Visual Recognition
Subclass of: S4 Observation

Description: The activity of assigning the iconographical status to a
man-made object, or to one of its parts. It takes into
account the possibility to link it to a speech act or a
document where the authoritative proposition is

clearly made.

A Visual Recognition is a specific type of observation which entails the assignment of status to

a specific portion of reality using a fairly simple schema:

person, in context,
person, assesses object,
person, assigns value,

The above schema is the base of the interpretative act, and the only variable are the context, the
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classified object (Iconographical Atom) and the value assigned (Representation or Attribute).
The class IC12 Visual Recognition respects and reproduces this schema, making it possible to
describe, for example, the representative value assigned to an image by different art historians,
thus enabling the system to keep track of the persons making the assessment over a specific
object. Moreover, the use of such construct would help us record the set of features in a
representation considered by a viewer more salient than others within an historical period.
While we have seen that the internal knowledge for the recognition is given by the social
classification of entities implied in the concept of Nuclear Content, we do want to specify,
sometimes, the source used for carrying out the recognition. We re-use partially the relations
(properties) that hold for S4 Observation, adding the source of outside knowledge which we

used to complement our decision in respect of the recognition. We therefore declare:

K9 assigned status to (has status assigned by)

Domain IC12 Visual Recognition
Range E18 Physical Thing
Subproper
" property P140 assigned attribute to
of:
Description: The property documents the assignment of status to a

specific physical thing.

K11 assigned (was assigned by)

Domain IC12 Visual Recognition
Range IC9 Representation
Subproper
property P141 assigned attribute to
of:
Description: The property indicates the status assigned during the

status assignment event

K10 On the base of (is basis for)

Domain E7 Activity
Range E89 Propositional Object
Subproperty
" P16 used specific object (was used for)
of:
Description: The property describes the source used for the status
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assignment.

The three properties above help us define the object under scrutiny (K9), the social object
assigned to it (K11), and a source used for the assignment (K10). It is important to note that the
class IC12 Visual Recognition is not intended to describe only recognitions made in a present
time but could be used to model the recognition of a visual object in the past, such as the written
interpretation of an art historian in the verso of a photo about the object depicted. In this way
we would be able, for example, to model the diverse recognition of a painting by agents in a
specific timespan and place.

We could have, therefore, an instance of IC1 Iconographical Atom acting as a hub of diverse
visual interpretations carried out by different art historians which do not share the same
knowledge on the subject or decide to diverge on the type of attribution (e.g. generic vs specific).
As mentioned, an Iconographical Atom does not represent anything by itself but is the material
container we look at when we recognise another entity. We described its essence in 6.2.1, and
specifically how its properties can coexist with the one of its material containers, or how they
can continue existing even without the original container. Therefore, if an Iconographical Atom
is the object of an interpretation, and the conceptual understanding of what it is depicted (the
Representation) is the result of an examination of the code of the representation used in the
visual message, then a Representation cannot exist elsewhere than in the conceptual domain,
because is the idea formed in the mind of the viewer when looking at the Iconographical Atom.
Specifically, for most of the recognition events, it is an idea which is socially understood and it
is part of the Nuclear Content of the object. However, there is no category for social objects in

CRM, so we defined a representation as:

IC9 Representation
Subclass of: E36 Visual Item

Description: A single pictorial item or a part of it. Single
representations or region of the same representations

are instance of this class.

The identity of the representation does not depend on a specific physical carrier and it can exist
on one or more carriers simultaneously. It is possible to recognise a representation within
another bigger representation, therefore, defining a representation with a part of it that is by

itself a representation. We would be able to express with a partitive relation:

K20 is composed of (forms part of)

Domain IC9 Representation
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Range IC9 Representation

Subproperty
of:

P148 has component (is component of)

Description: This property put in relation a representation with a part of itself.
Additionally, it is important to establish a further link between a physical thing and a

representation, using a shortcut for the more fully developed path IC12 Visual Recognition
assign (K9) to a E18 Physical Thing the status of (K11) IC9 Representation. We defined:

K1 Denotes (is denoted by)

Domain E18 Physical Thing
Range E36 Visual Item
Subproper

" property P65 show visual items
of:

Description: The property documents the assignment of an
iconographical object to a specific physical man-made
object. It is a shortcut for the more fully developed
path IC12 Visual Recognition assign (K9) to a E18
Physical Thing the status of (K11) IC9 Representation.

Before introducing further classes and properties it is best to provide an explanation of their
possible uses. One of the best possible examples we can think of is a wall painting in the south
lunette of the central bay in the Naos of the church of Asinou. The wall painting (Fig. 34 ) depict
Mary, together with the patron of the church, Nikephoros, who’s holding in his hands a gabled

church, and another character whom we can only identify as Gephyra thanks to the inscriptions.
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Figure 34. Donor’s portrait. Asinou church, Naos - south lunette of the central bay.

The modelling (Fig. 35) of Fig. 34 use the exact classes and properties hereby mentioned,
defining the Donor’s portrait as an IC9 Representation, linked to an IC1 Iconographical Atom
throughout the IC12 Visual Recognition activity. The latter uses the inscription “I, Nikephoros
magistros, a pitiable supplicant, erected this church with devotion, in return for which I beg to
find thee my protectress” present in the E34 Inscription to assign an identity to the Donor’s
portrait.

Moreover, another IC9 Representation, which depicts the Asinou church is linked with a
partitive property to the Donor’s portrait and to the iconographical atom throughout the K1

denote relation.

6.2.3.1.1.1 Multiple Parthood

In the section 1.2 we argued over the complexity of multiple parthood representations,
illustrating the argument with the case of the two Deesis presents in the Asinou church (Figure
4). At the end of the same section, we maintained that the application of a taxonomical
segmentation over such complex representation was not possible. The problem was due to the
diverse composition of the Deesis, the affiliation with the theme of the Last Judgment only in
one of the instances as well as the diversity between the standard representations of a Deesis
(Figure 4.B) and the ones present in the church.

Using the classes declared above we are finally able to define multiple categorisations of visual
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elements, as well as its composition into multiple elements and themes. The modelling of this
information is presented in figure 4, which demonstrate the possibility to define diverse IC1
Iconographical Atom as units of the same representations, even if are not part of a connected
geometry. In this instance, the Iconographical Atoms of St. John, Christ and the Virgin denotes
together the Deesis in the Narthex, which is part of a larger representation, the Last Judgment.
The same representation, a Deesis, is present also in the Naos, in this case, is divided into two
Iconographical Atoms. These last two figures can be described using the same pattern,
composing a new IC9 Representation. The sameness link between the two described
representations is modelled using an external reference source (Iconclass).

Following this schema, it is possible to differentiate the two representation, providing for each
of them a single identity, but still linking them using their type, enabling the user to maintain
their differences and similarity. The schema described here does not take into account a series
of elements of the depiction which we can use to define sameness and similarity between
representations. We will see in the sections below what these elements are and how we can use

them to define diversity and similarity over visual items.
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Figure 35. Modelling of the visual recognition of the Donor’s portrait using VIR.
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Map of Asinou

Figure 36. Modelling of the parts that compose the two Deesis in the church of Asinou, Cyprus.

6.2.3.1.2 Attributes and Symbolism

The identity of a representation is socially given and it is based on a set of features considered
by the viewer more salient than others and used as a key to its identification. These features are
what we called in chapter 4 Semantic Marks, and are fundamental for the recognition and
classification of a visual object. While the term Semantic Mark works very well, it could be,
within CRM, confused with another class, E37 Marks, which describe “symbols, signs, signatures
or short texts applied to instances of E24 Physical Man-Made Thing” (Bekiari et al. 2015). In

order to completely avoid such issue, we used, in the ontology, the term Attributes and define it

as:
IC10 Attribute
Subclass of: E36 Visual Item
E29 Design or Procedure
Description: A set of features considered by a viewer more salient
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than others and used as a key for the identification of a
Representation. The attribute could correspond to
iconographical elements or simple signs which the
viewer uses to provide a stable identity to a visual

object.

Attributes are a very specific class because they are both visual elements and schematic objects.
In fact, they are used to deliver significancy to a representation, they are socially encoded and
used both in the production of a visual object as well as in its interpretation, and are key to the
contextualisation of an element. During the production of an artwork, for example, one of the
classic sources to be considered was the Iconologia by Ripa, which listed precisely the use of
Attributive elements to deliver a narrative or a specific representation. The attributes were then
used in the representation following a specific design. This same encoded design has been used
for the recognition of several representations by Art Historians. Famous is the case of Emile
Miéle which used extensively the iconologia by Ripa for recognis several representations,
claiming that it was the “key to the painted and sculptured allegories of the seventeen century”
(Male 1932) (for more details about the use of schemas for the depiction of elements and
characters see Seznec (1981)).

The recognition schema <Person A recognise B in C because of D> cited just above when
talking about the class IC12 Visual Recognition, it could very well comprise the case of
recognition by Attributes. Such would be the case of the recognition of a depiction by an art
historian who uses a set of attributes to provide identity to the depiction. However, someone
would argue that the recognition it would not be based on the attribute, but on the source itself.
The latter is quite a fair point, which demand an answer. We argue that the <recognition of a
representation(B) in a painting (C) because of its attribute (D)> is nothing else than a
compression, a term coined by Fauconnier and Turner (Fauconnier and Turner 2003) who
suggested that human thinking tends to compress complex paths of relationships into simpler
ones, while remaining subconsciously knowledgeable about the complete paths. Therefore, the
<recognition of B in C because of D> should be translated as the <recognition that an artist
used in the production of a painting a set of attributes, encoded or socially given, in order to
make its depicted representation understandable as a specific subject>. We do not directly use
a source which encodes the attributes, but we use that same source for understanding the code
used by an artist, which will reveal the meaning of the visual message. It is an act that implies
the interpretation of the visual code of production, as explained in JCMI, and not just a mere
reading of an attributed listed in a book.

As mentioned above, attributes can be used in the production of a visual object. The description
of their use can help us providing context to the symbolic production and better understand the

normalisation of features for a representation. To describe this action we defined the property:
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K15 use features (has been used by)

Domain E12 Production
Range IC10 Attribute
Subproper
R property P33 used specific technique
of:
Description: The property indicates the specific attribute used

during the production of a visual object

The clustering of the Attributes together with the Representation which they belong to, is
essential for the analysis of the association between what we called Semantic Marks and the
Cognitive Type they represent, showing their developments and changes over time. To conform

to such objective we also declare a relation between a representation and its attribute using:

K17 is attribute of (has attribute)

Domain IC10 Attribute
Range IC9 Representation
Subproper
" property P106 is composed of (forms part of)
of:
Description: This property associates an attribute with the

representation where it is depicted.

Thanks to this relationship we can declare what is an attribute of, but nothing has been declared
in relation to the nature of the attribute itself, and mostly on what it does represents. We saw in
chapter 5 that the features we use to recognise representations changes in space and time, as we
demonstrated using the case of St. George. It is useful to relate the identified attributes to the
specific physical object they portray and represents. While this would be achievable adding a
simple property to a IC9 Representation, it would not satisfy the need of diversification between
a representation of an attribute in respect to a whole visual object. The lack of a class IC10
Attribute would fail in making clear the status of the attributes as identity constraints for a
representation, as well as the nature and symbolism of a single attribute. In order to further
model the relation between an attribute and the things it depicts, as well as with the thing it

symbolises we require two additional properties

K21 depict things of type (is depiction of attribute):

Domain IC10 Attribute
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Range E5S Type

Subproperty _ _ _
. P137 exemplifies (is exemplified by)
of:
Description: This property indicates the type of object depicted by

an iconographical attribute.

K14 symbolize (has symbolic value)

Domain IC10 Attribute
Range E90 Symbolic Object
Subproper
. property P138 represents (has representation)
of:
Description: The property indicates the symbolic value of the

attribute presents in a representation.

The former property (K21) relates an attribute with a type of thing it depicts. The depiction
value of the attribute, in fact, does not have to be searched in its relation with an instance of a
physical object, but on the representation of a type of it. An attribute could depict a cross, not
the cross used by a specific person. The type of object depicted could have a symbolic value,
which could be expressed by K14.

It is best to explain their usage using an example. We will use a set of information about the
panel of St. Anastasia with donor (Fig. 37) present in the south conch of the Narthex. The panel
represents the saints with a devotee/donor Anastasia Saramalina. The saint is identified by the
use of the cross of martyrdom and the bottle of medicine. Both attributes have symbolic
meaning.

The modelling of the attribute information can be done in two ways, depending on the
information available. We will provide the two possible ways, as an example of the methodology,
however, the one really chosen on the base of our information is the second one in Fig. 38.

The first modelling (Fig. 39) foresee the use of the attribute during the production, and describe
the use of a specific feature as part of the design of the wall painting. The production classifies
further information such as the fuzzy time-span of the production of the wall painting as well as
the coordinates, encoded in WKT, of the location where the production took place. The usage
of the attributes is stated using the property K15, which allow us to specify that the “Cross of
Martyrdom” and the “Bottle of Medicine” were used during the creation of the wall painting.

The modelling in Figure 38 is an alternative way to model the belonging of the attributes. In this
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case, we model the recognition of those elements in the wall
painting following a IC12 Visual Recognition activity, which does
identify two representations within the same IC1 Iconographical
Atom, and add details about one of them (St. Anastasia). The
Attributes are here linked with the object they do symbolise, as
well as the type of things they depict. It has to be underlined that
the relation between an attribute and their symbols or object of
depiction could be easily stated in the modelling in Figure 39. The
lack of such a relationship should be seen only as a choice. In the
first example, in fact, using such relationship we would have
implied that the artist, by design, used such symbolism on
purpose. We cannot sustain the validity to such statement,
therefore we did not model it as such. If the validity is proven, it
could easily be stated, but this was not the case, and this is the
main reason why the preferred the modelling in Figure 38. In the
latter, in fact, no commitment to the artist intention has been

made, but it only records the statements of a person in regards to

the status of the painting.

Figure 37. St. Anastasia
with donor. Asinou

church, Narthex.
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Figure 39. Modelling of the production of the panel St. Anastasia with donor
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Figure 38. Modelling of the attributes recognised in the panel St. Anastasia with donor.

The modelling above is, therefore, the one we advise to use in case the information about the

agency of the artist it is not historically recorded or it is difficult to prove.

6.2.3.1.3 Characters and Personification

The attributes are related to a specific character in a representation. St. George uses a mix of
attributes, while St. Anastasia another set of them. It is essential to relate specific representation
with the characters they depict, in order to aggregate a set of representations by spacetime,
characters depicted and attributes used for it. In order to sustain such relation, we need to

declare a new class:

IC16 Character
Subclass of: F38 Character
Description: This class comprises fictional individuals, or groups,

appearing in a representation. Each character

portrayed can have a type, for example “Saint” or
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“layman”. Every saint portrayed is considered here as a

character and not as an actor

The relation between IC16 Character and IC9 Representation has been encoded with:

K24 portray (is portrayed in)

Domain IC9 Representation
Range IC16 Character
Subproper
property P138 Represents
of:
Description: This property put in relation an iconographical object

with the portrayed character.

It is important to underline that unless we are modelling the Representation of a historically and
critically well-documented person, a IC9 Representation is intended to portray a IC16
Character. Religious figures of the past, such as Saints, should be classified as Character and then
linked to the person used as a source for that character. In the case of a representation portraying
St. George, we would be able, for example, to link the character with the soldier in the reign of
Diocletian who is being identified by some researcher as the possible person behind the story of

the saint. For such reason we need to declare another property:

K26 Has source (is source of)

Domain IC16 Character
Range E39 Actor
Subproper
property P138 Represents
of:
Description: This property associates an instance of IC16 Character

with an instance of E39 Actor that the character is

motivated by or is intended to represent.

Another entity which is important to declare is the one of personification. Personification do
represent abstract ideas and values using anthropomorphic figures, and differently from a
Representation do not portray any specific character, but only set of values. Personifications
appear in various artistic traditions and are considered a typical communicative device to

represent intangible concepts such as Fortune, Fate, Prudence and other allegories. The
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intensional and functional difference of the entity do suggest a specialisation of IC16 Character,

which we declare as:

IC11 Personification
Subclass of: IC16 Character

Description: A subset of character which includes human, or
anthropomorphic figure, that represents an abstract

idea or a concept.

The relationship between a IC11 Personification and IC9 Representation do not demand for a
new property, because K24 portray serve both Character and Personification quite well.
However, we do need a relation to sustain the statements about types of abstraction portrayed

by a personification. We declare

K25 express (is abstraction of)

Domain IC11 Personification

Range E90 Symbolic Object

Subproperty of: P138 Represents

Description: This property put in relation a symbolic object

with a personification in a work of art.

The use of these two classes and their relationship is best seen with a practical example. The
church of Asinou surprises us again, providing a very fitting one: the personification of the Sea.

Depicted in the upper zone of the north semi-dome in the narthex, we can find the

— ~2. — s >

Figure 40. Personification of the sea. Asinou church, Narthex - north semi-dome.
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personification of the earth and the sea. The personification of the sea appears sitting in a sea
monster holding a sailing boat and an oar (Fig. 40). The modelling of personification (Fig 41) is
pretty straightforward. An iconographical Atom is recognised to depict a Representation, which

is linked with a Personification. The latter figuratively express the sea.

Map of Asinou

Personification of the sea

£28 Conceptual Object

£S5 Type |

Figure 41. Modelling of the wall painting “Personification of the sea” as IC11 Personification. north

apse of the narthex, Asinou church, Cyprus

The modelling of the Personification and the one of Character are very much alike. In order to
show the difference, we used another subject in the Narthex, the beautiful fresco of Saint George

in the south semi-dome (Fig. 21).

I i Bt RN s}
Figure 21. St. George panel. Asinou church, Narthex - south semi-dome.
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The fresco depicts the saint in his military attire, but without the presence of any dragon or
princess which usually accompany him. The visual role of the saint is, therefore, only the military
one. We modelled the set of information we collected about him in Figure 42, providing a bigger
context for the visual object.

We can see how the IC9 Representation is linked to the IC16 Character, as we saw in Figure 21.
The main difference here is the use of the property K26 to relate the IC16 Character to a E21
Person which was used as a base for it. While this is not a rule, portrayed characters can be based
on uncertain persons, which are taken as a prototype for the creation of a persona, in this case
the saints. A character will be based on the symbolic version of a person, highlighting one or
more of his/her feature. The documentation of the link between the Character and the person
or group used as inspiration for a character can be made explicit using the property K26, as in
the figure below. In this case, the character of Saint George is based on a Roman soldier working

for Diocletian, and it is encoded that way.
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Figure 42. Modelling of a St. George as a Character.

6.2.3.1.4 Denotation and Connotation

Sometimes a Representation which has a clear denoted identity can develop a different one
within the same context, such it is the case of connotation. Visual semiotics discern denotation
and connotation as two layers of meaning, where denotation express what is being depicted and

the connotation express the values and ideas of what is represented (van Leeuwen 2001). This
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view has some scholar of the likes of Barthes within its supporter. He thought, for example, that
there is not any encoding/decoding function within the denotative layer because our object
recognition originates from some form of “anthropological knowledge” (Barthes and Heath
1977, 36). While appealing, this description seems tip-toeing around the subject, explaining a
significant feature of the perception process using a fuzzy concept which it is only grounded in
itself. We stand instead with the definition given by Hjelmslev (Hjelmslev 1963, 114) of a
“semiotics whose is expression plane is a semiotic”, so a function that relates the content of a
signification to the expression of a further content. For such reasons, we model the connotation
as a further IC12 Visual Recognition which assigns (K9) to a IC9 Representation a new (K11)
IC9 Representation. This modelling allows the establishment of new recognition over a

previously established one. A shortcut for this relationship is provided with the relation:

K23 connote (is connotation of):

Domain IC9 Representation
Range IC9 Representation
Subproper
property P138 Represents
of:
Description: This property indicates the connotation relationships,

formalised by Barthes, between a conceptual entity
and an iconographical object. It is a shortcut for the
more fully developed path IC12 Visual Recognition
assign (K9) to a IC9 Representation a new (K11) IC9
Representation. It does not offer any information
about when and who established the connotation

relationship.

A critic would argue that connotative relationships can be repeated ad infinitum, creation
endless representation over representation. This critic is quite valid, and has found Pierce as its
primary target, but following Eco (1976) we argue that “is the only guarantee for the foundation
of a semiotic system capable of checking itself entirely by its own means”.

The persistence of the connotation is transitory because connotations are founded only on code
convention and time-wise are less stable than denotation because their duration is influenced by

the stability of the convention itself.

6.2.3.1.5 Attribution and Prototype

Few words need to be spent on another important relationship encoded in the ontology, the one

of prototype. Representation, sometimes at least, have to be seen as the result of a long process
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which involves preliminary studies and sketches of what, in the end, would be the final version
of an artwork.

This process is being described using several types of attributes (e.g. study for, preparatory,
version, prototype, studio) which can be easily grouped into one single relationship that exists
between Representations, the one of K4 is visual prototype. Additionally, this relationship is
being further specialised using a “relationship over relationship” construct, the one of K4.1
prototypical mode, which can be used to define the type of prototypical mode used (e.g. study
for)

K4 is visual prototype of (has visual prototype)

Domain IC9 Representation

Range IC9 Representation

Subproperty of: P67 refers to

Description: The property documents the use of a specific

prototypical example for an image. The nature of
the relationships helps define a map of

relationships between prototypical items used in

the arts.
K4.1 prototypical mode
Domain K4 Is visual prototype of
Range E5S Type

This property documents the use of a specific prototypical example for an image, such as in the
case of a preparatory sketch, where it is seen as a preliminary version of something else. The
whole production of an artwork can be seen as continue use of diverse prototype until the final
object come into being. The same relationships which connect a preparatory study and the final
artwork could be easily used for relating a copy from the original. The copy is, in fact, nothing
else than a new object which uses another one as an example. The type of resemblance between
the two is just a perceptual judgment which does not change the process of reusing another
object as a prototype for a new one. Using this relationship would be easy to track the
progression from an idea to a final visual representation.

Unfortunately, we do not have any preparatory sketches from Asinou, and we need to rely upon
other type of data to exemplify such relationship. We will use the Allegory of the Immaculate

Conception by Vasari.
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Figure 43. Modelling of a visual prototype.

The mapping in Fig. 43 displays both the Allegory of the Immaculate Conception by Vasari, as
held in the church of Santi Apostoli in Florence as well as the preparatory study made by the
Artist. The Representations are linked together by a type of visual prototype, in this case, a
“Studio for”. The choice of using a property over a property has been made in order to provide
the possibility to specify the type of prototypical relationships between Representations, which

could vary greatly depending on the domain.

6.2.4 Historical Grounding

The description on the ontology and the examples have been, until now, dedicate only on the
description of the visual, overlooking another essential component, the historical one. In order
to accurately describe a representation as a product of its time and space, and bound it to specific
traditions or visual culture, it is essential to ground the visual information into a bigger historical
framework. This approach enables the users to focus both on the aesthetic attributes and the
development of symbolic forms or characters within a period. The church of Asinou proves to
be again an excellent example for such practice. The semi-dome of the south conch in the
narthex display the panel “Virgin of Mercy and Latin Donor” an iconographical type original
from the West (Figure 11). This iconography, called Madonna della Misericordia, originated in
Italy in the early 13" century and was promptly disseminated in the Mediterranean area by the
crusaders (Bacci 2017).

In this case, it is crucial to ground the iconographical information within its history, defining
the influence in the production of the painting by both the donor and the Frankish occupation
of the island. Figure 44 documents the information integration of the aesthetic assertions within

the historical framework of production. The creation of the painting is linked in time with the
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Lusignan occupation of the island, from 1192 till 1474. The period is, moreover, linked with two
other spatio-temporal gazetteers, perio.do* and chronontology,’” which help in the retrieval but
also in the browsing and visualisation of further documented periods.

Using this modelling we can easily cluster and browse information about representations created
in a specific period or location, and thanks to the class and property defined by VIR we can
explore the use of specific symbols or iconographical types within historical periods.

The link between visual representations and historical information within a formal structure
that can be queried is the first step towards achieving a true digital iconology able to correlate

visual culture and symbolism used. Only associating figurative expressions with their historical
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Figure 44. Modelling of the information about the historical period for the creation of the Virgin of

Mercy and Latin Donor.
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context we are able to accurately understand how the symbolic is derived and if some events had
influenced it. In figure 44 the influence is simply associated with the production of the wall
painting in relation to the Lusignan period. In order to make things clearer, we could model the
type of dress worn by the Latin Donor as a type of “Cotte” a French-type of garment in fashion
with the Latin women in Cyprus of the time. However, if we do that we face two great challenges.
The first is the establishment of a categorical statement in CIDOC-CRM. The ontology, in fact,
enables us to make statements about singular facts and not categorical truth.

We are easily able to say that an object belongs to a set of objects of the same type, but we are
unable to say, that the set of those objects originates in French, because that would be a
categorical statement. We could create some rules to state that all of the instances of the object
have an origin in France, but that would be incorrect because the concept of origin is very
ambiguous and could easily signify that all the objects with the type “Cotte” would come from
France, which is clearly untrue.

The second challenge would be with the statement “in fashion with the Latin women in Cyprus”
which would translate in “usually used by”, a property which does not have a logic counterpart,
unless we defined in probabilistic terms or in a set of fuzzy statements. The only possible
solution was to rely on Wikidata® as an external resource (Figure 45). Wikidata, differently from
CIDOC-CRM, seems to describe, as an encyclopaedia, categories of things and, therefore, we
can use its flexibility to state that the garment “Cotta” present in the representation of the Latin

lady has origin in the Kingdome of France.
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Figure 45. Modelling of the information about the clothing used by the Virgin of Mercy and Latin

Donor.

While relying on Wikidata for our statements it is not the best possible outcomes, it is still a

good and functional solution, because it allows us to describe how the visual elements in a

¢ https://www.wikidata.org/
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representation portray historical influences, therefore shedding some lights on the visual culture

of the time.

6.2.5 Performance and visual: a necessary integration

In the latest sections we have described possible information layers we may use to describe a
representation. One of the proposed layers, the symbolic one (see section 6.2.3.1.2), allow us to
describe the expressional value of visual content. However, as mentioned in chapter 4, the
symbolic value can be tied to the viewer’s context. This process become specifically compelling
in a religious and communal environment like the one which animates the church of Asinou.
The religious settings ascribe to the rites a significant use of symbolism and formulas to deliver
emotions and sense of community. For this reasons, the intangible aspect of the wall paintings
of the church deserves to be fully examined, highlighting their importance and role in shaping
the community, as well as understand not only that a set of symbols exists but how we use them
as a communication device.

In doing so, we focus again on the narthex of the church of Asinou. In section 3.3 we mentioned
one subject common to many wall paintings in narthex: the Last Judgment. This composition is
constituted by a variety of wall paintings spread all across the narthex, which together depicts
Christ Last judgment and Second Coming.

Some of the imagery in this composition illustrate well-known passages of biblical sources and
eschatological visions.

Well-known and typical examples are the Angel Rolling up the Scroll, the Fiery Stream and the
Preparation of the Throne.

The Angel Rolling up the Scroll, painted in the soffit of the western arch of the narthex, illustrate
both in Revelation 6:14 “The sky vanished like a scroll that is being rolled up, and every
mountain and island was removed from its place” and Isaiah 34:4 “The skies will be rolled up
like a scroll”; the Fiery Stream, in the west lunette, illustrate the Book of Daniel 7:10 “A Fiery
Stream issued and came forth from before him: thousand thousands ministered unto him, and
ten thousand times ten thousand stood before him: the judgment was set, and the books were
opened”; Ezekiel 10:12 “the wheels were full of eyes all around” and Matthew 25:31 “When the
Son of Man comes in his glory, and all the angels with him, then he will sit on his glorious throne”
are illustrated by the Preparation of the Throne, also in the west lunette (Carr and Nicolaidés
2012, 131-54).

We could continue listing more depictions, but it is clear after this very brief excursus that the
imagery of the Last Judgment derives from its largest part from a range of diverse biblical
sources, including from old and new testaments, the book of Revelation, the Gospels (especially
Matthew, Isaiah and Daniel), but also apocryphal books.

The entirety of these references appear in the Narthex of Asinou, creating a clear connection

between the depicted representations and the old and new testament.

In order to make clear the relationships between a literary text and a IC9 Representations that
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illustrate it we introduced the property:

K34 illustrate (is illustrated by):

Domain IC9 Representation

Range E73 Information Object

Subproperty of: P67 refers to (is referred to by)

Description: This property associates an information object to a
representation.

This new property sustain relationship between a IC9 Representation and a CIDOC-CRM E73
Information Object, in order to link any textual resources to the representations that visually
describe them. This new relation is essential to aggregate units of information with their visual
counterpart (Fig. 46). The link previously mentioned between the scroll of heaven and Isaiah
34:4 can be easily encoded using the property K34 Illustrate which would associate the fragment

of Isaiah to the wall painting in Asinou.
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Figure 46. Modelling of the information about the iconographical representation “Scroll of Heaven”.

Soffit of the western arch, narthex of the church of Asinou, Cyprus.

Figure 46 describe, graphically, how we can encode such information. While could have been
enough to have a binary relationship between single representation and the verse of Isaiah, we
also relate the aforementioned verse with the overall subject of the Last Judgment. In such a way
we can aggregate not only single representations with textual sources but also the overall Last
Judgment theme per subject matter.

While associating textual resources to representations is quite an important step, because it
helps frame their representational value, it is not enough for recreating the viewer’s context. To

achieve such objective, it is necessary to describe the representation within a framing situation,
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such as in the case of the Byzantine rite and the Last Judgment theme. Some of the
iconographical types that compose the theme of the Last Judgment are mentioned in some of
the liturgical books that prescribe the part of the liturgy of the Meatfare Sunday (the Sunday
before the beginning of the lent). A prominent example is the hymn “On the Second Coming”,
written in the mid-sixth century by Romanos the Melodist and traditionally assigned to the
Meatfare Sunday. Another example is the 10th-century lectionary from Constantinople which
ascribes the reading, for the celebration of the Meatfare Sunday, of Matthew 25:31-46, the
passage of the Gospel where the Second Coming is foretold (Pentcheva 2017).

However, the most important source for the 12th, 13th and 14th centuries, the period that most
influenced the figurative themes in Asinou, is the Triodion, a 9th-century hymnal for the
Lenten-Paschal season. The Triodion establish and prescribe the propers to be used for the
functions of the Sundays and weekdays of the Lent, determining which hymn goes with which
lecture. This hymnal represents and convey through the prayers the range of emotions, such as
rage guilt and sorrow, fermenting in the mind of the devotees during the Lent and Easter period
(Krueger 2014).

These emotions were not only shaped through the hymns and prayers recited during the
Byzantine rite but also through the scenes depicted in the wall paintings adorning the church.
The images, in fact, helped visually interpret a passage and communicate its sentiment to the
devotee. Several of the wall paintings in the church of Asinou are linked with the subject of the
Second Coming, illustrating passages from the biblical texts. Some representations, however, do
not only illustrate a biblical text but are referenced within the function. According to the rules
defined in the Triodion, the rites held during the Saturday of the Souls, the evening before the
Meatfare Sunday, and during the Meatfare Sunday itself, speak specifically about sins and

punishment painted in the church. During the ritual these words would echo across the church:

“When Thou shalt come, O righteous Judge, to execute just judgement,
seated on Thy throne of glory, a river of fire will draw all men amazed
before Thy judgement-seat [..] The books will be opened and the acts of
men will be revealed before the unbearable judgement-seat [..] The

trumpets shall sound and the tombs shall be emptied”

The Throne of Glory, the Judgement-Seat, the Trumpets, the River of Fire are all iconographical
depictions illustrated in the narthex of the church of Asinou. The presence of these
representations in the narthex, the doorway to the church, the liminal space at the edge between
earthly and divine, is quite significant because it makes them almost palpable to the devotee
entering the naos. The latter was the space accessible only by pure of hearth, and while passing
through the narthex to reach it, the representation reminded the devotees what they were
leaving behind, what was waiting for them if they would not abide to the precepts of the divine
(Marinis 2014). This cautionary imagery greatly helps in eliciting an emotional response from

the devotees, specifically in a period, the medieval one, where the prospect of a second coming
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was considered indeed very real (Patterson Sevéenko 2009).

Noteworthy, due to their extensive mention in the Triodion are the representation of collective
punishments: the outer darkness, the dread worm and the gnashing of the teeth. These
punishments are evoked during the function at the vesper of the Saturday of the Soul. The odes

recite:

“I lament and weep when I think of the eternal fire, the outer darkness
and the nether world, the dread worm and the gnashing of teeth, and the
unceasing anguish that shall befall those who have sinned without
measure, by their wickedness arousing Thee to anger, O Supreme in

love”

Furthermore, during the rite at the Meatfare Sunday we find a description of these images again:

“Terror and amazement seize me when I think of the fire of Gehenna
that never shall be quenched, of the bitter worm and the gnashing of
teeth. But release me and forgive me, Christ, and set me in the ranks of

Thine elect” (Canticle One)

“The river of fire devours and torments me ; the gnashing of teeth
grinds me to powder; the darkness of the abyss fills my heart with

dismay” (Canticle Five)

“The flames of Gehenna will roar and the sinners will gnash their teeth”

(Canticle Six)

“Terror seizes me when I think of the unquenchable fire, of the bitter

worm, the gnashing of teeth, and soul-destroying hell” (Canticle Seven)

The Gnashing of the Teeth, the Bitter Worm and the Outer Darkness are tropes which are
widely used in the Last Judgment prayers, to instil fearful emotions during such celebration.
These tropes, extensively repeated during the Byzantine rite are, in their figurative form, present
in the narthex of the church of Asinou (Fig 47), where their illustration complements the ritual.
The representations of the collective torments in the narthex do not solely visually recall the
Triodion, but their inscriptions refer to the pages of the Last Judgment. The inscription in figure

{43

47.A “the worm that sleepeth not” recall Mark 9:48 ““where their worm does not die and the fire
is not quenched”, figure 47.B read “the gnashing of the teeth” reference Matthew 8:12 “while
the sons of the kingdom will be thrown into the outer darkness. In that place there will be

weeping and gnashing of teeth” (Carr and Nicolaidés 2012) but also Testament of Jacob “And
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as to all these sinners, their punishment is the fire which will not be extinguished, and the outer
darkness where there is weeping and gnashing of teeth” (Papaioannou 2004). Figure 47.C is
presented with the inscription “Tartarus”, a dark place of punishment for the wicked similar to
the Abyss with roots in the Greek mythology but also present in Jewish literature (Somov 2017).
The images of Tartarus probably refer to 2 Peter 2:4 “For if God did not spare the angels having

sinned, but having cast them down to Tartarus, in chains of gloomy darkness, delivered them,

being kept for judgment” (Papaioannou 2004). Figure 47.D reads “the outer darkness”, referring
again to Matthew 8:12 (Carr and Nicolaides 2012).

Figure 47. Soffit of the south arch, narthex of the church of Asinou, Cyprus. Figure A -
the Worm that Sleepeth Not. Figure B - the Gnashing of the Teeth. Figure C - Tartarus. Figure D - the

Outher Darkness.

It is undeniable that the existence of strong interconnections between the rituals, the figurative
and the biblical texts, which seems to work as one to generate emotions between the devotees.
The modelling of these sets of information can help us understand the values and the
interpretations given to the wall paintings of Asinou, specifically the one acquired during the
rituals which mention them. Moreover, the aggregation of these sets of information can help

plot them in a historical timeline how the ritual evolves, and how such important subjects
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Figure 48. Modelling of the information about the iconographical representation “Gnashing of the

Teeth”. Soffit of the south arch, narthex of the church of Asinou, Cyprus.
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differentiate across the diverse eschatological interpretations. With such aim in mind, we can
use the textual reference present in the Triodion about the collective torments and link them
with the Byzantine ritual performed on the Meatfare Sunday (Fig. 48). We encoded the
relationship between the portions of the texts from the Triodion with the representation
“Gnashing of the Teeth” using the property K34 Illustrate. Another link is established between
the section of Triodion about the odes of the Last Judgment (already linked with Gnashing of
the Teeth) and the function of the Meatfare Sunday. The association between function and odes
is of type “incorporation”, which specify that the hymns present in the section of the Triodion
are going to be used in the Meatfare Sunday function. The spatialisation of the information
across the church is realised linked both the performance and representation to the architectural
spaces of, respectively, the naos and the narthex. Depiction and hymns are further characterised
by their subject. Both are linked with the type Last Judgment, which is further related with the
Iconclass entry about it. The modelling in figure 48 encodes, due to limitations in space, only
the information about a single wall painting, the Gnashing of the Teeth, however, the same
structure can be used to describe each representation mentioned by the Triodion or another

document which describe the church rituals.

6.2.5.1 Issues

The modelling presented in figure 48 enable us to create a link between performance, figurative,
architectural spaces, and textual references. However, it still presents some problems that is
necessary to underline.

The very first one is the lack of documentary evidence about the performance of the ritual. On
one hand there is no surviving Cypriot manuscripts of the Triodion from the period (Pentcheva
2017), thus is not clear when it was used for the firstin Asinou. While the imagery in the narthex
resemble the poetic of the Triodion, and in the 12™ century it was an already established book
in the Byzantine World, we do not have any direct proof that during the campaign of 1322/23
the Triodion was in use in the church. On the other hand, we also do not have any documentary
evidence that establishes that the Meatfare Sunday was celebrated in the church of Asinou in
the less recent past. We do imply so, because the Easter celebration is one of the most significant
period for the Eastern Orthodox Church, and it is an annual event which is held in the church
of Asinou even today. Nevertheless, we can only describe our knowledge about documented
activities carried out in the church, and in this instance, a real description of a function
performed in the church, leaving aside the contemporary ones, has yet to be found. Therefore,
what the modelling (Figure 48) represents is a general proposition about the interconnections
of performative, figurative and architectural but not a descriptive account of an episode.
Modelling the process as a general proposition, however, help us underline another critical issue,
the categorical one. As mentioned before in 6.2.4, CIDOC-CRM enable us to make statements
about singular facts and not categorical truth. When talking about ritual, however, we tend to
make statements of the like of “the Triodion hymns relatives to the Meatfare Sunday are always

illustrated, during the Middle Byzantine period, by a representation present in the narthex of
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the church”. This statement is nothing else than a ground truth because it restrains the possible
information about every performance (past, present or future) of that ritual. As a consequence,
it excludes the possibility that will exist a future statements which disprove such truth. This type
of statements strongly clashes with the principles of the semantic web.

It is, moreover, necessary to consider another problem, the link between figurative and ritual.
Even if, in a hypothetical scenario, we do come to know through archival evidence that the
celebration for the Meatfare Sunday was performed in the church of Asinou, and the Triodion
was used for the hymn, we would still not be able to draw a straightforward link between
performative and figurative. We would probably not have any proof that during the function
the priest would directly point at the wall paintings and straightforwardly use them as a
reference. The function of the image is incidental, and while the role of the visual dimension in
ceremonies it is considered quite significant, they are not the centre of the function, but a tool

to help the devotees focus on Christ as logos through the verbal admonitions of the priest.

6.2.6 Conclusion

The ontology proposed in this chapter covers major area for the description of figurative
elements and their historical derivation, as well as use in a ritual. However, it is not exempt from
limitations, specifically in respect to a contextualisation of the statements in regard to visual
representation. The contextualisation of the CT in the initial analysis was supported by the use
of situation and situation type. As we seen, translating this constructs in RDF is, indeed, possible,
but it opens to epistemic problems in relation to the description of historical performance and
rites, which are usually not studied as singular events but as group of repeating events.

A solution to the problem could be the creation of a class Situation Type, which would involve
a set of physical entities in a definite configuration. A Representation would then conform/not
conform to the Situation where the Visual Recognition takes place. The possibility to use
Situations for differentiating between the meaning of the visual would greatly help in those
performance type where the use of the visual element is strongly symbolic. Similar achievements
could be done with a connotation. However, more significant effort is necessary at a community
to achieve such goal, because a concept as vary as a situation type would need strong ontological

agreements between parties.
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7 On computation and reasoning

“Once the characteristic numbers of most notions are
determined, the human race will have a new kind of
tool, a tool that will increase the power of the mind
much more than optical lenses helped our eyes, a tool
that will be as far superior to microscopes or telescopes

as reason is to vision”

— Gottfried Wilhelm Leibniz, Philosophical Essays
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7.1 Introduction

In chaper 6 we formalised in an ontology called VIR a series of class and properties for the
description of the representational values of the visual heritage. The ontology provides a useful
methodology to track and define visual resources but it does not itself provide any relationship
to link a representation with a digital asset. VIR does not include any formal relationships to
link visual and digital resources, it is designed to be connected with other ontologies in use by
the heritage and semantic web community that provide such type of links.

The harmonisation with other ontologies as well as the process to link digital data to structured
information resources, it is not trivial and it will require further clarifications with respect to the
identification of the digital object, the type of process employed and the nature of the

connection used. We will delve deeper into this topics in the next sections

7.2 Digital Visual Annotation

The ontology, presented in section VIR, has been developed thinking about multi-agents
classification of visual objects, and one of the best way to take advantages of such features, would
be to use it within the context of a visual annotator.

Visual annotators are tools which enable a user to select a segment or the entirety of a 2D/3D
representation and make a statement about it. While tools of such sort have been around for
quite some time, specifically in the computer graphics community, the latest technological
advancements which have introduced new programming libraries for the web, concurrently
with the rise of international initiatives for viewing and connecting images, have been the
catalyst for the creation of a series of toolsets for annotating 2D/3D representations.

A large number of tools have been developed for the annotation of diverse digital media over
the latest years. While they have their differences, their underlying mechanism is quite similar.
It is first and foremost a process driven by a user, which has as his disposal a palette of tools for
selecting a segment of a media he is interested at. In case of 2D/3D representation the selection
of a segment it usually results in a shape, which is then recorded. The resulting shape, depending
on the system, can be further characterise using textual descriptors or links to other resources.
The use of these type of tools opened up the possibility to record, characterise and compare how
human detect and define shapes in 2D/3D spaces. The annotations are, in fact, nothing else than
human classification of specific segment of an area, which are recognised to be an instance of a
specific type. Therefore, the use of such type of tools within a semantic system able to identify
and characterise visual conceptualisations, are of crucial importance because they allow the
identification of the morphological and dimensional characteristics of an object, linking such
information with the conceptual understanding expressed by an agent. The collection and
archiving of these types of information would enable further studies on the cultural and social
diversity of the classification and perception of our heritage, overcoming the classical top-down
approached that have framed the discipline.

The very first step in this direction requires the clarification and formalisation of the connection
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between the digital object, which carries morphological information structured as 3D
coordinates, and a conceptualisation.

Following this formalisation, it will be possible to classify user-defined spatial areas as an
instance of representations, correlating these areas with their identifiable attributes appearing
within the image and thus making the first step to create an organised iconographical corpus.
The use of VIR to structure such type of visual statements would greatly help in the creation of
an organised dataset of attributes, subjects, characters and symbols, allowing the researchers to
cross and cluster together the recorded information, carrying out further research on the
interconnections between the recorded elements and a specific visual culture. In order to achieve
such result, it is necessary to interconnect VIR with an underlying data model for the registration

of spatial annotations.

7.2.1 Standards: the Web Annotation Data Model

The creation of a shared model for recording the information about user selected areas and
resources associated with them, have already begun in 2010 (Ciccarese et al. 2011), and have
resulted in the release as of the Open Annotation data model (Sanderson et al. 2013). The
developed model was further perfected and used as a foundation for the Web Annotation Data
Model, a W3C initiative for the establishment of a shared architecture for web annotation
services. The core of the model, proposed initially in 2010, has remained stable throughout the
latest years and has been used by diverse projects and applications for recording and sharing
linked annotation of images (IIIF), textual file (Pundit)” and webpages (Hypothesis®) making it
the standard de facto for the recording of annotations.

For such reasons, in the next sections we are going to examine the structure, potential and
limitations of the new Web Annotation Data Model, analysing the possible connections with
VIR.

The Web Annotation data model provides a framework for expressing the relationship between
a triad of connected resources: the annotation, its body and its target. The annotation is defined
as an aboutness statement, a way a piece of information relates to a subject matter. The subject
matter is, in this triad, the target, a digital resource subjected to the annotation. The Third part
of the triad is the body, the content of the annotation, the information which is related to the
target.

The resulting model (Fig 49) is a flexible three-part structure, which can be further expanded
to include information about the creation, motivation and license of one of those three
elements.

The work of the W3C Working Group® for the Web Annotation Data Model has refined the
ontology, tracking and resolving some issues but keeping the original structure almost intact.

The Group has focused on the annotation-media architecture working towards the definition

7 http://thepund.it
% https://web.hypothes.is
? https://www.w3.org/ TR/annotation-model
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to record a shared solution for defining the selection of a segment in a media.
The selection of a portion of a text or image is done throughout the use of selector and

fragment, two concept which we will analyse in more details in the next section.

(Cvoar

~ . ) -~
related to

Figure 49. Core of the Web Annotation data model. Source: Web Annotation Data Model

7.2.1.1 Fragment URI

An critical obstacle that has slow down the development of annotation systems is the
troublesome interconnection between annotation and resource. The construction and use of a
shared architecture to define a link between the annotation and target resource has always been
the most fragile part of any annotation system. For such reason we are are going to start by
examining what the Web Annotation data model prescribe on the subject, specifically in relation
to 3D annotations. We can start by constructing a link between an annotation and target.

As we mentioned above that the target is the digital resource subjected to the annotation. Often
the target is a segment of a bigger resource (e.g. part of the text, area of an image, volume in a
3D model) which is the object of interest in the annotation. The identification of what constitute
a target and its selection depends on the type of targeted object. Each media and encoding is
structured differently and appropriate computational methods are required to identify its part.
It is outside the scope of this work to discuss the selection and identification of a portion of a
file, we will instead devote our attention to the identification and interconnection of the selected
resource in an information object.

Once selected, to be used together with the Web Annotation data model, the segment have to
be identified using a Fragment selector (or Fragment URI), a short string of characters which
identifies something specific as a function of the document’. For example, the Fragment
selector which identified column five, six and seven of a CSV file, created following the “URI

Fragment Identifiers for the text/csv Media Type” specifications'' is the following string:

' https://www.w3.org/Designlssues/Fragment.html
" hetps://tools.ietf.org/html/rfc7111
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http://example.com/data.csv#row=5-7

Fragments selector are resource-specific, and while specifications exist for many file types
(HTML,"” SVG,"” PDF," CSV,” ePub3'¢ as well as media resources'’) are not available for all the
possible resources described in the web. The adoption of Fragment URI is in line with the
specifications of the W3C and the overall web architecture, but the lack of standards fragment
selectors for different media types seriously restrict the universality of the annotation method.
While this is undoubtedly a problem and a limitation, it is important to underline that not that
many are the cases where specifications for a fragment URI has not yet been developed.

Having outlined how, for the Web Annotation data model, a target should be defined, it is
crucial to understand how it is used. Within the model, the segment of interest in a resource is
encoded as value (rdf:value) of the class oa:Selector which is a container class for the different
selectors defined in the ontology. The property oa:hasSelector sustain the relationship between
an oa:Selector and the annotation. There is no actual class “Target” in the ontology, because
the target of a oa:Annotation is always a web resource, identified with the property
oa:hasSource and a specific oa:Selector defining the region of interest in respect to the source.
The codeblock 1 below give us an overview of how it is defined. In the example it is possible to
notice that the target of the annotation is nothing else than a blank node related to a selector
and an image source. The selector is further described as an oa:SvgSelector which has the
specific value svgview(viewBox(50,50,640,480)) which identify a region of interest in the

source <https://example.org/imagel>.

@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>.
@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>.
@prefix oa: <http://www.w3.org/ns/oa#>

<http://map.cnrs.fr/semantics/annotation/e8879a89d5bb4fac985b045053538847> a oa:Annotation ;
oa:hasBody <http://map.cnrs.fr/image/3f668b0255bhe4eBea8bfac80acff92f3> ;

oa:hasTarget [

oa:hasSource <https://example.org/imagel> ;

oa:hasSelector [

a oa:SvgSelector ;

rdf:value "svgView(viewBox(50,50,640,480))" 1 ]

Codeblock 1. Encoding of an image annotation using the Web annotation Data Model.

RDF graph, encoded in Turtle syntax, of a user-selected portion of an image. The RDF encoding

use the Web Annotation data model for ontologically define the structure of the selection. The

"> https://tools.ietf.org/html/rfc3236

B https://www.w3.0org/TR/SVG11/

" https://tools.ietf.org/html/rfc3778

5 https://tools.ietf.org/html/rfc7111

' http://www.idpf.org/epub/linking/cfi/epub-cfi-20140628.html
7 https://www.w3.org/ TR/media-frags/
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result is three nodes-structure formed by an annotation (identified by the URI
http://map.cnrs.fr/semantics/annotation/e8879a89d5bb4fac985b045053538847), linked with
a body (identified by the URI http://map.cnrs.fr/image/3f668b0255be4e@ea8bfac80acff92f3

but not specified here) and a Target, a node which contains the user-selected area encoded in

the SVG, a graphical encoding for vector images (svgView(viewBox (50,50, 640,480))).

It is important to stress that the target has to be considered just a pointer segmenting the region
of a resource. The content of the annotated area, as well as its dimension, have to be extracted
and recorded using other properties (e.g. rdf:value).

The W3C Fragment URI specifications can be used in order to define the attributes of an
application interface for selecting and constructing URI which identified a segmented part of a
resource. This operation has been performed by the IIIF (International Image Interoperability
Framework) consortium'® which has developed an API for serving 2D images. The IIIF
consortium has agreed to use this shared framework for interconnecting image databases

between each other and deliver full or segmented images over the web using the schema:

{scheme}://{server}{/prefix}/{identifier}/{region}/{size}/{rotation}/{quality}.{for
mat}

Using the above schema, it is possible to identify a specific region defined using a percentage of
the image dimensions (or alternatively in absolute pixel values). A specific region can be
requested in respect to its horizontal and vertical axis as well as its width and height, specifying
in the URI the percentage (using pct:x,y,w,h) or the absolute value (x,y,w,h).

Following this schema, the selector of an annotation can easily points to the specific segment of

an image as in codeblock 2 below.

oa:hasTarget [

oa:hasSource <https://example.org/iiif/imagel> ;
oa:hasSelector [

a iiif:ImageApiSelector;

rdf:value "pct:0,0,10,10" ] ]

Codeblock 2. Encoding of a region of an image using the IIIF selector

RDF graph, encoded in Turtle syntax, of a user-selected portion of an image. The resulting RDF
use the Web Annotation data model for ontologically define the structure of the selection. In
respect to the Codebox 1 (see above) the target node does not identify a SVG value, but it uses

the IIIF standard API selector, which encode the visual selected area using pct coordinates.

% heeps://iiif.io
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7.2.1.1.1 Current solutions

Currently, no standard solution similar to the one developed for IIIF is available for 3D objects,
however, some of the attempts for creating web annotations over 3D objects are worth a closer

examination, specifically to understand how they connect 3D fragments to an annotation.

The 3D Heritage Online Presenter (3DHOP) (Potenziani et al. 2015) is by far the most popular
solution in the Digital Heritage area for displaying 3D objects in the browser.

3DHop support a specific kind of annotation mechanism named “hotspot”. Defined as
“clickable geometries”, the hotspots are added as transparent elements to the scene, positioned
to overlap the element they annotate. The hotspots are loaded, as the overall model itself, as
distinct PLY files to a web server and declared within the HTML document under the section
“meshes”.

The declaration of the meshes within the HTML follows the codeblock below

presenter.setScene({

meshes: {
"Gargoyle": {
url: "models/multires/gargo.nxs"
¥

"Cube": {
url: "models/singleres/cube.ply"

}l

"Sphere": {

url: "models/singleres/sphere.ply"
¥

"Wing" : {

url: "models/singleres/wing.ply"
¥

¥

Codeblock 3. Relative meshes location in 3DHop.

Declaration, present in the HTML page displaying a 3DHop viewer, of the relative meshes
location (“url”) in the server.

Such structure within the HTML page makes each defined hotspot retrievable from the
webserver. Thus, it is possible (however, not ideal) to use the URI of an hotspot as Fragments
selector and link it to the target defined by the Web Annotation data model. Once this link it is
established, it is possible to encode statements, in the form of annotations, linked to the hotspot.
One important drawback of this approach is that the fragment selector does not identify really
a fragment, therefore it cannot make explicit the relation between 3D model and hotspot. It is
not a structural connection but only a visual one.

Another important limitation regards the creation of the hotspot, which need to prepared by
the user beforehand, making the process of annotating a model with 3DHop a bit clucky.
Three-dimensional coordinates can be encoded as WKT (well-known text) object, an RDF

serialisation created by the OGC (Open Geographical Consortium). WKT is mainly used for
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recording 2D geographical coordinates or 2D polygonal shapes. However, WKT it is flexible
enough to be used for the definition of 3D object. If the three-dimensional measurements are
recorded as WKT literal in RDF and assigned to a corresponding class (geo:Geometry), they can
be easily queried through a SPARQL endpoint.

Using this method, we would be able to encode 3D elements as WKT coordinates, assigning
them an identity and linking them with other statements in the graph. Additionally, this solution
enables the recording, querying and analysis of three-dimensional polygons in a graph using the
GeoSPARQL extension developed by the OGC. Eventually, the 3D coordinates can be extracted
with a SPARQL query and automatically plotted in a map (Beek et al. 2018). Additionally, the
WKT coordinates could be double instantiated as geo: Geometry and as the oa:Selector and be
used as target of an annotation. This system has many advantages but two main limitations: the
encoding of the 3D measurements and the presence of texture. The encoding of elaborate 3D
structure would necessitate the extraction from a model of the measurement of each surfaces,
curves and angles and their conversion into WKT. Such process can be daunting and the result
could be poor in comparison with the current 3D visualisation possibilities. The second
limitation regards the texture. No texture information is possible to encode or visualise with this
method.

Three-dimensional annotations can be encoded also in another important platform:
Sketchfab." Sketchfab provides a 3D viewer based on WebGL with work across several devices
(e.g. mobile/desktop/VR headset). Annotations can be added to it, but it is not possible to
export them as area or point and, therefore, it is not possible to use them for performing any
type of analysis. They are aimed to aid to the comprehension of the digitised object, and not a

scholarly tool.

A novel tool for annotating three-dimensional model within a web-interface has been recently
introduce: Aioli**. This new system, developed by the CNRS MAP laboratory, provides a
pipeline for the creation, annotation and sharing of 3D models. The user is able to upload the
result of an acquisition campaign and the system automatically creates, using micmac in the
backend, a point cloud of the digitised object. Once the point cloud is computed, it can be
annotated using the initial 2D images. The annotations created over one image are
automatically projected over the 3D structure (Figure 50) and, if they covered the annotated
area, propagated in the rest of the image set. This unusual approach appears to be very
functional and usable because it relies of a common medium, the photo, instead of forcing users
to cope with the heaviness and complications of a 3D model.

Furthermore, the annotations are aggregated separately from the object and preserving the
geometrical link between 2D and 3D. Starting from these premises, Aioli appears to be
potentially the bridge between 2D and 3D, enabling an IIIF-based approach to 3D objects. We

will delve further (in section Aioli) on the detail of how this software can help us interconnect

Y http://sketchfab.com
2 http://www.aioli.cloud
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conceptual, physical and digital domain.

G'I.Oli # Annotate Window @ Hep [ Save
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PROPERTES

Figure 50. Workflow for the transformation of a record in RDF.

Another break in the field could also come while using a different encoding for 3D Objects. The
new format developed by the Khronos Group, gITF, offer a JSON based encoding which could
significantly help to define the correspondence of an annotation in respect to a 3D area. A
specific segment of a gl TF file could be defined using a JSON pointer, and afterwards would be
possible to use it as a target for an oa:Annotation. If the matrix of a 3D object is defined in a
format compatible with a URI fragmentation, such as JSON, CSV or SVG, it would always be

possible to use current fragment URI standards to identify a specific segment of the resource
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and classify it as an instance of a oa:Selector.

An example of the use of a mod of gITF is the new Smithsonian Voyager,* an open-source 3D
web visualiser and annotator. The Voyager can visualise diverse 3D objects (obj, ply, gltf, glb)
and uses its own document format, SVX (Smithsonian Voyager eXperience), a JSON file very
similar to glTF in structure, for displaying them on the web. Voyager describes 3D scenes using
JSON nodes, where each node can describe with one of this components: camera, light, model,
metadata, setup. An authoring interface is present where it is possible to add annotations over a
model. The annotations are, at the time of writing, simple points in the model that can have
titles, tags and text. The Voyager appears to be quite an interesting projects, specifically for its
aim to be IIIF compatible, however it seems focus only on the general audience, providing tools
for visualising and exploring the object modelled, leaving aside features that could be more

useful to researchers (e.g. 3D surfaces, area measurements).

7.2.1.1.2 Possible agreements

As seen in the section above, a standard connection between a segment of a 3D model and an
annotation it is no yet resolved. It is necessary to define a standard fragment URI, or a common
framework, that can be used to point to a specific spatial region in a 3D representation. In this
section we outline a proposal for the fragment information that should be included in a 3D
Fragment URL

A fragment selector should provide information about these dimensions:

- Typological dimension. Specifies the type of model to load.

- Spatial dimension. Denotes the position specific ranges of points/triangles covered by

the annotation.
- Camera dimension. Denotes the viewpoint in respect of the annotation.

- Annotation dimension. Specifies visual characteristics of the annotation.

The Typological dimension should be a required value and should be used to specify between
the different types of model visualisations to load. Options, encoded as identifiers, can include

(but are not limited to) textured mesh, point cloud, coloured point cloud.

The spatial dimension should be another required value and should be used to specify the type

of annotation:

- 3D point. A single point in the 3D space.
- 3D surfaces. A closed region within the surface of the 3D model. A selected group of

triangles in case of a mesh or a subset of points in case of a point cloud.

! https://smithsonian.github.io/dpo-voyager/
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- 3D volumes. A frustum

The camera dimension should not be a required value and should be used to specify three
attributes, the camera position, the rotation of the model, and (if present) the position of the
label. All the attributes have to be encoded using the necessary coordinate system. The value “0”
could be used to denote the lack of information about the attributes of this dimension. In such

case, the default parameters are going to be used.

The annotation dimension should not be a required value and should be used to specify two
attributes, transparency and colour for each annotation. The transparency attribute should use
a percentage value to request the level of transparency for the annotations. The colour attributes
should use HTML colour names or an equivalent system to specify the colour of the

»

point/surface/volume of the annotation. The “0” could be used to denote the lack of
information about the attributes of this dimension. In such case, the default parameters are

going to be used.

The above specifications could be used to construct a shared method to define the selection of

3D annotation resources.

7.2.2 Digital Visual Annotation: integration with VIR

In the previous sections we focused on the object-ontology interconnections and limitations,
examining methods to link an object fragment from a 3D model with an ontology. In this
section, we face another challenge, the ontological integration. Linking two ontologies together
is not an automatic task, but it is necessary to analyse conceptual and formal constraints encoded
in the ontologies. In our case, we are interested in defining the interconnections between a
representation and the body of an annotation, defined as its aboutness. What we would like to
state is that a specific annotation is about an attribute, a representation, a personification or a
character defined by VIR.

For such reasons it is essential to analyse from the range and domain constraints of the body of
a oa:Annotation. According to the Web Annotation data model, a oa:Annotation can be linked
to other RDF classes using the property oa:hasBody. The latter does not constrain the range,
thus allowing classes from other ontologies to be used as the body of the annotation. Following
this logic, we could be able to state that the annotation of a specific area of an image is about a
vir:IC9_Representation. Both VIR and the Web Annotation Vocabulary are, in fact, flexible
enough to allow such interconnections without the need of any workaround.

The interconnections with the Web Annotation data model are not limited to the class of
representation but can be expanded re-using all the classes defined in VIR and creating a graph

comprising attributes, characters and personifications (Figure 51).
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Figure 51. Visual representation of the integration between the Web Annotation data model and VIR.

For each visual statement it would be also possible to record its provenance in respect to the
recognition of the visual features, using the class IC12 Visual Recognition, which allows us to
define the subject assignment act, recording who did it as well as the information source he used.
An example, showcasing the possible connections between the two ontologies, is available in
codeblock 4. As it is possible to see from the code below, the fragment URI is related to both an
IC9 Representation and an IC10 Attributes, relating the visual feature together, and linking

them with shared reference sources (in this case Wikidata and Iconclass).

<https://map.cnrs.fr/sm/oa/ddc7d3f514784> a oa:Annotation ;
oa:hasTarget [
oa:hasSelector [
a oa:SvgSelector ;
rdf:value "<svg:svg>... </svg:svg>" ] ]
oa:hasBody <https://map.cnrs.fr/sm/representation/d461e97396064> ;
dcterm:creator <https://map.cnrs.fr/sm/persons/92f25dd306a54>

<https://map.cnrs.fr/sm/persons/92f25dd306a54> a crm:E21_Person, dcterms:Agent, foaf:Person ;
foaf:nick “nicola”@fr ;
foaf:mbox "mailto:nicola@mail.fr"

<https://map.cnrs.fr/sm/representation/d461e97396064> a vir:IC9_Representation ;
crm:P1_is_identified_by <https://map.cnrs.fr/sm/name/281b7bd49cels>
vir:K1_denotes <https://map.cnrs.fr/sm/physical/157fb87e3céds> ;
crm:P2_has_type <http://Iconclass.org/11H%28GEORGE%2934> ;
vir:K24_portray <https://www.wikidata.org/wiki/Q48438>

<https://map.cnrs.fr/sm/event/dbécaf7653cl4fbécacseb573df610alb> a vir:IC12_Visual_Recognition
vir:K9_assigned_status_to <https://map.cnrs.fr/sm/physical/157fb87e3céd4s> ;
vir:K11_assigned <https://map.cnrs.fr/sm/representation/d461e97396064> ;
crm:P1l4_carried_out_by <https://map.cnrs.fr/sm/persons/92f25dd306a54>

<https://map.cnrs.fr/sm/name/281b7bd49cels> a crm:E41_Appellation ;
rdfs:label “Saint “George

154 /290




<https://map.cnrs.fr/sm/physical/157fb87e3céd4> a vir:IC1_Iconographical_Atom ;
crm:P1_is_identified_by <https://map.cnrs.fr/sm/281b7bd49cels>

<https://map.cnrs.fr/sm/oa/ef04630eb366470aa23366e48h887c8b> a oa:Annotation ;
oa:hasTarget [
oa:hasSelector [

a oa:SvgSelector ;

rdf:value "<svg:svg>... </svg:svg>" ] ]
oa:hasBody <https://map.cnrs.fr/sm/representation/294ac4béa57e4> ;
dcterm:creator <https://map.cnrs.fr/sm/persons/68f511d373dé4>

<https://map.cnrs.fr/sm/persons/68f511d373d64> a crm:E21_Person, dcterms:Agent, foaf:Person ;
foaf:nick “nicola”@fr ;
foaf:mbox "mailto:nico@mail.fr"

<https://map.cnrs.fr/sm/representation/294ac4béa57e4> a vir:IC10_Attribute ;
crm:P1_is_identified_by <https://map.cnrs.fr/sm/name/deaa®75687a84> ;
vir:K17_is_attrribute_of <https://map.cnrs.fr/sm/representation/d461e97396064> ;
vir:K1_denotes <https://map.cnrs.fr/sm/physical/157fb87e3céd4s> ;
vir:K21_depict_things_of_type <https://map.cnrs.fr/sm/type/5f69ch80b3314> ;
vir:K25_express <https://map.cnrs.fr/sm/symbolic/e68ad35366le4> ;

<https://map.cnrs.fr/sm/symbolic/e68ad353661le4> a crm:E90_Symbolic_Object ;
rdfs:label "Martyrdom"
owl:exactMatch <http://vocab.getty.edu/page/aat/300379937>

<https://map.cnrs.fr/sm/type/5f69ch80b3314> a crm:E55_Type ;
rdfs:label "cross"@en
owl:sameAs <http://www.Iconclass.org/11D123>

<https://map.cnrs.fr/sm/physical/157fb87e3céd4> a vir:IC1_Iconographical_Atom ;
crm:P1_is_identified_by
<https://map.cnrs.fr/sm/name/deaad75687a84>

<https://map.cnrs.fr/sm/name/deaal75687a84> a crm:E41_Appellation ;
rdfs:label ““Cross “of Martyrdom@en

Codeblock 4. Encoding of annotation using the Web Annotation Data model and VIR.

RDF Graph, encoded in Turtle syntax The RDF describes the selection and annotation of two
separate areas in an image, and the corresponding classification by an user. The resulting RDF
use the Web Annotation data model for ontologically define the structure of the selection and
VIR to describe the visual constituents of the image. The first annotated area (identified by the
URI https://map.cnrs. fr/sm/oa/ddc7d3f514784) identify a representation which portray Saint

George. The identity of the Saint is further linked with other datasets where it is possible to
retrieve more information on the saint (Iconclass and Wikidata). The second annotated area
(identified by the URI https://map.cnrs.fr/sm/oa/efB4630eb366470aa23366e48b887c8h).
identify an Attribute of the representation, a cross which is classified in the RDF graph to

represent the Martyrdom. Both annotations present, moreover, information about the

annotator responsible for them, in form of name and contact.
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7.2.3 A new way: Aioli

Aioli is a platform developed within the CNRS MAP laboratory and focused on the creation of
annotations over 3D digital objects. In respect to other approaches, Aioli is built as a
photogrammetric pipeline that enable the users to upload the result of a data acquisition
campaign and automatically obtain an annotable three-dimensional geometry. An important
feature of this web application is the combination and interconnections between 2D and 3D,
creating links between the initial data acquisition and three-dimensional result. This
interconnection is crucial, not only because it allows the user annotate the initial photos and
have the resulting projection in the 3D surface, but because it clearly display the propagation
and spatialisation of information.

Aioli appears to be the perfect case to present and display the possibilities given by VIR to assign
meaning to shapes, making transparent the process of classification and interpretation. In order
to fulfil such objective it is, however, necessary to model and integrate Aioli within a semantic
framework description able to integrate dimensional and conceptual data, formally integrating
the annotated data within a semantic graph of information starting from one simple concept:
the annotation.

Aioli, in fact, is a system creating around the annotation itself, and its dimensional
interconnections.

For the encoding of the annotation we will follow the W3C Web Annotation model explained
in the sections above, while the heritage information will be encoded using the CIDOC-CRM
Ontology (see section 2.3.2.2).

In order to define the aboutness of an annotation it is necessary to define first and foremost
what is the object of the annotation. Aioli annotate 2D images and then re-project the
annotation over other 2D images and a 3D Object, resulting in a single identifiable annotation
which exists across multiple images and models. We define it using a double instantiation of
oa:Annotation from the Web Annotation Data Model and a D29_Annotation_0Object from
CRMdig. The use of the double instantiation is due by the decision to rely on the Web
Annotation Data Model for the modelling of the computational part of the process, while using
the more flexible and complete CIDOC-CRM for the modelling of the agency of the annotation.
The annotation (oa:annotation) is linked with the diverse annotated digital resources,
connected by the property oa:hasTarget, and modelled as double instances of CRMdig D35_Area
and the Web Annotation oa:specificResource. The D35_Area/oa:specificResource is
identified in respect of a source (a specific image) and a selector (in this case a oa:SvgSelector
a subclass of oa:Selector) which is responsible to identify the annotated area in each single
image. This method enables the recording of a single identifiable annotation which cover diverse
areas across a set of photos.

A particular type of resource that deserve our attention is the 3D Model. As mentioned above,
once an annotation is created in a 2D image, it is projected over the 3D object. To represent such
connection, and link it with the annotation act that is responsible for the creation of the first 2D

annotation, we will categorise the 3D Object as a oa:specificResource, linked with the
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annotations presents in the 2D images. In this way, the 3D object will also appear as the target
of the initial annotation. The initial annotation will, moreover, act as a wrapper element linking
all the annotated resources together with the annotated areas.

In order to differentiate between the initial annotation act, performed by a user, and the
reprojection of the annotation, performed automatically, the
oa:annotation/crmdig:D29_Annotation_Object is linked with each of the
oa:specificResource/crmdig:D35_Area using other two CRMdig  properties
L49_has_primary_area and L50_has_propagated_area which identify the initial user-created
(L49) and the reprojected (L50) annotations. Each oa:specificResource/crmdig:D35_Area can
be, moreover, linked with a dimension (crm:D54_Dimension) which can be used to identify the
dimension of the annotation in the physical domain, reflecting the actual area of the object in
the physical realm (specifically useful when photogrammetric computation use scaled value).
Using this construct, we are able to identify the source of the annotation across a large corpus
of images and tracks its reliability and the agency of its creator. Moreover, the registration of
the selectors can help us track the dimensionality of the annotated area across a dataset.

A better perspective over the model is given in Figure 52, which display on its left part the diverse
2D Annotations and on its right part the 3D one, both linked together by an annotation

construct.

20

Figure 52. Modelling of the annotation in Aioli using the Web Annotation Data Model and CRMdig. A

larger version is available in Annex C.

While the modelling of the computational part of the process is covered by the Web Annotation
Data Model, the agency, act and interconnections with heritage information is completely left
to CIDOC-CRM.

CIDOC has developed over the years a similar model for recording information about Digital
Objects, CRMdig , which does also partially overlap with Web Annotation Data Model. Such

functional and conceptual overlap allows us to easily interconnect the two models using the Web
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Annotation Data Model for recording machine-based information and rely on the robustness of
CIDOC-CRM for recording information about the creation of the annotation. Using CIDOC-
CRM, in fact, we can link the Annotation Object (crmdig:D29_Annotation_Object) with the
Annotation act (crmdig:D3@_Annotation_Event), specifying the creator of the annotation as well
as other important information such as the source used, the time of the annotation, the

motivation and further contextual information around the researcher’s annotation act.

Until now we focused on the creation of the annotation, but another important feature needs to
be addressed, the one of aboutness. An Annotation can be, and in most of the time is, about
something. It can refer, report some words or just plainly specify that the area covered by an
annotation is a representation of something. In order to construct such complex relationship,
we rely on the CIDOC-CRM property P129_is_about which help us state that the annotation of
a specific area of an image is about a CIDOC-CRM entity (an object, visual item or others). In
the example proposed in Figure 52 we link the annotation of the dome of a church with a
representation of the iconographical figure, and using further annotations we would be able to
define its attributes, the characters depicted and the relationship to a specific text it illustrates,
moreover relating the visual feature together, and linking them with shared reference sources

(in this case Wikidata and Iconclass).

7.3 Sources and data Integration

While surely a visual annotator is the best use case to examine the behaviour of VIR, the
ontology can be also used for recording, integrating and sharing visual information using the
semantic web stack. The result presented here are the result of an ETL (Extract, Transform,
Load) process which transformed tabular data into enriched and linked RDF using VIR. In the
next sections we will describe the ETL process, together with its limitation, and the role of VIR

for the recording and integration of data with other sources.

7.3.1 Data transformation

A considerable amount of information system in use today relies on a relational database for
storing their data. This solution is by far the most robust and documented one between the
diverse products in the market. While relational databases suffer from a series of issues (e.g.
federation, flexibility, integration, transparency) which are overcome by current graph
technologies they still represent the most prominent product in the market for storing
information. Moreover, the presence of a large numbers of libraries and methodologies for
retrieving and storing data from/in a database within the web, together with the presence of
countless tutorial and other types of documents describing methods and tools, have been the
key to establish relational databases as the technology for the construction of an information
system.

For the above reason, the initial data entry has been performed using a database, with three
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simple tables where to record information about the representation and the place where it is
located. After the recording of the necessary data, the content of the table has been transformed
using a series of steps (Figure 53). Initially, the data were extracted from the database as three
separated CSV (Comma Separated Value), an open format for the registration of tabular data.
The CSV had been enriched prior to their transformation, in order to connect them to useful
linked data resources such as Wikidata, Iconclass®, Getty Art and Architecture Thesaurus®, and
others. The enrichment has been carried out done using OpenRefine,* a software for data
cleaning and enrichment, which allow to execute API calls to external services and parse the

result in a cell.

Registration > Extraction> Enrichm> MaPPing> Tﬂnsforma> Load >

Figure 53. Workflow for the transformation of a record in RDF.

Once the data have been enriched, the mapping process began. This step is a critical one, and it
necessitates the help of a knowledge engineer able to conceptually pair each information set to
its specific class. A sample of a record extracted from the database is visible in the codeblock 5

below.

<?xml version="1.0" encoding="UTF-8"?>

<rows>

<iconography>

<id>5f69ch80b3314652h9beb65de3c2c323</id>
<Appellation>Saint George</Appellation>

<Subject>Saint George Martyr</Subject>
<sameAs>http://www.Iconclass.org/11H%28GEORGE%2934</sameAs>
<Attributes_1>Horse</Attributes_1>
<sameAsAttribute_1>http://www.Iconclass.org/46C13141/</sameAsAttribute_1>
<Attributes_2>Spear</Attributes_2>

<sameAttribute2/>

<Character>Saint George</Character>
<sameAsCharacter>https://www.wikidata.org/wiki/Q48438</sameAsCharacter>
<part0f>300379937</part0f>

</iconography>

<feature>

<id>300379937</id>

<Appellation>South Lunette</Appellation>
<Type>http://vocab.getty.edu/aat/300177433</Type>
<Part0f>3f668h0255hbe4e@ea8bfac8Bacff92f3</Partof>
<Date_production_start>01/01/1180</Date_production_start>
<Date_production_end>31/12/1180</Date_production_end>
</feature>

<physical>

? http://www.Iconclass.org
» http://www.getty.edu/research/tools/vocabularies/aat/
* http://openrefine.org
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<id>3f668b0255be4seBea8bfac80acff92f3</id>

<Appellation>Panagia Phorbiotissa</Appellation>
<AppellationAlternativel>Asinou</AppellationAlternativel>
<AppellationAlternative2>Mother of god Phorbiotissa</AppellationAlternative2>
<AppellationAlternative3>Panagia ton Phorbion</AppellationAlternative3>
<Type>http://vocab.getty.edu/aat/300004624</Type>
<hasFeature>300379937</hasFeature>

<Place>POINT(32.973431 35.0460829)</Place>
<sameAs>https://www.wikidata.org/wiki/Q30773293</sameAs>
<Date_production_start>1105</Date_production_start>
<Date_production_end>1106</Date_production_end>
<Founder>Nikephoros</Founder>

</physical>

</rows>

Codeblock 5. XML extract of a recording documenting the fresco of Saint George, Asinou.

An XML extract of a database record documenting the fresco of Saint George in the narthex of
the Asinou church, Cyprus. The record presents three main sections: iconographical
description, image feature and physical information. Each line in the record represents a pair of

element and value, where the element is the descriptor encompassing the value.

As it is possible to notice, the record presents information about the iconographical
representation of St. George in the narthex of Asinou, as well as a list of some of the
characteristic of the representation. Moreover, it documents the creation of the artwork and its
current location. In order to transform the XML record to RDF we used the X3ML Language
engine, an application which takes in input an XML file and, on the base of an X3ML file
definition, transform the original XML to an RDF.

The mapping from these two formats is achieved thanks to the use of a declarative language
called X3ML which enable the classification of each element in the XML as an instance of a
chosen class present in the ontology. The transformation engine reads the X3ML mapping and,
on the base of the written instructions, it creates an RDF file.

One the greatest benefit of X3ML in respect to other mapping languages is its flexibility, which
allows the user to define long paths for describing each element of the XML, instead of relying
on the classic key-value pair. Codeblock 6, a sample of an X3ML file, is the perfect example to
illustrate the process. An initial domain node, called source nodes, is initially identified. The
source node is going to be used across the mappings as the main subject of all the declared
statements. Each one of the elements linked with the source node is regarded as possible nodes

which can be instantiated as an element of a class.

<domain>
<source_node>/rows/iconography</source_node>
<target_node>
<entity>
<type>vir:IC9_Representation</type>
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<instance_generator name="iconURI">

<arg name="id" type="xpath">ID/text()</arg>
</instance_generator>

</entity>

</target_node>

</domain>

<link>

<path>

<source_relation>
<relation>Appellation</relation>
</source_relation>

<target_relation>
<relationship>crm:P1_is_identified_by</relationship>
<entity>

<type>crm:E41_Appellation</type>
<instance_generator name="appellationURI">
<arg name="id" type="xpath">../ID/text()</arg>
</instance_generator>

</entity>
<relationship>http://www.w3.0rg/2000/01/rdf-schema#label</relationship>
</target_relation>
</path>
<range>

<source_node>Appellation</source_node>
<target_node>

<entity>
<type>http://www.w3.0rg/2000/01/rdf-schema#Literal</type>
<instance_generator name="Literal">

<arg name="text" type="xpath">text()</arg>
</instance_generator>

</entity>

</target_node>
</range>
</link>

Codeblock 6. X3ML mapping in CIDOC-CRM of the content of an XML element.

X3ML mapping file. The file displays an element to element declarative mapping from the
content of a XML element (see Codeblock 4) to CIDOC-CRM. Each XML node is identified
using the XPATH protocol and mapped as the subject of an RDF statement. The URI
identifying each elements are generated on base of instructions and argument (e.g.

<instance_generator name="Literal"> <arg name="text" type="xpath">text()</ar‘g>).

In the example in codeblock 6, the domain node represents an IC9 Representation, and the link
is the set of steps necessary to define the content of the element Appellation in the XML as an
instance of the class crm:E41_Appellation containing a rdfs:Literal.

Codeblock 6 present only a small mapping of the XML present in codeblock 5. Once each of the
element has been mapped and specified, the engine would process the files and generate a new
RDF (codeblock 7).
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@prefix owl: <http://www.w3.0rg/2002/07/owl#>

@prefix xsd: <http://www.w3.0rg/2001/XMLSchema#>

@prefix skos: <http://www.w3.0rg/2004/02/skos/core#>
@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
@prefix xml: <http://www.w3.org/XML/1998/namespace>
@prefix vir: <http://w3id.org/vir#>

@prefix crm: <http://www.cidoc-crm.org/cidoc-crm/>

@prefix geo: <http://www.opengis.net/ont/geosparql#>

<https://map.cnrs.fr/sm/id/5f69ch80b3314652b9bebb65de3c2¢323> a crm:E42_Identifier ;
rdfs:label "5f69ch80b3314"

<https://map.cnrs.fr/sm/name/5f69ch80b3314652b9bebb65de3c2c323/> a crm:E41_Appellation ;
rdfs:1label "Saint George"

<https://map.cnrs.fr/sm/icon/5f69ch80b3314652b9heb65de3c2c323> a vir:IC9_Representation ;
crm:P1_is_identified_by

<https://map.cnrs.fr/sm/name/5f69ch80b3314652b9bebbé5de3c2c323/> ,
<https://map.cnrs.fr/sm/id/5f69ch80b3314652b9behb65de3c2¢c323> ;

vir:K24_portray <https://map.cnrs.fr/sm/character/b028048361574> ;

vir:K17_has_attribute

<https://map.cnrs.fr/sm/attribute/fc5c826ad9ec4d> ,
<https://map.cnrs.fr/sm/attribute/a31fd4d2acd94> ;

crm:P65_is_shown_by <https://map.cnrs.fr/sm/feature/6f197b3ef1d84>

<https://map.cnrs.fr/sm/attribute/fc5c826ad9ec40> a vir:IC10_Attribute ;
crm:P1_is_identified_by <https://map.cnrs.fr/sm/name/38438dbdlbc94> ;
owl:sameAs <http://www.Iconclass.org/46C13141/>

<https://map.cnrs.fr/sm/name/38438dbdlbc94> a crm:E41_Appellation ;
rdfs:label "Horse"

<https://map.cnrs.fr/sm/attribute/a31fd4d2acd94> a vir:IC10_Attribute ;
crm:P1_is_identified_by <https://map.cnrs.fr/sm/name/5a793c973d994>

<https://map.cnrs.fr/sm/name/5a793c973d994> a crm:E41_Appellation ;
rdfs:1label "Spear"

<https://map.cnrs.fr/sm/character/b028048361574> a vir:IC16_Character ;
crm:P1_is_identified_by <https://map.cnrs.fr/sm/name/0fa3cébéeffdls> ;
owl:sameAs <https://www.wikidata.org/wiki/Q48438>

<https://map.cnrs.fr/sm/name/0fa3cébeffdls> a crm:E41_Appellation ;
rdfs:label "Saint George"

<https://map.cnrs.fr/sm/feature/6f197b3ef1d84> a crm:IC1_Iconographical_Atom ;
crm:P1_is_identified_by
<https://map.cnrs.fr/sm/name/0225323770dd4> ,
<https://map.cnrs.fr/sm/id/8998a73f2bcas4> ;
crm:P2_has_type <http://vocab.getty.edu/aat/300177433> ;
crm:P56_is_found_on
<https://map.cnrs.fr/sm/physical/3f668b0255be4eBea8bfac80acff92f3> ;
crm:P108_was_produced_by <https://map.cnrs.fr/sm/event/fea8eb2480ef4>

<https://map.cnrs.fr/sm/id/8998a73f2bcas> a crm:E42_Identifier ;
rdfs:label "300379937"
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<https://map.cnrs.fr/sm/event/fea8eb2480ef4> a crm:E12_Production ;
crm:P4_has_time-span <https://map.cnrs.fr/sm/time/a3985ddaf9db4>

<https://map.cnrs.fr/sm/name/0225323770dd4> a crm:E41_Appellation ;
rdfs:label "South Lunette"

<https://map.cnrs.fr/sm/time/a3985ddaf9db4> a crm:E52_time-span ;
crm:P8la_end_of_the_begin "01/01/1180"~Axsd:dateTime ;
crm:P81b_begin_of_the_end "31/12/1180"*"xsd:dateTime

<https://map.cnrs.fr/sm/physical/3f668b0255bhe4eBea8bfac80acff92f3> a crm:E25_Physical_Man-
Made_Thing ;
crm:P1_is_identified_by
<https://map.cnrs.fr/sm/name/7a54bbéc4bB64>,
<https://map.cnrs.fr/sm/name/fcl0841a55784>,
<https://map.cnrs.fr/sm/name/1455f5de98624>,
<https://map.cnrs.fr/sm/name/c044600e3f0b4> ;
crm:P2_has_type <http://vocab.getty.edu/aat/300004624> ;
owl:sameAs <https://www.wikidata.org/wiki/Q30773293> ;
crm:P108_was_produced_by <https://map.cnrs.fr/sm/event/6db0c9d86e304> ;
crm:P55_has_current_locaton <https://map.cnrs.fr/sm/place/0dd517¢c24b134>

<https://map.cnrs.fr/sm/event/6db0c9d86e304> a crm:E12_Production ;
crm:P4_has_time-span <https://map.cnrs.fr/sm/time/f26d523ad3f64> ;
crm:P1l4_carried_out_by <https://map.cnrs.fr/sm/person/leaee2410f474>

<https://map.cnrs.fr/sm/time/f26d523ad3f64> a crm:E52_time-span ;
crm:P8la_end_of_the_begin "1105"*"xsd:gYear ;
crm:P81b_begin_of_the_end "1106"*"xsd:gYear

<https://map.cnrs.fr/sm/person/leaee2410f474> a crm:E21_Person ;
crm:P1_is_identified_by <https://map.cnrs.fr/sm/name/3f779a5581414>

<https://map.cnrs.fr/sm/place/0dd517c24b134> a crm:E53_Place ;
crm:P168_place_is_defined_by "POINT(32.973431 35.0460829)"~"geo:wktLiteral

<https://map.cnrs.fr/sm/name/3f779a5581414> a crm:E41_Appellation ;
rdfs:label "Nikephoros"

<https://map.cnrs.fr/sm/name/7a54bbéc4b064> a crm:E41_Appellation ;
rdfs:label "Panagia Phorbiotissa" ;

crm:P2_has_type <http://vocab.getty.edu/aat/300404670>

<https://map.cnrs.fr/sm/name/fcl0841a55784> a crm:E41_Appellation ;
rdfs:label "Asinou"

<https://map.cnrs.fr/sm/name/1455f5de98624> a crm:E41_Appellation ;
rdfs:label "Mother of god Phorbiotissa"

<https://map.cnrs.fr/sm/name/c044600e3f0b4> a crm:E41_Appellation ;
rdfs:label "Panagia ton Phorbion"

Codeblock 7. Turtle file resulting from the transformation of the XML in Codeblock 5.

RDF Graph, encoded as Turtle file, resulting from the transformation of the XML in Codeblock
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5 using the mapping provided in Codeblock 6. The elements containing identifiers in Codeblock

5 were reused to create new elements and, when absent, automatically randomly computed.

The process of data transformation can be used to harmonise data from diverse sources. In this
instance, the integration and querying of information coming from two sources is almost
impossible without the use of an ontological layer. The issue resides on the diverse ways to
describe the same type of information. In order to illustrate such complexity, we will use as an
example a record extracted from the Photo Archive of the Harvard University centre for Italian
Renaissance Studies which describe the artwork by Vittore Carpaccio titled “Saint George
killing a dragon”. The record (codeblock 8), extracted from SharedShelf, the digital collection
manager from ArtStore, give us an idea on the diversity in classification and description,
specifically in relation to the several attributes we usually associate with one artwork. In the
record, everything appears to be smashed together as Subject. However, it is easy to see how
some of these elements, for example the armour or the skull, are not a subject of the painting at

all, but just recurring attribute elements of the iconography of Saint George.

<Titles xmlns="">

<Display>St. George killing the dragon</Display>

<Title pref="true" term="St. George killing the dragon"/>

</Titles>

<WorkTypes tempered="true" xmlns="">

<Display>paintings</Display>

<WorkType id="11316996" term="paintings" uri="MFCL/11316996" vocab="MFCL"/>
</WorkTypes>

[..]

<Subjects xmlns="">

<Display>castles ; lakes ; dragons ; princesses ; armor ; vessels ; skulls ; spears
(weapons) ; horses ; saints ; George, Saint (d.303)</Display>

<Subject id="11298800" term="castles" uri="MFCL/11298800" vocab="MFCL"/>

<Subject id="11298620" term="lakes" uri="MFCL/11298620" vocab="MFCL"/>

<Subject id="11299515" term="dragons" uri="MFCL/11299515" vocab="MFCL"/>

<Subject i1d="11301919" term="princesses" uri="MFCL/11301919" vocab="MFCL"/>
<Subject id="11301398" term="armor" uri="MFCL/11301398" vocab="MFCL"/>

<Subject id="11302888" term="vessels" uri="MFCL/11302888" vocab="MFCL"/>

<Subject id="11299050" term="skulls" uri="MFCL/11299050" vocab="MFCL"/>

<Subject id="11300206" term="spears (weapons)" uri="MFCL/11300206" vocab="MFCL"/>
<Subject id="11298670" term="horses" uri="MFCL/11298670" vocab="MFCL"/>

<Subject id="11300744" term="saints" uri="MFCL/11300744" vocab="MFCL"/>

<Subject id="9000370425" refid="N18337" term="George, Saint" type_lkup="associated names"
type_lkup_id="11309059" uri="SSN/9000370425" vocab="SSN"/>

</Subjects>

Codeblock 8. XML sample of the record “Saint George killing a dragon” by Vittore Carpaccio,

part of the Digital Photo Archive of Harvard University centre for Italian Renaissance Studies.
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Extracted XML sample. The XML is part of the database of “Saint George killing a dragon” by
Vittore Carpaccio, part of the Digital Photo Archive of Harvard University centre for Italian
Renaissance Studies. The record presents a series of interconnected identifiers and a list of

subject terms and associated names used to describe the artwork of Carpaccio.

The mapping of the data in Codeblock 8 as a simple subject of a representation would hinder
the possible integration with other iconographical data, for example preventing the
harmonisation of the information present in Codeblock 5. It is necessary to use VIR to
discriminate the elements which do represent attributes, from the ones that represent the
character depicted, as well from the ones which only describe the iconographical type. VIR has

been developed precisely for tackling such cases.

7.4 Integration with other techniques

7.4.1 Logic and computation

VIR it is not only functional to the data annotation, recording and integration, but can be used
to enhance and augment our current information if combined with the potentiality of a
notational language able to express logical rules.

The purpose is to automatically create instances of a class if the original data respect a set of
parameters. Specifically, the presence of a set of attributes should trigger a reasoner and
automatise the assignment of a type.

For such objective to be achieved, it is necessary to write a set of rules for each iconographical
type, assigning a number of features to each type using a logic notation.

While the structure of an ontology is always expressed in a logical dialect, the logical reasoner is
able to automatically infer new facts only on the bases of the premises in the data, and in our
case, such constrains are not, and should not, be written within the ontology. It is paramount, in
fact, to separate the operational rules, from the constraints rules, in order to offer a structure
able to accommodate diverse needs and use cases.

In order to achieve our purpose and still keep VIR a lightweight ontology flexible enough to be
used by diverse projects, it is essential to use a rule language.

We chose Notation 3 (N3) as such format because of its simplicity, the maintenance efforts
carried out by the W3C community and the presence of easy-to-use reasoning engines.
Notation 3 was developed as a compact and readable alternative to the RDF/XML syntax
capable of integrating logical rules and built-in calculated functions within the language. N3

offers the possibility to use variables and construct rules with them.

@prefix log: <http://www.w3.0rg/2000/10/swap/log#>.

@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>.
@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>.
@prefix : <http://www.agfa.com/w3c/euler/socrates#>.
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@prefix crm: <http://www.cidoc-crm.org/cidoc-crm/>.
@prefix gnd: <http://d-nb.info/standards/elementset/gnd#>.

:John crm:Pl4_performed <http://map.cnrs.fr/semantics/x>

<http://map.cnrs.fr/semantics/x> a crm:E7_activity ; crm:p2_has_type "exhibition"
Codeblock 9. RDF encoding of a performing an exhibition activity.

RDF graph encoded in Notation 3. The RDF describe, using CIDOC-CRM as ontology, a

Person perform an activity, further defined as of type exhibition.

For example, given the statement in codeblock 9, we can declare that if a person (?X) carried out

an exhibition (?Y), that person is an artist. This is expressed with the following formula:

{ ?X crm:P14_performed ?Y
?Y crm:p2_has_type "exhibition". }

{ ?X crm:p2_has_type <http://map.cnrs.fr/semantics/type/artist>.
?X a gnd:Artist.}

Codeblock 10. Example of rule in Notation 3.

RDF graph encoded in Notation 3 which formalise a rule stating that if a person (?X) carried
out an exhibition (?Y), that person is an artist. While the attribute person was never explicitly
made clear in the rule, the ontological axiom explicitly encoded in CIDOC-CRM requires the
subject of the property crm:P14_performed to be a Person.

Which defined a material condition of the sort p - q where if p is true, then q is also true. The
N3 file is then passed to a reasoner, in our case the EYE (Euler Yet another proof Engine)

reasoner®, which use our rules to enhance the initial statements (results in Codeblock 11).

PREFIX : <http://www.agfa.com/w3c/euler/socrates#>
PREFIX crm: <http://www.cidoc-crm.org/cidoc-crm/>
PREFIX gnd: <http://d-nb.info/standards/elementset/gnd#>

:John crm:Pl4_performed <http://map.cnrs.fr/semantics/x>.
<http://map.cnrs.fr/semantics/x> a crm:E7_activity.

:John a gnd:Artist.

<http://map.cnrs.fr/semantics/x> crm:p2_has_type "exhibition".
:John crm:p2_has_type <http://map.cnrs.fr/semantics/type/artist>.

% http://eulersharp.sourceforge.net

166 /290




Codeblock 11. Example of a result from the RDF EYE reasoner.

RDF Graph, expressed in Notation 3. The graph above is the result of the computation using
the EYE reasoner of the Codeblock 9 and the formula stating that if a person (?X) carried out

an exhibition (?Y), that person is an artist formalised in in Codeblock 10.

Following the same logic, we can define a set of rules for automatically assigning types to
representation on the base of their attributes and character depicted. In codeblock 12 we have
defined rules for the automatic assignment of types on the base of the character depicted and
the attribute of the scene. In the example, we assign four different iconographical types depicting

»

“the warrior Martyr Saint George”, “St. George is ripped up by iron nails

» <«

, St. George is sawn in
two” and “St. George is put in a cauldron of boiling 0il”. These four iconographical types present
different scenes from the martyrdom of Saint George, as well as from the golden legend. Their
automatic classification is based on the attributes they portray, classifying a depiction having as
iconographical subject “the warrior Martyr Saint George” on the base of the presence of a
princess together with a dragon and a character named Saint George. The presence of nails
together with the character Saint George would instead trigger the classification of the depiction
as having the subject “St. George is ripped up by iron nails”. Following the same logic, the subject
“St. George is sawn in two” and “St. George is put in a cauldron of boiling 0il” are classified for the

presence of the character Saint George and respectively the attribute saw and cauldron.

# Warrior Martyr St. George
{ ?X vir:K17_has_attribute <http://www.Iconclass.org/44B15122>,

<http://www.Iconclass.org/25FF411>
?X vir:K24_portray <https://www.wikidata.org/wiki/Q48438>. }

{ ?X crm:p2_has_type <http://www.Iconclass.org/11H%28GEORGE%2934>. }
# St. George is ripped up by iron nails

{ ?X vir:K17_has_attribute <http://www.Iconclass.org/47D8%28NAIL%29>
?X vir:K24_portray <https://www.wikidata.org/wiki/Q48438>.}

{ ?X crm:p2_has_type <http://www.Iconclass.org/11H%28GEORGE%2966>. }
# St. George is sawn in two

{ ?X vir:K17_has_attribute <http://www.Iconclass.org/47D8%28SAN%29>
?X vir:K24_portray <https://www.wikidata.org/wiki/Q48438>. }
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{ ?X crm:p2_has_type <http://www.Iconclass.org/11H%28GEORGE%2964>. }
# St. George is put in a cauldron of boiling o0il

{ ?X vir:K17_has_attribute <http://www.Iconclass.org/41C27%28CAULDRON%29>
?X vir:K24_portray <https://www.wikidata.org/wiki/Q48438>. }

{ ?X crm:p2_has_type <http://www.Iconclass.org/11H%28GEORGE%2962>. }
Codeblock 12. Diverse rules for Iconclass expressed in Notation 3.

Set of rules, expressed in Notation 3, to classify specific picture. Each rule determines at least
one characteristics (e.g. the presence of an attribute) which would trigger the rule and
automatically assign to the described picture presenting the aforementioned characteristic a

new attribute (e.g. a specific type).

While the approach adopted has targeted the automatic assignment of types it can also work,
with slight modifications, backwards, and define the presence of a specific character on the base
of the assignment of a type.

It is also important to underline that the methodology outlined here has some limitations,
specifically in respect to iconographical types which share many attributes. In that case, a proper
set of rules cannot be formalised, and the classification needs to rely on the visual closeness of a
scene in respect to another, using Machine Learning (ML) techniques to classify a representation

as belonging to its proper type.

7.4.2 Machine Learning

While data conversion and integration or visual annotations are undoubtedly the most common
use-cases, the ontology could also be used in correlation with machine learning (ML) algorithms.
This type of algorithms excels in detecting differences and similarity between images, as well as,
if a good corpus of training data exists, to assign labels to them. Several experiments (Arnold et
al. 2017; Impett and Moretti 2017; Seguin 2018; Wevers and Smits 2019) have been carried out
in the latest years, showing the potential to identify and differentiate visual works using ML.
However, the same experiments that demonstrate the potential for the identification of a visual
work show also the lack of structuralisation. Identifying the exact correlation between attributes
and representation, as well as characters and symbolic depictions, is fundamental to understand
the relationship between symbolic and visual. Making these correlations searchable within a
large dataset is, therefore, paramount for understanding and studying the cultural context of the

depictions and its change over time.
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Figure 54. Possible integration between ML and VIR.

It is conceivable that ML algorithms would be used to define a series of attributes for each
representation (Fig 54), using the ontology for recording them in a database. Some initial step
towards the creation of an integrated framework combining ML and linked data has been done
(Porello et al. 2013), but more research is necessary to develop a combined system which tackles
the similarly in respect to the four elements outlined in section Semantic Marks: Topological,
Feature, Alignment and Value information. These elements are necessary to define the identity
of an image, but without an approach grounded on a shared information framework such as

VIR, would not be possible to make any of these values searchable and usable within a system.

7.5 Conclusion

The different applications identified and explained in this section have the purpose of creating
a digital environment which enables further research and automatically relates visual
information. The role of VIR for the development of this environment is crucial because it
allows us to explore a new dimension, which has not been tackled yet and deserves our full
attention: the symbolic one. The implementation of the ontology within the listed methods,
enable the comparison between different visual culture, highlighting the interpretative role over
the image given by a social context in respect to another, and unveiling the meaning-assignment.
Questions about the variations of the elements of depictions of Saint George across the
Mediterranean basin during the middle age would be way harder to achieve without the use of
the ontology because no exact correlation and structure could be given to the image.
Furthermore, the possibility to understand which symbols are associated with a specific
representation over a diverse geographical area (middle east vs continental Europe) can help us
cluster and analyse examples which would reveal where the symbolic elements come from and
how they are used to classify and make something recognisable. We could easily calculate
novelty in respect to previous symbolism and examine their relation to historical data, or even
more understand how much a specific event influence the imagery of the time, and therefore,

how much people know and understand the reference to such event. Many are the question that
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can be answered by implementing VIR, and many more would be open by its use. While the
work behind a mapping could seem tedious at first, it is only opening the archive of information

we do create as a community that we can help each other understand our shared past.
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8 On provenance and validation

“T'he acquisition of

knowledge is always of use to the intellect,
because it may thus drive out useless things
and retain the good. For nothing can be

loved or hated unless it is first known.”

— Leonardo da Vinci, XIX—Philosophical Maxims. Morals. Polemics and

Speculations
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8.1 Introduction

We discussed in section 1.2 how we create and use digital representations as simulacra of the
object, using them to collect proposition about their physical counterpart. We also stressed that,
if that is the case, it is crucial to scholarly document the process of construction of this digital
objects, in order to assess their truthfulness in respect to reality.

Digital replicas, in the form of three and four dimensional digital hyper-realistic images of
reconstructions, are indeed used to convey the original meanings to a public that cannot access
the original visual works. In such cases, the knowledge provenance is paramount to distinguish
the realistic against the hyper-real, as well as to discern the intentionality of the representation
versus the machine-based reconstruction.

Digital images in all their forms do appear to be exact reproductions, however, as much as for
the analogue one, they are representations of a specific physical object in a specific setting and
time. A digital picture, a digital scan or a digital 3D object would always represent an instance
of an object on the base of a grammar and a set of choices. The nature of the digital image implies
such underlying grammar, which is part of the medium itself.

An object, in fact, can be framed using diverse dimensionalities; a digital picture portrays only a
set of these dimensions with the purpose of creating a depiction of the object which appears as
close as it can be to our common understanding of it.

Therefore, what the machine record in a digital image is only a selection of the available
spectrum of information. The decision to capture only a set of data is due by both the
manufacturer and the user.

The manufacture consciously builds an acquisition device, such as a digital camera, using
specific hardware which limits the recorded data to only a set of information (e.g. a part of the
Electromagnetic Spectrum). Digital camera sensors are, for example, able to record both the
near infrared and near ultraviolet ranges of the spectrum (360-1000 nm). However, commercial
digital cameras are designed to reflect or block infrared transmission using IR cut-off filter,
therefore, pre-selecting the representative information to be recorded in a photo (Cosentino
2016).

Nevertheless, digital cameras can be modified in order to capture the 360-1000 nm spectral
range, and with the help of specific techniques (UVf, UVr, IR, IRf, IRfc, RAK) (Pamart et al.
2017) we are able to record sets of information which do highlight specific dimensions of the
visual space (Fig. 55).

Additionally, manufacturers do not only influence the size and type of data recorded, but they
heavily affect, using specific hardware and solutions what is being recorded. A manufacturer
decides on an image sensor (CDD or CMOS) and on specific solutions for capturing the colours
present in the visual space (e.g. three sensor device, X3 device, single sensor device). The choice
between the sensor devices deeply influences the recording of the colour value, the light
sensitivity and the registration of information. For example, single sensor devices use a single-

chip sensor covered with a Color Filter Array (CFA) to capture, using specific patterns, for each
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Figure 55. Multi-spectral Orthophoto combining Visible Spectrum, Infrared, Ultraviolet induced
fluorescence, Composite. Source Pamart, A, et al. (2017). Multispectral photogrammetric data

acquisition and processing for wall paintings studies.

pixel one of the three primary colours (RGB or CMY) (Lukac et al. 2007). The missing colours
are calculated using demosaicking algorithms which use pixel neighbourhood information to
compute the possible values. Many are the demosaicking algorithms, and they all provide
slightly different results which can influence the colour quality of the picture (Li et al. 2011).
Being the most computationally-intensive step in the processing of digital images and a key to
the success of a specific camera, they are usually proprietary or covered by patents.
Demosaicking algorithms heavily depend on the CFA pattern. Bayer array is the most popular
pattern, but many others are available (e.g. Yamanaka pattern, diagonal stripe pattern, vertical
stripe pattern, diagonal Bayer pattern, pseudo-random patterns, HVS-based pattern). Each
combination of CFA pattern and demosaicking algorithms can provide diverse results
(Ramanath et al. 2005).

Hence, the quality and validity of the captured and pre-processed data is primarily driven by the

technological choices that a manufacturer made when producing an acquisition device.

While the responsibility of the manufacturer significantly impacts the capturing and pre-
processing phase, the responsibility of the user is pivotal with respect to the settings he uses to
record the visual space. Changing the aperture, the exposure, the white balance, the colour
calibration, as well as the perspective, angle, and shooting condition users are able to accentuate
and record diverse features, highlighting some parts or minimising others (Fig. 56 and 57).

The nuances and differences that a combination of diverse devices with their various settings
can produce are a strong enough argument to stress the importance of tracing the origin of
digital visual items. Additionally, those same images can be the subject of further elaborations
which produce new digital objects. Set of 2D digital images can, in fact, be used by imaging
techniques (see section 2.2) for the virtual reconstruction of 3D objects. Structure from Motion
(SfM) algorithms compute the object’s structure through the changes in the camera pose in 2D

images, producing a sparse point cloud as well as calculating the camera parameters. The use of
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Figure 56. Four consecutive shots of the Dormition with four diverse exposure time: 1/15, 1/8, 1/4,

1. Asinou Church, Cyprus.

Multi-view Stereo (MVS) algorithm use these parameters and enable the production of a
densified version of the initial point cloud. Surfacing algorithms and texture mapping allow the
transformation of the produced point cloud into a textured 3D model (Georgopoulos and
Stathopoulou 2017).

The production of the point cloud, as well as the textured 3D models, use an initial set of 2D
images processing them throughout a pipeline which, in most cases, it is not open and verifiable.
The results are, therefore, visual products difficult to replicate and puzzling in respect to their
representativeness of the original object. A visual product constructed in such way fails in

important ways in its explanatory purpose.
We stressed, making the case of digital images, how tracing the origin of the knowledge is

essential because it helps distinguish the realistic against the hyper-real. In a framework which

aims to distinguish the percept as well as the type of reasoning we use to classify it as an object

174/ 290



of a kind, making a distinction between the realistic and the hyper-real is essential. A
comprehensive account of the interpretative reasoning would, in fact, be substantially weakened
by the lack of understanding of the nature of the object of interpretation, which could easily be
digital. As we stressed above, the nature of the digital object does not provide us with the
overarching visual cues and dimensionalities which are common when we physically encounter
an object. The visual understanding when looking at a digital object is based on a mediation,
such as a photo, which is a summary or the object’s dimensionalities based on a series of pre-
chosen settings. The lack of provenance information about such digital mediation would create
serious fallacies in our reasoning because we would equalise the interpretative behaviour over
the physical and digital, not considering that the digital is in itself already an interpretation
which could drive further visual reasoning over the object. As a consequence, it is essential to
provide frameworks for the recording and documentation of the provenance information over

digital visual objects.

With such aim in mind, in the following section (8.2) we will examine the concept of knowledge
provenance and what it entails. Additionally, in section Data provenance in photogrammetric
protocols we will propose a framework for documenting the provenance of digital visual

reconstruction using a process-based pipeline.

8.2 Knowledge Provenance

The tracing of the origin of digital sources of information has grown in importance with the
exploding body of digital information (Marins et al. 2007). While common best practices were
adopted early as the XIX century in the archival community (Sweeney 2008), the investigation
of the knowledge provenance and the validity of information has been a subject of discussion by
many disciplines. In the computer science domain researchers focused on the information
retrieval rationale, and specifically the reasons for the appearance of a specific information as
the result of a query (Khanna et al. 2001). Within the GIS community researchers were more
interested with the ongoing transformations happening within the data creation pipeline
(Simmbhan et al. 2005). In the cultural heritage domain, researchers were given more attention
to the origin of an information-bearing artefact (Sweeney 2008).

These diverse approaches only recently started to converge towards a broad definition (Missier
et al. 2013), which decomposes the problem of knowledge provenance into three different

branches:
e  Agent-centred provenance
e  Object-centred provenance

. Process-centred provenance

The term agent-centred provenance covers the information about individuals who participated
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in the process of creation of a particular document, or set of documents. The primary function
is to help traces responsibilities, copyright holders as well as and the person/group to contact in
case more information are needed.

For object-centred provenance we understand the documentation of the relationships between
parts and whole of an information set, making explicit where the data comes from. It is highly
recommended to preserve and make explicit such type of provenance information, specifically
in the case of digital datasets which mesh-up several kinds of diverse data types (e.g. different
CSV from different sources).

While agent-centred and object-centred provenance information do focus on, respectively, the
agency and the composition of a dataset, the process-centred provenance record the

information about the arguments, rationale and steps used for developing a digital object.

The recording of these three kinds of information helps clarify the legal and scientific value, as
well as the validity, of the analysed object, improving its chance to be re-used. Moreover, the
formalisation of such type of information significantly helps in depicting the context of

production.

8.2.1 Charters

The documentation of agent-centred, object-centred and process-centred provenance
information helps to frame digital objects as scholarly reconstructions capable of enabling an
intelligible level over mere visual products. Such need is not uniquely formalised by the author,
but starting in 2006 a group of scientists have been actively trying to pursue such goal, creating

the London charter and, afterwards, the Seville Principles.

The London Charter is an international charter dedicated to computer-based visualisation of
cultural heritage (Bentkowska-Kafel et al. 2012). Directly in the preamble, it lays out the most
basic goal: to “ensure that digital heritage visualisation is, and is seen to be, at least as intellectually
and technically rigorous as longer established cultural heritage research and communication
methods”. The Charter uses as a foundational premise that “the outcomes of research (...) should
accurately convey to users the status of the knowledge that they represent, such as distinctions
between evidence and hypothesis, and between different levels of probability” (Beacham et al. 2009).
Later, in the section concerning documentation, the Charter highlights the necessity that,
“computer-based visualisation outcomes should be disseminated in such a way that the nature and
importance of significant, hypothetical dependency relationships between elements can be clearly
identified by users and the reasoning underlying such hypotheses understood” (Beacham et al.
2009). These three short quotations show the critical challenge of documenting the arguments
and evidence deployed in the process of cultural heritage study.

While the London Charter points out the generic need of transparency in the relevant fields of
cultural heritage, the Seville Principles take up these reflections and examine their

implementation in the field of virtual archaeology. The Seville Principles propose a definition
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of virtual reconstruction as “using a virtual model to visually recover a building or object made by
humans at a given moment in the past from available physical evidence of these buildings or objects,
scientifically- reasonable comparative inferences and in general all studies carried out by
archaeologists and other experts in relation to archaeological and historical science” (Lopez-
Menchero and Grande 2011). Such a definition is a clear encouragement to more formally

document the process of reconstruction activities in order to make explicit their meaning.

8.3 A proposal for recording data provenance in photogrammetric protocols

As mentioned in section 8.1, in contemporary visual heritage studies, digital replicas of physical
artefacts, in the form of three and four dimensions digital hyper-realistic images of
reconstructions, are used to convey the original meanings to a public that cannot access the
original visual works. Techniques such as photogrammetry, laser scanning and similar, plays an
important role in the documentation process.

The resulting 3D models, orthophotos or 2D plans can be used for various purposes, from
geometric analysis of structures and features, to the creation of interactive visualisations in
education, for providing support for management decision-making and information tracking.
CH specialists increasingly rely on photogrammetric products for geometric documentation of
an object and as a means to link and communicate knowledge across disciplines. Despite its
increasing importance, recognised standards and protocols for the collection of the appropriate
metadata and paradata that would support the effective long-term use of the photogrammetric
output as a documentation resource are not broadly available. Image-based data and products
should ideally stand as referenceable documents in their own right with a known provenance.
This would allow another actor in the scientific research community to reuse them with reliable
knowledge of the essential parameters that have gone into the creation and delivery of that
resource. Appropriate documentation of such data objects’ provenance would effectively put
them on par with traditional bibliographic resources and thus open them up fully for academic
and commercial re-use.

Several factors make this goal difficult to achieve. One of the most laborious tasks is organising
and relating the different steps of a digitisation workflow. Proper organisation of the workflow
has both important long and short-term effects on the data. The long-term effects concern the
accessibility and reliability of the data that will be produced over time. Digitisation is considered
to be an important mean of preserving artefacts by capturing important information from the
original object. Yet, without preserving information about how the digitisation was generated,
this aim is severely undermined, as the accuracy and reliability of the digitisation cannot be
assessed. The workflow as a tool for day-to-day planning, meanwhile, focuses on the
management of shared resources and their proper interpretation by the different members of a
digitisation team. The continuous research into new applications of photogrammetric
techniques using new technological tools means that novel ways of applying it to CH research

are continuously being discovered, and this further complicates the goal of selecting the relevant
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metadata to record in the process. Finally, the task of defining protocols for digitisation
workflow is made even more difficult by the multidisciplinary uses it is put to, requiring a
dialogue among all the professionals involved to ensure that the protocol meets the minimum
technical and analytic needs of each one to ensure its usefulness. Nevertheless, keeping a record
of the digitisation process not only contributes to the sustainability of the produced data object,
but also supports the long-term evaluation of techniques and methodologies, allowing the
comparison of projected methods against results and the eventual refinement of techniques for
various aims and relative to different types of objects.

Our proposed approach describes the essential processes to be carried out and the metadata to
be gathered in digital photogrammetry survey projects, from image acquisition to the delivery
of final products.

In the following sections, we introduce the methodology and aspects of the case study are
presented and discussed in order to illustrate how they were handled with regards to the

workflow and protocols.

8.3.1 Methodology

Reality-based 3D modelling is a well-established and low-cost process that can typically be
divided into the following steps: project planning (equipment, staff, budget, time, etc), data
acquisition (image and reference system observations) and data processing (from images to
point clouds and photorealistic 3D models) (Remondino and El-Hakim 2006; Remondino et al.
2013). The photogrammetric process - especially when dealing with cultural heritage objects -
requires the coordinated efforts of different actors as well as the integration of different kinds
of data. We propose a typical workflow for a complete digitisation, breaking it up into seven
iterative and repeatable steps: (i) project planning, (ii) preliminary studies, (iii) data acquisition,
(iv) data processing, (v) result analyses and acceptance testing (vi) creation of dissemination
products and (vii) delivery. For each step, we propose an information workflow methodology
and metadata schema for capturing the data relevant to each step. The complete collection of
registers, as well as a sample of control lists developed during the project, is available online at
http://itndch.map.archi.fr/pacs.

Each of the individual steps of the overall workflow is the result of an extensive process of
analysis of the implicit and explicit information relied upon and the general action/decision
events that occur during the production and exchange of data in a digitisation process using
photogrammetry. The workflow are represented using the Business Process Modeling Notation
2.0 (BPMN) (White 2004; Chinosi and Trombetta 2012) and the seven steps mentioned above
are encoded into seven Business Process Diagrams (BPD). BPD were chosen because they are a
well-known tool to create a formal analysis of relevant events, allowing us to show how the
different participants interact and to indicate at what point data and metadata should be
captured to document essential information with regards to the creation of digital products. It
is especially useful in this latter process of helping visualise and define when, within the

workflow, documentation should be created and updated, as well as who is in charge of doing
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so, providing a well-defined information pipeline within the digitisation team that can be used
as a guide for the organisation of the overall process (Fig.58, 59 and 60).

Each of the BPD we propose is accompanied by a set of metadata registers that indicate a schema
of fields to be used for the description of the relevant information called for in each step. These
registers together form a conceptual schema which can easily be encoded in various languages
such as XML (eXtensible Markup Language) or DDL (Data Definition Language) according to
the individual project needs. An example of encoding this data into a database schema is also

provided in the additional documentation available on the website noted above.

8.3.2 Photogrammetric documentation workflow

The steps of the documentation protocol (Fig. 58) are described in the following sections. Their
development and evaluation, both in the office and then in the field with a real case study,
allowed us to immediately test and progressively adjust the proposed model, deciding on the key
information to be recorded and preserved. At the same time, we were able to discover which
data were not important, allowing us to streamline the metadata recording process as much as
possible. The final proposal is the fruit of interdisciplinary research between 3D surveying
experts, technicians, CH analysts and dissemination professionals.

We present a selection of the workflow diagrams and metadata forms that we created. For each
step of the protocol, we will understand the rationale of the step, and give an example of how
following the workflow and recording the relevant metadata aided in the management of data
production and exchange amongst the digitisation team in our case study. For the completed

metadata registers reference the complete documentation set in the Annex B.

8.3.2.1 Project planning

We argue that the central logical element of the photogrammetric workflow, and digitisation
more generally, is the project itself, to which all intersecting and related activities, physical
objects, digital documents, actors and equipment can be referenced. Further, each digitisation
project should be defined in relation to a goal, or is initiated in order to answer one or more
research questions. This goal-oriented nature of the digitisation process is a natural part of any
scientific activity, but is often documented only in narrative form or, in the worst cases, remains
implicit in the minds of the actors initiating the project. Therefore, in addition to recommending
the recording of the originating project of the digital object, we make the proposal to record also
the questions/goals that spurred the project. These questions are to be referenced later in the
workflow in order to link questions to types of solutions as well as their success or failure at
resolving the questions posed. In this way, the digitisation process contributes to its own
progressive amelioration through long term recording of successful and unsuccessful strategies
relative to different types of goals.

In our case study, the Project Register was useful for recording the actors involved (engineers

and cultural heritage specialists) and the artefacts under consideration. The equipment register
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allowed for the recording of the available equipment which, in this instance, included one DSLR
cameras with multiple focal length lenses and a tripod. Explicitly recording the research question
of the case study proved to be one of the biggest challenges because it is not part of the usual
digitisation practice. In fact, rendering the research questions explicit and available to all
members of the team in the Question Register generated useful and interesting dialogue. While
in our case the value of the acquisition was purely aesthetical and simply aimed to create the
three-dimensional representation of the Pantokrator and the south and north lunettes, the
Question Register could be useful to define aims such as the testing of three different
photogrammetry software applications (Photoscan, SURE, and aspect3D) or the exploration of
High Dynamic Range (HDR) imaging in photogrammetry as compared to standard images. For
each of these aims it is possible to documented the projected acquisition, processing, and

dissemination methods which would be required in order to organise the overall workflow.

Step I: Step 2: Step 3: Step 4:
Project Preliminary Data Data
Definition Studies Acquisition Processing

Step 5:‘ Step 6: Step 7:
Analysis Dissemination Delivery

Central Register Central Register Central Register Central Register Central Register Central Register Central Register
- Project = Research - Acquisition Project - Processing project = Product Evaluation - Dissemination Project - Client individual
- Question - Site Visit - Acquisition Activity - Processing Plan - Answer Evaluation - Product Development product feedback
- Bibliography - Equipment Setup - Data processing - Evaluation egister plan - Dissemination
Parameters - Dissemination product feedback
- Object Acquisition development plan
Configuration

Figure 58. Overview of the general documentation pipeline and its related registers.

8.3.2.2 Preliminary studies

Any kind of digitisation project, using photogrammetry or other surveying methods must take
into account previous and parallel work regarding not only the geometric documentation of the
object but the relevant literature and information from contemporary site visits as well. The
data collected in the preliminary study step serves to inform all the following processes, both as
a reference and as potential input to the planning and processing stages.

We therefore proposed the preparation of a Research Register to explicitly document this
background research and to stand as a base resource in the project. This Research Register can
be linked to Bibliographic Register, previous geometric documentation in the Digital Assets
Register and the Site Visit Register.

In the case study, the site and objects had previously been geometrically recorded (Sofocleous et
al. 2006) and several related articles were collected in the Bibliographic Register. A site visits
where local experts explained the context of the artefacts was organised. The presentation
document was appended to the Site Visit Register. Taking this additional research step and
documenting it explicitly was of use both to the acquisition team in planning its acquisition

strategies and to the dissemination team in preparing the application for presenting the finished
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models in their full context. This step is represented in the figure below (Fig. 59).
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Figure 59. BPD: Step 2.

8.3.2.3 Acquisition

The acquisition phase attempts to follow the plan established during the initial setup of the
project, taking into account the projected output requirements to answer the research questions
and goals posed. This phase requires careful and detailed documentation in order to fully
contextualise the data acquired, and overall, to make them reusable for the different current and
future actors engaged with the data. The central documentation tool for this phase is the
Acquisition Project Register, understood as a container activity for documenting multiple
acquisition activities. The aim of each object’s acquisition should therefore be registered
separately, documenting the object of analysis, the level of accuracy required, the agents
involved and the relevant time limits.

The individual acquisition activities should be documented separately in the Acquisition
Activity Register, using an activity-based metadata log linked to the overall acquisition project.
Each data object produced during an acquisition event is the result of the activity of some
actor(s) in a certain environment at a certain time, and involves the use of specific equipment,
set to particular parameters. Recording these parameters correctly is of paramount importance
to allow its interpretation and derive the desired results. The acquisition activity itself should be
recorded with regards to: its object (e.g. the artefact or the site under study), acquisition time
and environmental factors, actors involved, equipment employed (linked to its technical details)
and setup parameters during the capture. These parameters involve the shooting methodology,
overlap, calibration and other decision factors which affect the overall outcome of the final
digital product (GSD, DoF, distance to the object etc.). As an example, the acquisition
parameters for an individual object (more detail below) of the case study are recorded in Tables
6and7.

Finally, each acquisition activity is linked to its products, which are recorded in the
comprehensive Digital Asset Register.

Documenting the acquisition and its relevant parameters proved one of the most challenging
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processes to discretise into its basic components.

Table 6. Form filled for Equipment Setup Parameters Register - Camera.

Equipment Setup Parameters Register - Camera

Camera Body Canon EOS 650D
Lens EF-S$18-55mm £/3.5-5.6 IS 11
Lens type Tele
Platform Tripod
ISO 400
Shutter Mode Manual
Shutter Speed (sec) 0.8
Aperture (f-stop) 8

Focus Automatic
Focus fixed No

Focus distance I m
Depth of field 12 cm
Near focus 28 cm

Far focus 40 cm
Focal lenght 18.0 mm
White balance No
Lightmeter used No
Camera pre-calibrated (geometrical No
calibration)

Colour calibration No

HDR No

Table 7. Form filled for Object Acquisition Configuration Register.
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Object Acquisition Configuration Register

Camera configuration | Parallel
type
Camera configuration | Convergent
type
Average GSD (Ground

0.024 mm
Sampling Distance)
Percentage of object %0
covered (%)
Average distance from

Im
the object
Forward/Longitudinal
overlap (%)
Side Overlap (%) 80%
Markers No
GCP No
On-site camera

No
calibration
Obstacles Lamps

In the tables above we described the setup which was used for the photogrammetric data

acquisition, which in this instance included a APS-C camera, Canon 650D, with a 18-55mm

focal lens, mounted on a tripod for increasing the shooting stability. The camera resolution

was set to the maximum (5184x3456), and automatic exposure and automatic focus were used.

Both the camera and the tripod were previously entered in the general Equipment Register, so

as not to repeat the information in the acquisition step and to better relate the equipment with

the products of the acquisition and the actors involved.
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Figure 61. Camera positions related to the acquisition of the figure of the dome of the Christ

Pantocrator. Colored dense cloud

In this case, the object was acquired using a parallel acquisition (Fig. 62). Within the model, we
take into account the input of n images for the photogrammetric reconstruction in order to link
the original file to the final outcome of the reconstruction. We do not explicitly document the
spatial position of the camera in relation to the object plane because such parameters are later
automatically calculated by the software.

Recording the time used for the acquisition allows us to evaluate the speed of the digitisation in
comparison to other setups and rate their efficiency. While the protocol was tested in this
occasion only in relation to one objects, there is no issue for the scalability of the approach to
large or multiple objects (Calles et al. 2016). We use chains of activities as units of
documentation, therefore, it is irrelevant, methodologically speaking at least, whether the object
to be digitised is large or small because in the former case it can be still documented into its

smaller processing units registered together during the processing phase (Fig. 63).
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Figure 63. Schema followed for the documentation of the different agencies and subjects during the

acquisition events.

In addition to the setup information shown in Table 6 and 7, the protocol includes descriptors
for specifying the environmental light control, as well as the presence of markers during the
acquisition event.

Through the use of the documentation registers, we were able to record the individual
photogrammetric data acquisition activities and their input parameters, notably equipment and
acquisition methodology, and link these to the digital outputs. This allows us not only to
contextualise the data acquired but also to provide more general information on field-tested
setups for future scenarios with similar conditions.

It is important to underline that the recording of certain types of parameters does not have to
be carried out manually, but can easily be partially automated using efix metadata. While this
interest in automated metadata collection does not concern only the acquisition phase, we
noticed these kinds of requirements and requests come out specifically in relation to this specific

phase.

8.3.2.4 Processing

The processing step takes the results of data acquisition activities and plans for their
transformation using automatic or semi-automatic software operations. The results are data
products aiming to meet the specifications set out during the initial evaluation of the research
question as established in the project planning step. Since processing can be a complex
operation, requiring continuous iterative ‘results versus goals’ validation, we propose a three-
tier documentation scheme to track these tasks: (i) Processing Project Register, (ii) Processing
Plan Register, and (iii) Data Processing Register.

The overall documentation unit is the Processing Project Register, which acts as a wrapper for
a sequence of processing actions that will take place according to a documented plan held in the
Processing Plan Register. Moreover, the Processing Project Register, outlines the products and
its accuracy expected, and by whom the processing will be organised, controlled and performed.
The processing action links to the original question to which the processing plan should

respond, as illustrated in Fig. 60.
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Figure 60. BPD: Step 4.

The actual execution of a processing project that will result in the intended end product will
require several processing steps with individual processing plans and iterative processing actions
checking for data accuracy and acceptability.

For each discrete step, we envision a separate documentation of a data processing plan, which
would lay out the software, hardware and methodology to be employed to achieve the desired
end. Each data processing action that is carried out under a plan is then documented in its own
right in the Data Processing Register with the relevant input, output and indicated parameters
used and obtained.

As an example, a type of data processing project is the overall creation of a coloured point cloud,
while the processing action is the discrete operation taken for achieving a goal. These actions
used different parameters that need to be recorded in order to register the provenance of the
data as well as comply with the need for reproducibility of results in the future.

Furthermore, the differentiation of processing plan and processing action is useful to establish
the similarity or dissimilarity between the original plan and the real results of the processing.
The execution of the processing action can result in different outcomes than the original
expectations and therefore need to be adjusted. The recording of different approaches allows
the documentation of not only success but also errors, useful as a foundation of the knowledge
organisation of a research group. The documentation of the obtained accuracy is essential, as it
determines the success or failure of the process. Success validates the data processing plan and
allows the articulation of the next step of the processing project. Failure indicates that the data
processing actor/engineer should return to the processing plan, adjust relevant parameters, and
then run the processing actions again until a satisfactory result can be obtained, or a negation of
one of the relevant factors can be obtained (e.g. software, hardware, methodology or input
variables).

The three-step approach to documenting data processing allowed us to capture the array of

different algorithms and software platforms that were tested to obtain optimal results. In our
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case the images were processed using micmac (Rupnik et al. 2017). Tie points were calculated
using Tapioca, while the calibration was carried out using Tapas FraserBasic, a restricted version
of Fraser with only 10 parameters (in respect to the 12 of Fraser).

Three different processing projects were created in order to discretise the complexity of the
operations and achieve a better understanding and record of the distinct operations performed
and the resulting data.

After dense image matching, a final coloured point cloud was generated. Information about the
different processing units used are recorded in Table 8, which formalised parameters used and
accuracy value obtained.

The recording of each of these steps as different processing units comply with the provenance
principles of the documentation, establishing a better accountability for the steps taken,

influencing factors and the algorithms used.

Table 8. Form filled for the Data Processing Register

Data Processing Register

Processing type Feature detection

Data processing | Nicola Carboni

technician

Software used Micmac

Algorithm used SIFT

Used parameters | Tapioca All "*jpg" 1200

Data Processing Register

Processing type Calibration

Data processing | Nicola Carboni

technician

Software used Micmac

Used parameters | Tapas FraserBasic "*jpg" Out=All
Accuracy type Residual value

Accuracu value

1.10411216960864222

Data Processing Register
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Processing type Compute dense points cloud

Data processing | Nicola Carboni

technician

Software used MicMac

Used parameters | mm3d C3DC QuickMac "*jpg" All

8.3.2.5 Analysis and acceptance testing

After the completion of a cycle of acquisition and processing, we introduce in the protocol an
analytical phase in which the resultant products are tested for their potential usefulness in
regards to the initial research questions posed. Here, we envision specialists in a team or even
clients, engaging in a review process of the raw acquisition products and/or processed data.
We break up the evaluation and analysis stage into two principal components: (i) a general
Product Evaluation Register documented on a per question basis, and (ii) a specific Answer
Evaluation Register for each question in which the individual data objects generated to answer
that question are evaluated.

For each stated research question, an analysis form can be filled out giving an overview of the
digital objects produced and an overall rating of the methodology adopted and the usefulness
of the data generated. Here, we have in mind a comparison of the objects against broader and
less technical criteria than those envisioned in the self-testing aspects of the acquisition and
processing steps of the digitisation project. The question is to understand whether or not the
outputs were able to support an interpretation relevant to the original research questions.
Regardless of the result, a documentation of the evaluation of the methods employed and the
method of evaluation helps to improve the process of answering future questions.

In the second, more specific step, the individual data products related to the question are
accepted or rejected, with a documented justification. This step, therefore, can potentially
result in restarting the processing project or even the acquisition, depending on the outcome.
This review phase was conceived to create a formal space for documenting the analysis and
testing of the processed models as digital assets and link their evaluation to the initial research

questions.

8.3.2.6 Dissemination

Dissemination plays an ever more prominent role in cultural heritage research and in some
cases it may even be the raison d’étre for the entire project. A careful balance is therefore
required; while a project must ensure from its inception that it will produce results that can be

used for the desired dissemination, data reusability means that information that may not
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directly affect the dissemination must also be recorded to ensure its reliability and usefulness
in the future. Which products are requested and required for the dissemination aspect of
digitisation can vary widely, depending on the intended audience, budget, space constraints
and other factors. From a model for simple visualisations for the general public to full-scale,
4D interactive environments, the dissemination of the results of a digital documentation
project could be the subject of an entire workflow control process of its own. However, we
propose to treat dissemination activities as an integral part of the total digitisation workflow.
Considered from this perspective, the dissemination control process can be modelled using a
framework similar to the processing structure, differing mostly in its consideration of goal
variables. While processing must consider its base questions of accuracy, dissemination must
consider questions of suitability for an audience.

Therefore, we propose a parallel tripartite structure to the processing control activity. This
consists of the basic documentation units of the Dissemination Project Register, Product
Development Plan Register and Dissemination Product Development Activity Register.

The overall Dissemination Project Register records the target audience, the planned medium,
the aim of the dissemination product and the projected dates of production. Each
dissemination project will entail a number of internal development cycles that will require
their own planning. In the dissemination cycle, the developers can take full advantage of all
generated products within the digitisation pipeline to this point. They may therefore import
assets from the research, acquisition and processing phases as part of the base materials from
which to construct their final product. This provides a map of provenance of the inputs to the
end product, while not imposing overly onerous metadata entry requirements on the user.
Each individual product of the dissemination cycle should be subject to at least one planning
event. These serve as the control base from which to execute processing for the development
of dissemination products. As in the acquisition phase, we suggest that each significant
processing event for the creation of a digital asset related to dissemination purposes should be
documented and related to its relevant Product Development Plan and the activities initiated

to achieve that plan recorded in a Dissemination Product Development Activity Register.

8.3.2.7 Project conclusion

The completion of a digital documentation project is signalled by the handing over of the
requested final products to the client, be it an internal researcher or external contracting actor,
who should provide an evaluation, whose acceptance or rejection of the end products should
be recorded, and may trigger the development of a new process for acquisition, processing and
dissemination product creation. The evaluation of the dissemination products should be
recorded in the Client Individual Product Feedback and Dissemination Feedback Register and

should follow the same model as that of the analysis and evaluation step for acquisition and
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processing steps, only now with regards to final dissemination products and the overall project
goals. The recording of such information is to be considered vital, because it will enhance the

quality control with regards to the digitisation steps needed.

8.3.3 Recording process, results and interpretation: an ontological
grounding

The proposal allows for the tracking of the digitisation process that leads to and makes
possible the digital product through the complete photogrammetric workflow from planning
through acquisition, processing and analysis all the way to dissemination. We outline the
complete workflow and relate some of the key metadata registers we propose to capture the
main framework of data interactions, from the functional requirements to the scientific
analysis of a digital documentation project. The framework proposed has been also mapped to
CIDOC-CRM and CRMdig, in order to create a semantic pipeline that tracks the data
acquisition phase, the processing and the annotation. Such pipeline can help us understand the
analysis and use of digital information and its truthfulness in respect to the physical artefact
they represent. Following the example outline in section 8.3.2 the information in the table 7
and 6 were mapped to CIDOC-CRM. The graph in Figure 64 and 65 presents a semantic

mapping of the information about the acquisition and processing of a series of photos taken in

the narthex of the church of Asinou.

- e

E Series of photos

I D1 Digital Object

| Potaend ot chevegn | | PoIb begin of the end | — e ]
| i
“2015-12-04T12:07:01"xsd:date Time *2015-12-04T12:07:01 "xsd:date Time } D1 Digital Object
' e T
Sow o | P2msope | S

E— [ramsome | -
[ rwtoen |

Figure 64. Diagram representing the provenance information encoded in CRM about the data

acquisition phase used for the documentation of the church of Asinou.
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The diagram in Figure 64 makes clear the connection between the physical domain and the
digital one. The diagram describes the digitisation of the dome of the church of Asinou and what
kind of set of devices has been used for it specifying, moreover, the set of parameters used. The
results are a series of photos which are then processed using MicMac. The processing (Figure
65) describe three steps and track the digital object throughout the various changes until the
production of a final 3D model.

| D14 Sofware

L23 used software or firmware

Pl4 carried ll = { Pl4 |<—
out by o carried out by

Series of photos

. (e ]

L22 created derivative

" oiogaiosea |

L13 used parameters

| L22 created =

[ | [@owmmnimn] [ [t | [ttt
! l 1 l l
| D Digital Object | D14 Software D! Digieal Object DI Digital Object D14 Software

Figure 65. Diagram representing the information encoded in CRM about the processing phase used for

the creation of the final three-dimensional model.

This same set of photos and the final 3D model can be further described in respect to the
annotations created. Section Aioli, and specifically Figure 52 describe exactly this passage. The
photos in this diagram are the same set described and documented above. We have, therefore,
a complete pipeline describing the acquisition of the physical, the creation of the digital, and its
classifications throughout annotation, making evident the link between digital act, physical
world and conceptualisation (using VIR).

This type of process is the necessary step to create a digital environment able to display the
diverse classification given to the same object and escape from the top-down characterisation of
cultural object that has plagued for too many years the digital heritage studies. Using this
methodology, in fact, we are able to retrieve and compare diverse conceptualisation and
digitalisation of the same artefact, analysing not only how the diversity create different digital

products, but how a conceptual diversity can define differently the same digital resource.

8.4 Conclusion

In the last sections we understood how complex is the documentation of the provenance of our
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information, but we also highlight the importance that such conceptual tool has in our
interpretation of the real.

Section 1.2 introduces the major issues with our current use of the digital representation,
stressing the importance of tracing the origin of the knowledge for these data objects. At this
point, before running the risk to slip into a relativistic foundation, it is important to stress that,
for as much as the complexity of a digital representation does not capture the granularity of
information a physical encounter would provide, digital objects are in themselves usually quite
capable of representing the visual space. Therefore, the importance of tracing the origin of the
knowledge of a digital object, rest in respect to its usage for scholarly practice, where its inherent
biases need to be clearly stated.

The usage of provenance-free digital objects as mediation in the visual interpretation discourse
it is quite acceptable if the premises are not academic. Once, however, such discourse needs to
be a citable piece of evidence it is essential to frame it under a scientific light, which does not
automatically provide an answer to the truth or falsity of its propositions, but it makes the
argument transparent, helping the community understand if there are fallacies.

On account of the above reasons, a framework was elaborated

In section Data provenance in photogrammetric protocols we presented a solution for the
problem of recording the data provenance. In this section, we outlined a framework for the
recording of the digitisation process using photogrammetry as the primary example. Driven by
the use case requirements, the framework split the acquisition into several steps, which are then
linked with information sources and registers. Each step is constituted by a set of documentation
units which are related to each other. The interconnections between these units create a final
graph of linked information which represents the information about the pipeline used to

produce the digital object.
The usage of these framework help creates intelligible and scholarly acceptable reconstruction,

which can be assessed and compared between each other, making them usable for further

investigation, and diverse from other hyper-real products which surround us.
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9 Conclusion

“Like all walls it was ambiguous, two-faced.
What was inside it and what was outside it

depended upon which side of it you were on.”

— Ursula K. Le Guin, The Dispossessed
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9.1 Conclusion

This work has examined the process of meaning-assignment and defines a computational model
able to reproduce the elements of that process using a formal method. The study of the meaning
has been initially explored from a semiotic perspective defining the nuclear operational
components responsible for such a complex process. Once theorised, it has been discussed in
relation to art-historical theoretical models and then formalised as a semantic artefact called
VIR.

VIR has been harmonised with the ISO standard ontology for cultural heritage, CIDOC-CRM,
and tested across various scenarios. It has been employed to define iconographical
characteristics of an image, the use of pictorial elements in a performative event, the connection
between image and textual sources, and it has also been used to define the historical influence
for the selection of specific elements of the image.

The ontology has been further harmonised with an annotation model able to link 2D/3D
structure with iconographical representations. The resulting model has been assessed with a
provenance-based framework able to document the creation of digital 2D/3D resources. The
result is an information pipeline that interconnects the meaning assigned to a visual resource
with spatial and morphological information as well as with the digitisation process where this
information has been encoded. Moreover, we further linked the visual artefact with its historical
and physical settings. These elements have been all harmonised together, and the result is a
graph able to provide a meaningful understanding of the construction, use and comprehension

of a visual item.

While the results have been promising, and the work answers the objectives presented in section
1.3, the overall work requires further analysis and research with respect of two important trends

in the discipline: crowdsourcing and machine learning.

9.2 Limitation

9.2.1 Crowdsourcing

The first challenge that the study of the interpretation of digital cultural objects has to face is
the one of crowdsourcing. Crowdsourcing is the name of a distributive model that entail the
division of the work in micro-tasks, assigned to an evolving group of employee/participants
which access the work over the internet (Howe 2006). Crowdsourcing can be used as a process
of knowledge graph refinement (Paulheim 2017) in order to increase the quality of the stored
information, specifically with respect to the addition of new knowledge or with the correction
of existing ones. While this is already a reality, and many applications in the form of Human
Computation (Quinn and Bederson 2011) based games or crowdsourcing activities have been
presented (Guéret et al. 2012; Hees et al. 2011; Simperl et al. 2011; Re Calegari et al. 2018) some

issues remain open. The major problem concerns the crowd-agreement. Dealing with complex
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subjects, such as the identification of iconographic subject and motifs, requires advanced
knowledge of the topic at hand. While this has been taken into account in the ontology,
specifically introducing a construct able to define the interpretation over an image (and not
simply an assignment of a status) the use of crowdsourcing to refine visual information could
still lead, if major differences arise, to some issues at a query level. Agreements between
annotators is usually seen as a quality measure, however, as we specified plenty of time across
this work, there is some implicit fuzziness and ambiguity in the visual data, derived from cultural
or knowledge differences. It is necessary to continue working on a framework such as the one
proposed by Crowdtruth (Anca et al. 2018), for defining metrics such as “Annotation Quality
Score” or “Worker Quality Score” able to quantify the possibility of errors in the newly added
data. The rise of this metrics would help the community further specialise their data not only

through interlinking or definition of equivalences, but using quality crowdsource power.

9.2.2 Machine Learning

Part of this work focus on the harmonisation between the created ontology VIR and the
annotation model, envisioning visual annotation systems, such as the one discussed in section
Visual Annotation, which enable the users to create visual annotations and store this
information in a graph database. While this method is surely important, it does not scale at the
same speed that a machine learning based system would. While this is not an issue per se, it is
important to highlight that an interconnection between an ontology and a machine learning
based system could provide faster results. The quality of the annotation would not be, however,
as good as with a user-driven approach. A possible solution to this problem could be the use of
a semi-automatic system which suggests possible values to a user created annotation, helping
him classify a heritage object. The major drawback of this approach is that machine learning
algorithms require a training set to train the model. This training sets are manually created by
domain experts. Therefore, if the information we are after are specific enough, the creation of a
training set would be quite a complicated affair, because of the level of art historical knowledge
required for the definition of the set. In order to represent a truthful reflection of the field would
be necessary to gather many minds around the project, minds who could have very diverse
thoughts and reflection on the classification of one object. Moreover, as underlined at length in
this work, social and cultural diversity can easily create diverse classifications of the visual,
therefore the creation of the initial training set could result in a flattening work, which would
not be able to take into account the same differences that made the discipline of visual study
thrive.

However, machine learning approaches could be combined with manual annotations, creating
grids of comparisons and using 2D/3D quantitative metrics to propose similar objects to a user.
In this instance, the agreement problem mentioned before would be easily overcome by the
principles embedded in the knowledge representation discipline, which recognise diversity and
do not try to frame specific views. Using the annotation models, as demonstrate in section Visual

Annotation, we are able to accommodate and visualise diverse perspectives over the object.
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If automatic and semi-automatic methods have to be employed, it is of the utmost importance
to classify the results accordingly, dividing the information gather by experts from the one of
dubious validity obtained automatically. It could be, however, envisioned an information
sandbox that would require human confirmation before releasing or interconnecting the
automatically computed information.

As it is possible to guess from this last section, many are the possibilities which have not found
space in this work and need to be further analysed in order to creates a large repository of
organised visual items, able to provide to the community the instruments for new digital

iconological studies.
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11 Annex A

Entities

=

S

CRM Entity

Activity

Attribute Assignment

Condition Assessment
Identifier Assignment
Measurement

Visual Recognition

Type Assignment

Physical Thing

Physical Feature

Recto

Verso

Physical Man-Made Thing

Man-Made Object
Man-Made Feature

- Iconographical Atom

Conceptual Object

Character

Personification

Symbolic Object

Information Object
- Design or Procedure
- - Autribute

- Document
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- - Linguistic Object
- - Visualitem

- - Representation

- - Auribute

- - Image

- Appellation

Propositional Object

Type
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Classes

IC1 Iconographical Atom
Subclass of: E25 Man-Made Feature

An iconographical atom is a physical arrangement of forms/colours created by human activity

Proprieties:

K1 denotes (is denoted by): E36 Visual Item

IC9 Representation

Subclass of: E36 Visual Item

The nuclear characteristics which are recognized to belong to the same type
Example:

The painting “La primavera” in Botticelli

The last judgment wall painting in Asinou

The impresa of Bernardo Cles in the Buonconsiglio castle in Trento

The Maria Maddalena statue by Donatello.

The Bayeux Tapestry.

Proprieties:

K20 is composed of (forms part of): IC9 Representation

K22 has personification (is present in): IC11 Personification

K23 connote (is connotation of): IC9 Representation

K17 has attribute (is attribute of): IC10 Attribute

K24 portray (is portrayed in): IC16 Character

K34 illustrate (is illustrated by): E73 Information Object

K4 is visual prototype of (has visual prototype): IC9 Representation

IC10 Attribute
Subclass of:  E36 Visual Item

E29 Design or Procedure

A set of features considered by a viewer more salient than others and used as a key for the
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identification of a Representation. The attribute could correspond to iconographical elements

or simple signs which the viewer uses to provide a stable identity to a visual object.

Example:
The cross in the Anastasia Samaralina painting in Asinou that symbolize the Martyrdom.

The dragon in “Saint George and the Dragon” by Tintoretto.

Proprieties:

K17 is attribute of (has attribute): IC9 Representation

K21 depict things of type (is depiction of attribute): ES5 Type
K14 symbolize (has symbolic value): E90 Symbolic Object
K15 has been used by (use feature): E12 Production

IC11 Personification

Subclass of: IC16 Character

A human, or anthropomorphic figure, that represents an abstract idea or a concept.
Example:

Marianne in “La Liberté guidant le people” of Delacroix.

Proprieties:

K25 express (is abstraction of): E90 Symbolic Object

IC12 Visual Recognition

Subclass of: $4 Observation

The activity of assigning the iconographical status to a man-made object, or to one of its parts.
It takes into account the possibility to link it to a speech act or a document where the
authoritative proposition is clearly made.

Example:

An expert saying that object A is a IC9 Representation

The recognition that a simple drawing represents a type of animal

Proprieties:

K9 assigned status to (has status assigned by): E18 Physical Thing
K11 assigned (was assigned by): IC9 Representation

K10 on the base of (is basis for): E89 Propositional Object
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IC16 Character

Subclass of: F38 Character

This class comprises fictional individuals, or groups, appearing in a representation. Each
character portrayed can have a type, for example “Saint” or “layman”. Every saint portrayed is
considered here as a character and not as an actor.

Example:

St. Anastasia in the Panel “Anastasia & Anastasia” in Asinou.

Proprieties:
K26 has source (is source of): E39 Actor

K24 is portrayed in (portray): IC9 Representation

IC19 Recto
Subclass of: E19 Physical Feature
The front or face of a single sheet or the right-hand page of an open book. The feature is

presents in object such as codex, books, pamphlets, documents, photographs and painting.

Example:
The recto of the drawing 57 E r “Busto di giovane donna di profile” by Raphael, preserved in
the Department of Prints and Drawings, Uffizi.

The recto of the photograph of St. John the Baptist by Vicino da Ferrara

Proprieties:
K6 has back (has front): IC20 Verso
K7 is recto of (has recto): E22 Man-Made Object

IC20 Verso

Subclass of: E19 Physical Feature

The back or underside of a single sheet of paper, or the left-hand page of an open book. The
feature is presents in object such as codex, books, pamphlets, documents, photographs and

painting.
Example:

The verso of the drawing 57 E v “Testa di donna di profile” by Anonymous XVI century,

preserved in the Department of Prints and Drawings, Uffizi
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The photographer’s stamp in the verso of the photograph of St. John the Baptist by Vicino da

Ferrara

Proprieties:
K6 has front (has back) IC19 Recto
K8 is verso of (has verso) E22 Man-Made Object

Properties

K1 Denotes (is denoted by)

Domain: E18 Physical Thing

Range: E36 Visual Item

Subproperty: P65 show visual items

The property documents the assignment of an iconographical object to a specific physical
man-made object. It is a shortcut for the more fully developed path IC12 Visual Recognition

assign (K9) to a E18 Physical Thing the status of (K11) IC9 Representation.

K4 is visual prototype of (has visual prototype)

Domain: IC9 Representation

Range: IC9 Representation

Subproperty: P67 refers to

The property documents the use of a specific prototypical example for an image. The nature of
the relationships helps define a map of relationships between prototypical items used in the

arts.

K4.1 prototypical mode
Domain: K4 Is visual prototype of

Range: ES5 Type

K6 has back (has front)
Domain: IC19 Recto

Range: IC20 Verso

Subproperty: P46 is composed of

The property documents the presence of a Verso or a Recto, respectively in the back or in the
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front of an object.

K7 is recto of (has recto)
Domain: IC19 Recto

Range: E22 Man-Made Object
Subproperty: P46 is composed of

The property indicates the presence of a recto in the described object.

K8 is verso of (has verso)
Domain: IC20 Verso

Range: E22 Man-Made Object
Subproperty: P56 bears feature

The property indicates the presence of a verso in the described object.

K9 Assigned status to (has status assigned by)

Domain: IC12 Visual Recognition

Range: E18 Physical Thing

Subproperty: P140 assigned attribute to (was attributed by)

The property documents the assignment of status to a specific physical thing.

K10 On the base of (is basis for)

Domain: E7 Activity

Range: E89 Propositional Object

Subproperty: P16 used specific object (was used for)

The property describes the source used for the status assignment.

K11 Assigned (was assigned by)
Domain: IC12 Visual Recognition
Range: IC9 Representation
Subproperty: P141 assigned attribute to

The property indicates the status assigned during the status assignment event.

K14 symbolize (has symbolic value)
Domain: IC10 Attribute

Range: E90 Symbolic Object
Subproperty: P138 Represents

The property indicates the symbolic value of the attribute presents in a representation.
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K15 use features (has been used by)
Domain: E12 Production

Range: IC10 Attribute

Subproperty: P33 used specific technique

The property indicates the specific attribute used during the production of a visual object

K17 Has attribute (is attribute of)

Domain: IC9 Representation

Range: IC10 Attribute

Subproperty: P106 is composed of (forms part of)

This property associates an attribute with the representation where it is depicted.

K20 is composed of (forms part of)

Domain: IC9 Representation

Range: IC9 Representation

Subproperty: P148 has component (is component of)

This property put in relation an iconographical object with a part of itself.

K21 depict things of type (is depiction of attribute):

Domain: IC10 Attribute

Range: ES5 Type

Subproperty: P137 exemplifies (is exemplified by)

This property indicates the type of object depicted by an iconographical attribute.

K22 has personification (is present in)
Domain: IC9 Representation

Range: IC11 Personification
Subproperty: P138 Represents

This property indicates the membership of a personification in an iconographical object.

K23 Connote (is connotation of)
Domain: IC9 Representation
Range: IC9 Representation
Subproperty: P138 Represents

This property indicates the connotation relationships, formalized by Barthes, between a
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conceptual entity and an iconographical object. It is a shortcut for the more fully developed
path IC12 Visual Recognition assign (K9) to a IC9 Representation a new (K11) IC9
Representation. It doesn’t offer any information about when and whom established the

connotation relationship.

K24 Portray (is portrayed in)
Domain: IC9 Representation
Range: IC16 Character
Subproperty: P138 Represents

This property put in relation an iconographical object with the portrayed character.

K25 express (is abstraction of):
Domain: IC11 Personification
Range: E90 Symbolic Object

Subproperty: P138 Represents

This property put in relation a symbolic object with a personification in a work of art.

K26 Has source (is source of)

Domain: IC16 Character

Range: E39 Actor

Shortcut: E57 is based on

This property associates an instance of IC16 Character with an instance of E39 Actor that the

character is motivated by or is intended to represent.

K34 Illustrate (is illustrated by)
Domain: IC9 Representation
Range: E73 Information Object
Subproperty: P67 Refers to

This property associates an information object to a iconographical representation

K36 Anchors (was anchored by)

Domain: IC17 Anchorage

Range: E90 Symbolic Object

Subproperty: P141 assigned (was assigned by)

The property documents the symbolic object which has been used in the anchoring activity.

K37 anchors to (is anchored by)
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Domain: IC17 Anchorage
Range: E36 Visual Item
Subproperty: P140 assigned attribute to (was attributed by)

The property documents the image used within the anchoring activity

Turtle Encoding of the Ontology presented in section Ontology.

@prefix vir: <http://w3id.org/vir#>.

@prefix crm: <http://www.cidoc-crm.org/cidoc-crm/>.

@prefix crmsci: <http://www.ics.forth.gr/isl/CRMsci/>.
@prefix frbroo: <http://iflastandards.info/ns/fr/frbr/froroo/>.
@prefix owl: <http://www.w3.0rg/2002/07/owl#>.

@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>.
@prefix xml: <http://www.w3.org/XML/1998/namespace>.
@prefix xsd: <http://www.w3.0rg/2001/XMLSchema#>.

@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>.
@prefix dc: <http://purl.org/dc/elements/1.1/>.

@prefix vann: <http://purl.org/vocab/vann/>.

@prefix skos: <http://www.w3.0rg/2004/02/skos/core#>.
@prefix lio: <https://w3id.org/lio/vi>.

<http://w3id.org/vir#> rdf:type owl:Ontology ;

dc:creator "Nicola Carboni" ;

dc:date "2019-02-26" ;

dc:description "This ontology, called VIR, is an extension of CIDOC-CRM created to sustain
propositions on the nature of visual elements and permit these descriptions to be published
on the Web.With the term visual element, we refer to those signs identified in the visual
space as distinct and documentable units, and subject to an analytical interpretation. The
scope of this ontology is to s to provide a framework to support the identification,
annotation and interconnections between diverse visual elements and presents and assist their
documentation and retrieval. Specifically, the model aims to clarify the identity and the
relation of these visual signs, providing the necessary classes to characterise their
constituent elements, reference, symbolic content and source of interpretation. VIR expands
on key entities and properties from CIDOC-CRM, introducing new classes and relationships
responding to the visual and art historical community, specifically building up on the
iconographical tradition. The result is a model which differentiates between interpretation
and element identified, providing a clear distinction between denotation and signification of
an element. As a consequence of such distinction, the ontology allows for the definition of
diverse denotative criteria for the same representation, which could change based on
traditions and perspective. Visual objects can be, in fact, polysemic and ambiguous, and it
is not so easy to pin down a denotative or connotative meaning because they are very much
context-dependent." ;

dc:right "This work is distributed under a Creative Commons Attribution License
(http://creativecommons.org/licenses/by/3.0/)."@en ;

dc:title "VIR - Visual Representation ontology"@en ;

vann:preferredNamespacePrefix "vir" ;

vann:preferredNamespaceUri "http://w3id.org/vir#" ;

rdfs:comment "On 03/03/2019 change the range of K11 to E36_Visual_Item in order to
accommodate the description of the recognition of Attributes" ;

owl:versionInfo "1.1".
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### CLASSES

vir:IC10_Attribute a rdf:Class ;

rdfs:subClass0f crm:E36_Visual_Item, crm:E29_Design_or_Procedure ;

rdfs:comment "A set of features considered by a viewer more salient than others and used as
a key for the identification of a Representation. The attribute could correspond to
iconographical elements or simple signs which the viewer uses to provide a stable identity to
a visual object." ;

rdfs:label "Iconographical Attribute" ;

skos:closeMatch <http://dbpedia.org/ontology/iconographicAttributes> ;

skos:closeMatch <https://www.wikidata.org/wiki/Q204231>.

vir:IC16_Character a rdf:Class ;

rdfs:subClassO0f frbroo:F38_Character ;

rdfs:comment "This class comprises fictional individuals, or groups, appearing in a
representation. Each character portrayed can have a type, for example 'Saint' or 'layman'.
Every saint portrayed is considered here as a character and not as an actor." ;

rdfs:label "Character".

vir:IC11_Personification a rdf:Class ;

rdfs:subClass0f vir:IC16_Character ;

rdfs:comment "A human, or anthropomorphic figure, that represents an abstract idea or a
concept" ;

rdfs:label "Personification" ;

skos:closeMatch <https://www.wikidata.org/wiki/Q207174>.

vir:IC12_Visual_Recognition a rdf:Class ;

rdfs:subClass0f crmsci:S4_Observation ;

rdfs:comment "The activity of assigning the iconographical status to a man-made object, or
to one of its parts. It takes into account the possibility to link it to a speech act or a
document where the authoritative proposition is clearly made" ;

rdfs:label "Visual Recognition".

vir:IC19_Recto a rdf:Class ;

rdfs:subClass0f crm:E26_Physical_Feature ;

rdfs:comment "The front or face of a single sheet or the right-hand page of an open book.
The feature is presents in object such as codex, books, pamphlets, documents, photographs and
painting." ;

rdfs:label "Recto" ;

skos:exactMatch <https://www.wikidata.org/wiki/Q9305022>.

vir:IC1_Iconographical_Atom a rdf:Class ;

rdfs:subClassO0f crm:E25_Man-Made_Feature ;

rdfs:comment "An Iconographical Atom is a physical arrangement of forms and colours created
by human activity" ;

rdfs:label "Iconographical Atom".

vir:IC20_Verso a rdf:Class ;

rdfs:subClass0f crm:E26_Physical_Feature ;

rdfs:comment "The back or underside of a single sheet of paper, or the left-hand page of an
open book. The feature is presents in object such as codex, books, pamphlets, documents,
photographs and painting." ;

rdfs:label "Verso" ;

skos:exactMatch <https://www.wikidata.org/wiki/Q9368452>.

vir:IC9_Representation a rdf:Class ;

rdfs:subClass0f crm:E36_Visual_Item ;
rdfs:comment "A visual item that represent the nuclear characteristic of a particular set of
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symbols associate with a cognitive type of a person, animal or concept" ;

rdfs:label "Iconographical Object" ;
skos:exactMatch lio:PictorialElement.

vir:PCK4_is_visual_prototype_of a rdf:Class ;
rdfs:subClass0f crm:PCO_Typed_CRM_Property ;

rdfs:comment "n-ary construct to document the use of a specific prototypical example for an
image. The nature of the relationships helps define a map of relationships between
prototypical items used in the arts. To be used together with 'K4.l1_prototypical_model'".

### PROPERTIES

vir:K4.1_prototypical_model a rdf:Property ;
rdfs:domain vir:PCK4_is_visual_prototype_of ;
rdfs:range crm:E55_Type.

vir:K10_on_the_base_of a rdf:Property ;
rdfs:comment "The property describes the source
rdfs:label "On the base of" ;

rdfs:range crm:E89_Propositional_Object ;

rdfs:subProperty0f crm:P16_used_specific_object.

vir:K10i_is_basis_for a rdf:Property ;
rdfs:domain crm:E89_Propositional_Object ;
rdfs:comment "The property describes the source
rdfs:label "is based on" ;

rdfs:subProperty0f crm:P16i_was_used_for.

vir:K11_assigned a rdf:Property ;

rdfs:domain vir:IC12_Visual_Recognition ;
rdfs:comment "The property indicates the status
event" ;

rdfs:label "assigned" ;

rdfs:range crm:E36_Visual_Item ;
rdfs:subProperty0f crm:P141_assigned.

vir:K11li_was_assigned_by a rdf:Property ;
rdfs:domain crm:E36_Visual_Item ;

rdfs:comment "The property indicates the status
event" ;

rdfs:label "was assigned by" ;

rdfs:range vir:IC12_Visual_Recognition ;
rdfs:subProperty0f crm:P141i_was_assigned_by.

vir:K14_symbolize a rdf:Property ;
rdfs:domain vir:IC10_Attribute ;

used for the status assignment" ;

used for the status assignment" ;

assigned during the visual recognition

assigned during the visual recognition

rdfs:comment "The property indicates the symbolic value of the attribute presents in a

representation" ;

rdfs:label "symbolize" ;

rdfs:range crm:E90_Symbolic_Object ;
rdfs:subProperty0f crm:P138_represents.

vir:K14i_has_symbolic_value a rdf:Property ;
rdfs:domain crm:E90_Symbolic_Object ;

rdfs:comment "The property indicates the symbolic value of the attribute presents in a
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representation" ;

rdfs:label "has symbolic value" ;

rdfs:range vir:IC10_Attribute ;
rdfs:subProperty0f crm:P138i_has_representation.

vir:K15_use_feature a rdf:Property ;

rdfs:domain crm:E12_Production ;

rdfs:comment "The property indicates the specific attribute used during the production of a
visual object" ;

rdfs:label "use feature" ;

rdfs:range vir:IC10_Attribute ;

rdfs:subProperty0f crm:P33_used_specific_technique.

vir:K15i_has_been_used_by a rdf:Property ;

rdfs:domain vir:IC10_Attribute ;

rdfs:comment "The property indicates the specific attribute used during the production of a
visual object" ;

rdfs:label "has been used by" ;

rdfs:range crm:E12_Production ;

rdfs:subProperty0f crm:P33i_was_used_by.

vir:K17_has_attribute a rdf:Property ;

rdfs:domain vir:IC9_Representation ;

rdfs:comment "This property associates an attribute with the iconographical object where it
is depicted" ;

rdfs:label "has attribute" ;

rdfs:range vir:IC10_Attribute ;

rdfs:subProperty0f crm:P106_is_composed_of.

vir:K17i_is_attribute_of a rdf:Property ;

rdfs:domain vir:IC10_Attribute ;

rdfs:comment "This property associates an attribute with the iconographical object where it
is depicted" ;

rdfs:label "is attribute of" ;

rdfs:range vir:IC9_Representation ;

rdfs:subProperty0f crm:P106i_forms_part_of.

vir:K1_denotes a rdf:Property ;

rdfs:domain crm:E18_Physical_Thing ;

rdfs:comment "The property documents the assignment of an iconographical object to a
specific physical man-made object. It is a shortcut for the more fully developed path IC12
Visual Recognition assign (K9) to a E18 Physical Thing the status of (K11) IC9
Representation" ;

rdfs:label "Denote" ;

rdfs:range crm:E36_Visual_Item ;

rdfs:subProperty0f crm:P65_shows_visual_item.

vir:K1li_is_denoted_by a rdf:Property ;

rdfs:comment "The property documents the assignment of an iconographical object to a
specific physical man-made object. It is a shortcut for the more fully developed path IC12
Visual Recognition assign (K9) to a E18 Physical Thing the status of (K11) IC9
Representation." ;

rdfs:label "is denoted by" ;

rdfs:range crm:E18_Physical_Thing ;

rdfs:subProperty0f crm:P65i_is_shown_by.

vir:K20_forms_part_of a rdf:Property ;
rdfs:domain vir:IC9_Representation ;
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rdfs:comment "This property put in relation an iconographical object with a part of itself."
rdfs:label "forms part of" ;

rdfs:range vir:IC9_Representation ;

rdfs:subProperty0f crm:P148_has_component.

vir:K20i_is_composed_of a rdf:Property ;

rdfs:domain vir:IC9_Representation ;

rdfs:comment "This property put in relation an iconographical object with a part of itself."
rdfs:label "is composed of" ;

rdfs:range vir:IC9_Representation ;

rdfs:subProperty0f crm:P148i_is_component_of.

vir:K21_depict_things_of_type a rdf:Property ;

rdfs:domain vir:IC10_Attribute ;

rdfs:comment "This property indicates the type of object depicted by an iconographical
attribute" ;

rdfs:label "depict things of type" ;

rdfs:range crm:E55_Type ;

rdfs:subProperty0f crm:P137_exemplifies.

vir:K21li_is_depiction_of_attribute a rdf:Property ;

rdfs:domain crm:E55_Type ;

rdfs:comment "This property indicates the type of object depicted by an iconographical
attribute" ;

rdfs:label "is depiction of attribute" ;

rdfs:range vir:IC10_Attribute ;

rdfs:subProperty0f crm:P137i_is_exemplified_by.

vir:K22_has_personification a rdf:Property ;

rdfs:domain vir:IC9_Representation ;

rdfs:comment "This property indicates the membership of a personification in an
iconographical object" ;

rdfs:label "has personification" ;

rdfs:range vir:IC11_Personification ;

rdfs:subProperty0f crm:P138_represents.

vir:K22i_is_present_in a rdf:Property ;

rdfs:domain vir:IC16_Character ;

rdfs:comment "This property indicates the membership of a personification in an
iconographical object" ;

rdfs:label "is present in" ;

rdfs:range vir:IC9_Representation ;

rdfs:subProperty0f crm:P138i_has_representation.

vir:K23_connote a rdf:Property ;

rdfs:domain vir:IC9_Representation ;

rdfs:comment "This property indicates the connotation relationships, formalised by Barthes,
between a conceptual entity and an iconographical object. It is a shortcut for the more fully
developed path IC12 Visual Recognition assign (K9) to a IC9 Representation a new (K11) IC9
Representation. It doesn&#8217;t offer any information about when and whom established the
connotation relationship" ;

rdfs:label "connote" ;

rdfs:range vir:IC9_Representation ;

rdfs:subProperty0f crm:P138_represents.

vir:K23i_is_connotation_of a rdf:Property ;
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rdfs:domain vir:IC9_Representation ;

rdfs:comment "This property indicates the connotation relationships, formalised by Barthes,
between a conceptual entity and an iconographical object. It is a shortcut for the more fully
developed path IC12 Visual Recognition assign (K9) to a IC9 Representation a new (K11) IC9
Representation. It doesn&#8217;t offer any information about when and whom established the
connotation relationship" ;

rdfs:label "is connoted by" ;

rdfs:range vir:IC9_Representation ;

rdfs:subProperty0f crm:P138i_has_representation.

vir:K24_portray a rdf:Property ;

rdfs:domain vir:IC9_Representation ;

rdfs:comment "This property put in relation an iconographical object with the portrayed
character." ;

rdfs:label "portray" ;

rdfs:range vir:IC16_Character ;

rdfs:subProperty0f crm:P138_represents.

vir:K24i_is_portrayed_in a rdf:Property ;

rdfs:domain vir:IC16_Character ;

rdfs:comment "This property put in relation an iconographical object with the portrayed
character." ;

rdfs:label "is portrayed by" ;

rdfs:range vir:IC9_Representation ;

rdfs:subProperty0f crm:P138i_has_representation.

vir:K25_express a rdf:Property ;

rdfs:domain vir:IC10_Attribute ;

rdfs:comment "This property put in relation a symbolic object with a personification in a
work of art" ;

rdfs:label "express" ;

rdfs:range crm:E90_Symbolic_Object ;

rdfs:subProperty0f crm:P138_represents.

vir:K25i_is_abstraction_of a rdf:Property ;

rdfs:domain crm:E90_Symbolic_Object ;

rdfs:comment "This property put in relation a symbolic object with a personification in a
work of art." ;

rdfs:label "is abstraction of" ;

rdfs:range vir:IC10_Attribute ;

rdfs:subProperty0f crm:P138i_has_representation.

vir:K26_has_source a rdf:Property ;

rdfs:domain vir:IC16_Character ;

rdfs:comment "This property associates an instance of IC16 Character with an instance of E39
Actor that the character is motivated by or is intended to represent" ;

rdfs:label "has source" ;

rdfs:subProperty0f frbroo:R57_is_based_on.

vir:K26i_is_source_of a rdf:Property ;

rdfs:comment "This property associates an instance of IC16 Character with an instance of E39
Actor that the character is motivated by or is intended to represent" ;

rdfs:label "is source of" ;

rdfs:range vir:IC16_Character ;

rdfs:subProperty0f frbroo:R57i_is_basis_for.

vir:K34_illustrate a rdf:Property ;
rdfs:domain vir:IC9_Representation ;
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rdfs:comment "This property associate an information object to a iconographical
representation" ;

rdfs:label "illustrate" ;

rdfs:range crm:E73_Information_Object ;

rdfs:subProperty0f crm:P138_represents.

vir:K34i_is_illustrated_by a rdf:Property ;

rdfs:domain crm:E73_Information_Object ;

rdfs:comment "This property associate an information object to a iconographical
representation" ;

rdfs:label "is illustrated by" ;

rdfs:range vir:IC9_Representation ;

rdfs:subProperty0f crm:P138i_has_representation.

vir:K4_is_visual_prototype_of a rdf:Property ;

rdfs:domain vir:IC9_Representation ;

rdfs:comment "The property documents the use of a specific prototypical example for an
image. The nature of the relationships helps define a map of relationships between
prototypical items used in the arts." ;

rdfs:label "is visual prototype of" ;

rdfs:range vir:IC9_Representation ;

rdfs:subProperty0f crm:P67_refers_to.

vir:K4i_has_visual_prototype a rdf:Property ;

rdfs:domain vir:IC9_Representation ;

rdfs:comment "The property documents the use of a specific prototypical example for an
image. The nature of the relationships helps define a map of relationships between
prototypical items used in the arts." ;

rdfs:label "has visual prototype" ;

rdfs:range vir:IC9_Representation ;

rdfs:subProperty0f crm:P67i_is_referred_to_by.

vir:Ké6_has_back a rdf:Property ;

rdfs:domain vir:IC19_Recto ;

rdfs:comment "The property documents the presence of a Verso or a Recto, respectively in the
back or in the front of an object" ;

rdfs:label "has back" ;

rdfs:range vir:IC20_Verso ;

rdfs:subProperty0f crm:P46_is_composed_of.

vir:Ké6i_has_front a rdf:Property ;

rdfs:domain vir:IC20_Verso ;

rdfs:range vir:IC19_Recto ;

rdfs:comment "The property documents the presence of a Verso or a Recto, respectively in the
back or in the front of an object." ;

rdfs:label "has front" ;

rdfs:subProperty0f crm:P46i_forms_part_of.

vir:K7_is_recto_of a rdf:Property ;

rdfs:domain vir:IC19_Recto ;

rdfs:comment "The property indicates the presence of a recto in the described object" ;
rdfs:label "is recto of" ;

rdfs:range crm:E22_Man-Made_Object ;

rdfs:subProperty0f crm:P56_bears_feature.

vir:K7i_has_recto a rdf:Property ;

rdfs:domain crm:E22_Man-Made_Object ;
rdfs:comment "The property indicates the presence of a recto in the described object" ;
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rdfs
rdfs
rdfs

:label "has recto" ;
:range vir:IC19_Recto ;
:subProperty0f crm:P56i_is_found_on.

vir:K8_is_verso_of a rdf:Property ;

rdfs
rdfs
rdfs
rdfs
rdfs

:domain vir:IC20_Verso ;

:comment "The property indicates the presence of a verso in the described object" ;
:label "is verso of" ;

:range crm:E22_Man-Made_Object ;

:subProperty0f crm:P56_bears_feature.

vir:K8i_has_verso a rdf:Property ;

rdfs:
rdfs:
rdfs:
rdfs:
rdfs:

domain crm:E22_Man-Made_Object ;

comment "The property indicates the presence of a verso in the described object" ;
label "has verso" ;

range vir:IC20_Verso ;

subProperty0f crm:P56i_is_found_on.

vir:K9_Assigned_status_to a rdf:Property ;

rdfs
rdfs

rdfs
rdfs
rdfs

:domain vir:IC12_Visual_Recognition ;
:comment "The property documents the assignment of status to a specific physical thing"

:label "Assigned status to" ;
:range crm:E18_Physical_Thing ;
:subProperty0Of crm:P140_assigned_attribute_to.

vir:K9i_has_status_assigned_by a rdf:Property ;

rdfs
rdfs

rdfs
rdfs
rdfs

:domain crm:E18_Physical_Thing ;
:comment "The property documents the assignment of status to a specific physical thing."

:label "has status assigned by" ;

:range vir:IC12_Visuval_Recognition ;
:subProperty0Of crm:P140i_was_attributed_by.
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12 Annex B

-
) -

ci
Q

o
chang: Object Register

Project Definition
[
Secondary Registers

D -
: @ X%~ -
ccccc =

Figure 66. BDP. Project Definition.

For the stable documentation of a complex and multi-actor process, a central register must be
developed to serve as the point of reference for all involved stakeholders. The logical unit of
documentation for the central element of the digital survey process is a register of the project
to reference all intersecting and related activities, objects, documents, actors, etc. We would
argue that each digital survey project is initiated in order to answer one or more research
questions. The initiation of a digital survey project necessitates the registration and
understanding of this series of research questions and projective planning of the kinds of
activities in terms of acquisition, processing and dissemination product creation that would be
necessary to meet these aims. Such a process of analysis, we argue, forms a natural part of any
scientific activity, but is often documented only in narrative form or, in the worst cases, even
remains implicit in the minds of the actors initiating the project. As digital surveys grow in
complexity and increasingly employ intensive interdisciplinary collaborations between
different actors, the need for explicit documentation of these steps becomes more urgent. Such
externalisation of project details and, particularly, the recording of an explicit register of
questions, projective techniques and solutions to apply to the question not only offer a
reference support during the project but contributes to the sustainability of the project data as
well as to the long term evaluation of techniques and methodologies related to questions of a
given type, moreover aiding in the comparison of projected methods against the methods that
were actually used and led to effective solutions. The compilation of the project register co-
entails the beginning of the compilation of a series of associated registers which will be added
to and referenced throughout the rest of the digital survey project. In particular registers for

objects of study, actors involved and digital documents receives an initial compilation.
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Table 9. Project Definition

Name Element

Central Register Project, Question

Supporting Register Object, Actors, Digital Assets

Project Type, Actor Role, Acquisition Type, Processing Type,
Related Control Lists
Visualization Type

[a
Retrieve
»  Geometric
Documentation

Return to step #1

e

A Digital Assets
Reaqister
No

Define Py A

a
Dbcumentation =

> X »| Research » () » ([:)reate 5"$ 2{'5“ >O End
Yes Activity ocumentation

After Step #1 | A

Assign .
Researcher S

Preliminary Studies
Researcher

Site Visit
Reaqister

0.

Retrieve
Literature

>
Research Register

Bibliographic
Reaqister

Figure 67. BDP. Preliminary studies.

While the research domain and profession of digital survey involves constantly changing
technology and the application of novel techniques according to the latest progress in research
methodology, it is a process deeply embedded in academic and professional traditions. A
complete digital survey process must position itself with regards to the existing research and
understanding of the objects of which it undertakes to provide an analysis and ought to avail
itself of the existing resource basis of research outputs while examining both previous
geometric documentation and bibliography. Furthermore, as a study of objects susceptible to
processes of generation, modification and decay, both with regards to the object itself and the
surrounding space to which it is related, a site-visit to study the latest state of the object is
required. This research step serves to inform all the following steps as reference and potential
input to the planning and processing stages. Each research activity is envisioned as related to at
least a project and potentially to a particular research question raised during the project. We

therefore propose the preparation of a research register to explicitly document different
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research questions undertaken. These can be linked to registers documenting bibliography,

previous geometric documentation and site visit data.

Table 10. Preliminary Studies

Name

Element

Central Register

Research, Site Visit, Bibliographic

A . pass
Y

Document Fail
™ Event »O

Acquisition Plan

Record »O
continue Anamolies

Conclude
i Acquisition Activity

Supporting Register Question, Actors, Digital Assets, Project
Related Control Lists | Publication Type
»|  Assign team
_ redefine
; e
g @ »{ Define Action
g . > BetAccuracy b“ .
g e Copptons [ i Isa
3 Criteria Check Output and
t Y O Anomalies Report reschedule
H »(©)
- 8 Acquisition =
§ < Project
E Register »{Assign Equipment| fail
5 o X Action Output. ()
‘2 Action Time ((72))) rore ©)
g Contraint &) =
: 5
2
g
14
2
- e SO
B
£
g g
: e,
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g v4 - Event
4 St |
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:
< v v v fail ¥ =

Acquistion Equipment
Activity Setup
Register Parameters
Register

Figure 68. BDP. Acquisition.

X

Acquistion Results Check
Configuration Accuracy

» X » Record Output
pass pass

Completeness
Check

Following the plan established during the initial setup of the project and the projected

acquisition requirements in response to the research questions identified, the acquisition phase

requires careful and detailed documentation in order to fully contextualise the data acquired

and make it reusable and understandable for the different actors engaged in the project. The

central unit of documentation for this phase is the acquisition project, understood as a

container activity for the multiple acquisition events. Each overall acquisition project with a

singular acquisition aim should therefore be registered separately, documenting its object of

analysis, the level of accuracy required, the agents involved and the relevant dates. To this

acquisition project, the documentation of the various acquisition activities from the actual

process events will be attached.
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It is on the level of the individual acquisition activity that the highest level of detail of
documentation is required, in order to support the understanding of the data objects
produced. The correct breakdown of the relevant factors that need to be recorded and the
nature of these factors is of paramount importance in order to support interpretation and
correction of results. Each data object acquired from an acquisition activity event is the result
of the presence of some actors in a certain environment at a certain time, and involves the use
of particular equipment, set to particular parameters and which engaged a particular
methodology of setting up the overall acquisition parameters. We, therefore, argue that each
acquisition event contributing to the overall acquisition project planned must be documented

separately, entailing an activity-based metadata log.

The acquisition activity itself should be recorded with regards to its object, time and the
environmental factors at time of capture. For this activity, the actors involved in carrying out
the acquisition and the equipment they deployed is documented. A separate register for
documenting equipment can allow quick reference to its technical details. Each session may be
subject to a different equipment parameter setup, therefore, for each piece of equipment used
and according to the type of device, the parameters used in that session should be logged.
Additionally, and separately to the equipment parameters, the parameters of the methodology
employed during the acquisition should be logged. These parameters involve the methodology
of distance, overlap, calibration and other decision factors which affect the overall outcome of
the final digital product. Finally, each acquisition activity is linked to its products which are

recorded into the comprehensive digital object register.

Due to the large number of files generated by any given acquisition activity and the already
large number of variables to document, the likely documentation unit for the files generated
would be a bulk register of the collective objects (when they are of the same type). We
therefore propose the saving of digital object results into a container format such as a zip file in

order to facilitate the quick and efficient documentation of the acquisition product.

Table 11. Table Acquisition

Name Element

Central Register Acquisition Project, Acquisition Activity, Equipment

Setup Parameters, Object Acquisition Configuration

Supporting Register Equipment, Project, Object, Actors, Digital Assets
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Object Scale Type, Output Type, Accuracy Level
Type,Evaluation Criteria, Acquisition Method,
Digitization Scale Type, Shutter Mode Type, White
Related Control Lists
Balance, White balance Preset, Camera Configuration
Type, Marker Type, Evaluation Criteria, Environment

Type, Weather Type, Light Type, Role Type
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Figure 69. BDP. Processing.

The processing step of a digital survey project takes the results of data acquisition activities
and plans for their transformation through various steps using semi-automatic software
operations.The results are data products meeting the specifications set out in relation to the
initial evaluation of the research question as established in the project initiation step. Since
processing can be a complex action with many stages as well as the need for continuous
iterative results versus goals validation, we propose a three-tier documentation scheme to

track this process: data processing project, data processing plan, data processing action.

The overall documentation unit is a processing project. The processing project is the
documentation unit for outlining a sequence of processing actions that will take place
according to a controlled data process plan. The processing action indicates the original
question to which the processing plan should respond, the products and accuracy it will aim to
obtain, and by whom the processing will be organised and controlled. Particularly, the

appropriate data objects from the data acquisition activities are selected and documented
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relative to the objects of study in question. The actual execution of a processing project that
will result in the intended end product will require several steps of processing with individual

processing plans and iterative processing actions checking for data accuracy and acceptability.

For each distinctive processing step, then, we envision a separate documentation of a data
processing plan. The data processing plan lays out the software, hardware and methodology to
be employed to achieve the desired effect. Therefore, this data processing plan is attached to

the data processing action which has been planned.

Each actual action of processing data under a plan is documented in its own right with the
relevant input, output and indicated parameters. What is markedly important is the
documentation of the accuracy obtained and therefore, the explicit and documented
evaluation by the data processing engineer of the success or failure of the process. Success
validates the data processing plan and allows the articulation of the next step of the overall
processing project. Failure indicates that the data processing technician should return to the
data processing plan and adjust relevant failures and then run the processing actions again
until a satisfactory result can be obtained or a negation of one of the relevant factors can be

obtained (e.g. software, hardware, methodology or input variables).

Table 12. Table Processing

Name Element
Central Register Processing Project, Processing Plan, Data Processing
Supporting Register Question, Actors, Object, Digital Assets, Equipment

Processing Type, Algorithm, Accuracy Type, Software,
Related Control Lists
Methodology
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Figure 70. BDP. Analysis.

The completion of a cycle of acquisition and processing allows the ability to proceed to an
analysis phase in which the resulting products of these phases can go through a testing process
in order to understand if they support a possible responsible to the initial research questions
posed. Here we can envision specialists in a team or even clients, if the specialists are not part
of the acquisition team, engaging in a review process of the raw acquisition products and/or
the processed data. We break up the evaluation and analysis stage into main parts: a general
part, broken up by questions and a particular part, for each question in which individual data

objects are evaluated.

For each question posed at the beginning of the project an analysis form is to be filled out
indicating the products produced and giving an overall rating of the methodology adopted and
the answers generated from the data objects generated. Here we have in mind a comparison of
the objects against a broader and less technical criteria than those envisioned in the self testing
aspects of the acquisition and processing steps of the digital survey. The question is not test for
levels of accuracy in the technical execution of the digital products. Rather the question is to
understand whether or not the products produced were able to support an interpretation
which would lead to some negative or positive conclusion in relation to the original question.
Regardless of the result, a documentation of the evaluation of the methods employed and the
method of evaluation provides the possibility of ameliorating future efforts to answer

questions in a similar direction. Wherever possible links to published data are encouraged.
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In the second, more specific step, an evaluation of the individual data products related to the
question is given in terms of an overall acceptance or rejection of the product. This step
therefore has the ability to restart an acquisition or data processing project depending on the

outcome of the product evaluation.

Table 13. Table Analysis

Name Element

Central Register Product Evaluation, Answer Evaluation Register

Supporting Register Question, Actors, Object, Digital Assets, Bibliographic

Related Control Lists Evaluation Criteria
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Figure 71. BDP. Dissemination.

The dissemination aspect of the digital survey process can range widely in the requested
products. From a model for simple visualisations by the public to full scale interactive and 4
dimensional environments, the production of the dissemination products of a digital survey
project could be the subject of an entire workflow control process of its own. However, for
small and medium interdisciplinary teams, one can consider it as the completing cycle of the
production of results from a digital survey process. It is therefore desirable to model the
minimum control mechanism for managing this process and connecting it to the previous
steps. Indeed, considering dissemination as an integrated and controlled process within the
scientific production stream, allows one to more closely correlate dissemination material with
the scientific results obtained from controlled acquisition and data processing events. In fact,
we can consider the dissemination control process under a similar structure to the processing

structure, changing largely the consideration of goal variables. While processing must consider
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at its base questions of accuracy, dissemination must consider questions of suitability for an

audience. We therefore propose a parallel tripartite structure to the processing control activity.

The structure consists then of the basic documentation unit of the dissemination project that

has as its goal one or more related dissemination products. The overall project has

documentation fields especially for the targeted audience, the aim of the dissemination

product and the aimed for dates of production.

Each dissemination project will entail a number of internal development cycles that will

require their own planning. In the dissemination cycle, the developers can take full advantage

of all products produced within the digital survey pipeline to this point. They may therefore

import assets from the research, acquisition and processing phases as part of the base materials

from which to construct their final product. This provides a map of provenance of the inputs

to the end product, while not providing overly onerous metadata entry requirements on the

data creator. Each individual product of a the dissemination cycle should be subject to at least

one if not more planning events. These serve as the control base from which to execute

processing for the development of dissemination products.

Parallel to the proposed production control processes, we suggest that each significant

processing event for the production of a dissemination product be documented and related to

its relevant production plan. The inputs and outputs of the process and an evaluation help to

track whether the processing achieved its end and determine whether or not the processing

can be considered as accepted or must be run again with a reconfigured processing plan.

Table 14. Table Dissemination

Name

Element

Central Register

Dissemination Project, Product Development Plan,

Dissemination Product Development Activity

Supporting Register

Actors, Object, Digital Assets, Bibliographic,

Equipment, Site Visit

Related Control Lists

Dissemination Goal, Target Public, Language, Digital
Product Type, Acquisition Product Type, Processed
Product Type, Software, Methodology, Product

Development Activity Type, Algorithm, Parameters
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Figure 72. BDP. Conclusion.

The completion of a digital survey project is signalled by the handing over of the requested
final products. The project then should be concluded on a checking step, in which the final
products are delivered to the client (be it internal researcher or external contracting actor) and
their acceptance or rejection of the end products should be recorded. Where rejection of a
product in part of in total is a result, new processes of acquisition, processing and
dissemination production creation can be triggered. Again, the evaluation of the dissemination
products can be considered as a parallel to the evaluation of the processing and acquisition
outputs. The ability to evaluate both on a global scale with regards to fitness to purpose, this
time with regards to audience and dissemination goal, and with regards to the individual
products within the overall dissemination product should be made available and recorded in

order to manage quality control both in the short term and as a long term research resource.

Table 15. Table Conclusion

Name Element
Central Register Client Individual Product Feedback, Dissemination
Feedback
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Supporting Register Question, Dissemination Project, Bibliographic

Related Control Lists Evaluation Criteria

Descriptors of the object of analysis

Object Name

A standard name for the object in question
Type: Text

Required: YES

Repeatable: YES

Object ID

The commonly recognisable ID of the object in questions
Type: Text

Required: YES

Repeatable: YES

Object ID Institution

The name of the institution providing the ID
Type: Link - (Actors Register)

Required: NO

Repeatable: YES

Part Of

Link to the main object that this object forms a part of.
Type: Link - (Object Register)

Required: NO

Repeatable: YES

Object Type

A field to indicate the kind of object. Should make use of some sort of standard relevant to the
object type

Type: Text from Controlled List

Required: YES

Repeatable: YES
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Institution responsible for

A field to indicate who is the usual custodian of this object
Type: Link - (Actors Register)

Required: YES

Repeatable: YES

Found at

Place where object is found (Country, City, Building, Drawer... as you known)
Type: Text

Required: NO

Repeatable: NO

Location / Storage Place

Place where object is currently located (Country, City, Building, Drawer... as you known)
Type: Text

Required: NO

Repeatable: NO

Material

Actual object’s surface materials
Type: Text from Controlled List
Required: NO

Repeatable: YES

Reflectance Qualities

Surface reflectance characteristics of the object eg. diffuse, specular, reflective
Type: Text from Controlled List

Required: NO

Repeatable: YES

Dimension

Records the size of the object
Type: Numeric

Required: NO

Repeatable: NO
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Conservation Status

The conservation status of the object
Type: Text from Controlled List
Required: NO

Repeatable: YES

Handling Constraints

Type of constraints in handling the object
Type: Text from Controlled List
Required: NO

Repeatable: YES

Constraint Notes

Notes regarding the handling constraints.
e.g. reasons, how to handle etc

Type: Long Text

Required: NO

Repeatable: YES

Metadata regarding the main actors of the process

Name

The name of the actor be it a person or institution or group

Type: Text
Required: YES
Repeatable: YES

Actor ID

The commonly recognizable ID of the actor in questions

Type: Text
Required: YES
Repeatable: YES

Actor Type
The kind of actor this is.

E.g. Person, institution, group
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Type: Text from Controlled List
Required: NO
Repeatable: NO

Role

This is the person’s general role in life as we know them as an institution. For each different

action in the project they may take on a different role. So this could be the CEO, but in the

acquisition action, he could be the cameraman
Type: Text from Controlled List

Required: NO

Repeatable: YES

Affiliation

An affiliation of an actor to an other actor and the kind of affiliation
Type: Link - (Actors Register)

Required: NO

Repeatable: YES

Contact point

Data on how to contact the individual
Type: Text

Required: NO

Repeatable: YES

Metadata regarding the digital assets used

Digital Asset Name

Indicate the name of the assets
Type: Text

Required: YES

Repeatable: YES

ID

A unique ID assigned to the document
Type: Text

Required: YES
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Repeatable: NO

Digital Asset Type

Indicate the digital asset type
Type: Text from Controlled List
Required: NO

Repeatable: YES

Number of Files

If this is a multi object file, such as a zip, indicate total content of file.

Type: Numeric
Required: NO
Repeatable: NO

Digital Asset Creator

Link to person or organisation who created asset
Type: Link - (Actors Register)

Required: YES

Repeatable: YES

Digital Asset Creation Date
Date of creation of asset
Type: Date

Required: NO

Repeatable: NO

Refers to

Here you put any object that this asset is related to
Type: Link - (Object Register)

Required: NO

Repeatable: YES

Document Storage

Place of storage of document
Type: Text

Required: YES

Repeatable: NO
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Format

The encoding of the file
Type: Text

Required: YES
Repeatable: NO

Subject

Topics/Themes of the document. Preferably from a controlled vocabulary

Type: Text from Controlled List
Required: NO
Repeatable: YES

Descriptors for the equipment used during the process

Name

Indicate the name of the documented item
Type: Text

Required: YES

Repeatable: YES

ID

A unique ID assigned to the item
Type: Text

Required: YES

Repeatable: NO

Sensor Type
Type of sensor
Type: Text
Required: YES
Repeatable: NO

Sensor Dimensions
Sensor width and height expressed in mm

Type: Number
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Required: YES
Repeatable: NO

Maximum sensor resolution

Maximum sensor width and height in pixels
Type: Number

Required: YES

Repeatable: NO

Pixel Pitch

The size of each pixel, considering it square
e.g. 6 um

Type: Number

Required: NO

Repeatable: NO

Principal Point

Intersection point of the optical axis and the image plane (Kraus, 2000). Here we need
coordinates x0,y0

Type: Number

Required: NO

Repeatable: NO

Documents

Documents associated with this particular piece of equipment
Type: Link

Required: NO

Repeatable: YES

Shutter Modes

Register the shutter modes available at the camera body
Type: Text from Controlled List

Required: NO

Repeatable: NO

Metadata for documenting the overall project
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Project ID

A unique ID given by the institution to allow this project to be unambiguously identified into
the future

Type: Text

Required: YES

Repeatable: NO

Project Title

A title given for the project to help identify it in the future.
Type: Text

Required: YES

Repeatable: YES

Type

A value indicating the kind of project to be undertaken.
Type: Text from Controlled List

Required: NO

Repeatable: YES

Digitisation to be produced for

The institution or person for which/whom the project is undertaken.
Type: Link - (Actors Register)

Required: NO

Repeatable: YES

Institution responsible

The institution or person undertaking the responsibility for the execution of the project.
Type: Link - (Actors Register)

Required: YES

Repeatable: YES

Project Members

List of individuals assigned to the project and the general role assigned to them.
Type: Link - (Actors Register) + Control List

Required: NO

Repeatable: YES

243 /290



Object/s in consideration

A list of the object or objects that are the focus of the project
Type: Link - (Object Register)

Required: YES

Repeatable: YES

Project Start Date

Indicates the start date of the project.
Type: Date

Required: YES

Repeatable: NO

Project End Date

Indicates the end date of the project.
Type: Date

Required: YES

Repeatable: NO

Project Evaluation Details

Project Accepted

Here the acceptance or rejection of the project is indicated.
Type: Boolean

Required: NO

Repeatable: NO

Date Acceptance

The date on which the approval for the project was given
Type: Date

Required: NO

Repeatable: NO

Project Approved by
The individual(s) or institution(s) responsible for approving the project.

Type: Link - (Actors Register)
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Required: NO
Repeatable: YES

Project Acceptance/Rejection Reason
Reason for accepting or rejecting project
Type: Long Text

Required: NO

Repeatable: YES

Related Documentation

Project Documents

List of Project Documents

e.g. Requirements Documents, Contract, Overall Permissions, Risk Management Study Docs,
Quality Certificates of Company

Type: Link - (Digital Assets Register)

Required: NO

Repeatable: YES

Descriptors for the scientific questions which drive the process.

Question

A plain language, concise description of the scientific problem or dissemination goal that the
digitisation would help to answer/achieve

Type: Long Text

Required: YES

Repeatable: YES

Question Of

Relation from the question to the relevant project.
Type: Link - (Project Register)

Required: YES

Repeatable: NO

Notes
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Where one can write a free description of the requirement for answering this question
Type: Long Text

Required: NO

Repeatable: NO

Pipeline Planning

A planning list of the objects relevant to answering this question and the potential acquisition,
processing and visualization activities needed to move towards answering the proposed
question. This is a projective planning list, it can include different projective plans. It is meant
for the internal use of the digitisation team.

e.g. Castle + Photogrammetry + SURE + Web Model + a note goes here

Type: Link - (Object Register) + Control List + Control List + Control List + Note

Required: No
Repeatable: Yes

Collection of previously compiled information on the object of analysis

Researcher Name

Here we indicate the researcher(s) assigned to carry out background research on the objects
that will be digitized and their general context.

Type: Link - (Actors Register)

Required: YES

Repeatable: YES

Project

Link to Project of which this research is a part.
Type: Link - (Project Register)

Required: YES

Repeatable: YES

Question

Link to project research question, that research aims to help elaborate at a first stage.
Type: Link - (Question Register)

Required: NO

Repeatable: YES
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Site Visit Data

Link to site visit data, used to obtain contemporary information about the object.

Type: Link - (Site Visit Register)
Required: NO
Repeatable: YES

Previous Digital Data

Link to previous geometric data files available with regards to the objects in question.

Type: Link - (Digital Assets Register)
Required: NO
Repeatable: YES

Bibliography

Link to bibliographic data available with regards to the objects in question.

Type: Link - (Bibliographic Register)
Required: NO
Repeatable: YES

Start Date

Indicates the start date of the research.
Type: Date

Required: NO

Repeatable: NO

End Date

Indicates the end date of the research.
Type: Date

Required: NO

Repeatable: NO

Documentation regarding the pre-acquisition visit of the site

Researcher Name

Indicate the researchers who carried out the site visit.
Type: Link - (Actors Register)

Required: YES
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Repeatable: YES

Start Date

Indicates the initial date of the site visit
Type: Date

Required: YES

Repeatable: NO

End Date

Indicates the end date of the site visit if multi-day.
Type: Date

Required: NO

Repeatable: NO

Site Visit Documents

A list of documents any documents relevant to the site visit.
Type: Link - (Digital Assets Register)

Required: NO

Repeatable: YES

Site Visit Documents Generated

A list of documents generated by the site visit. This field is especially envisioned to allow
linking of site visit photos.

Type: Link - (Digital Assets Register)

Required: NO

Repeatable: YES

Bibliographic resource concerning the cultural object or its context

Publication type

Type of publication described.
e.g. article, book etc.

Type: Text from Controlled List
Required: NO

Repeatable: YES
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Title

Title of the resource
Type: Text
Required: YES
Repeatable: YES

Author

Creator of the described resource.
Type: Link - (Actors Register)
Required: YES

Repeatable: YES

Title of the container

Title of the overall container of the bibliographic work.

e.g. in case of article the title of the journal
Type: Link - (Bibliographic Register)
Required: NO

Repeatable: YES

Publication date

Date that the document was published.
Type: Date

Required: NO

Repeatable: NO

Edition

Version of the resource took in consideration.
Type: Text

Required: NO

Repeatable: NO

Digital Representation

Digital file associated with the resource
Type: Link - (Digital Assets Register)
Required: NO

Repeatable: YES

249 /290



Wrapper of the information regarding the overall acquisition.

Project Acquisition ID

ID of the project acquisition
Type: Text

Required: YES

Repeatable: NO

Project Acquisition Name

Here the name of the overall acquisition project is entered in order to make reference to it in
the future.

Type: Text

Required: YES

Repeatable: YES

Part Of Project

Specify part of which overall project
Type: Link - (Project Register)
Required: YES

Repeatable: YES

Object and Acquisition Feature

Here a list of the objects to be scanned within the overall acquisition project is made. The
objects are linked to from the overall project object register table. Additionally, a control term
is added in order to indicate an overall estimation of the size of the object, the expected output,
and the accuracy level aimed for in order to facilitate planning and execution of acquisition.
Expected output of the acquisition project. For photogrammetry e.g.:

DEM, Orthophoto, 3D points (and 3D model), maps, measurements, other (photogrammetric
products)

e.g. Castle + Large + Orthophoto + 1:50, GSD=0.0 1 cm

Type: Link - (Object Register)+ Text from Controlled List

Required: YES

Repeatable: YES

Responsible

Here a link to the overall project actor register is made in order to indicate the individual
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person or institution who is responsible for organizing and carrying out the overall acquisition
project

Type: Link - (Actors Register)

Required: NO

Repeatable: YES

Starting time

Here the starting date of the overall acquisition project is entered.
Type: Date

Required: YES

Repeatable: NO

Ending time

Here the ending date of the overall acquisition project is entered.
Type: Date

Required: YES

Repeatable: NO

Related Documents

Here a list of all related documents to the overall acquisition project are entered. These
document are assumed to be in digital format and are thus to be entered in the associated
digital assets register

Type: Link - (Digital Assets Register)

Required: NO

Repeatable: YES

Related Results Evaluation

Acquisition Conformed to Plan

Here the actor responsible for the overall acquisition project indicates the overall
accomplishment of the project relative to its goals.

Type: Boolean

Required: NO

Repeatable: NO

Acquisition Satisfactoriness

Here the actor responsible for the overall acquisition project can indicate a series of criteria by
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which they have evaluated the conformity of the acquisition project to its overall aims and the
value they associate to it.

Type: Text from Controlled List + Value

Required: NO

Repeatable: NO

Results Analysis

Here the actor responsible for the overall acquisition project can indicate in long text format
an evaluation of the project, success, failure, further steps etc.

Type: Long Text

Required: NO

Repeatable: NO

Methodology used and conditions used in each acquisitions step.

Acquisition ID

ID of the specific acquisition.
Type: Text

Required: YES

Repeatable: NO

Acquisition Name

Here the name of the acquisition activity is entered in order to make reference to it in the
future.

Type: Text

Required: YES

Repeatable: YES

Part Of Acquisition

Define the link between the acquisition activity and the overall acquisition plan
Type: Link - (Acquisition Project Register)

Required: YES

Repeatable: NO

Acquisition Method

Here the method used in this particular acquisition activity is indicated.
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Type: Text from Controlled List
Required: YES
Repeatable: NO

Object Digitized & Area

Here a link to the particular object(s) being acquired in this particular acquisition activity is

made. The list of objects is connected to the overall digital survey project object register (see
step 0). Additionally, a text can be added in order to indicate the particular part of the object
that was scanned. This is particularly useful is the object is of large scale.

Type: Link - (Object Register) + Text

Required: YES

Repeatable: YES

Digitization Area Scale

Here the scale of the object to be digitised is given according to a predetermined list. It is used
in order to help understanding the size of the section of the object that is to be or was digitised.
Type: Text from Controlled List

Required: NO

Repeatable: NO

Starting time

Here the starting date of the specific acquisition project is entered.
Type: Date

Required: YES

Repeatable: NO

Ending time

Here the ending date of the specific acquisition project is entered.
Type: Date

Required: YES

Repeatable: NO

Environmental Conditions
Environment

Here the overall environment in which the acquisition took place is indicated from an

enumerated list.
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Type: Control List
Required: NO
Repeatable: NO

Weather

Here, if the overall environment is indicated to be outdoor, overall weather conditions for the
outdoor environment during the acquisition activity are indicated.

Type: Control List

Required: NO

Repeatable: NO

Light Temperature

Here the light temperature in Kelvin relevant to the time of acquisition is recorded.
Type: Number

Required: NO

Repeatable: NO

Light Type

Here the light type is indicated.
Type: Control List

Required: NO

Repeatable: NO

Temperature

Here the prevailing temperature in the environment of the acquisition activity for the time of
the activity is indicated in degrees celsius.

Type: Number

Required: NO

Repeatable: NO

Altitude

Here the altitude in metres from sea level for the location at which the acquisition activity
took place is indicated.

Type: Number

Required: NO

Repeatable: NO
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Air Pressure

Here the air pressure for the location at which the acquisition activity took place is indicated.
Type: Number

Required: NO

Repeatable: NO

Acquisition Sketch/Digital Assets Related

Here a link can be made to the digital objects register of the overall digital survey project (see
Step 0). For acquisition that include acquisition sketches, the acquisition sketch would be
attached here. Additionally, other relevant digital documents can be added in supporting the
documentation of this particular acquisition activity.

Type: Link - (Digital Assets Register)

Required: NO

Repeatable: YES

Actor Operators

Here the individuals who carried out the particular acquisition activity are listed along with
what role they played in action and what equipment they operated

Type: Type: Link - (Actors Register) + Control List + Link - (Equipment)

Required: YES

Repeatable: YES

Created Digital Assets

Here the digital objects that were created by the acquisition activity are listed. Each digital
object should be added as a new entry to the overall Digital Survey project’s Digital Asset
Register (see step 0). In the case of photogrammetry or other processes resulting in many files,
it may be preferable to save all files in a zip file or tarball in order to lessen the documentation
burden in practical terms.

Type: Link - (Digital Assets Register)

Required: NO

Repeatable: YES

Note

Here any additional commentary on the acquisition activity can be added.
Type: Long Text

Required: NO

Repeatable: NO
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Description of the equipment parameters employed

Camera Body

Here a link to the camera body actually used is made.
Type: Link - (Equipment Register)

Required: YES

Repeatable: NO

Setup Of

Indicate the setup of which acquisition activity.
Type: Link - (Acquisition Activity Register)
Required: YES

Repeatable: NO

Lens

Name of the lense.

Type: Link - (Equipment Register)
Required: YES

Repeatable: NO

Platform

Platform from which the pictures were taken and its stability.

Type: Link - (Equipment Register)
Required: NO
Repeatable: NO

Orientation

X, Y, Z, roll, yaw, pitch (if known). If the camera is mounted on any platform with a
IMU/GNSS sensor, this parameters can be used as initial parameters of the orientation.
Type: Number

Required: NO

Repeatable: NO

ISO

Light sensibility value selected if manual or automatic
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Type: Number
Required: NO
Repeatable: NO

Shutter mode

Automatic/Fully Manual/Aperture priority/Shutter speed priority
Type: Text from Controlled List

Required: YES
Repeatable: NO

Shutter speed

Length of time expressed in seconds when the digital sensor in the camera is exposed to light

through the shutter mechanism

Type: Number
Required: NO
Repeatable: NO

Aperture / f-stops

The amount of light to which the sensor is exposed (f-stops), regulates the brightness of the

image

Type: Number
Required: YES
Repeatable: NO

Focus

Automatic or manual focus
Type: Boolean

Required: YES

Repeatable: NO

Focus Fixed

Fixed or variable focus
Type: Boolean
Required: YES
Repeatable: NO

Focus distance
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Medium focus distance from the camera to the focus point.
Type: Number

Required: NO

Repeatable: NO

Depth of field

Distance between the nearest and farthest objects of the scene that appear sharp in the image.
Type: Number

Required: NO

Repeatable: NO

Focal Length

Distance from the principal point of the camera to the image plane. If it is blocked at
minimum or maximum, otherwise leave as unknown.

Type: Number

Required: NO

Repeatable: NO

White balance

Here the white balance employed: Automatic, pre-set or manual.
Type: Text from Controlled List

Required: YES

Repeatable: NO

White balance preset

White balance preset used (tungsten, sunlight)
Type: Text from Controlled List

Required: NO

Repeatable: NO

White balance manual methodology used

Reference to the method used for defining the white balance.
Type: Text

Required: NO

Repeatable: NO

Digital Image for Calibration
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The digital used for calibrating the white balance.
Type: Link - (Digital Assets Register)

Required: NO

Repeatable: NO

Lightmeter used

The Lightmeter used for the light calculation.
Type: Link - (Equipment Register)

Required: NO

Repeatable: NO

Lightmeter value

The value found by the Lightmeter.
Type: Number

Required: NO

Repeatable: NO

Camera Calibrated - geometric calibration

Yes if camera internal orientation calibration parameters calculated before the acquisition, no
if otherwise

Type: Boolean

Required: NO

Repeatable: NO

Color calibration

Yes if the color calibration are calculated, no if otherwise
Type: Boolean

Required: YES

Repeatable: NO

HDR

Yes if HDR capturing was performed
Type: Boolean

Required: NO

Repeatable: NO

HDR technique
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HDR technique used (Bracketing vs actual HDR camera).
Type: Text

Required: NO

Repeatable: NO

HDR Bracketed series

Number of images taken for exposure bracketing.
Type: Number

Required: NO

Repeatable: NO

HDR exposure values

The exposure value chosen for the HDR.
ex: -2EV, OEV, 2EV

Type: Text

Required: NO

Repeatable: NO

Documents

Documents related to equipment e.g. manuals, technical specifications etc
Type: Link - (Digital Assets Register)

Required: NO

Repeatable: YES

Documentation on the object configuration in relation to the acquisition

Camera Configuration Type

Relative geometry of the image plane with respect to the object plane. Normal is when these
two planes are parallel. e.g. Convergent/normal.

Type: Text from Controlled List

Required: NO

Repeatable: NO

Part Of
Indicate the relationships between the below field and the Acquisition Activity

Type: Link - (Acquisition Activity Register)
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Required: YES
Repeatable: NO

Average GSD

Average Ground Sample Distance, average size of a pixel projected on the 3D object space.
Type: Number

Required: YES

Repeatable: NO

Percentage of Object Covered

Percentage of object which can be covered by a single picture at the average distance from the
object selected

Type: Number

Required: NO

Repeatable: NO

Average Distance From The Object

The distance between the acquisition point and the average object surface
Type: Number

Required: NO

Repeatable: NO

Forward/longitudinal Overlap

Percentage of overlap between the images over the main acquisition direction (stripe)
Type: Number

Required: NO

Repeatable: NO

Side Overlap

Percentage of overlap between the images in the orthogonal direction to the main acquisition
one

Type: Number

Required: NO

Repeatable: NO

Markers

Indicate the presence of markers.

261 /290



Type: Boolean
Required: YES
Repeatable: NO

Markers type/codification

Type of markers which have been placed or identified at the object itself or its environment.
Eg. natural marks, codified marks, crosses, balls...

Type: Text from Controlled List

Required: NO

Repeatable: YES

Markers Number

Total number of markers either placed or identified at the object or its environment
Type: Number

Required: NO

Repeatable: NO

Markers Digital File

Digital file relative to the marker acquired for the acquisition
Type: Link - (Digital Assets Register)

Required: NO

Repeatable: YES

GCP

Indicate the presence of Ground Control Points
Type: Boolean

Required: YES

Repeatable: NO

GCP Number

Total number of GCP measured in the object or its environment.
Type: Number

Required: NO

Repeatable: NO

GCP Digital File

Digital file relative to the coordinates acquired for the GCP
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Type: Link - (Digital Assets Register)
Required: NO
Repeatable: YES

On-site Camera Calibration

Define if a calibration process was performed on site before the actual camera acquisition.
eg. use of calibrated grid or board

Type: Boolean

Required: NO

Repeatable: NO

Image base/baseline

Distance between two sequential image acquisition points (projection centre s).
Type: Number

Required: NO

Repeatable: NO

Obstacles

Indicate the presence or absence of obstacles and, in case it is necessary, add the necessary
notes.

Type: Boolean + Text

Required: NO

Repeatable: YES

Documents

Documents created during the acquisition that serve for better understanding of the setup or
the acquisition process

e.g. sketches.

Type: Link - (Digital Assets Register)

Required: NO

Repeatable: YES

Wrapper for the overall processing project

Processing Project Name

Here the name of the processing action is indicated for future reference.
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Type: Text
Required: YES
Repeatable: YES

Processing Project ID

Here a unique ID for the processing action is given in order to unique find the action in the
future.

Type: Number

Required: YES

Repeatable: NO

Question Relation

Here the researcher in charge of the processing action indicates the question as originally
documented in the project initiation to which the processing action aims to provide data in
order to allow for an answer.

Type: Link - (Question Register)

Required: NO

Repeatable: YES

Researcher Name

Here a link to the actor register indicates the researcher who is responsible for planning this
processing action.

Type: Link - (Actor Register)

Required: YES

Repeatable: YES

Object of Study

Here a link to the object register is used in order to indicate the object of which the processed
data object will be a representation/study/metric model etc.

Type: Link - (Object Register)

Required: YES

Repeatable: YES

Digital Asset Inputs
Here the researcher lists the data objects from the acquisitions processes that they intend to
use in the processing plan in order to reach their processing aims.

Type: Text from Controlled List
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Required: NO
Repeatable: YES

Products and Accuracy Required

This step is a reiteration of the original step which takes into consideration the original
question evaluation but now is able to give a better estimate of what will need to be done
within the context of the project (where aspects may change)

Type: Text from Controlled List

Required: NO

Repeatable: NO

Products and Accuracy Change Description

If products and accuracy expectation differs substantially from the description originally
envisioned at project initiation, the researcher can provide a free text description for the
reasons for the change in direction.

Type: Text Long

Required: NO

Repeatable: NO

Processing Action Dates

Here the time frame of the overall processing action is indicated.
Type: Date

Required: NO

Repeatable: NO

Documentation of the plan to be followed during the processing phase

Process Plan Title

Here the name of the data processing plan is indicated for future reference.
Type: Text

Required: YES

Repeatable: YES

Process Plan ID

Here the id of the data processing plan is indicated for future reference.

Type: Text
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Required: YES
Repeatable: NO

Part of Processing Project

Indicate the relationships between this steps and the overall Processing Project

Type: Link - (Processing Project Register)
Required: YES
Repeatable: NO

Processing type

Here we indicate the type of data processing planned.
Type: Text from Controlled List

Required: NO

Repeatable: NO

Description

Here a free text description of the processing plan is provided in order to give a sense of the
overall strategy adopted.

Type: Text

Required: NO

Repeatable: NO

Software to be used

Here a list of software programmes to be used the particular processing loop are listed in order
to provide provenance of software input in the process. The terms are selected from a control
list enumerated at the end of this document and should include the version number.

Type: Text from Controlled List

Required: NO

Repeatable: NO

Hardware to be used

Here a link to the hardware devices to be used in the carrying out of the processing planned in
this step is made. The hardware devices can be entered once in the equipment register and can
thereafter simply be linked to.

Type: Link - (Equipment Register)

Required: NO

Repeatable: NO
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Methodology to be Used

Here the methodology to be employed in executing this processing loop is specified by picking
from a controlled list of methodologies. This list is enumerated at the end of this document.
Type: Text from Controlled List

Required: YES

Repeatable: NO

Documentation of the parameters of the actual processing step

Processing Action ID

For each processing round that occurs, a unique ID is assigned to this event in order to be able
to retrieve it again in the future.

Type: Number

Required: YES

Repeatable: NO

Part of Processing Plan

This field allows the indication of which processing plan, the data processing action was a part.
Type: Link - (Processing Plan Register)

Required: YES

Repeatable: NO

Part of Processing Project

Type: Link - (Processing Project Register)
Required: YES

Repeatable: NO

Processing Type

Here the researcher indicates the data processing type they used in this loop, choosing from a
control list. This will, in general, be the same as the processing type planned for in the previous
step.

Type: Text from Controlled List

Required: NO

Repeatable: YES
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Methodology Used

Here the methodology employed in executing this processing loop is specified by picking from
a controlled list of methodologies. This list is enumerated at the end of this document.

Type: Text from Controlled List

Required: YES

Repeatable: YES

Data Processing Technician

Here the researcher who initiated and was responsible for this particular data processing
action is indicated by linking to the actor register.

Type: Link - (Actors Register)

Required: YES

Repeatable: YES

Software Used

Here the software programme used in this processing action is listed.
Type: Text from Controlled List

Required: YES

Repeatable: NO

Hardware Used

Here a link to the hardware devices used in the carrying out of the process.
Type: Link - (Equipment Register)

Required: NO

Repeatable: NO

Algorithm Used

Here the algorithm used in this processing action is listed.
Type: Text from Controlled List

Required: NO

Repeatable: NO

Used Input Files

Here we link to the particular input files used in this process. We link to the digital asset
register and generally would take from the files generated in acquisition events. For a control
step, link to the control measurement object.

Type: Link - (Digital Assets Register)
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Required: YES
Repeatable: YES

Used Parameters

Here we list the parameters invoked in the process. We indicate the parameter and the value.
This is a multivalue field.

Type: Text + Value

Required: YES

Repeatable: YES

Had Output Files

Here we indicate the files that were generated by the process. They will in fact form part of the
overall digital assets register of the project.

Type: Link - (Digital Assets Register)

Required: YES

Repeatable: YES

Accuracy Type

Here we indicate the accuracy type obtained.
Type: Text from Controlled List

Required: NO

Repeatable: NO

Accuracy Value

Here we indicate the value of the accuracy type obtained.
Type: Number

Required: NO

Repeatable: NO

Processing Outcome Acceptable

Here the researcher indicates if the processing outcome is acceptable and meets the criteria set
out in the processing plan step. If the answer is no, the data and this metadata are still kept but
the data processing plan is reevaluated and another round of processing is iterated.

Type: Boolean

Required: NO

Repeatable: NO
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Processing Outcome Evaluation Note

This field is used for a free text analysis of the processing outcome. It can be used by the
processor in order to indicate features including elements of success and failure of the process.
Type: Long Text

Required: NO

Repeatable: NO

Processing Date

Here the date on which the processing occurred is indicated.
Type: Date

Required: YES

Repeatable: NO

Evaluation of a single output in relation to established criteria

Relevant Question

Here the initial question which triggered the creation of this digital product is referenced.
Type: Link - (Question Register)

Required: YES

Repeatable: YES

Product Evaluated

Here the digital product that was created and linked to and evaluated. Each object can be
evaluated according to multiple criteria. For each product this form should be filled out once.
Type: Link - (Digital Assets Register)

Required: YES

Repeatable: YES

Evaluation Criteria

Here the criterion by which the object was evaluated are listed, along with the evaluation itself.
Type: Text from Controlled List + Long Text

Required: NO

Repeatable: YES

Accept/Reject

Here an indication of the overall acceptance or rejection of the product is indicated.
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Type: Boolean
Required: YES
Repeatable: NO

Evaluator Name

Here the actor accepting or rejecting the product is listed.
Type: Link - (Actors Register)

Required: YES

Repeatable: YES

Date of Evaluation

Here the date on which the evaluation took place is listed.
Type: Date

Required: NO

Repeatable: NO

Overall assessment of the set of resource produced

Relevant Question

Here the initial question which was meant to be answered by the digital acquisition is
referenced.

Type: Link - (Question Register)

Required: YES

Repeatable: YES

Product Evaluation

Product Evaluation

Link to Product Evaluation Register above. Lists all products generated in order to respond to
the initial research question.

Type: Link - (Product Evaluation Register)

Required: YES

Repeatable: YES*

Overall Evaluation
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Was Question Answered?

Here the Analyst/Evaluator indicates whether or not the digitised objects provided sufficient
information to provide an answer to the question posed. They also indicate in a free form text,
the reason for this evaluation.

Type: Boolean + Long Text

Required: NO

Repeatable: NO

Answer Documented In

Here a reference is provided to any published material in which the full evaluation of the
question is provided.

Type: Link - (Bibliographic Register)

Required: NO

Repeatable: YES

Wrapper for the overall dissemination project

Dissemination Project Name

Here the name of the planned dissemination project is indicated.
Type: Text

Required: YES

Repeatable: YES

Dissemination Action ID

Here a unique id is given to the dissemination action in order to uniquely refer to it.
Type: Text

Required: YES

Repeatable: NO

Dissemination Responsible Name

Here the individual or institution responsible for planning the dissemination is indicated.
Type: Link - (Actors Register)

Required: YES

Repeatable: YES

CH Object to be Disseminated
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Here the list of CH objects which are relevant to the particular dissemination project are
linked.

Type: Link - (Object Register)

Required: YES

Repeatable: YES

Dissemination Goal

Here the overall aim(s) of the dissemination project are listed.
Type: Text from Controlled List

Required: NO

Repeatable: YES

Dissemination target public

Here the target audience(s) for the dissemination product are entered.
Type: Text from Controlled List

Required: NO

Repeatable: YES

Target language

Here the languages in which the dissemination product are to be produced are indicated.
Type: Text from Controlled List

Required: NO

Repeatable: YES

Products Expected

Here the dissemination project planner indicates the kind of products expected. They are also
able to indicate in a long text form, specific product specifications that need to be met.

Type: Text from Controlled List + Text

Required: NO

Repeatable: YES

Acquisition Product Dependency

Here the dissemination project manager indicates the acquisition product types that this
project will depend on, the date required and the date received.

Type: Text from Controlled List + Date (projected) 4+ Date (delivered)

Required: NO

Repeatable: YES
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Processing Product Dependency

Here the dissemination project manager indicates the processing product types that this
project will depend on, the date required and the date received.

Type: Text from Controlled List + Date (projected) 4+ Date (delivered)

Required: NO

Repeatable: YES

Dissemination Target Dates

Here the dissemination project manager indicates the target date for completion of the
dissemination product.

Type: Date

Required: NO

Repeatable: NO

Dissemination Actual Dates

Here the dissemination project manager indicates the actual date of completion of the
dissemination product.

Type: Date

Required: NO

Repeatable: NO

Related Documents

Here the data project can be linked to the various supporting documents related to the
dissemination project.

Type: Link - (Digital Assets Register)

Required: NO

Repeatable: YES

Documentation of the plan to be followed during the dissemination phase

Dissemination Product Plan Title

Here a name is given to the dissemination project product development plan.
Type: Text

Required: YES

Repeatable: YES
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Part of Dissemination Project

Indicate the relationships between this steps and the Dissemination Project.
Type: Link - (Dissemination Project Register)

Required: YES

Repeatable: NO*

Description

Here the overall plan is described in a free text form.
Type: Text

Required: NO

Repeatable: NO

Software to be Used

Here a list of software programmes to be used the particular processing loop are listed in order
to provide provenance of software input in the process. The terms are selected from a control
list enumerated at the end of this document.

Type: Text from Controlled List

Required: NO

Repeatable: YES

Hardware to be used
Here a link to the hardware devices to be used in the carrying out of the processing planned in
this step is made. The hardware devices can be entered once in the equipment register and can

thereafter simply be linked to.

Type: Link - (Equipment Register)
Required: NO
Repeatable: YES

Methodology to be Used

Here the methodology to be employed in executing this processing loop is specified by picking
from a controlled list of methodologies. This list is enumerated at the end of this document.
Type: Text from Controlled List

Required: NO

Repeatable: NO

Site Visit Assets Used
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Here relevant site visit data collected during preliminary studies can be linked to the
dissemination project plan to serve as a resource for executing the plan.

Type: Link - (Site Visit Register)

Required: NO

Repeatable: YES

Digital Objects Used

Here relevant digital objects from the overall digital object register can be linked to the
dissemination project plan to serve as a resource for executing the plan.

Type: Link - (Digital Assets Register)

Required: YES

Repeatable: YES

Bibliographic Data Used

Here relevant bibliographic data gathered during the preliminary studies phase can be linked
to the dissemination project plan to serve as a resource for executing the plan.

Type: Link - (Bibliographic Register)

Required: NO

Repeatable: YES

Documentation of the parameters used during the dissemination step

Product Development ID

Here a unique identifier is given for the product development activity.
Type: Number

Required: YES

Repeatable: NO

Part of Dissemination Project

Indicate the relationships between this steps and the Dissemination Project.
Type: Link - (Dissemination Project Register)

Required: YES

Repeatable: NO

%

Part of Product Development Plan

Here the product development plan to which the product development activity belongs is
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indicated.

Type: Link - (Product Development Plan)
Required: YES

Repeatable: NO

*

Product Development Activity Type

Here the kind of product development activity that is being undertaken is indicated.
Type: Text from Controlled List

Required: NO

Repeatable: YES

Actor

Here the actor or actors responsible for carrying out this activity are indicated.
Type: Link - (Actors Register)

Required: YES

Repeatable: YES

Software Used

Here the software actually used in executing the product development activity is indicated,
along with version and other relevant details.

Type: Text from Controlled List

Required: YES

Repeatable: NO

Hardware Used

Here a link to the hardware devices used in the carrying out of the process.
Type: Link - (Equipment Register)

Required: NO

Repeatable: YES

Algorithm Used

Here the algorithm employed by the software to execute the product development activity is
indicated.

Type: Text from Controlled List

Required: NO

Repeatable: YES
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Methodology Used

Here the methodology employed in executing this processing loop is specified by picking from
a controlled list of methodologies. This list is enumerated at the end of this document.

Type: Text from Controlled List

Required: NO

Repeatable: YES

Used Input Files

Here we link to the input files for executing this action.
Type: Link - (Digital Assets Register)

Required: YES

Repeatable: YES

Used Parameters

Here we indicate the parameter types that were used in carrying out this action.
Type: Text from Controlled List

Required: NO

Repeatable: YES

Had Output Files

Here we indicate the output files from running this action.
Type: Link - (Digital Assets Register)

Required: YES

Repeatable: YES

Processing Date

Here we indicate the date on which the action was undertaken.
Type: Date

Required: YES

Repeatable: NO

Documentation on the client reaction of a single product

Relevant Question

Here the initial question which triggered the creation of this digital product is referenced.
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Type: Link - (Question Register)
Required: YES
Repeatable: YES

Dissemination Project Evaluated

Indicate the relationships between this steps and the Dissemination Project.
Type: Link - (Dissemination Project Register)

Required: YES

Repeatable: NO*

Delivered to Client

Here whether the product was delivered to client or not is indicated.
Type: Boolean

Required: NO

Repeatable: NO

Date of Delivery

Here the date on which the product was delivered to the client is indicated.
Type: Date

Required: NO

Repeatable: NO

Accepted by Client

Here whether or not the client accepted the product is indicated.
Type: Boolean

Required: NO

Repeatable: NO

Date of Acceptance

Here the date on which the product was accepted is indicated.
Type: Date

Required: NO

Repeatable: NO

Was the client satisfied?
Here the satisfaction of the client is indicated in boolean format.

Type: Boolean
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Required: NO
Repeatable: NO

Client comment

Here a text field is provided to allow for explanation of client response.
Type: Text

Required: NO

Repeatable: NO

Date of Comment

Here the date of the client’s response is indicated.
Type: Date

Required: NO

Repeatable: NO

Overall assessment of the set of resource produced

Relevant Question

Here the initial question which was meant to be answered by the digital acquisition is
referenced.

Type: Link - (Question Register)

Required: YES

Repeatable: YES

Product Evaluation

Product Delivered

Link to Client Individual Product Feedback above. Lists all products generated in order to
respond to the initial research question.

Type: Link - (Client Individual Product Feedback Register)

Required: YES

Repeatable: YES*

Overall Evaluation
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Was Dissemination Appropriate?

Here appropriateness of of dissemination evaluated.
Type: Boolean

Required: NO

Repeatable: NO

Evaluation Criteria

Here the multiple criteria and evaluations supporting the evaluation of appropriateness are
indicated.

Type: Text from Controlled List + Text

Required: NO

Repeatable: YES

Was targeted public satisfied?

Here the satisfaction of the public is indicated.
Type: Scale

Required: NO

Repeatable: NO

Dissemination Evaluation Criteria

Here the criterion for the satisfaction of the public is indicated along with the actual value
attributed.

Type: Text from Controlled List + Text

Required: NO

Repeatable: NO

Dissemination Documented In

Here any place where the dissemination was documented is indicated.
Type: Link - (Bibliographic Register)

Required: NO

Repeatable: YES
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13 Annex C

Mapping complete
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Mapping Part 1
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Mapping Part 2
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Mapping Part 3
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Mapping Part 4
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14 CV

Laan van Meerdervoort 342
2563 BA Den Haag, Netherlands

Nicola Carboni T o6 et

) _ & nicola.carboni@uzh.ch
Curriculum Vitae “B https://nicola.carboni.me

e Research and Professional Experience

Jan. 2019 - August Semantic Data Architecture, /UAV University, Venice, Burckhardtsource.org.
2019 - Develop a semantic model for the correspondence of Jacob Burckhardt.

July 2018 - Research Fellow, University of Zurich, Zurich, Art History.
- Framework for a distributed system of reference resource: conflict of information
and vagueness.
- Semantic features aggregation for visual heritage.
- Semantic Architect for Swiss Art Research Infrastructure.
Feb. 2018 - June Digital Humanities Fellow, Harvard University, Florence, Harvard Center for
2018 Italian Renaissance Studies.
- Modeling of Iconographic & Symbolic items in visual heritage.
- Data modelling (CIDOC-CRM) of a 19th Century Epistolarium.
June 2014 - July EU Marie Curie Early Stage Researcher, CNRS, Marseille, MAP Laboratory.
2017 ITN-DCH project: Initial Training Network for Digital Cultural Heritage.
. Create a framework for the description of tangible and intangible cultural objects.
- Develop a CIDOC-CRM extension for iconographic & symbolic meaning of cultural
objects.
- Analysis and development of a metadata set for the registration of provenance
information in 3D processing.

Visiting

Researcher, FORTH ICS, Heraklion, Greece.

- Ontology engineering and data integration with CIDOC-CRM.

Researcher, KAAK, German Archeological Institute (DAI), Stuttgart,
Germany.

- Data management and modelling. From Filemaker to CIDOC-CRM: MAyaArch3D
project.

Researcher, 3DOM, Fontazione Bruno Kessler (FBK), Trento, Italy.

- data acquisition and processing for image-based modeling and web visualisation of
3D point clouds. Data enrichment and provenance information.

Researcher, NTUA, National Technical University of Athens, Athens, Greece.

- Testing of OpenCV for ontology-based semantic tagging of elements in 2D images.

Conference & Workshop

- Organiser ITN-DCH - Digital Heritage 2017 Final Conference, Olimje, Slove-
nia.

- Presenter Workshop Workflow for the Integration of Heritage Digital Re-
sources - ITN-DCH Digital Heritage 2017 Final Conference, Olimje, Slovenia.
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Nov. 2013 - May. Data Curator and Modeler, Informatica Trentina, Trento, Italy, Open Data
2014 project.
- Development a bottom-up ontology for describing public data.
- Data cleaning, refinement mapping and enrichment.
- In charge, from a technical standpoint, of the release of the data. Responsible for
developing guidelines for the providers.
- Coordinating the information architecture and workflow of of the catalog & collabo-
rating in the EU FP7 Fusepool project.
Oct 2012 - Dec Research internership, CVCE - Digital Humanities Lab, Salem, Luxembourg.

2012 - image-based modeling of underwater cultural heritage assets.
- Developing an entity-relationship model for the EU FP7 project CUbRIK.
- Creating guidelines and workflows for the model.
- Defining the rules of an authority file for non-authors (EU politicians)

jun 2014 - present PhD, Engineering, NTUA, Athens, Greece.

- Objective 1: How visual information relate to reality.

- Objective 2: What kind of method could be used for recording, enriching and
retrieving information about visual items.

- Objective 3: How their semantic description help us understand the visual culture.

2011 - 2013 International MA in Digital Library Learning, DILL, Oslo, Tallinn, Parma,

Erasmus Mundus.

- Major: Digital library.

- Thesis title: Digital preservation network: a case study about CLOCKSS.

- Thesis content: Interviews, document and workflow analysis about the usage, the
governance, and the trends of CLOCKSS as main distributed network for the digital
preservation of e-journals.

Universities

Oslo Metropolitan University, OsloMet, Oslo, Norway.

- Courses include: Ontology creation, Linked Open Data, RDF, Metadata, Usability
studies.

Tallinn University, TLU, Tallinn, Estonia.

- Courses include: Knowledge management and business oriented information man-
agement.

Universita di Parma, UNIPR, Parma, ltaly.

- Courses include: UX, project management, KPI and evaluation methods, digital
library management.

2007 - 2010 Bachelor in Cultural Heritage Science, UNIPI, Pisa, ltaly.

- Major: Cultural Heritage Science.
- Courses include: Information science, knowledge organisation, textual bibliography,
cataloguing, history of art, literature, ethnography, history.

—— Teaching

Course Integrating Human Science Data using CIDOC-CRM as Formal Ontology: a
practical approach at the European Summer University in Digital Humanities
held in Leipzig, Germany
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Lesson

Lesson

|
Conference
Workshop
|
Italian

English

French
|

Data
Web
3D
Server

Other

Platforms

2019

2017

2016

Digital Art History at the Summer school Stucchi E Stuccatori Ticinesi a Roma
- Dalla riscoperta cinquecentesca alla grande tradizione barocca held in Rome,
Italy

Lesson on Digital Heritage within the Digital Library Learning MA — Online

Organization
ITN-DCH - Digital Heritage 2017 Final Conference — Olimje, Slovenia

Workflow for the Integration of Heritage Digital Resources — Olimje, Slovenia

Languages
Native
Fluent

Intermediary

Computer Skills and Technologies

UML, XML, RDF, Protege, OpenRefine, Silk, X3ML/3M, Ontop.
HTML, CSS, Drupal, KirbyCMS, Wordpress.

MicMac, Photoscan, Potree, 3DHOP, Faro Scene, MeshLab.
Apache, SQL, TemaTres, iQvoc, Skosmos.

QGIS, CLI, Markdown, GIT, Microsoft/Libre Office,
room/Photoshop, Omnigraffle & Wireframing.

Mac OS, Linux, Windows.

Adobe Light-

Publications

Nicola Carboni, Susanne Muller, and Maurizio Ghelardi. Towards a Foundation
for Documenting Digital Textual Resources with CIDOC-CRM, Conference
proceedings of the workshop Scholarly Digital Editions, Graph Data-Models
and Semantic Web Technologies, in press.

Nicola Carboni and Livio De Luca. An Ontological Approach to the Description
of Visual and Iconographical Representations, Heritage, 2(2)1191-1210.

George Bruseker, Nicola Carboni, and Anaiis Guillem. The Role of Formal
Ontology and CIDOC CRM. In M. L. Vincent, V. M. Lopez-Menchero, M.
loannides and T. E. Levy (Eds.), Heritage and Archaeology in the DigitalAge,
pages 93-131. Springer, 2017.

Nicola Carboni and Livio De Luca. Towards a Semantic Documentation of Her-
itage Objects through Visual and lconographical Representations, International
Information Library Review, 49(3).

M.M. Ramos, D. Bellido, N. Carboni, M. Domajnko, E. K. Stathopoulou,
G. Stavropoulou, D. Morabito, and F. Remondino. Complex 3d heritage

architectures accessible on the web. In Proc. 8th Arqueologica 2.0, pages
426429, 2016.
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Nicola Carboni and Livio De Luca, Towards a conceptual foundation for docu-
menting tangible and intangible elements of a cultural object, Digital Applica-
tions in Archaeology and Cultural Heritage, 3(4):108-116.

Nicola Carboni, G Bruseker, A Guillem, Diego Castafieda Bellido, Chance
Coughenour, M Domajnko, Marleen de Kramer, Magda Calles Ramos, E K
Stathopoulou, and Rossella Suma, Data Provenance in Photogrammetry
Through Documentation Protocols, ISPRS Annals of Photogrammetry, Remote
Sensing and Spatial Information Sciences, pages 57—64.

2015 G Bruseker, A Guillem, and N Carboni, Semantically Documenting Virtual Re-
construction: Building a Path to Knowledge Provenance, ISPRS Annals of Pho-
togrammetry, Remote Sensing and Spatial Information Sciences, 11-5/W3:33—
40.

e Scholarships, Awards and Grants

2018 Digital Humanities Fellowship. Harvard University.
2014-2017 Marie Curie Early-Stage Researcher Fellowship. European Commission (FPT7).
2011-2013 EU - Erasmus Mundus Master Programme Scholarship.

e \/iscellaneous
May 2017 Chair of of the session "Ontologies and Metadata in Digital CH" - ITN-DCH
Digital Heritage 2017 Final Conference, Olimje, Slovenia.

Nov 2016 Chair of the session "3D Reconstruction and Modeling" - Euromed 2016,
Nicosia, Cyprus.
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