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Figure1: The4D interactivepresentation,with timeslider, in theDemotrideviewer.

1 Intr oduction

Virtual time travel transformingtheexisting remainsof a heritage
site to its original condition hasvalue for educationand cultural
understanding.However, digitally reconstructingobjectswhich no
longerexist is achallenge.Interactionandnavigationwithin virtual
4D worlds (addingtime to 3D worlds) is alsoproblematicdueto
impreciseunderstandingof the time dimension.In this projectwe
developedanapproachto 3D modelingof sitesthathaveundergone
changesover the years. The methodcreatesindependentmodels
from differenttypesof data,suchasfrescoes,paintings,drawings,
old photos,historicdocuments,anddigitizedremains.Themodels
are assembledand integrated for a 4D interactive presentation.
Several researchissueshave beenaddressed:(1) Modeling from
frescoesand drawings with incorrect perspective, (2) modeling
from paintingsandold photosincluding�ne geometricdetailsfrom
shading(3) coloringmodelsfrom old photosanddrawingsto match
existing elements,(4) creationof modelsby seamlessandaccurate
integrationof dataobtainedfrom independentsources,and(5) the
creationof intuitive interactive presentationsthat link the models
with othermultimediacomponentsandinformationrelatedto the
history of the site. We will describecontributionsto theseissues,
including our own advancedmodel viewer [Dem ], and apply
themto modelingheritagesitessuchasVenicewhich appearedin
paintingsby Canaletto,BernardoBellotto, andFrancescoGuardi,
andmany 19thcenturyphotos.Canalettospaintingshavebeenused
to measurethesubsidenceof Venice[Camuffo andSturaro2003].

2 Appr oach

Techniquesto createmodels from frescoes,paintings, and old
photoshave beendeveloped. For old frescoesor paintingswith
incorrectperspective, the methodrequiresthat part of the object
or site still exists, for example, its foundationor archaeological
remains. We usemeasurementsfrom thoseremainsto resample
the sourcematerial,createan imagewith correctperspective, and
usethis to reconstructthe site. For Renaissancepaintings,which
have correct perspective, and old photos, we use our �e xible
approachfor 3D constructionfrom singleimages[El-Hakim 2001].
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The approachappliesseveral constraints:coordinateconstraints,
surface constraints,and topological constraintsin two steps: a
calibrationstepand a reconstructionstep. The solution is based
onPhotogrammetricprinciples.

It is challengingto develop effective tools for visualizing virtual
sitesin 4 dimensions,for useby expertsandnon-experts. There
is no standardapproachfor interactingwith the time dimension,
especiallywith modelsof sitesthathave changedover time. Many
approacheshave beentried, however the outcomeis usuallyonly
a pre-renderedmovie, which bypassesthe interactivity problems.
We developedthe Demotrideviewer, which works with content
basedon VRML and X3D. Speci�cally, Demotride's supportof
time sensorsallows animationof time and interactionwith the
4D models. Onefeaturethat distinguishesDemotridefrom other
viewers is its ability to provide what we call controlled inter-
action, where the user is bound to respectthe visualizationand
interaction parametersspeci�ed by the content developer. For
example,Demotridesupportsuniquefeaturesthat permit control
of the walkthroughparameters(orientationspeedand interaction
technique)whennavigatingin thevirtual scene.

The approachhas beenapplied to Venice sites, such as Piazza
SanMarco and the Arsenale(�gure 1), and other cities in Italy
(Florence,Padua,Trento)andCanada.Sincewe arestill re�ning
the procedure,future work includescomprehensive evaluationof
the interactive presentationalternatives,at variouscon�gurations,
by severalgroupsof users.Both experiencedandnon-experienced
userswill be drawn upon. Furtherwork involves designingand
implementinganimmersivesystem.
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