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ABSTRACT

Thefragmentarynatureofpotteryisconsideredacommonplace.Conservatorsarerequestedtoapply
aproperrestorationsolutionbytakingunderconsiderationawiderangeofmorphologicalfeatures
andphysicochemicalpropertiesthatderivefromtheartefactitself.Inthiswork,theauthorsdiscuss
onalow-costpottery-orientedrestorationpipelinethatisbasedontheexploitationoftechnologies
suchas3Ddigitisation,dataanalysis,processingandprinting.Thepipelineuseslow-costcommercial
andopensourcesoftware toolsandon theauthors’previouslypublished3Dposenormalisation
algorithmthatwasinitiallydesignedfor3Dvesselshapematching.Theauthorsobjectivelyevaluate
thepipelinebyapplyingitontwoancientGreekvesselsoftheHellenisticperiod.Theauthorsdescribe
indetailtheinvolvedproceduressuchasthephotogrammetric3Ddigitisation,the3Ddataanalysis
andprocessing,the3Dprintingproceduresandthesyntheticshredspostprocessing.Theyquantify
thepipeline’sapplicabilityandefficiencyintermsofcost,knowledgeoverheadandotheraspects
relatedtorestorationtasks.
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InTRoDuCTIon

Restorationsciencereliesonawiderangeofmethodsandprinciplestoprovidemechanismsthat
retainartefactsascloseaspossibletoitsoriginalcondition.Theprovidedmechanismsaregoverned
byethicalguidelinesrelatedtominimalinterventions,useofappropriatematerialsandcomplete
documentationofthefollowedprocedures.AccordingtoPetzet(2004),conservatorsarechallenged
toprovideanequilibriumbetweenvalidrestorationsolutionsandtheirapparenttracesonanartefact.
The completionof fragmentary artefactsby closinggaps, that inmost cases areof abstract and
complexshape, isconsideredarestorationchallenge.Nowadays,digital technologiessuchas3D
digitisation,3Dshapedataanalysisand3Dprintingattempttodifferentiatethewaysconservators
workbyintroducingnoveltoolsformeasuring,analysingandrestoringfragmentaryartefactsusing
bothvirtualandtangibleapproaches.Althoughtheyarestillevolvingtechnologies,theyarecapable
todelivertherequired,bymanyrestorationprojects,precision.Forexample,3Ddigitisationresults
inaccuratedigitalreplicasoffragmentaryartefactsthatcarrymorphologicalinformationthatisvital
fortheirrestoration.Through3Dshapeanalysisofsucha3Ddigitalreplicaonecan1)createthe
digitalrepresentationsofthemissingshredsthatcanbe3Dprintedtofillthegapsofthefragmentary
artefact,2)producemissingshredscaststobeusedwithothercompatiblematerialsand3)extract
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knowledgerelatedtothestudyofpossiblestaticstrainsandstressappliedoncriticalpointsonthe
gapsoronthesyntheticshreds(Balletti,Ballarin,&Guerra,2017).

Inthiswork,wepresentalow-costrestorationpipelineforassistingfragmentaryvesselsmainbody
completion.Thepipelineisbasedontheexploitationofphotogrammetric3DdigitisationStructure
fromMotion/MultiviewDenseStereovision(SFM/MVS),3Ddataprocessingand3Dprinting.We
focusontherestorationoffragmentarypotterythatareconsideredthemostcommonexcavation
findingsand theyplayanessential role inproviding informationforvariousaspectsof life (e.g.
private,public,religion,death,economy,society,trade,etc.)(Tsiafaki,Koutsoudis,Arnaoutoglou,&
Michailidou,2016).WehaveselectedtwofragmentedancientGreekvesselsoftheHellenisticperiod
foundinAthens’metroexcavationthatisperformedalongtheconstructionworksofextendingthe
thirdlineofPiraeus,Greece.

Therestofthepaperisorganisedasfollows.InSection2,wereferencerelatedworksthatpresent
casestudiesofapplying3Ddigitisationandprintingtechnologiesforvariousapplicationsderived
from the cultural heritage domain. In Section 3, we present the proposed pipeline by providing
implementationdetailsrelatedtoourcasestudyvessels.Wediscussandevaluatetheapplication
ofthepipelineinrelationtoaspectsandchallengesderivedfromaconservator’spointofview.We
concludeinSection4byoutliningtheimportantfindingsoftheapplicationoftheproposedpipeline
whilediscussingonitsimpactonpotteryrestoration.

ReLATeD woRK

Recentadvancesinimage-based3Ddigitisationincombinationwithmodernlow-cost3Dprinting
technologies such as Fused Deposition Modelling (FDM) compose a powerful set of digital
technologiesthatmayaddressspecificneedsofculturalheritagepractitionersincludingconservators.
Thecombinationofthesetwotechnologies(3Ddigitisationand3Dprinting)canbeconsideredasa
mediumtotransferpartsfromananalogtoadigitalworldandviceversa.Severalpublishedresearch
worksthatdescribetheusethesetechnologicalcombinationstocompletevariousconservationtasks,
arelistedbelow.

Turunen(2016)discussedontheideaofexploiting3Dprintinginproducinglow-costreplacements
forobtaininganimpressionoftheoriginallydestroyedhistoricaldecorationparts(cherubs)foundin
CastellodiSanMartinodall’Argine(Mantova,Italy).Meijersetal.(2015)presentedtherestoration
ofanantiqueRomanmaskbasedonstructured-light3Ddigitisationandahigh-costpowder-bed
based3Dprinterbyexploitingmirroringdepictionpropertiesofamask.Inorderfortheconservator
tofittheprintedpartinthemask’sgap,hemanuallyremovedpartsofthe3Dprintedmissingpart.
GreeneandAjareassembledafragmentaryceramiclionbyinitiallyformingasemi-complete3D
model based on digital replicas of its fragments (https://news.harvard.edu/gazette/story/2012/12/
an-ancient-statue-re-created/).ThenbycarvingfoamusingaCNCtheyproducedapproximations
ofthemissingpieces.Iaccarinoetal.(2017)reassembledelementsoflimestonefunerarybustsby
mirroring3Ddigitisedpartsoftheartefactsthatwerelater3Dprintedandattachedtotheoriginals
usingmagnets.Idelsonetal.(2017)exploited3Dmillingtechnologiestoproduceexhibitionstands
for fragmented artefacts. Arbace et al. (2012) presented the use of 3D printing technology for
creatingsupportstructuresthatholdthevariousparts(headandbust)ofafragmentedterracotastatue
(PietranicoMadonna).Barreauetal.(2014)used3Dprintingtocreateanexhibitionstandthatwas
usedtoholdthescatteredfragmentsofvessels.Bigliardietal.(n.d.)exploited3Ddigitisationand
printingtechnologiestoperformrestorationworksinaroomofthePlazzoDucaleofMantuawhich
wasdecoratedwithheavilyfragmentedcrownmoulding.Furthermore,Ciminoetal.(n.d.)evaluated
awiderangeof3Dprinterfilamenttypestobeemployedforconservationtreatments.Ballarinet
al.(n.d.),evaluatedthemetriccharacteristicsof3Dprintedmodelsinrelationtotheoriginaldatato
quantifytheprocessthatleadstophysicalrepresentations.
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