BULLETIN des SCIENCES GEOGRAPHIQUES N°® 24 (2°™® Semestre 2009)

Going to Shawbak (JORDAN) and getting the data back:
toward a 3D GIS dedicated ta medieval archaeology

P. Drap', J. Seinturier', J-C. Chambelland', G. Gaillard®, H. Pires’,
G. Vannini*, M. Mucciotti’, E. Pruno*
', LSIS umr CNRS 6168, Marseille, France
(Pierre.Drap@esil.univmed. fr)
*Stratos Documentation, Cadenet, France
(gillouxGaillard@wanadoo. ft)
*Superficie, Porto, Portugal
(hpires@superficie. pt)
‘Dipartimento di Studi storici e Geografici dell'Universita degli Studi, Florence, Italy

(elisa.pruno@unifi.it)

o Jardl A8 s aledl a5 B E 5 ke JRd (a yeyt padla
A DN Al el clegledl alay ams daeyl ad
iali Jsn o) Gukil S e g GHE G5 Gaadad
3aal 5« " Crac de Montréal " — Leasd 43, el ¢ Shawbak
G B g Ak A g Gl s 0o
PN
iy el o il Amall Y1 Al il golde gana ia su
5 sosadl BELY 3 clise Jia galil adll 3
‘_.,J\ (VRML) Aunddis jud A8y 3 3D Al ASNE zkal
Cpan B o e Ll 3D/2D Al jaadl e sheadl alai Jlaatiol
5 Al AV ale clghed 4S5 5 AslatilYl eyl
gy gl daliudd
Al B ale cldde OlSab 5SSl eda Jasiul
el JEV Ao 5 3DCMdanall i g el ¢ Jada cm ge
Shawbak — danil BV Jle ¢ 5 phe 3%y . peilalinl caus
W e b Bl e i) on oals 5 JdS e
f cpbeadl asf 5 sl 05 AU Aandl
Q\:""‘u Lu:_)Y‘ _\Lh‘a.“ Casvay Adlaiall M\JA}\ Lf’ L);A’ﬂ\ RN
Se b K o Ranill AW ple clale Jeasy Al (il
Al Jasioy 53 3l s Y1 g aleddl o Lgnand Sishandll
A Y Sl e 5 A )5S anliall DA e Sl
Alarindl 5 Aadial GIES Al 3 £ ghall 130 Gl s
Y e il Gt Jal e Al SEY Gl elale Ji e
Aalual Gl ellae) 8 (S99 Ala ) e dualall Ayl
e el ity SVl HEV e clalel Al 4y y ol
siosal am g ¢ Syl sl ) ADELL Adaadl S0l
Al Ala yall W (il 53 sandl SalaY! S 3 geall Mg
ple Slhne 3 A ide mlsal e S g B Siald
el 5200 Jlaainl iy jseadl daludd 5 Aasll )
3D gy deall BV de Clides fay gy mauliy Sy )
Laadall & pgall daludl O gl LUSH 4 Ly ki A
ol e daadll Y ale elale 20lid) 2000 A die il
odd  ualall Cé gl Lﬁ W‘\ d)s.uu a4y patll Aslisall
2D g_.u),.auu_m L)a_)a_\bc.«muu;;elmb.su\};
44,.»!\ )LJ\)!\ (;lo ULIAIA s2c\8 QA 3D 3!
clale oy he Aa yall 02 @MM\ 2D ahall sl gan
$sadl LAWY O3 e O slaxioy pdll Al IV e
NEERIFE PYWEVR IS
S 3D Akl Slgled A s Al AT iag
DAl UV ale cldars $20l6 e 3D zalad V) el

s Slanall 3008l Ak 6 ) o a8 Gl 4 8 3Dzl L
Al Jariall oSy aldA e N Lol lea gl
auloall AN 3D Ac guia gall 3 ) guall 4y jaall o2a Zeand
Cmodlaall Syl S oy U Aedl GEVE Gl saaall
Al S e e 53D 5 sl

é...'a\,j\’l gl Sy Jaby Java 8 A ypall o380 JS
(2008 sl Y1 7 ine)

Cinse ¢ gl o)l daall Y Ao Gl L)
(53 5anll LY 3 Gl ya ¢ wad ¢ Andai ¢ A V1 Cldall

gl yaal il gledd Sl

Résumé: L’article présente un projet interdisciplin-
aire en cours proche du Systeme d'Information
Géographique 3D consacré a I’Héritage Culturel
avec le centre d’application spécifique sur le Chateau
de Shawbak, aussi connu par le " Crac de
Montréal", un des sites médiévaux ruraux bien
conservé dans le Moyen-Orient entier.

Nous développons un ensemble des outils pour
I’analyse archéologique médiévale qui va de la
présentation de la documentation graphique tradi-
tionnelle comme orthophotos et les modeles 3D
a basse-résolution (VRML) a l'usage de SIG a
3D/2D par la création de I’outil du stockage de
l'objet exhaustif et centralisé des deux données
archéologiques et photogrammétriques.

En utilisant ces outils les archéologues seront
capables de produire, conserver, visualiser et diriger
les données 3D et archéologiques, d'apres leurs
besoins. Le projet archéologique de Shawbak est un
projet intégré et spécifique entre restauration conser-
vatrice, recherche archéologique médic¢vale et
valorisation de site.

Se concentrer principalement sur [’analyse
stratigraphique de structures bien baties fournies aux
archéologues, un taux ¢énorme de données pour
collecter sur le site et des archives utiles qui seront
utilisés pour étudier les structures a travers les points
de vues technologiques et stratigraphiques.
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La pierre de fondation de ce projet est I'analyse de
documents présentés et utilisés par les archéologues
atin d'identifier des exigences archéologiques spéci-
fiques. L.a premiere phase est de donner des outils
photogrammeétriques traditionnels aux archéologues
afin qu'ils puissent étre autonomes a présenter des
documents graphiques (prendre des photographies,
orientation de la photo et génération de I'orthophoto
traditionnelle). La deuxieéme étape est de développer
un modeéle commun de structure pour le stockage
des données archéologiques et photogrammeétriques
en utilisant une base de données  unique et
permettant de lier les données archéologiques avec
les mesures 3D.

Le¢s outils de photogrammétrie spécifique consacrés
pour mesurer par mesure de pierre ont €té
insutfisamment développés depuis 2000 pour aider
les archéologues a faire facilement des levés
photogrammétriques. Ces outils sont maintenant
intégrés dans un systeme plus complexe qui permet
la production automatique des représentations de 2D
ou 3D de [D’interrogation de¢ base de données
archéologiques. Les documents graphiques 2D
présentés dans ce processus par des archéologues
qui utilisent les orthophotos semblent comme des
dessins faits a la main.

[La derniere €tape de cette chaine est Le SIG 3D qui
vise la production automatique de modeles 3D par
I’interrogation de base de données archéologiques:
ces modeles 3D sont en fait une image graphique de
la base de donnéges et en méme temps l'interface par
laquelle l'utilisateur est capable de la modifier.

Cette approche permet a la représentation théma-
tique 3D automatique et la nouvelle analyse
archéologique la laison-bidirectionnelle directe
entre la représentation 3D et la donnée
archéologique.

Toutes ces présentations sont écrites a Java dans la
structure Arpenteur, (Arpenteur, 2008)

Mots-clés : Archcologic mcdicvalc, stratigraphic,
modélisation, visualisation, Orthoimage, SIG

Abstract: The paper presents an interdisciplinary
project which is a work 1n progress towards a 3D
Geographical Information System (GIS) dedicated
to Cultural Heritage with a specific focus application
on the Castle of Shawbak, also known as the “Crac
de Montréal”, one of the best preserved rural
medieval settlements in the entire Middle East.

We develop a set of tools for medieval archaeologi-
cal analysis ranging from the production of tradi-
tional graphical documentation like orthophotos and
low-resolution 3D models (VRML) to the use of
3D/2D GIS through the creation of centralized and
exhaustive  object storage tool both for
archaeological and photogrammetric data.

Using these tools archaeologists will be able to
produce, store, visualize and manage both archaeo-
logical and 3D data, according to their needs. The
Shawbak archaeological project i1s a specific and
integrated project between medieval archaeological
research, conservative restoration and site's valoriza-
tion.

Focusing mainly on stratigraphical analysis of
upstanding structures provides archacologists with a
huge amount of data to collect on site and useful
records that will be used to understand the structures
from stratigraphical and technological point of
VIEWS,

The foundation stone for this project i1s the analysis
of documents produced and used by archaeologists
in order to identify specific archaeological require-
ments

The first phase is to give archaeologists traditional
photogrammetric tools so that they can be autono-
mous in producing graphical documents (taking
photographs, photo orientation and traditional ortho-
photo generation). The second step 1s to develop a
common model structure for both photogrammet-
ric and archaecological data storage using a
unique  database and allowing to link
archaeological data with 3D measurements.

Specific photogrammetry tools dedicated to stone
by stone measurement have been under
development since 2000 to help archaeologists to
casily produce photogrammetric surveys. These
tools are now integrated in a more complex system
which allows automatic production of 2D or 3D
representations  from  archaeological  database
queries. The graphical 2D documents produced
through this process look like the handmade
drawings done by archaeologists using orthophotos.
The 3D GIS is the last step of this chain and aims the
automatic production of 3D models through archaeo-
logical database queries: these 3D models are in fact
a graphical image of the database and at the same
time the interface through which the user is able to
modify it.

This approach enables automatic 3D thematic
representation and new archagological analysis
through bidirectional-links between 3D represen-
tation and archaeological data.

All these developments are written 1n Java within
Arpenteur framework. (Arpenteur, 2008)

key words : Medieval Archaeology, Stratigraphy,
Modelling, Visualization, Orthoimage, GIS
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1. Archaeological context : The need

The archacological resecarch of the Castle of
Shawbak, also known as “Crac de Montreal”,
(Figure 1) one of the best preserved rural
settlements in the entire Middle East (Drap et al
2007, Vannini et al. 2007) has been chosen to
develop a new documentation system. In fact the
site 1s very huge stratigraphically complex both
in deep stratigraphy and in upstanding structures
stratigraphy. Because its features and in accordance
with the University of Florence research in Petra
Valley (Vaninni et al, 2007), the Shawbak analysis
starts from upstanding structures (Vannini et al.
2002). First of all this allows to collect many
archaeological data in relatively short time. Only
later on the archaeologists have decided to open
some excavation areas to better understand the
dynamic of settlement,

The stratigraphical analysis of upstanding structures
produces a very large amount of data both graphical
and stratigraphical. For the first one the common
method to collect and to record them on the site is the
survey. The survey is achieved in different ways,
often it is two-dimensional. Its goal is to define the
area, the perimeter and the volume of all the
recognized USM (standing for Unita Stratigrafica
Muraria — similar to the stratigraphic unit for
digging archaeology). Every USM 1s a building
homogeneous action which is representative of
different building moment. In other words to identify
and record the different USM in upstanding

structures allows archacologists to define a relative

chronology of the building by the relative position of
cvery USM. (Figure 10)

o,

Fig. 1 The Shawbak castle.

For the second one we use commonly a schedule in
which the stratigraphical data i1s written, that means
chronological data and also the technological data of
the buildings (lithotype, presence of mortar and its
quality, stone measurement), that can lead to
summarize the workers technological level and the
power of the owner. Hence we must work with both
graphical and archaeological data and we need to
connect them. We need also to spend less time in the
field drawing the survey because we need to spend
more time to identify and know all the USM, but, at

the same time, we need to produce the best
possible graphical data because this is the best way
to study and to compare our data to produce
historical knowledge. (See Figure 2 below).

Fig. 2 Documents produced by archacologist USM visualization

2. The traditional photogrammetric
results

Several photogrammetric campaigns have been
accomplished in Shawbak in the past years allowing
the production of several graphic outputs represent-
ing archacological features and constructions. These
campaigns are composed of photographic sets
acquired with calibrated digital cameras both in
convergent and parallel coverage with the survey of
control point by Total station and DGPS. These
control points are used to reference the photogram-
metric models in a common geodetic system. Among
the most common outputs achieved in this process
are orthophotos, low-resolution 3D models and
vector graphic drawings representing constructive
features. Orthophotos are two-dimensional projec-
tions of physical elements (like walls, pavements or
ceilings) (Figure 3) that provides archaeologists with
scaled and orthographic representations which can
be used for multiple purposes like vector restitution,
planar measuring or archaeological interpretation
(as in USM definition). Three-dimensional models
are the result of 3D shape restitution of built
structures in the photogrammetric models. In this
case they are low geometric resolution representa-
tions although they present high definition photo-
graphic texture (Figure 4).

Fig 3. Orthophoto from Ayyubid Palace.
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The process of shape acquisition consists In
defining the geometric characteristics of buildings or
other archaeological elements by defining edges and
surface disconfinuities 1n order to achieve a
geometric  representation of the reality. They
provide archaeologists an “absolute” 3D represen
tation of all the features on a site, expressing the
spatial relationship between them and going one
step forward (in this case one more dimension)
comparing to orthophotos.

Fig. 4 View from Ayyubid Palace VRML model

Traditional vector graphic drawings correspond to
operator assisted restitution of specific features, like
blocks perimeters, using photogrammetric models
(See Figure 10). In this process photographs are used
to interpret and measure morphological characteris-
tics on the objects under study, resulting in drawings
that extract or e¢nhance information for archagolo-
gists. Although 3D data 1s far more complete than
2D planar projections it 1s not used usually in
traditional archaeological workflow as, in most
cases, there are not appropriate interfaces for
archaeologists to interact with, Two-dimensional
outputs are easier to work with because they
correspond to the traditional concepts of archaeo-
logical or technical drawings (1.e. 2D plans,
elevations, €tc.).

3. Measuring ashlar blocs

Once all the photographs are oriented The I-MAGE
process (Image processing and Measure Assisted by
GEometricalprimitive), developed in 2001, 1s used to
support the user during the measuring process in
photogrammetric surveys.

_ 483 -

Users can make a 3D measurement using one single
photograph, without altering precision of the result.
This method was already published in CIPA
congress, (Drap et al., 2001); it allows the user to
concenftrate on the archacological aspects of the
survey with less attention to the photogrammetric
one. We use this approach also to produce 3D models
of building blocks (i.e. ashlars) based on the only
observable face. The morphology of each ashlar’s
block 1s expressed as a polyhedron with two parallel
sides, or faces. In most of the cases, only one side is
visible, sometimes two, rarely three. The survey
process can inform about the dimensions of one face,
then the entire polyhedron is computed accordingly
to the architectural entity’s morphology (extrude
vector) and the data (depth, shape, etc.) provided by
the archaeologist (Figure 5).

Extude value

e i —=

Points manually measured

o Hetermine the
least square reference

~ plane IT

Plans4T used
o

[-MAGE
process

And for
extrude
direction

IFig. 5 Ashlars' blocks using a plane as an approximation to
algorithm searches iteratively for a minimum scale factor
the exterior face of the wall (Drap et al. 2007)

Computing an extrusion vector can be easy in the
case where the architectural entity’s morphology is
obvious; during a wall survey for example an
extrusion vector can be computed by a least square
adjustment ot a plane around the survey zone. This
is the plane used by I-MAGE. In this case where the
entity’s geometrical properties are simple, the
extrusion vector is calculated before the survey
phase and the block i1s extruded directly from the
measured points. In the case of the survey of an arch
the extrusion should be radial and needs the
geometrical features of the entity (intrados, radius,
axis) and 1s therefore processes afierwards. This
approach for measuring blocks was already pub-
lished in a VAST congress (Drap et al., 2000) and has
been combined with the I-MAGE process in order to
obtain an integrated tool.
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4. Working with USM — An example,
the cement extraction

The example demonstrated below shows the algo-
rithm used to extract the cement from a set of blocs
belonging to the same USM. All the computation is
performed in 2D, 1.e. in the plane defined by the wall.
The purpose of this computation is to evaluate the
area covered by the mortar between the blocks.
This ‘cement extraction’ enables a visual represen-
tation and the evaluation of the area covered by the
mortar.
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Fig. 6 Original Blocs

The figure 6 shows the original blocks belonging to
the USM. Note that the colours have no specific
meaning. The algorithm here assumes that an upper
limit exists to the distance between blocs and

further that this limit can be expressed in term of

the size of the blocs. The algorithm also assumes
that blocs are represented as closed polygons. All
polygon calculations use the GPCJ - java
version (Bridenbecker, 2004) — of the General Poly
Clipper algorithm developed by (Murta, 1997). Only
minor refactoring was made to the Java version.

4.1 Step 1. Find an approximate value for
the USM perimeter

In this step, the bounding boxes of the blocs are used.
The algorithm searches iteratively for a minimum
scale factor enabling the union of all the boxes to be
ong single polygon 2D.
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Fig. 7 Blocs bounding boxes scaled at 1.25 (left) and the
computed perimeter displayed i magenta (right) superposed
with the original blocs.

During iteration, the boxes are blown by this factor
meaning that they are scaled while their center of
mass remains the same before and after scaling. The
scale factor is allowed to go from 1.0 to 1.3,
incrementing the scale by 0.05 at each iteration.
This step also enables to select the blocs on which
the next step will perform: only blocs whose blown
bounding box has points on the perimeter are
selected. In other words, only the blocs standing on
the perimeter of the USM will be used.

4.2 Step 2. Adjust the perimeter to be
in contact with the actual blocs

Starting from this step, the perimeter is represented
with a B-Spline curve 2D - description in (Blake &
Isard, 1998) — and the properties of the curve are
used. The points on the curve are resampled and
moved to be in contact with the blocs belonging to
the perimeter of the USM. The figure 8 below shows
the curve perimeter before and after this fitting step.
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Fig. 8 (Left) Initial perimeter as a B-Spline Curve 2D
(Right) Initial perimeter adjusted to the actual blocs

Note that the curve touches almost all blocs but does
not really adhere to the blocs that stand a little bit far
from the initial position. See for example, the upper
right corner in the right image.

4.3 Step 3 and 4. Fit the perimeter to
the USM blocs and cement extraction

Points along the curve perimeter are resampled. For
cach of these points, the » (constant) closest blocs
are selected (by their distance between the point and
their center of mass). If one of these blocs has a
segment whose distance to the point is less than a
threshold wvalue, this point is kept as it is. The
threshold value 1s computed as 0.02 x the mean size
of blocs. The mean size of blocs 1s evaluated as the
average dimension value of all bounding boxes of
blocs. The constant 0.02 has been found to be
experimentally acceptable. Otherwise the normal to
the curve at this point is calculated and the nearest
blocs are scanned to find the closest segment
intersecting the normal. The intersection point is
added in the curve perimeter. The Figure 9 shows the
resulting perimeter.
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Note that now the curve better fit to the blocs but
further fitting could 1improve the result. To do that
and avoid dealing with an increased number of
points it would be needed to add new points only
in the regions of the curve where 1t does not 'touch’
the blocs.

Finally the cement can be extracted by performing a
difference between the union of all blocs and the
found perimeter, as shown in the image below with
the mortar in green. (Figure 9)
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FFig. 9 (Left) Perimeter fitted to the blocs.
(Right) Cement extraction.

5. Archaeological data and 3D
measure:a commohn database

Since 2006 (Drap et al., 2006a) the data produced by
Arpenteur is stored both in XML and in a relationa
database. The main way to store data is a relationa
database in order to manage a big amount of data but
XML is still used to work on subset of data or offline.
The database contains geometrical data
(photogrammetric measures, oriented photographs
and artefact geometry) as well as archaeological
data (USM definition, site data and observation
on measured artefact as lithotype and so on).

The database 1s used to generate views on the model
according to archaeological requirements. 2D or 3D
representations are produced by queries on the
database: the projection plane for 2D representation,
the subset of blocks according to the requested
USM are wused to generated geometrical
representations with a bidirectional link between the
oraphics and the database.

6. Automatic 2D document generation

The central database enables to represent various
queries into 2D documents. 2D GIS software like
ArcGIS (¢) or libraries as Geotools can be used for
producing specific views of the database and
working in a GIS context. This capability is an
automation of the manual drawings originally done
by archaeologist (Figure 10). As we can see In
Figure 11, ArcGIS interface shows a projection
plane with USM represented by different colours.
User can then work in ArcGIS and export results in
other formats suitable for specific works.

Fig. 10 Orthophoto with manual design of USM.

The second kind of 2D database representation is the
generation of  annotated  orthophotos.  This
representation merges GIS features and real visual
information in one¢ document that enables to see
the objects as they are on site with the adjunction of
information  coming  from archacologist’s
knowledge.
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Fig. 11 Database query exported in Arc-Gis software.

Figure 12 shows an orthophoto resulting from the
query for the blocs (with texture), the USM (green
perimeter) and the cement (yellow) attached to a
given projection plane.

Fig. 12 Orthophoto generation on a query related to blocs, with
design of USM perimeter and the cement paint in yellow
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Fig. 13 Orthophoto generation on a query related to USM with
cement between USM paint in white

The orthophoto shown in Figure 13 represents the
query of the USM and the cement attached to the
same projection plane. In this representation, the
blocs are not represented individually and the
different USM are clearly visible.

Queries resulting in orthophotos can also be close to
a static GIS representation. As we can see in  Figure
14 both orthophotos represents the same queries
used for generating the orthophotos seen i1n
Figurel2 and Figurel3 but without integrating
photographic data related to USM and blocs.

With the two kinds of 2D documents created from
the database, archagologists have two complemen-
tary ways for reading the site. The GIS represen-
tation is dynamic, enables multiple queries and
iterations and can be embedded in dedicated
applications while orthophoto generation produces
easy to use and handmade-like documentation.

Fig. 14 Orthophoto generation (without texturing) on a query
related to USM, with, on the left, the design of USM penmeters
and on the right the bloc representation with a colour depending

of their USM.

7. A 3D GIS approach

7.1 JReality-based software for interacting
with 3D data

Computer tools that enable interactive 3D represen-
tation and new analysis of the studied objects
through a bidirectional-link between the 3D

representation and the archaeological data look very
interesting for archaeologists.

In this sense, specific software has been designed for
allowing the 3D interactive visualization, the analy-
sis and the enhancement of the archaeological data
collected on the Shawbak Castle. This problematic
was already addressed on this case study (Drap et al.,
2006a) but this time we use a full Java development
allowing more Infegration and interaction. This
software has been developed into the Arpenteur
framework by means of the jReality (http://www?3.
math.tu- berlin.de/jreality/) application program-
ming interface which 1s an Open source Java class
library for interactive visualization of a large
spectrum of 3D data. The last version of JReality is
a light but efficient library offering a wide set of data
structures and classes for handling common geomet-
ric entities (€.g. point sets, ling sets, face sets,
parametric curves and surfaces), a rendering
engine allowing surface shading and texture
mapping, a picking process tor selecting 3D scene
entities, a native import format (JRS), and several
export file formats such as (RIB, VRML 1.0, U3D,
PS, STL, Image, Sunflow). Moreover, several Java
classes devoted to the design of Java-Swing
based programs are available in the JReality
package. The latest allows to rapidly producing
graphical user interfaces for interacting with 3D
data. The communication of JReality with the
Arpenteur framework and consequently the object
database is a straightforward task. Indeed, since both
are fully written in Java code, displaying geome-
trical entities coming from Arpenteur with JReality
simply requires implementing some suitable
exchange procedures allowing converting the
Arpenteur geometrical data structures to the JReal-
ity ones.

7.2 Archeology oriented Java
procedures

To fulfill the needs of archeologists, a set of Java
procedures have been designed for interacting with
the database fields from the 3D representation of the
database objects. Since the last development, all
attributes of each block stored in the database
(e.g. index in the database, name, dimensions ...) can
be read and/or modified through a devoted panel.

It is notably possible to interactively request and
modify the database from its 3D representation by
displaying USM spatial distribution of blocks and
modifying manually each bloc attribute. This kind
of actions can be achieved on a single block or on a
block set, and enables archaeologists to work on
the chronological building phases of the walls or
answer to many questions regarding the masonry's
technological aspects.
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Since the measurement of the blocks 1s 1important
information in a statistically approach to a building,
procedures for displaying and sorting blocks from
their dimensions (block length, block height) have
been also implemented. The later notably allows
cvaluating the spatial distribution of the bloc
dimensions and represents a relevant tool, for
instance  to analyze  different chronological

building periods in medieval constructions
(e.g. chronotypology).
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iTig. 15 3D visua.lisation with a colour panel chosen according to
the block height classification.
These procedures also allows archeologists to
exactly inspect/adjust each block dimension
(collecting these dimensions on the field takes a lot
of time and is only possible for easily-accessible
blocks), and to gather blocks in different homoge-
neous classes (Figure 16). This dimensional infor-
mation 1s also available for each bloc in the USM
schedule through editable text fields. In upstanding
structure stratigraphy, this 1s meaningful because
the size is one of the distinctive features to
differentiate USM, along with shape and other
features (Figurel3). Another under construction
development aims the area of the mortar which is
another distinctive character of the USM. This
information i1s almost neglected in different kind of
survey but seems relevant for producing new
knowledge and enhancing the database of the studied

Fig. 16 3D visualisation with a colour panel chosen according
to USM.
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7.3 A tool to check photogrammetric data

This 3D tool is in fact a tool to visualize the database,
from both archaeological and photogrammetry point
of view. In the same way can make archaeological
interpretation by 3D thematic representation it is also
possible to combine artifact visualization with the
photogrammetric data (oriented photographs, optical
center, 3D point errors, line trom 3D points to 2D
points, etc...) (See Figure 17).

Fig. 17 Photogrammetric data 3D visualization.

Other use of this tool (some of them are
currently under development):

- This tool allows to check the final result and to
obtain and indicator of quality by artifact. This is the
first step of a tool that can make a diagnostic and
propose a way to consolidate measures in case of
inconsistency.

- This tool allows using texture for each measured
bloc: only the measured face is textured and 2D
observations are available tfrom this interface.
- Finally this module will be also used as a control
for bundle adjustment (photo orientation, RMS on
3D points).

8. Automatic cloud point generation

We use the 3D measured point on the block
perimeters and the oriented  photographs to
computc automatically a sct of 3D points by
correlation. This surface's densification process uses
a mesh build on the 3D points measured
manually and can produce a huge quantity of new
3D point only in the specific studied zone. A first
version of this software already existed and was
published (Drap et al., 2006b) but with a lower
number of generated points (also it was not
possible to detect false correlations and no texture
information was possible).

In the version presented here we have generated
more than four million of 3D points on the main
door studied here and we export them in VIK -
Visualization Toolkit - (VTK 2009) with blend color
information (or more generally in ASCII file as
XYZRGB).(See Figure 18).
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Thercfore we start to implement another way to get
homologous points, based on SIFT algorithm
(Lowe, 2004). This approach is quite different from
correlation because it is based on extraction of
so-called keypoints. The previous version of the tool
was purely correlation based: given an initial set of
measured points, a mesh was generated in the 3D
space. Then moving on the produced ftriangles,
the process tried to perform correlation between
the points projected on the photographs. However,
this 1s highly dependent of the local contrast and
frequently fails 1f images have different orientation

or scale.
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Fig. 18 3D cloud pomnt generation based on autocorrelation and
an approximate surface given by the measured blocs.

The keypoint extraction and match operation
automatically return a set of homologous points
fetched on the basis of the image dynamics. They
can be used to defing a surface or increase the surface
definition (also to make an automatic orientation of
the camera). High surface definition is connected
with orthophoto generation, as we need to produce,
according to archaeological requirements, also 2D
representation. We will use this 3 surface definition
to produce accurate, georeferenced orthophotos. The
way to produce such orthophoto will fully use the
3D data we have produced betore; oriented photo-
graphs, dense 3D points cloud, dense surface for
wall/USM definitionWe have developed an ortho-
photo generation based on the 3D surface analysis
which produces both an image in GeoTIFF format
and a set of 3D points with color information
oridding the site area.
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Fig. 19 3D cloud pomnt generation based on autocorrelation
where semantic information is used to obtain a colour.
This method will allow combining vector survey,
where an expert of the domain, here an
archaeologist, 1s making the survey and cloud of
measured points in some zone where a huge quantity
of point can help to understand, for example the
stability of a wall. Such combined approach is
already explored; see for example a study made

by Haala and Alshawabkeh

(Haala & Alshawabkeh, 2006) on a famous tomb in
Petra, close to Shawbak. Two points are tundamen-
tally different in our approach

 The method i1s only based on and oriented
photographs; in such case (Jordan, desert, etc...) this
should be an interesting advantage.

» All the geometrical data obtained are the result
of database queries and thus they are linked
with archaeological data (See Figure 19).

9. Conclusion and future work

Automatic 3D thematic representation with bidirec-
tional-links between 3D representation and archaeo-
logical data allows new archaeological analysis. It
is possible to record data and to produce new
knowledge about the studied object. We focus on
block measurement, developing specific photogram-
metric tools which use a priori knowledge to help the
operator during the plotting phase. As the main goal
of this project 1s linking measured geometry with
archaeological knowledge, we tried to propose a
photogrammetric tool that can be used by an
archaeologist. In this application 3D measurements
are done by using only one photograph through
the user interface and automatically computing
reprojection and correlation.
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The archaeologist-operator can focus his effort on
inserting archaeological data instead of spending
time and concentration in homologous point
determination. It 1s also important to say that the
archaeologist can spend more time on a field to
analyze the structure because we can ‘“‘survey”
directly on the 3D model in laboratory and insert in
it a lot of different kinds ot data.

The 2D/3D GIS context can also be used as a
suitable interface for managing survey consistency
and session merging. The knowledge driven survey
process enables to automatically check consistency
of a survey (Seinturier et al, 2006) and to semi-
automatically merge different survey sessions of the
site. As consistency checking and merge requires
expertise, the 2D / 3D GIS can be used for providing
experts a global view of the site with geometry,
documentation and photographs. With a unique
access to all information available, an expert can
easily drive the consistency restoration and the
merge processes.

Of course archacologists need some more! Currently
the system must be tested with all the buildings
already studied in order to compare the results of this
method in different examples of structures. The next
step will be to find the way to visualize all the
chronological aspects of the upstanding structures
interpretation, in other words, to visualize the Harris
Matrix (Harris, 1989) (Allen, 1983).

Finally, ways for making persistent the documenta-
tion of a site have to be explored. New formalisms
and specifications such as ontology (Niccolucci F., D
"Andrea A. 2006) and CIDOC-CRM (D’Andrea et
al. 2006) (CIDOC-CRM, 2004) are now thoroughly
used in the cultural heritage domain. A theoretical
study and an implementation of such formalisms
and specifications could enhance the current frame-
work.
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