











tural drawings and sections of the altar but rather
to make a realistic 3-D visualization. Information
processing and the creation of the model took four
months.

Color enhancements between overlapping images
were required to guarantee picture continuity in
both pre- and postprocessing. A numbering system
was designed to record the set of ninety-five images
collected for this project. The numbering system
determined not only orientation and angle of the
pictures but also outline, clearness, and illumina-
tion quality. Using the commercial graphic editing
software Adobe Photoshop, images were rectified,
color adjusted, and stitched to create a photo-
mosaic of the baroque reredos, the Gothic arches,
and the Renaissance frescoes.

The raw coordinates of the measured points were
used to create two 3-D models, one of the baroque
vault and vertical walls, another of the Gothic vault
with the Renaissance frescoes. Finally, the textured
images were projected over the wire frame of the
models.

Virtual Reality Modeling Language (VRML) was
selected for the visualization and interaction

of the reconstructed model. VRML is a file format
for describing interactive 3-D objects. Itis designed
to be used either on the Internet or on local com-
puter systems. Once “inside” the model, the user
can choose different modes of navigation (walk,
fly, or examine) and different viewing perspectives.
For ease of navigation throughout the visual
photo-model of the Renaissance frescoes, some
viewpoints were defined at specific locations,

and animations of various fly-throughs were
implemented.

The physical constraints of the space between the
vaults and poor lighting conditions affected the

recording process. Automatic image manipulation
software was not suitable for color and orientation
adjustments. The use of manual graphic editing
software extended the processing time. Rectifica-
tion with this type of software, usually used for 2-D
data, was more difficult with the 3-D data for the
Renaissance frescoes. In addition, use of this tool
required extensive knowledge of the geometry of
the objects.

The cathedral’s Renaissance dome, before the removal of the
baroque vault. Photo: © José Luis Lerma.
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An Answer

The stitched image of the Renaissance photo-
mosaic was projected back to the original input
view in order to simulate the visualization of the
beautiful, colorful frescoes when viewed from the
bottom of the high altar. Different scenarios were
also visualized on the 3-D models, with various
surface projections to simulate several conserva-
tion proposals. Further image-based reconstruc-
tion features suggested by the conservators, such

as keystone and ribs, were draped over the model.

This virtual reconstruction and visualization
allowed architects, conservators, historians,
engineers, and decision makers to analyze and
predict future interventions on cultural heritage
objects and sites and their surroundings prior to

restoration and conservation. Graphic documenta-

tion, visualization, and modeling of the initially
occluded Renaissance frescoes were vital in
persuading professionals and stakeholders of the
need to dismantle the baroque vault not only for
viewing the paintings from the early Renaissance
period but also for their conservation.

In 2005, the baroque vault was carefully
dismantled except for the ribs. Each feature was
numbered and safely stored in such a way that
future reconstruction of the vault will be possible
after conservation of the frescoes. In addition,
the photogrammetric survey constitutes an
archive that could guarantee the replacement

of both the baroque vault and the Renaissance
paintings either in the high altar of the cathedral
or in another context.
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