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ABSTRACT:

Virtual Leodiumis an interdisciplinary project aiming to develap archaeological information system based onyascile model.
The first part of the paper describes current pt§@chievements; the general methodology anditinkflow of the project, namely
the production and the modelling of archaeologitah; the prototype functions of the ad hoc dewveogrchaeological information
system. The second part of the paper presentsesu¥imtual Leodiumarchaeological information modelling approach, ckhaims
at consider, in a more comprehensive way, the cexitglof archaeological information.

1. INTRODUCTION archaeologists) and the study of the evolution hef tity of

) ) Liege (historians, urban planners...), the improvemen
Over the last centuries, 3D city scale models l#en created communication about the historical city through 3Wtual

all over Europe. They were originally built with ethmain  scenes available on Internet or museums.

purpose of elaborating military operations (e Blahs-reliefs’  The project is only partially funded; up to now mosthe work
collection” requested in 1668 by Louis XIV, King of France) has been carried out by researchers and studémts. 11, an
(de Montalembert, 2012; Faucherre, 1996). In thdyeéX™  active cooperation has been established with the C£RENhd
century, new scale models have been produced ftural |RCCYN™ teams from the Ecole Centrale Nantes, France,

heritage and urban planning purposes (Billen et 2009;  which work on the same topic through their projdlntes
Laroche et al., 2011; Sedlacek et al., 2012). lim lmases, they 190Q

represent snapshots of cities’ past and are coesdgu
extremely rich ‘document information’.

Over the last decade, some of these scale modets theen
digitalized and virtual 3D models have been comsad
(Chevrier et al., 2010; Google, 2012; Jacquot, 2&r®uche,
2011; Nguyen, 2010; Pitard, 2011). Very few of tham going
beyond visualization; they only represent textuggsbmetric
models without any other kind of associated knogedr
information.

Since 1907, the University of Liege has housed arith art
collection a scale model representing the city @fge around
1730. Due to the conservation and preservationitiond, the
access to this master piece has been restrictediémyg time. In
2009, theVirtual Leodium (Billen et al., 2009; Billen et al., Figure 1. Photography of Gustave Ruhl’s scale model

2012) project was launched promoting an access larger representing the City of Liege around 1730

public and assuring the conservation of the scadelain The

acquisition of the scale model by the technology8bf laser ~ The first part of the paper exposes Wigual Leodiumproject;
scanning was the starting point of this interdikoayy project ~we explain the methodology and the workflow of meject
gathering skills in geomatics, archaeology and jysThe namely the acquisition of the archaeological datavell as the
main goal of this project is to develop an urbarhaeological
information system. This development responds t@ th« Corresponding author

increasing needs of archaeologists and historiana powerful  * cengre  de  recherche  méthodologique  d'architecture

set of tools for managing, archiving and exploritayge (CERMA), Ecole Centrale de Nantes,
archaeological data sets in order to yield new efdm http://www.cerma.archi.fr

responding to archaeological problems (Burrough and™ |nstitut de recherche en communication et cybenétde
McDonnell, 1998). The final system is intended fmveral Nantes (IRCCYN), Ecole Centrale de Nantes,

uses; the study of the scale model itself (fordniahs and http://www.irccyn.ec-nantes. fr
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3D data. Then, we sketch the current archaeologit@mation
system prototype. The second part is dedicateché¢oldtest
improvements of the archaeological data model. Ikinave
raise perspectives and future developments ofribjed.

2. CURRENT STATE OF VIRTUAL LEODIUM
PROJECT

2.1 Archaeological input data

The scale model, entitled_& noble Cité de Liege en 1730"
was completed in 1911 and represents the city efé.iaround
1730 (scale of 1/1200, dimension of 1m by 1m). kighor,
Gustave Ruhl, had studied the law and was a passianaateur
of archaeology. It took him more than ten yearse@ize this
master piece of art. With the death of Gustave Rugdyrly all
of his numerous scale models, as well as a catleaf more
than 600 documents including notes, plans, sketairasvings,
and photographs, joined the art collection of theversity of
Liege (Pfeiffer, 2011). In Virtual Leodium projedhe scale
model is considered as an archaeological datasbif,ias well
as all the related documents provided by Ruhl artkerot
documents related to the city structure in the X¥Hentury.
Owing to the abundance of archaeological data,résearch
project has been started out on a representatiteop&uhl’s
collection.

2.2 3D data acquisition

The scale model has been scanned in several pigwesgh
several positions (vertical, front, back, left sidght side) using
an optical inspection technique (Billen et al., 200=he result
is a cloud of 3D points composed of 650 individsahns.

These scans have been cleaned and merged with Rhe 3

software Geomagic Studiothe final output is a digital surface
model. The 3D objects reconstruction is based an 3B
graphics software Mayaby using the digital surface model and
photos of the scale model. Every building face haen
photographed. The resulting images have been iggttifith

The 3D reconstruction is still in process. Currendigout 20%
of the entire model has been modelled in 3D.

Historical model
of the city of

:
Liege
The model is scanned under
. 5 differents directions to

obtain the geometry of all

sides of the objets

Point clouds
............... Geomagic Studio
separate
The scans contain bad

points. Theses points have

Cleaning and to be removed. The

combining individual scans are put
together to obtain a single
point cloud
Point cloud
single

;

Objects Each face of the objects is
reconstruction reconstructed

3D polygon meshes

without texture

(tiaton J—
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with texture

Maya and
Photoshop

The textures are added to
the objects

Objects
texturation

Figure 3. 3D data acquisition and object reconsittac
workflow

2.3 Virtual Information System

Information model: An ad-hoc model has been
gathering both geometrical and histbrica

231
developed,

Photoshop™ and used as draping textures (Figure 2). The datiformation. It is partially based on the urbanadatandard

processing flow is sketched in Figure 3.

Figure 2. Snapshot of the 3D reconstruction in M3yas
subset of the 3D model shows the textured buildiogelled
from the 3D point cloud.

" Geomagic, Geomagic Studio, 3D software,
http://www.geomagic.com/en/products/studio/overview
™ Autodesk, Autodesk Maya, 3D software,

http://www.autodesk.com/products/autodesk-
mayal/overview/

™ Adobe System, Adobe Photoshop, graphics editingram,
http://www.adobe.com/en/products/photoshop.html

CityGML (Groger et al., 2012), mainly for interopbility
purposes. It can be seen as a contribution to emeaological
extension of the CityGML. The interested reader cefer to
(Billen et al., 2012; Hervy et al., 2012) to find deeper
description of the first version of th&/irtual Leodium
information model.

232 System functionalities: The application is developed
in Java and relies on the ArcGIS Engine It provides
database access functions as well as 3D visualizatia the
ArcScene API. Spatial and semantic data are stamedn
ArcGIS Geodatabse. The UML data model has been etapp
into this relational database.

The archaeological information system is basedlienteserver
architecture. The client interface is divided inotwarts (see
Figure 4). The first one allows the user to vigealand
navigate in a 3D world. The second one allows tker uo
browse a collection of semantic information. It csow the
historical sources themselves, or any specificrméion about
the building, like its function or the architectiame. Both parts
are fully synchronized. Selecting a building in 812 scene will
display its semantic information, and browsing #@mantic

"™ Esri, ArcGIS Engine, collection of GIS componeaisd
developer resources,
http://www.esri.com/software/arcgis/arcgisengine
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information will highlight the relevant 3D elemeritsthe scene.
Also, by selecting a specific building or buildietement in the
semantic view, its geometric 3D representation wik
displayed, immersed in a 3D scene.

Multiple 3D versions of the same building elemene a
supported; this allows
incompleteness (see Figure 5). In the context cfisological
research, we can mix different versions from mitipistorical

representations of a particular building. This proes new
original 3D scenes based on decisions motivated they
historical documents archived in the system. Culyerihe

system manages iconographic and written sources.

The prototype has been realized in a showcase gergour
research focuses now on the development of a npmepriate
urban archaeological model. We plan to use operrcesu
software and platforms for our next prototype.

Figure 4. A snapshot of the current version of\tireual
Leodiumprototype

Figure 5. Remacle Le Loup’s version of a buildingafde is
displayed in place of Ruhl’s version

3. ARCHAEOLOGICALLY BASED INFORMATION
MODEL

The validation of the first version of the protogyphows that
the information model needs to be improved. It leen
designed originally more like a CityGML extensiomaig to
encompass archaeological information complexity,ibdeed it
seems to be inefficient to manage all objects’ ieers and
possible representations. We believe that the nedehshould
be more archaeology centred; a core archaeologibaln data
model with CityGML capabilities. In the following ston, we
discuss the concepts of object's identity, evennagament,

information imperfection we wish to handle in ounture
information system.

3.1 Historical object and identity

The archaeological information is characterizedt®gpatiality,

the handling of ambiguity ortemporality, multimodality and inherent imperfecti¢de Runz,

2008). We have based the identity of our archaécdb@bject

on the definition proposed by Rodier, which includes
necessarily the temporal, functional and spatititiea

(Galinié et al., 2004; Rodier et al., 2011; Rodiealet 2012).
This definition is used to record and analyze urban
organizations and changes over long time spafits Well with

our context of the urban scale model. Moreover,ehefe
(Lefebvre, 2008) has demonstrated that this dédmitwas
usable in real case.

However, we deviate from the Rodier's model espbcal two

points. The first one concerns the definition oé thistorical
object. For Rodier, a change of time, functionsppatiality leads
necessarily to a change of identity (Rodier e28111).

Instead of Rodier’s definition, we prefer the defon proposed
by Hornsby (Hornsby and Egenhofer, 2000); a chavfgthe

constituents of the object does not necessaryttead identity
change of the objet. An object is defined by aofebnstituents
assembled in a certain way; you can add or remowee sof
them without changing the identity. The second @hehat
Rodier's model does not handle the imperfect natofe
archaeological data. Indeed, the identity is defitgy three
components: time, function, spatiality, if one ohese
components is missing the object can difficultydsdined (de
Runz, 2008). We are currently working on a systeaviding

more flexibility in terms of “object identity”.

3.2 Event management

Depending on the field of study, several definii@nd uses of
event can be mentioned. One of them comes fromvirkl of
computer science (database, file system, progragimin
language...). In this case, the event is used ¢ordechange
between two different states of the system. Thigra@gech is
used in managing change tracking of geographic @staboys
and Hornsby, 2004; Worboys, 2001). A second amprda
more cognitive, the event is used as a phenomes@ipi®r. It

is used to link people, places and objects togetfidis
interpretation is found in different models andaogies made
for different purposes like historical databasbkrdries ... for
example CIDOC CRM (Crofts et al., 2011), ABC Ontology
(Lagoze and Hunter, 2006), EventsML-G2 (IPTC, 2013),
LODE (Shaw et al., 2009), etc.

We choose to base our model on the computatiosébrviof
event. In a near future, we plan to extend it bpgisntologies.

3.3 Imperfection

The first source of imperfection comes from thet fatat
humans have an abstracted view of the world. Theamubrain
conceptualizes the environment and everyone has ten
understanding of the reality (Shu et al., 2003)e T8econd
source of imperfection is due to acquisition tegaes (total
station, 3D scanner, photography...) and to restristimposed
by computer systems.

To support the many possibilities of imperfectionr approach
is mainly based on the work of De Runz (de Runz, 2008
Desjardin et al., 2012) especially focusing on aoctbgy
objects. De Runz distinguishes four different (bubnn
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exhaustive) types of imperfection of the archaecklgdata,
namely: the uncertainty, the imprecision, the amitygand the
incompleteness.

Temporal imperfection has been studied in depth aod
several researches are dedicated to (Pani andaBhatjee,
2001). One of our priority is to handle temporaparfection;
we plan to use a time model like MADS (Parent et 2006),
OWL-Time (Hobbs and Pan, 2006), ISO standards (E02),

and event ontology mentioned above. We also wish t

investigate solutions like multiples time-spans hwifuzzy
bounds (Green, 2008; Holmen and Ore, 2009; Matqu&EK2).

During the study of the Ruhl scale model, we wenefromted
to multiple representations issues; various souprewiding
different representations of the same building. oler to
manage ambiguity of spatial information, we haveettgped

1.0 Archaeological model
Source }7

1.n

on o.n

1 0.1

Historical Object Modification Event ‘
1 next 0.1
0.1
Time 0.1
e
_____________________________ |
| |
| City Object I
I 2 I
[ I I I
| Land Use City Object Group Building |
| ] |
| |
: Plant Cover Soitary Vegetation Bilding Element :
o.n

City model |

Figure 6. Virtual Leodium information UML model

the concept ofversion: For example, one building frontage has gne characteristic of this model is the possibiiitymanage the
two possible representations: onéetsiori was represented by archaeological object dynamics, with the notion of

Ruhl (see Figure 4) and the second by a drawing ofeREe Le  «\qqification Everit Event-based modeling allows keeping the

Loup (see Figure 5). In the Future, we wish todrage others
aspect of spatial imperfection. Many researches halveady
been explored this field of study, some examples(Buckham
and Sharp, 2005; Shu et al., 2003).

3.4 Mode proposition

According to the concepts we outlined above, théstisn
presents the archaeological data model proposftea Figure
6). The historical object is the basic unit of enodel and is
placed at the center of the system. The historichjet
corresponds to the definition of identity exposedséction 3.1
namely spatiality, temporality and function. Theseree
components are not specific to the archaeologidzkct.
Indeed, they are used to describe the objectsdafyte urban
data models like CityGML. CityGML defines the buiidi
object by the tisagé (functional component), the date of
creation and destructidn (temporal component) andthe

tracks of the evolutions of an archaeological objdgach
modification on the Mistorical Object is recorded.

Time line

K‘H Pile of stones Kl/“ Auditorium |

Event:
construction

Event
destruction

Event:

Church
construction |

Figure 7. An example of “Modification events”

The Figure 7 shows an example of using thdodification

geometry (spatial component). The CityGML model does not Event» notion on a specific location. It illustrate® tavolution

fully correspond to the needs expressed by arcbgists.

of the area where the Academic Auditorium of thévigrsity of

Moreover, CityGML does not support complex building Liege is currently standing. Originally, there veaield with no

modifications or fuzzy data sets. It is not suigafidir studying
urban dynamics in a long term.

construction, and then the Jesuits built a churble. church was
demolished and the Academic Auditorium was buikafards.

In our model, the City Object and its subtypes are taken from This new model is intended to integrate and pamignage

CityGML. Each ‘City Object inherits from the class

imperfect archaeological data. To manage the indetempess of

“Historical Object and becomes itself an historical object. Thethe object, the presence of the three componemsnigtry,

geometry comes from the CityGML, th@&dilding Elemerit
the “Plan Covet, “Solidary Vegetatichand “Land Usé are
directly link to their respective geometry. In orde ensure the
readability, these relations are hidden in the UMadel (see
Figure 6). The model integrates the three differgmies of
sources usually considered in archaeology: icompitca
sources, written sources and the archaeologicairen{Rodier
et al., 2011). TheSourcé stores all historical documents which
may have multiple and sometimes contradictory prtations.
A “Sourcé could be related to a building, a building elernen
a group of buildings City Object Group), in order to

document the proper object. A source can descrie t

“Historical Object itself or inform about a modification owing
to its relation to the Modification Everit The origin of the
event is documented by th8durcé.

function, time) has been made optional. We hawegieted the
notion of “Versior, which allows us to represent multiple
spatial representations for the same object (antthwiwas
present in the formeY¥irtual Leodiummodel). Note that we
wish to extend this concept of version to the fiorctand the
temporality of the historical object.

The work on the object identity definition is in ggress.
Accordingly we do not detail further this conceptthis paper.
Up to now the definition of factors triggering thkange of an
object’s identity is left free to the end-user atiog the data.

4. CONCLUSIONSAND FUTURE DEVELOPMENTS

We have presented first the current achievementisedfirtual
Leodium Projecby explaining the methodology, the workflow
and the development of the archaeological data hau by
describing the prototype architecture and capaslit
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In the long termVirtual Leodiumproject aims to develop an
archaeological information system dedicated to mrba
archaeology. Although the proposed data model ii6 ist
progress, we identified several ways providing eefuls
framework for archaeological information modeling.
Nevertheless, some improvements are necessarydiegaio
the concept of identity, the management of arcluapcdl data
imperfection and event. The next research stepbeilio get rid
of the proprietary software and base our systenmash as
possible on international standards.

This new modelling approach is not only dedicatedthe
project Virtual Leodium or urban archaeology, but more
generally to urban information systems (past /gmesfuture).

Beside the improvement of the data model, we coatithe
reconstruction of 3D objects in order to compléte éntire 3D
city and also to integrate more related archaectdglata from
the Ruhl's collection. Note that the mapping of 3Behistorical
objects to the Belgian national coordinate system fgogress.
We also continue our cooperation with the CERMA and
IRCCYN teams with a view of the development of an enattic
building reconstruction and segmentation method.
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