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ABSTRACT:

During the modelling process, 3D models are natyeaesnceived to support changes over time. Onctivetrary, for the description
of cultural heritage, it is often necessary to @igpnot only the actual state of buildings but atheir previous states so to
understand their modification§he construction and structuring of spatio-tempanaldels of cultural heritage demand a double
conceptual effort: on one side, 3D models mustdoenstructed and structured in space accordingctotectural concepts; on the
other one, such elements should follow the critefitemporal decompositioror this reason, links between structured elements
should be established to keep track of changestower Moreover, only the current state can be mstracted in a rigorous way
using a combination of different 3D measuremenhnées (such as laser scanning and photogrammeitnythe contrary,
knowledge about past states is conditioned by ngssiements, whose morphology and dating can reveadrtain. For this reason,
this paper describes a methodological approach dkenuse of the existing iconographic corpus for d@nalysis and the 3D
management of building transformations. The aintoigestablish a relation between the iconographyl tee the hypothetical
reconstruction and the 3D representation that dipen it. As a result, 3D representations can led like visualization systems
capable of reflecting the amount of knowledge pozdustudying historic buildings.

transformations, this approach joins three maineespin a
complete workflow: the spatial and temporal refemeg of 2D

1. INTRODUCTION

The study of historic buildings can be based onadbléection
and analysis of the surveyed elements (if existingl on
iconographic sources such as photographs,
engravings, paintings or sketches. The whole ofveyad
elements and iconographic sources describing peatstssallow
historians and archaeologists to verify and vadidaheir
hypothesis on the construction techniques and eretiolution

of a building. On the basis of these kinds of dHiege aspects

should be taken into account. Firstly, due to migstlements
and uncertain sources, formulating assumptionsherigmporal
distribution of building states is a difficult tasiSecondly,
combining 3D reconstructions and traditional
documentation is today an efficient way to verifydadisplay
analysis and interpretation of historical sitesnafy, this
widespread approach has many limits if we consither
possibility of using computer graphics techniquesorder to
analyze, manage and display scientific contenttedldo the
building history.

For this reason, iconography can be used for diffeigoals.
Firstly, it offers geometric information on antarictates;
secondly, it can suggest the visual appearancebaflding at a
particular period; thirdly it can confirm the tentpb
distribution of shape transformations, and finaitypecomes a
visual support for the study of building transfotioas.

This paper describes a methodological approach dhatbe
applied to a wide range of complex buildings havimglergone
significant transformations over time. Laying oronography

iconographic sources, a temporal state distribyut@om the use
of spatial and temporal relations established betw@D

drawingssonography and 3D representation for the visualsing of

information.

2. OVERVIEW OF MODELING APPROACHESIN
CULTURAL HERITAGE

3D modelling can concern various temporal statessgnt and
past states. For this reason, in this section veinduish

2D modelling approaches according to the followinglga# the

reconstruction.

2.1 Representing present states

In the case of existing architectures, a large melwf published
studies describes the techniques adopted for beritsite
reconstruction.

Some approaches are based on the survey and thadiat
reconstruction of architectural elements by meafslaser
scanning (Sideris & Roussou 2002). Other approackesto
extract from points clouds significant profiles dséor the
following stage concerning the interactive recamsion of
shapes. However, as affirmed by (Remondino et &9 Mmoth
these methods can be constrained by the buildisgipo and
morphology that can limit the point acquisition.

for the analysis and the reconstruction of building

* Corresponding author. This is useful to knowdommunication with the appropriate person in caggsmore than one author.
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Image-based modeling and rendering techniquessa@ mnore
and more for 3D building reconstruction (P. E. Delieet al.
1996). Multi-images solutions are based on estaibigs
projective relations between a set of photographa single
scene in order to extract characteristic points tlog 3D
reconstruction workflow (Werner & Zisserman 2002HVet al.
2009). Single-image solutions make use of knowleégmed to
the geometric invariants of some primitives in orteestimate
the composition of elements in the photographede¢€aylor
et al. 1996). As various researches have demoedirétese
techniques can be combined in order to get the tesstlt
according to the level of detail needed for thedgtlAll these
techniques can be integrated to achieve the masiplete
realistic result (De Luca 2006; Remondino et al. 900

2.2 Representing past states

If the goal is to represent past architecturesgrotbchniques are
adopted for their reconstruction. In this case ttees level of
detail reduces, interpretation level increases.

Some flexible solutions are adopted for the 3D mnstwiction of
past states. These approaches are based on tlog@mometry
principles applied to old photographs, paintingshwtorrect
perspective and postcards (S.F. El-Hakim 2001)s Théthod
uses different constraints such as points, coorefinasurfaces
and topological constraints. In the case of pag#tirwith
pseudo-perspectives (S. F. El-Hakim et al. 2008} method
requires that part of the site still exist, so @steate an image
in correct perspective and to use it to reconstifuetentire site.
Other approaches basing on Constraint Satisfactiailé&m
allow old photographs to be order in time and aftiee
calibration stage, textures are automatically agplon 3D
models (Schindler et al. 2007). Also proceduralhods allow
past states to be reconstructed by means of gemeraesh
modelling that produces complex manifold surfacesmf
simpler ones (Haegler et al. 2009; Maim et al. 206hally,
some approaches use CAAD methods to reconstrucsizdss
by deduction and tend to distinguish hypotheticattg and
historical states displaying them by color codiiigdron et al.
2007), by transparency (Kensek et al. 2004), warae& or
broken lines (Strothotte et al. 1999).

3. FUNDAMENTAL PROBLEM

All the studies reviewed so far, however, suffemirthe fact
that geometry reconstruction of present and pastestare
currently treated as disjointed. Difficulties arisghen an
attempt is made to manage evolutions. Recent stddie$o

consider two fundamental issues: firstly, buildirng® undergo
transformations over time, and secondly, the retoason of
disappeared states lays on a more or less widensistency
level.

3.1 Building transformations and lifespan

Potential changes of buildings trough their existerare
abundant and various. In fact a building can unaleogth
physical transformations and qualitative ones.
transformations affect the entire building lifeayofbuildings
are built, destroyed, rebuilt, they can also bemdéd, attached
to other ones, or divided into several buildingsthers

transformations implynly certain parts of its morphology (so
modifications or irthe

they undergo minor geometrical
components can be displaced elsewhere). In additamntors
involving transformations can cause gradual and slbanges,
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or sudden ones. For instance, a demolition canfeakeninutes
or hours, a construction can take some monthsvarakeyears,
furthermore historical building deteriorations matake
centuries or millennia. So, temporal granularitieen vary
consistently.

3.2 lconography and inconsistency

In cultural heritage, information about artifactstiansmitted in
accidental way, by means of known sources and dsis.
Sources can be very heterogeneous in the typehargimality of
the provided information. The more we go back meti the
more sources are not sufficient to provide compmeive
information on morphology and lifecycle of buildsgThree
factors characterize informatigorovided by the iconographic
corpus. Firstly, thesource qualitydepends on its state of
preservation, on the representation tools and empthpose of
the description. Sometimes sources provide justghou
information on building shapes and proportions; stmes
they offer more metric information. Secondly, thensistency
leveldepends on the reliability of information commuated by
sources, and it bases on the comparison with atharces.
Finally, the objectivity level is linked to the source author,
because he often transfers graphically his viewpadatording
to his life context, and sometimes he represemthitactures
according to projects not yet realized or complefesigraphic
sources are very heterogeneous, interpretationlgimsb can
concern spatial information (shape and positiorg samporal
one (construction and demolition periods, or difftcycle).
Assumptions are a particular case of uncertaintyrjmetation
applied to architecture. Particularly, historiansnda
archaeologists base on different ways of reasotarfgrmulate
their hypotheses: the deduction and the analogyesso

4. THEICONOGRAPHY-BASED APPROACH

The goal of this study is to establish a relati@iween the
iconography used for the reconstruction of hisairgtates and
the 3D representation depending on it. As a cormsmpj this
research describes the iconography-based modetomess of
historical states and the 3D model structuring atiog to the
temporal point of view. The complete methodologaproach
is based on the analysis of the existing iconogtaptrpus and
the management of building transformations. It comeé
different techniques of surveying, modeling, remutgrand
structuring into a complete workflow (see Figurestiinmarized
as follow:

1. 3D surveying of the current state of the building;

2. 3D modelling of the current state and structurifig o

the model according to a specific point of view;

3. Spatial referencing of iconography;

4. Temporal referencing of iconography;

5. Image-based reconstruction of prior states starting

from iconography;

6. Specification of temporal

reconstruction stage and temporal

transformation event;

attributes during the
distribution  of

Visual enrichment of the reconstructed geometry by
texture extraction and projection starting from
iconography;

8. Exporting geometry and attributes for web
applications;

9. Creation of a visual browsing for space-time queries
and for event distribution in time.
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Terrestrial /aerial
photographs

Parallel/convergent
images, calibration

Laser scanner

Point cloud

‘ extraction of relevant information

1

Parametrical model
Poliedrical model
! Automatic meshing

space/time referencing ceitarative bicasss
of iconography Eaie e B ol SR R
Attributes
geometric modeling of geometric structuring
past states

modeling operations

temporal transformation,
|(adding, modyfing, deleting) Lt

uncertainty attributes

Appearance |evel

Texturing

¢ exporting stage
Visual browsing

spatial searches, temporal
searches, uncertainty
display, state comparison

Figure 1. Pipeline for the iconography-based aagno

The presented functions are included in the NUBESfqim,
developed at the MAP Laboratory. In particular, thedelling
process is achieve with NUBES Forma, a 3D recontbmuc
tool based on point clouds and photogrammetry, [dpeel as a
Maya Plug-in in MEL (Maya Embedded Language) and .Gt++
is displayed in NUBES Visum, a 3D Web Informationst&yn
at the architectural scale, developed in PHP/MySaid
Virtools DEV.

Figure 2. Ancient photographs describing evolutibéirophée
des Alpes in the early 3entury.
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As this approach is wide, only some steps will bailed in the
next paragraphs. To simplify the comprehension, explain
this methodology describing an historical site whbfecycle is
particularly reach of transformations and for whigh dispose
of several sources: thegophée des Alpeat la Turbie. Changes
undergone by this site (can be known by means sibh¢
photographs of the twentieth century and older &viggs
concerning the transformation of the roman monunietat a
fortress. Furthermore, Formigé’s drawing suppobesariginal
shape of the Augustan monument at the first cenBy(see
Figure 2).

4.1 3D modelling of the current state

Our method starts with the elaboration of an adeus® model
of the building current state (see Figure 3). Tkisp, not
detailed in this paper, is based on a hybrid adipis(3D laser
scanning and photogrammetry), and is followed by
reconstruction approach already described in (Dealet al.
2006). This 3D model makes up the general supportte
following operations of space-time iconography refieing like
for the semantic structuring step. In order to ngenahe
temporal structuring, this 3D model was producedtdking
into account requirements of structure disassemlglitock per
block). The 3D model is structured by means of éssions of
concepts expressed through graph description. Thatias
reference of morphological features is based onnie¢hod
described in detail in (De Luca 2006). Basing on thesen
point of view, procedures allow creating groupsgoups and
entities.

Figure 3. 3D model of the building current stdaberated
mixing laser scanning and photogrammetry techniques

4.2 Spatial referencing of sources

This method establishes a projective relation betwe
iconography and the 3D model of the building currsate by
means of a spatial resection procedure.

4.2.1 Perspective projection. In the case of photographs, a
set of correspondences established between theogrhph
(2D) and the current state model (3D) are necessary
determine the camera geometrical model associatedhe
photograph (Hartley & Zisserman 2004). It usesftizal length
and distortion (intrinsic parameters) and the tatien and
orientation (extrinsic parameters) related to theorgetrical
model of the image.
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A detailed description of this approach has alredmben

presented in (De Luca et al. 2010). The spatiaatésn of old

photographs poses various problems. Firstly, thek laf

information relating the camera used at the shgdtme can be
important. Secondly, the image format can have weto
precision degree in the case of images that haee bwdified

or trimmed. In this case, intrinsic parameters negtion

becomes the most difficult task. For the estimatibthe spatial
resection we use a versatile camera calibratioaridtgn (Tsai

1986) needing at least 11 2D/3D correspondencels thi¢

intent of providing intrinsic and extrinsic paramet of the
camera. In order to obtain a better parameter attm

characteristic points are accurately selected salistribute

homogeneously the 2D/3D correspondences: they dhbel
chosen on the image maximal extension and deptierahthe
3D scene. For this experience, six old photograyitts global

errors (average of re-projection errors) includetiveen 6 and
25 pixels have been superposed (see Figure 4).

422 Other projections. Sources can follow other projection
rules. Actually a work is in progress in order mbeigrate other
kinds of sources into the system. In the case @hagraphy
with cylindrical projection, 3 correspondences 2D/3Zare
sufficient to determine the scale of the iconograptource in
the 3D work space and to determine the projectafarence
plane. Once the plane is defined, it can be shHdha the
projection straight. As for iconography in perspezt
projection, in order to reduce the corresponderrcer,eit is
better to choose 2D/3D coordinates on the imageimadx
extension. In the case of
axonometries, a manual method is adopted. It cnsis
referencing manually the image basing on the exjstiements,
than to adapt the image plane position, orientatiod scale
according to the elements to be modelled.

For all these cases, sometimes there can be mogibal
incoherencies between building past states (2Dogmphy)
and the surveyed state (3D model). That introduasous
problems in the 2D/3D correspondences selectiop. stée
solution consists in leading this step using thmaoudified parts
of the building.

4.3 Temporal referencing of sources

If the information level is consistent, iconograpsiyould be
referenced in time, too. A procedure allows ther useattach
temporal attributes, including the snapshot timd #re state
described by the snapshot. Each state represgetsoal which
artifact does not undergo changes in, it is
characterized by starting and ending dates. Attegbuare
attached through Mel scripts of typddAttrandsetAttr

4.4 3D modelling and structuring of past states

The construction of a geometric model of past stadased on
the comparison between two historical states reptes by the
iconography (2D) of the past state and the 3D ssmiation (of
the current or past state already modeled). Inraxstructure
the model, several tools detailed below have bestomized.
Three modeling operations permit to restitute thengetry of
architectural entities according to the temporatribution of
transformation events: adding, modifying and detgtiSurface
creation allows automatically temporal and transftion
attributes to be generated.

pseudo-perspectives/pseud

theesfo

state or in other past ones. Geometry is created by

inserting geometric primitives.

¢ Modifying Identifying of the 3D geometric entities
already created in another state (by comparisod) an
splitting, joining or deforming geometrical entgtie
according to the visual appearance in the analyzed
source.

« Deleting Hiding entities not existing in the analyzed
temporal state.

Figure 4. Spatial referencing of historic photostioe 3D
model of the building current state.

441 Modeing principles: for the position and orientation
of created, modified or deleted entities the imbgsed-
modeling capabilities are used: entities are cdlietidoy means
of the perspective projection rules on the imageec8ically,
the spatial resection of the photographs generatesrking
environment which permits to retrieve geometricdbimation
from the current state 3D model, laying on coortiea
straights, reference planes, etc. In order to takeeaccount the
information lack due to the absence of historiaaitemporary
images or to the geometric inconsistencies betveenstates,
different interactive modeling solutions were exphb using the
intersection principle: the intersection nfo projection lines
corresponding to homologous points selected on itmages
(both of them related to the same temporal stateodifferent
ones); the intersection between the projection dihe selected
point on the image and asxis of the 3D scendinally the
intersection between the projection line of a gekkgoint on
the image and &eference plangreviously defined in the 3D

« Creating 3D modeling of entities existing in the SCene.
analyzed temporal state but missing in the current
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The characteristic points extracted from the shapesused in
order to position, handle and deform geometric tiesti
Different interactive modeling techniques are uspdmitive
adjusting, face extrusion, meshing, etc. When géacne
information about shapes is missing or uncertatandard
geometric properties of architectural shapes -parallelism,
orthogonally, symmetry, etc. - are taken into actou

4.4.2
referenced, it becomes the guide for time struaturfemporal
referencing is based on the comparison betweedEhenodel
and the analyzed source. Referencing can be manual
automatic. In this last case, the referencing basesme slots
data already assigned to the source. If the proeeds
performed automatically, such attributes are attddio entities
starting from the operations of creation, divisiamion and
destruction. They identify each state and refethobeginning
and end of the construction and demolition periotis:ough
them, creation, existence and demolition intercals be easily
deducted. A procedure allows temporal attributdsetapdated,
too. Even if reconstruction should not follow a dfie
temporal order, temporal referencing is easiend tonsecutive
states (in chronological or anti-chronological ajdeare
analyzed. To save the history of each morphologiainent,
the kind of relations composing building lifecyctbould be
declared. These attributes describe the history
transformations (simple morphological variationasfifacts or
more complex ones such as division, union or recoctson).
An automatic procedure stores the kind of change, time
period concerning a specific change, entities amdums
involved before and after a transformation and ey created
group. Attributes describe the basic cases of ioreatlivision,
union, destruction, reconstruction and degradattmst, other
kinds of transformation can be inserted by the.user

Figure 5. Modifying tool: split operation of thetaal state of
the colonnade according to entities visible infghevious state.

4.5 Reliability level

If sources are heterogeneous and imprecise, tresedpne 3D
model needs to be qualified according to its rdligb In
particular, some tools are customized to take iatsount
several factors. The first concerns thesconstruction
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Structuring principle. Once the source is space-time

classificationand describes the hypothetical or certain level of
the 3D model. The second one is tiype of uncertaintyit
concerns the spatial level (entity presence/absencéahe
iconography, source quality, geometric resolutienel, and
certainty of reasoning) and the temporal level fteral
information provided by iconography, granularity d¢fme
intervals, certainty of reasoning). The last ondinds the
adoptednterpretation procesganalogy, deduction or mixed).

4.6 Verification tool

o

Structuring the model according to time stratificas can result
more or less complex according to the number destand
transformations. Thus, a constant control of theicsiiring
should be taken into account in order to optimize time of
work and revision. In order to do that, various ipatation,
verification and modification tools have been idinoed in the
interface. These tools will not be detailed in tpiaper: for
further readings, see (Stefani 2006).

4.6.1 State diagrams. as entities are described by temporal
attributes, a Mel procedure enables to displayestiagrams
describing the lifespan of each geometric entitthef3D scene.
They represent the existence states and displaydaies of

ocreation, of demolition, and the duration. Thesgdims can be

used as a complement to the 3D environment: intfectuser
can modify temporal attributes interactively andilgain the
interface by reducing or expanding diagrams, soifyiod the
time values stored in the geometry table.

4.6.2 State visualization: if temporal data are linked to the
3D model, the objects of the scene are automaticaférenced
in time (settingkey framep By means of a timeline, it is
possible to display states in chronological or ahtionological
order, to freeze temporarily the animation, to stmvaccelerate
it, or still to move forward or backward the tinredi cursor step
by step.

4.6.3 State manipulation: in order to verify the structure and
the model, the interface allows on one side thenfdation of
temporal queries (by dates or periods) to seleshehts of the
3D scene, and on the other side, multiple visuatina of 3D
entities (according to affected attributes) to usthnd and
verify the structuring before the validation of tinedel.

t RAR@KE. .. &<

i

jZDUL Eihes

== [HiH

- W i 9BRBET Lak

Figure 6. User interface displaying state diagtaimseline and
window attributes.
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4.7 Visual enrichment

At this step the reconstructed geometry can beallisenriched

by texture extraction and projection starting framnography.

For instance, in the case of perspective projestitimee camera
image plane is projected on the 3D model and thre gfathe

image corresponding to the reconstructed geomstigoiated.

Geometry can be enriched by textures extractednleyon more
images. As iconography concerning past statestigimendant,
usually textures are extracted starting by a simgége.

4.8 Attributesand representation storage

Once the 3D model is structured according to timmgpmatic
procedures ensure the export of the geometricientdnd the
affected attributes. 3D representations are exgoirie.NMO
format through conversion
certainty, and transformation attributes are stomeda .txt
format file by means ofopen/fprintprocedures. By means of
this file, attributes can be imported into a MyS@lational
database for web-based applications (De Luca 208l7).

5. VISUAL BROWSING

In the domain of architectural heritage, geometsy not
sufficient to understand historical site transfotiores. The 3D
scene remains the main visualization and compréterisol,
but other visualization supports (Tufte 2001) aeeded to
understand relations among artifacts and to maaipul
geometries. Our approach aims at analyzing theabtlevance
of processed spatial and temporal data. With thretaibuild a
visual interface for understanding spatio-tempobalilding
transformations, we are working on the developnoért visual
browsing system that connects iconography sourcéset 3D-
model by means of a temporal graphic notation argpatial
search engine.

Our web system (actually in development) is base dhree-
part architecture:

1- real-time geometry manipulatiom 3D scene developed in
Virtools DEV allows the download, display and maration
of different restitutions;

2- building transformation visualizationa SVG interface
allows the reading of historical transformations fgans of
server-side dynamic graphs generated with PHP c8QLy

3- online consultationa PHP page allows the user to select

projects, temporal states, assumptions, and tdagis data.

Data is organized in a MySQL developed relatioratiabdase,
containing information regarding geometric entitjsgatial and
temporal information and certainty degree).

In order to understand cultural heritage, the regm&ation
system needs to go beyond simple geometric rastitutt is

necessary to take into account different visuautsmhs to

understand and compare data. The qualitativédoates linked
to geometrical entities during the modeling stage wsed as
entries for a dynamic representation system based
Information Visualization techniques (Stefani et2010). The
system focuses mainly on the following kinds oétiens.

5.1 Spatial relations
Our search engine for iconography retrieval is dase the

concept that 3D model allows for the access torméion
about a building using its morphology as interfébeidek &

Blaise 2003). Spatial referencing is used like a tagstablish
relations between 3D and 2D information (Busayatai@le
2008). Two main queries are possible: the entigedaand
viewpoint-based iconography searching.

5.1.1 Entity-based query: this search allows finding the
whole of iconographic sources related to a 3D enhy
visualizing (with relative precision) the place wiét was, or
where it should have been, or where it could hasenb(see
Figure 7). It uses a ray intersection method t@meihe which
images are oriented to which object. The systents tédse
intersection between the camera frustum of stoneahées and
the geometry of a selected entity (taking occlusidnto
account).

5.1.2 View-point based iconography query: it determines

methods. Spatial, temporaiconography close to the current position and daton of a

navigation camera in the 3D scene by intersectihg t
spatialized iconography frustums and the obsematamera
ones. Three parameters are used in order to fileeresults of
the intersection process: firstly, the distanceween the
navigation camera and the position of each optumhter
concerning iconographic sources; secondly, theeabgtween
the orientation of the navigation camera and thentation of
each iconographic source; finally, the distancewben the
current temporal state (displayed in the 3D scem®) the
temporal state concerning the founded iconography.

Figure 7. Spatial queries:
entity-based searching of iconographic sources

o

5.2 Temporal relations

The visual browser displays states and relatiomsd®n them.
The following tasks are possible.
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521 Transformation display: transformations are
represented by means of historic graphs allowirgdikplay of
evolutions and mutual relations among buildingsotighout
time (see Figure 8 and Figure 9). For all the pfes of a
building, each graph retains the transformation tohys
including complex transformations such as unioriséin and
reconstruction. Each graph represents the link &stwthe 3D
scene and transformations, and interacts with gagnte
display transformations both on the scene and éngtaphic
notation. Moreover, the representation scale oplggacan be
adjusted: transformations are displayed at diffessale levels
according to the dimension of the selected timéopein this
way, some small transformations which are not lésibn a
great scale become visible on a smaller one. Themghs are
generated dynamically. For each building elememtlgorithm
firstly orders dates, and secondly, according toe th
transformation affected to each date, it assigmsesgraphical
symbols (circles, smoothed rectangles, arrows,) eto. to
compose the temporal notation.

creation O — I
degradation Dae et Dae |
demolition NN -C
-
nion _\,\/ - division -0 :-
1 (-
. W
reconstruction [l -O - -1l reaffectation pr— ,:-
|

modification [l O -
displacement [ -O -

Figure 8. Temporal notation for the descriptiorbofiding
transformations.

5.2.2 Ancientness display: colour coding can be useful to
better distinguish building components having dédfe
temporalities. Colour tones can be adopted accotdiniye site
context: for instance, if dates are too close te amother,
visualization by colours not proportional to datedl offer a
more useful result than a proportional visualizatiBigure 9).

states by colors
delete project frof
camera selection
object selection
compare
show/hide

hypothesis

Figure 9. Ancientness display by means of coloeson
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5.3 Uncertainty

Hypothesis is distinguished by certain artefactsnigans of
variation of the shading property of the entitibgure 10). The
diffuse colour parameter is set according to 4 gaiage levels
corresponding to: existing elements modelled byvesur
techniques; entities belonging to past states rnexieby
modifyingoperators; entities created in past states by snein
adding operators; missing entities modelled inferringpdsaby
analogy and deduction techniques.

temporal state actual state

Figure 10. Uncertainty visual coding for the hypaitbal
representation of a temporal state

6. CONCLUDING REMARKS

This research has proposed a complete workflongiatang
different tasks in order to model and visualizehéectural
sites. The spatio-temporal analysis of buildingpassible by
means of an extensive use of iconography. Desfit¢he®
heterogeneity of sources and the difficulty of trega digital
mock-up covering the lifecycle of buildings in auwial heritage,
a privileged link between spatial and temporal iinfation has
been established, by choosing a semantic strugt@geording
to the point of view of the study. Moreover, presand past
states of the site have been connected in ordéolitow the
history of transformations.

The current work has underlined deeper reflectighat
constitute a limit of this approach and pose th&sor future
researches. Firstly, when experts analyze historgites,
sometimes additional kind of queries can be need@his can
imply the necessity to change the spatial granyladowever,
in the current investigation, the spatial struetgris difficult to
modify because of the large amount of spatial daieed in the
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database. Secondly, results have shown that the@&del can
be the common factor linking heterogeneous sourkesially
we are working on image semantics in order to agt®on one
hand a set of semantic layers to iconographic ssuand, on
the other hand, to qualify the enriched model \ittther visual
information concerning its textures.
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