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The idea and the context

The W.A.L.(L) Project was born within the framework of the ‘Laboratori Archeologici
Internazionali Congiunti’ (Joint International Archaeological Laboratories) of the CNR-ISPC
and in the scientific context of the topography and survey activities of the Archaeological
Mission in Festos of the University of Catania.

The Project is aimed at the application of quantitative analysis methods and Machine
Learning to ancient architecture and the creation of a dedicated research infrastructure, based
on open-source technology, according to the principles of Open Science.

The results of the 2015-2018 excavation campaigns at Festos, with the identification of
an entire phase of reoccupation of the Palace in the Sub-Minoan-Geometric period (11th-8th
century BC), have suggested using as sample structures some walls from this period, until
recent years little investigated in Cretan sites where the magnificent Minoan phase (Il
millennium) had attracted, by preference, the attention of scholars.

A multidisciplinary research team, starting with 3D photogrammetric models, has
created a training dataset of around 1,300 digital stone models belonging to twelve walls
datable from the Late Minoan 111C (1200-1050 BC) to the entire Geometric period (8th century
BC) and located in four Cretan archaeological sites (Festos, Haghia Triada, Sissi, Anavlochos).

The aim

Given the high potential of building material as a historical, social and cultural
information tool, the challenge of the research is to make the three-dimensional digital data (in
our case, the virtual models of the wall stones) interrogable by means of a special script that,
on the basis of algorithms constructed by archaeologists and computer scientists, extracts
significant numerical characteristics. All this in order to: statistically identify construction
practices (methods of processing and setting stones) (Fig. 3, Geometric Period indicators

identified on the basis of recurrence); assess continuity/change phenomena of the practices



themselves, attributable to: tradition, group identity, chronology; contribute to the definition of
a relative intra-site chronology of the walls; identify restoration patterns.

A dedicated web database allows the end user to query the walls through a user friendly
interface. The elaboration of the database's Logical Model was the occasion for important
research on the conceptualisation and semantic classification of the data: the absence of
databases specifically addressed to ancient architectural data, in fact, entailed, in particular,
careful work on vocabularies, fundamental for the very communication between the

archaeologists who, coming from different parts of the world, are active in Crete.

The research team

Principal investigator: Francesca Buscemi (CNR-ISPC), Classical Archaeologist and
Topographer; Partner Coordinator: Jan Driessen (Université Catholique de Louvain), Aegean
Archaeologist; Partner: Maude Devolder (Ghent University), Aegean Archaeologist; Marianna
Figuera (University of Catania), Aegean Archaeologist; Florence Gaignerot-Driessen
(University of Cincinnati), Aegean Archaeologist; Giovanni Gallo (University of Catania),
Mathematician and Computer Scientist; Angelica Lo Duca and Andrea Marchetti (CNR-1IT),

Computer Scientists.

Methodology

Artificial Intelligence and Prehistoric and Protohistoric Architecture

The extraction of qualitative features (Fig. 2, Segmentation, semantic classification and
recurrence analysis of building material types. Right: minimal bounding box for analysing the
orientation axes of the stones) from the 1,300 virtual stone samples identified as significant by
the archaeologist (size, location, orientation, position within the wall, type, degree of
workmanship) enabled the start of some tests to study ancient architecture using Machine
Learning (Fig. 4, Comparison of the 'feature importance' according to the four algorithms
tested). The latter is based on 'training' the computer in reasoning by inputting a large amount
of data that are then analysed.

The experiment of the W.A.L.(L) Project has highlighted some particularly challenging
characteristics of ancient architecture (and specifically of the prehistoric one) for these
procedures, first and foremost concerning the poor predictivity of masonry (i.e. the uniqueness

or extreme irregularity of each building element and of the walls as a whole) which requires on



the one hand particularly large training datasets, and on the other hand the elaboration of
complex algorithms for the definition of very specific numerical features.

Nevertheless, some promising initial results have been achieved, for example in the
automatic recognition of unprocessed construction material types (wedges and rubble stones)
(Fig. 5, Mesh views of unworked facing stones (a,b,c) and wedges (d,e,t)): of the four
algorithms tested, the best result was achieved by the random Forest classification, with an

accuracy of 83.85%.

Collaborative processes and open science

All the processing and use of the data of the W.A.L.(L) Project are conceived in the
direction that research is going in today at the European level: that of open knowledge, open
access, open publishing, or in a single concept, Open Science. Data, that is, to be truly useful,
must be ‘findable’, 'accessible’, 'searchable’, and 'reusable’.

The applications usedin the Project are therefore Open Source: the Blender software
(Fig. 6, Visualisation of a query in Blender), which was employed for the segmentation of the
3D models of the walls, from which the individual stones were virtually separated, as well as
for the Machine Learning operations; and the Django framework, employed to orchestrate
various modules of the Project: from the import of spreadsheets from Blender into the database,
to the generation of data entry forms (interfaces) for its manual populating (Fig. 1, Project
workflow).

Finally, the web interface enabling the query of digital resources, which is currently
accessible with credentials, enables a collaborative data implementation process by the

W.A.L.(L) Project partners and is prepared for public use of the database's calculation potential.
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To épyo W.ALL.(L) yevwiOnke oto mlaicio twv '"Laboratori Archeologici
Internazionali Congiunti" (Kowé Atebviy Apyororoyikd Epyaotipia) tov CNR-ISPC kot 610
EMOTNUOVIKO TAOIGIO TOV OPOCTNPLOTHTOV TOTOYPOPiag Kol £PELVaS TNG APYOLOAOYIKNG
AmoctoAng ot @aicto tov [avemompiov e Katdvia.

To épyo amookomel otV €pappoyn HeBOO®V TOGOTIKNG OVAALONG KO UNYOVIKNG
uébnone oty apyoio. apYITEKTOVIKN Kol GTY ONovpyio €01KNG EPEVVNTIKNG VTOOOUNG,
Baciopévng og texvoroyia ovoIKToD KMOKO, COLPOVA LE TIG apPYEG TNG OVOIKTNG EXIGTHUNG.
Ta amoTeEAECUATO TOV OVOTKOPIK®Y EKGTPOTEW®V TNG TtePLddov 2015-2018 o1 @Paucto, e Tov
EVTOMIGUO H10G OAOKANPNG QACNS EMAVAKOTOIKNONG TOV OVOKTOPOL KOATO TNV LITOUVOIKN-
yveopetpikn mepiodo (11oc-8og amvag m.X.), TpdTewvav va yxpnotomomBovy oG SEIYIOTIKES
KOTOGKEVEG OPIOUEVOL TOTYOL VTG TNG TEPLOSOL, OV UEXPL TO. TEAEVLTAIN YPOVIOL EAGYIOTOL
elyav epeuvnbel oe kpnTiKég Tomobecieg, 6mov N peyoremong pvowkn eacn (I yietio) siye
TPOCEAKVGEL, KATO TPOTIUNON, TNV TPOGOYN TOV LEAETNTAOV.

M. dlemotUoviky  gpguvnTik  opdda,  EeEKvadvtog  omd  TPLeOICTOT
QPOTOYPOUUUETPIKA LOVTELD, ONULOVPYNOE EVOL GUVOAO EKTULOEVTIKMY OESOUEVOV OO TEPITOV
1.300 ynouokd povtéda AMOwv mov aviiKouv 6 dMOEKO TOLYOVG TOL YPOVOAOYOVVTOL AT TNV
Yotepopvown 1T (1200-1050 . X.) éog oAdkANpn ) 'ewpetpikn mepiodo (8og awmvag w.X.)
Kot Bpiokovial og T€00EPIS KPNTIKOVS apYaloAoykovs xdpovg (Paiotog, Ayia Tpidda, Ziot,

AvaprdYoq).

O otoy0¢

Agdopévng g HeydAng SuVOIKNG TOL OTKOJOUIKOD VAIKOV MG EPYUAEIOV 1GTOPIKNG,
KOWMVIKNG KOl TOATIGTIKYG TANPOPOPNGNG, 1| TPOKANGN TNG £pELVAG EIVOL VO, KATAGTNGEL T,
TPLGOAOTOTO YNOLOKA OEO0UEVA (OTNV TEPIMTMOY LG, TO EIKOVIKO LOVTEAD TOV TETPIVOV
Tolywv) enefepydoipo HEGM VO €101KOL cevapiov 10 omoio, Pdost akyopiBuwv mov €xovv
KOTOOKEVOOTEL OO  OPYOlOADYOVS KOl EMGTAUOVEG TANPOPOPIKNG, €EAyel onUovTIKG
aplOunTKd yopoktnplotikd. OAo avtd TPOKEWEVOL: VO TPOGOIOPIGTOVV GTUTIOTIKO Ol
KOTOOKELOOTIKEG TPaKTIKEG (LEBodOL emetepyasiog kot tomoBétmong twv Abwv) (Ew. 3,
OelKTEG YEMUETPIKNG TEPLOOOV TTOV TTpocdlopilovTat pe Bdon v emavdAnyn), va ektiundovv
(QOVOLEVO GUVEYEWNG/OAANYNG TV 1010V TOV TPOKTIK®OV, TOL 0modidovtal Gg: TapiddooT),
OULOOTKY] TOLTOTNTA, YPOVOAOYid, VO GUUPBAAOVLY GTOV KOBOPIGUO L0 GYETIKNG EVOOTOTIKNG
YPOVOAOYIOG T®V TOTY®WV, VO EVIOTIGTOVV TPOTVTO OITOKOTAGTOGNG.

Mua 181k1) S10d1kTVoKY| Bdon dedoUEVOV EMITPETEL GTOV TEMKO PN OTH VO avalTNoEL

To TElYN HECH LOG PIAIKNG TTPOG TO Ypfoth demapng. H exndvnon tov Aoyikod Movtélov tng



Baong 0E00UEVOV ATOTEAECE TV OLPOPN Y10 CTULAVTIKT EPELVO GYETIKA LE TNV EVVOIOAOYNON
KOl TN ONUOGLOAOYIKT TOEWVOUNGCT TV 0E00UEVOV: 1 amovcia PBdoewmv dedopévemv Tov
amevfOHvovTol €WK GE apyoiol OPYLITEKTOVIKA OEOOUEVE, GTNV TPAYLATIKOTNTO, ETEPOAE,
101mg, TPooeKTIKT epyacia e Aeldyla, BepeAddovg onpaciog yio Ty 010 TNV ETKOVOVia
HETOED TOV  OPYOOAOY®V TOV, TPOEPYOUEVOL OO OLOLPOPETIKA HEPN TOL KOGLOUL,

dpactnprororovvrol oty Kpnm.

H gpgovntkn opdda

Kbprog epsvuvntrg: Francesca Buscemi (CNR-ISPC), Klaocwr Apyotoddyog ot
Tomoypdgog- Tuvvtoviotic etaipog: Jan Driessen (Université Catholique de Louvain),
apyatoroyog tov Atyaiov: Maude Devolder (TTavemomuio g I'dvong), apyaioldyog tov
Avyaiov- Marianna Figuera (ITavemiotuio g Kotdviag), apyatoddyog tov Aryaiov- Florence
Gaignerot-Driessen (ITavemiot)po tov Zvovartt), apyaiorldyog tov Atyaiov- Giovanni Gallo
(TMMavemomuio g Kotdviag), padnuotikdg kol emotnuovag ninpoeopikng- Angelica Lo
Duca kot Andrea Marchetti (CNR-1IT), emiotipoveg mAnpo@opiknic.

Me6oooroyia

Teyvnth vonpoovv Kol TPOIGTOPIKN KOl TPMTOIGTOPIKT GPYLTEKTOVIKI]

H eEayoyn mootikedv yopaktmpiotikev (Ewk. 2, Tunpotomoinom, onuocloAoyikn
Tavounon Kol avaAvoT ETOVIANYNG TOV TOTMOV SOUIKAOV VAIKOV. Agid: eAdyioto TAaicto
oproBEtnong yua v avaAvon twv aEovev TposavaToAlo ol Tov ABwv) amd ta 1.300 swovikd
delypata AoV mov avayvopiomkay o¢ oNUOVIIKG ard Tov apyoordyo (péyebog, Béon,
TPOCAVATOAGLOG, BEom €vTOg Tov TolY0oL, TOTOG, Bablog enciepyaciog) enétpeye TV Evapén
OPICUEVOV OOKILMY Yol TN UEAETN NG apyoiog OPYITEKTOVIKNG HE TN YpNon Mnyovikng
Mabnong (Ew. 4, Zoykpion g "onuaciog Tov YopaktpioTiKov" cOUPOVO LE TOVG TECGEPLS
aAyopiBpovg Tov SoKIUAGTNKAY).

H tedevtaia Paciletoar oty "ekmaidevon" Tov VTOAOYIGTH GTN GLAAOYIGTIKNY LE TNV
El0aY®YN UEYAAOL OYKOL O£00UEVAOV TOL OTOiOL GTY GLVEYELN avaAvovtal. To meipapo Tov
npoypbupotog W.AL.(L) avédeiEe oplopévo 10104TEPA OTOUTNTIKG XOPAKTNPLOTIKG TNG
apYOioG aPYLTEKTOVIKNG, Kol 101G TG TPOIGTOPIKNG TEPLOJOV, Yol TIG OLOOIKAGIEG AVTES, e
TPMOTO KOl KAAVTEPO TNV KOKN TPOPAEYILOTNTO TNG TOLYOTOLNG, ONAAOT TN HOVASIKOTNTA 1)
NV oKpaio. aKovOVIeTN HoPPT KAOE OOKOD GTOLXEIOV KOl TV TOlY®V 6TO GUVOAO TOVG, 1M

omoio amottel apevog Wwaitepa HeyaAd cOVOLN SEGOUEVOV EKTOIOEVONG KOl APETEPOL TNV



enefepyacio TOAVTAOK®V oAyopiBpmv Yy Tov opioud TOAD GUYKEKPIUEVOV OpOUNTIKOV
YOPOKTIPIOTIKDV.

[Mop' 6ha avtd, Exovv emitevydel Kamolo TOAAG VITOGYOUEVO TPDTA OTOTEAEGLOTOL, Y10l
TOPAOELY IO GTNV OVTOUATT OVOLYVOPLOT) TOV TOTOV AVETEEEPYOOTOV SOLUKDV DAIK®V (CONVEG
kot Opavopoata) (Ew. 5, Moatiég and un ene&epyacuévoug Aibovg enévdvong (a,b,C) kot opnveg
(d,e,t)): amd tovg TEoOGEPIG AAYOPIOUOVE OV BOKIUACTNKAY, TO KOADTEPO OTOTEAEGLLOL

emtevyOnke and v ta&voumon pe toyoio dacog, pe akpipela 83,85%.

YUVEPYUTIKES OLUOIKOGIES KUL VOIKTY] ETLGTI )

Olec o1 eme&epyaoieg kot ) gpnomn tov dedopévov tov Epyov W.A.L.(L) oyedialovton
pog TV Kotevbuvon mov akolovbel ofuepa M €pevva GE EVPOTAIKO EMIMEDO: AVTN TNG
OVOIKTNG YVAGNG, TNG OVOIKTNG TPOGPAoNGS, TNG OVOIKTHG OMILOGIELONC 1), LLE Lo EViaia £VVOld,
™G avoIKTig emotnUng. Ta dedopéva, ONAaOT, Yo Vo vt TPUyUOTIKE YPTCLULO, TPETEL VO
etvar "avaxkmowa', "tposfhoipa’, "avalnmowa” kot "eravoypnoyloromotpo.

Ot gpappoyég mov ypnooromdnkay, etopévas, oto Epyo sivar Avorytov Kmdika: to
Aoyiopukd Blender (Ew. 6, Ontwkomoinon evog epothiuatog oto Blender), to omoio
YPNOLOTOWONKE Y10 TNV KATATUNOT TOV TPIGOACTATOV HOVIEA®MY TOV TOiY®V, and To omoio
Jl@pioTNKOV EKOVIKG Ol LEUOVOUEVEG TETPES, KOOMG Kol Yo TIG Asttovpyieg Mnyavikng
MaOnongc- kot to Thaicto Django, to omoio ypnoomomOnKe yio Ty EvopynoTpmo dapdpmv
evotNT®V 10V 'Epyov: amd v eloaymyn tov vroloyiotik®@v guALev arnd to Blender ot Bdon
dedopéEVMV, £mG TN dNUIOVPYID POPUAOV EICAYMOYNG OESOUEVMV (OLETAPDV) Y10, TN YEPOKIVITY
counAnpwot touvg (Ewk. 1, Por| epyasiodv tov ‘Epyov).

TE&N0G, N SLOOIKTLOKT) OLETOPT] TOV EMTPENEL TNV VAL TNON YNPLOKOV TOPWV, 1| OO0
elval emi Tov TAPOVTOG TPOGPAGIUT LE OLOMIGTELTIPLA, EMLTPETEL LLOL GUVEPYOTIKT O10OTKOGTOL
vAomoinong dedopévav and tovg etaipovg Tov Ipoypdappatog W.A.L.(L) kot tpoetopudletan

Yo TN dNUOGLAL YPNOT TOV SLVOTOTHTOV VTOAOYIGHOV TNG PACNG dEdOUEVMV.



