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Abstract

Virtual Leodiumis an interdisciplinary project aiming to develmp archaeological information system based onysscitle model. This
paper addresses the workflow of the project. Wegnethe current prototype of the Archaeologic&rimation System and the new urban

archaeological model under development.
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1 Introduction

Since 1907, the University of Liége houses, amdagArt
Collection, a scale model representing the cityiéfjk in the
1730s (see Figure 1).
preservation conditions, the access to this mdstmphas
long been restricted. In 2009, thértual LeodiumProject

[1,2] set up to promote access to a larger publit @ssuring 2.1

the conservation of the scale model. A 3D scarhefdcale
model was the starting point of the interdisciplingroject
gathering competence of geomatics, archaeologyphpgsics.

2 Workflow of the Virtual Leodium project

The main objective of this project is to gathertdrigal
information from several sources and to combinentlre an

Due to the conservation angtban archaeological information system

Archaeological input data

The scale model, entitldda noble Cité de Liege en 1730as
completed in 1911. Its author Gustave Ruhl, a stutheyer

The main aim of the project is to develop an urba@nd a passionate amateur of archaeology, took thareten

archaeological information system. The developmangn
archaeological information system responds to ticeeasing
demands from archaeologists and historians forveeffal set
of tools to manage, archive and explore large aalogical
data sets in order to yield new elements, whicHccoespond
to archaeological problems [3].

years to realize this masterpiece of Art. After désth, nearly

all his numerous scale models, as well as a callecf more
than 600 documents including notes, plans, sketches
drawings, and photographs, joined the Art Collectidrthe
University of Liege [4]. In this project, the scafeodel is
considered as an archaeological data by itselfedisas all the
related documents provided by Ruhl and other doctsmen
connected to the city structure in the X\dentury.

Figure 1: Photography of Gustave Ruhl's scale model

representing the City of Liege around 1730.
” I8 3
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2.2 3Ddata

The scale model has been scanned using an optsgdtion
technique producing a 3D point cloud. The cloud hasen
transformed into surfaces with the 3D softw&eomagic
Studid. Based on this, the reconstruction of the 3D dhjes
performed with the 3D graphics softwakaya using the
digital surface model and pictures of every buiidfiace of
the scale model (see Figure 2). The images haveeetfied

t Geomagic, Geomagic Studio, 3D software,

http://www.geomagic.com/en/products/studio/overviewlarch 27,
2013

2 Autodesk, Autodesk Maya, 3D software,
http://www.autodesk.com/products/autodesk-mayaxoees, March
27,2013
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by Photoshop and used as draping textures. Currently, abostemantic view, its geometric 3D representation viig

20% of the entire model has been modelled in 3D.

Figure 2: Snapshot of the 3D reconstructioMiaya This
subset of the 3D model shows the textured buildioglelled
from the 3D point cloud.

2.3

Our research is situated at the city level. To knowledge,
there is no standard information system
archaeological data in an urban context. The devedmt of
the archaeological data model has been based on
examination of the Ruhl’s collection. The archeotagjimodel
has been coupled to the Oty model standard CityGML
[5], chosen mainly for interoperability purposeshas been
used to develop the prototype (2.4) and is desdrilme
previous papers [1, 2].

Archaeological information model

2.4  Archaeological Information System prototype

The prototype is developed ifava and relies onArcGIS
Engine10[11] which provides database capabilities as asl|
3D visualization tools via the\rcScene APl Spatial and
sematic data are stored in ArcGIS Geodatabserhe UML
data model has been mapped into this relationabdate. The
virtual information system is based on a clientrser
architecture.

The client interface is divided in two parts (sdgufe 3).
The first one allows the user to visualize and gaté in a 3D
virtual world. The second one allows the user towse the
large collection of semantic information. It shovike
historical sources themselves and any specificrindbion
about the building, like its function or the arelits name.
Both parts are synchronized. Selecting a buildinghim 3D
scene will display its semantic information andvising the
semantic information will highlight the relevant 3fements
in the scene. Also, by selecting a specific versionthe

3 Adobe System, Adobe Photoshop, graphics editinggram,
http://www.adobe.com/en/products/photoshop.htmirdd&7, 2013

4 Open Geospatial Consortium
http://www.opengeospatial.org, March 27, 2013

5 Oracle, Java, programming language, http://wwwajeem,
March 27, 2013

® Esri, ArcGIS Engine, collection of GIS componeartsl developer
resources, http://www.esri.com/software/arcgis/eemngine, March
27,2013

to manag

(OGC),

displayed and immersed in the 3D scene.

Multiple 3D versions of the same building elemen¢ a
supported in the data model. This allows the hagdibf
ambiguity or incompleteness (see Figure 4). Arcloagsts
can mix different versions from multiple historical
representations of a same building. This producew n
original 3D scenes based on decisions motivatedthay
historical documents which are archived in theeyst

Figure 3: Snapshot of the current version of Yigual
Leodiumprototype.

the
Figure 4: Remacle Le Loup’s version of a buildinga@de is
displayed in place of Ruhl's version.

3 Improvement of the archaeological data
model

After the realization of the prototype, it has beakmtided to
develop a new data model more archaeologically rednt
rather than geographically centred.

31

In archaeology, three different types of sources wsually
considered: iconographic sources, written sourcesl a
archaeological remains [6]. Archaeological inforimat is
characterized by its spatiality, temporality andltrmodality
as well as by its inherent imperfection [7]. De RuU8%
distinguishes four different (but non-exhaustivgpets of
imperfection of the archaeological data, namelye th

Particularity of the ar chaeological data
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uncertainty, the imprecision, the ambiguity and th
incompleteness. For Rodier [9], the archaeologidg¢a is
defined by its spatiality, its temporality andfiteiction. These
three components are not specific to archaeologib@cts.
Indeed, they are used to describe the objectsdafyte urban
data models like CityGML. CityGML defines the buildin
object by the tisagé (functional component), the date of

creation and destructidn (temporal component) andthe

érhe “Sourcé stores all historical documents which may have
multiple and sometimes contradictory interpretatioifhe
implemented system manages iconographic and written
sources. A source can describe thiistorical Object itself

or inform about a modification owing to its relatido the
“Modification Everit

The “City Object and its subtypes are taken from CityGML.
Each “City Object” inherits from the clasHlistorical Object

geometry (spatial component). However, CityGML does notand becomes itself an historical object. Ti®urcé could

fully cover the needs
imperfection as defined above is not supported evbiéing
crucial for modeling archaeological objects. MoreQv
CityGML does not support complex building modificats or
fuzzy data sets. It is not suitable for studyingaur dynamics
in a long term.

3.2

We are currently developing a new model to encompas
complexity of the archaeological information (sdgufe 5).
One characteristic of this new model is the poBsibto
manage the dynamics of the archaeological objeith the
notion of “Modification Event [10, 11, 12]. Event-based
modeling allows keeping the tracks of the evolui@f an

New model proposition

expressed by archaeologistbe related to a building, a building element orraug of

buildings (‘City Object Group), in order to document the
proper object.

The geometry comes from the CityGML, thduilding
Element, the “Plan Covet, “Solidary Vegetatichand “Land
Us€ are directly link to their respective geometrg.drder to
ensure the readability, these relations are hidethe UML
model (figure 5).

4  Perspectives

In the long term th&irtual Leodiumproject aims to develop
an archaeological information system dedicated tbam
archaeology. Although the proposed data model ilk ist

archaeological object. Thus each modification ore thdevelopment, we identified several modelling wassviting

“Historical Object is recorded.

The identity of the archaeological object is based the
definition proposed by Rodier which includes necelysthe
temporal, functional and spatial entity [6, 13].dantrast to
Rodier, who does not handle the imperfect nature
archaeological data [7], our model has been deeelop
order to integrate and partly manage the imperfe
archaeological data. To manage the incompletenégbeo
object the presence of the three entities has beade
optional.

Figure 5: Virtual Leodium information UML model.
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We have integrated the notion dférsiorf, which allows us
to represent multiple spatial representations fearae object.
For example, one building frontage has two possib
representations: oneversiorf was represented by Ruhl and
the second by a drawing of Le Loup. Note that wshwio
extend this concept of version to the function &me time
(represented by question marks in the UML modelignfre
5).

a useful framework for archaeological modellingeTdoncept

of identity, the management of archaeological data
imperfection and the modelling event managemeiitrated

to be improved. The system will focus as much aside on
Jpternational standards.

The next research step will be to get out propiyesaftware
@nd to implement our model directly in the openfselgraph
databas®eo4].

We also continue our cooperation with the CERMdnd
IRCCYN® teams from the Ecole Centrale Nantes, France,
especially in order to develop automatic building
reconstruction and segmentation.
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