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Abstract - This paper presents a summary of the 3D modelling work that was
accomplished in preparing multimedia products about the Byzantine Crypt of
Santa Cristina, Apulia and some partial results on an ongoing project to re-build
temple C of Sdlinunte, Sicily. An effective approach based upon high-resolution
photo-realistic texture mapping onto 3D models generated from range imagesis
used to present the spatial information about those two environments. Usually,
this information is presented as 2D images that are flat and don’t show the
three-dimensionality of an environment. Results on a CDROM, a DVD and
video animations will be presented these projects.

1 Introduction

In recent years, high-resolution recording (as-built reality) of heritage sites has
stimulated a lot of research in computer graphics and vision. If the only purpose is the
generation of photo-realistic images for visualization, then purely image-based
rendering techniques offer a general solution. However, if the goal is to analyze the
works, to preserve and share a record of their geometry and appearance, then explicit
shape information must be acquired. A 3D model contains a wealth of information
that can be analyzed and enhanced [1]. Sites that must be closed for conservation
reasons can still be studied and visited. Virtual restoration can be used to improve the
legibility of textual information, without turning to interventions often traumatic for
the original copy. Elements that were added over the years can be removed and the
digital 3D model of a site can then be viewed in the correct historical context. When
preparing a multimedia CDROM about the history associated to a particular historical
or archaeological site, spatial information is usually presented using 2D images that
are flat and don’t show the three-dimensionality of that site or environment. An
effective approach based upon photo-realistic texture mapping onto 3D models
generated from high-resolution range images was used to present that spatial
information about a site. The results are applied to the creation of a CDROM about



the Byzantine Crypt known as the Crypt of Santa Cristina (see Fig. 1), which is
located in Carpignano (LE), Italy.

b)
Fig. 1. Byzantine Crypt, a) two outside entrances, b) interior located underground

For the site of Selinunte, a mixture of technologiesis also planned. For the acquisition
of 3D information, both laser scanning and digital photographs using a calibrated
camera were acquired. Three-dimensional modelling was performed using 3D laser
scans, photogrammetry and CAD. At the moment the museum room (Fig. 2a) about
Selinunte was modelled using a mixture of the above mentioned technologies and
later this year work will start on building a CAD reconstruction from historical
information of temple C of the Acropolis of Selinunte (Fig. 2b).

b)
Fig. 2. Selinunte @) Museum room dedicated to Selinunte, b) Temple C as of 2003 a.d.

2 Using 3D information for our multimedia CDROM

When trying to present the history of a heritage site, the use of spatial information
becomes very important in order to facilitate an understanding of that particular site.
One can resort to hand drawn or computer generated isometric views, CAD models
based on more of less reality and 3D models built from reality. The source of
information includes among other things drawing/paintings, papers/digital
photographs, or laser scanner data. Some of these provide dimensions directly but
others need indirect ways to get scale and/or dimensions. A description of the



procedure is given for the Byzantine Crypt. For Selinunte, partial results will be
shown towards the end of the paper.

We opted to represent the Byzantine Crypt of Santa Cristina using both
photogrammetic techniques for the outside, and, for the inside dense 3D laser scanner
information combined with high-resolution colour images. The Crypt of Santa
Cristina was excavated (rupestrian site) at around the g century c.e. and it is
characterized by two entrances. One of them leads to the area that served as a
cemetery and the other, as the church. Furthermore, irregularly shaded walls covered
with a number of fairly well preserved frescoes characterize this Crypt. One of them,
Christ (Pantocrator) and the Annunciation, is dated at 959 c.e. and is signed by
Theophylact. The structure of the image is similar to images of the same period,
present in Constantinople and in Cappadocia (Turkey). Mostly experts of the
Byzantine period come from around the world to visit and study this site. During the
course of history, a Baroque altar was added (1775 c.e.) along with three pillars that
replaced one that collapsed. Many aspects of sensing and modeling must be
understood before starting such a large project. The typical processing pipeline used
for 3D modeling includes geometric modeling and appearance modeling. These are
well documented in references [1-6]. Here, we summarize what was done in the case
in point. The technical aspects of the project are described in Beraldin et al. [2].

3 Modelling techniques used for the Byzantine Crypt

3.1 Geometric Modeling

A model is a digital representation of the object or site on which one can perform
operations. Acquiring dense 3D data of surfaces has been a hot topic of research in
the last 20 years. Though not as mature as photography, 3D imaging is seeing new
applications emerging every year. Numerous commercial systems are available to
measure dense 3D data. The Byzantine Crypt is relatively large (16.5 m by 10 m by
2.5 m) and we wanted to model it with afairly high spatial resolution. For these kinds
of environments, there are not a lot of range cameras on the market that could provide
us with the desired level of spatial resolution and low measurement uncertainty. This
range of distances represents the transition between optical triangulation and time of
flight technologies. In order to create a dense 3D model of the Byzantine Crypt, a
MENSI SOISICTM-2000 SD was used. This triangulation-based laser scanner can
acquire 3D images at a minimal distance of 0.8 m and at up to 10 m. The range
uncertainty on a cooperative surface at 2.5 mis about 0.4 mm (1 sigma) and the data
rate is 100-3D points per second. The spatial resolution of a model mesh is
determined by the angular resolution of the laser inside the scanner. The lowest
possible resolution with the Mensi scanner is 0.1 milli-radians. For instance at a
distance of 2.5 m (standoff distance selected), this angular resolution corresponds to a
spatia resolution of about 0.25 mm. To minimize the amount of time spent in the
Crypt, a strategy for scanning was defined well before starting the work. In order to
keep a quasi-constant spatial sampling on the surface of the walls, 3D vertical scans



were used to build the 3D model. In theory we could have used the lowest angular
resolution available with this scanner but in practice, this would have required very
long scanning sessions. Therefore, it was decided to increase the sampling step on the
mesh to 5 mm. This gave an average scan time per 3D image of about 80 minutes. As
aresult, surface details like small tool marks were not measured well at that resolution
but the overall shape of the Crypt is excellent. Fig.3 presents the complete 3D model
(without color information) that would appear if one could see through the ground.
From this model, a floor plan was created. The generation of the model was done with
both the camera manufacturer's own software 3DipsosTM and PolyworksTM
software from Innovmetric. The actual measurement uncertainty was found to be
twice the value given for cooperative surfaces, i.e. 0.8 mm at adistance of 2.5 m.

©) d)
Fig. 3. Complete 3D model of the Byzantine Cry pt, @) view from outside shown with synthetic
shading, b) a particular view of the stairs leading to the Crypt, c) floor plan generated from an
orthographic view of the 3D model, d) section of 3D model showing the space inside the crypt.

3.2 Appearance (Color Texture)

Appearance modeling includes methods like Image Perspective Techniques (1PT) and
Reflectance Modeling (RM). IPT is concerned with direct mapping of photographs
onto a 3D model and reflectance modeling [4-7]. Reflectance modeling is used to
extract from the measured colour and shape those physical properties of an object that
are intrinsic to it and that determine its appearance when viewed with artificial
lighting on a computer screen [3]. The true appearance of an object is the result of the
interaction of light with material. The knowledge of such information is important in
order to reproduce hypothetical lighting conditions under varying observation points.
For this project, texture mapping using IPT was chosen. With current CCD and



CMOS technology, access to high quality texture images for IPT is now within reach
of everyone. Though the Mensi provides 2D images from its internal video camera,
the resolution and colour quality is not acceptable for our application. So a lens-
interchangeable SLR-type 6-MegaPixel digital camera was used for the texture
acquisition. Proper texturing of the 3D model requires special lighting fixtures in
order to control illumination. Good uniformity of the illumination is essential in order
to ease the virtual restoration tasks and improve the visual quality of atextured model.
Flashtubes with a colour temperature of about 5600 K were used to acquire textures.

4 CDROM and Video Animation: Carpiniana

Redlistic estimate of the time to acquire the range images, build a 3D model and
the determination of the required quality of model is very critical for such a project.
For this site, with an average scan time on the walls of 80 minutes per 3D image, a
total of 92 hours were spent in the Crypt. During that time, fifty 3D images were
acquired for the Crypt along with thirty 3D images for the altar. The 3D model was
created over a period of one month. The acquisition of the texture took 3 days and the
actual mapping was donein 4 days.
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a) b)
Fig. 4. CDROM: &) entrance page, b) use of orthophotos generated from 3D model to navigate
through the frescoes.

Fig. 5. Movie: a) view of crypt without texture, b) view of main pillar with texture.

A number of models with different levels of complexity were created from the
original data. At the highest quality, the spatial resolution on the wall is about 5 mm



and on the ceiling and floor, 15 mm. The range uncertainty is about 0.8 mm. We are
currently working with 3 models: one 4.6 million-polygonal un-textured model (10
mm resolution) of the complete Crypt, a 12.8 million-polygon fully textured model (5
mm resolution) of one half of the Crypt (contains the two apses), and, a lighter
textured model with 0.4 million polygons. These different models were further
transformed in order to fit the format used in a CDROM. All of these representations
are aimed at showing the three-dimensionality of the site and visualize artifact that are
not visible in a typical visit to the site. A movie called “Carpiniana’ showing a fly
through of the Byzantine Crypt was also prepared. Snapshots of the CDROM and
Video animation are shown on Figures Fig. 4 and Fig. Srespectively.

5 TempleC of Selinunte

The project that started last year is divided into two broad steps, the first step saw the
modelling of the frieze of temple C of Selinunte using 3D laser scanning and the
second step will see the reconstruction of temple C of the Acropolis of Selinunte
using CAD tools. The CAD model will be based on historical information available at
the University of Lecce and at the museo regional e of Palermo, Sicily.

Fig. 6 shows the results of the modelling of a Metope known as “ Perseo and Medusa” .
Both 3D laser scanning and texture napping were used to create this model in a
manner similar to the one described earlier. The same technique was applied on the
other two Metopes associated to temple C. The resulting 3D model of the frieze from
Temple C including the three Metopes is shown on Fig. 7. We continued the laser
scanning work using both the Minolta and Mensi laser scanners on different sections
inside the museum room. The first scanner was used to acquire details in the order of
0.5 mm and the second scanner captured details in the range of 2-10 mm. The rest of
the 3D model of the room was created using photogrammetry -based modelling
techniques and some simple CAD modelling. A rendering of the complete museum
room dedicated to Selinunte is shown on Fig. 8.

a) b)
Fig. 6. Model of the Metope “Perseo and Medusa’, a) texture-mapped 3D model, b) shaded
view of the same 3D model.



a) b)
Fig. 7. Three-dimensional model of Frieze of Temple C, a) texture-mapped 3D model, b) wire-
mesh of 3D model showing the levels of details.

b)
Fig. 8. Museum room, @) Rendering of the complete 3D model of the museum room, b) wire-
mesh showing the multi-resolution model.

6 Conclusions

The potential of modelling as-built reality in heritage opens-up applications such as
virtual restoration or as an input to virtualized reality tours. As demonstrated with a
Byzantine Crypt, a high degree of realism can be attained by those techniques and the
context in which the artefacts were discovered or were used can be recreated. Real
world acquisition and modeling is now possible. Technological advances are such that
difficulties are more of a logistical nature than technological per se. Models of large
objects, structures and environments are possible but as demonstrated here require the
combination of anumber of techniques. The problem we addressed in this paper isthe
use of 3D modelling to enhance the understanding of aheritage site that needs to be
preserved and shown to more people in order to raise awareness and understanding of
the Byzantine period. Both a CDROM and a video animation were created to fulfill
these hopes. The work on the re-building of temple C of Selinunte is currently
underway and will benefit from the experience gained during the work of the
Byzantine Crypt of Santa Cristina.
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