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Abstract:
A convenient new photogrammetric technique, the spherical photogrammetry, particularly suitable for architecture and archaeology
metric recording, has been set up and already used in many projects (Fangi, 2007,2008,2009,2010). From a unique point of view,
photographs are taken 360° around to form a panorama. This panoramas is suitable for measurements. The advantages in comparison
with traditional pin-hole photogrammetry are many: the rapidness of the survey, the low-cost of the system, the disadvantages
consisting in the fact that the only suitable points for plotting are those easily identifiable in the different panoramas, because of the
lack of stereoscopy. We tried to solve the problem.
The strategy to bypass the scarcity of suitable points for plotting a faithful model of the object, followed the steps:
the editing of the rough model by means of the backprojection of the oriented panoramas (photomodeling);
the web service given by Epoch Arc3D and Mesh Lab to get the points clouds;
the web service of the Photosynth service by Microsoft;
the web service of PMVS2 by Furukawa.
The presented study case is taken from Nabatean architecture in Petra, the triclinium and obelisk tombs. During a tour in 2008 in
Petra a series of panoramas had been taken of so-called triclinium and obelisks tombs -Bab-es-Siq-. The panoramas have been
successfully oriented and then the restitution begun. But the points suitable to be plotted were really very few, because the eroded
and rough surface not permitted the identification of the homologous points in the different panoramas.
So overcoming this limitation was essentially carried out in two ways, say the Photomodeling and creating clouds of points via
network services. With Photomodeling we proceeded in the following manner: on the trail of a few lines plotted, a model, though
crude and provisional, has been created in CAD environment. Then over this model, the oriented panoramas have been backprojected. This allowed us to edit, add, and correct the model up to the best coincidence with the projection of the panorama, which
after all is the principle of photogrammetry. With this procedure the plotting of Ad Deir, (the Monastery) was performed. We
experimented also different ways.
There are online services; you send pictures to a site and it returns the point cloud. We sent the images taken for the panorama
formation. We tried Epoch Arc3d but the quality of the results were not satisfying, due probably to the scarcity of images, not
properly suitable for Arc3d. In fact the images should be as many as possible and taken from many different points of view.
So after Epoch Arc3d we tried Photosynth, by Microsoft. It is designed as a browser of images, objects and architecture. Player of 3D
models reconstructed from photographs at an arbitrary scale and designed by Richard Szeliski, father of the mosaics of images,
panoramic photography and interactive QuickTime movies. Sent the photos, we took back the cloud of points.
The service gave back point cloud of 74085 points of the tombs of the triclinium and obelisks. What is seen in the computer screen is
nothing but the cloud points overlapped to the images in arbitrary scale and orientation. So the points must be converted in
coordinates. There are procedures for capturing the point packets and convert coordinates of points.
It was finally tried the points service PMVS2 (Patch Based Multiview Stereo Version 2) by Fukawa.
The amount of points reached then 453304, many more then Photosynth, almost allowing the faithful reconstruction of the
architecture, comparable to laser scanning. We needed to use software for bundle adjustment, the Bundler, to obtain the parameters
of the used cameras.
To achieve this, however, one must configure the computer with the Linux operating system, following a fairly laborious process of
installing programs and special libraries. The points are not yet the surface, although the view with Mesh Lab makes works very well.
With another software package, Geomagic, we moved from point cloud to the model. Finally over the model the oriented panoramas
have been back projected as texture. So the combination of different techniques made possible to create a very faithful model of
difficult objects to be plotted.
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1 INTRODUCTION
After Alexander the great, the Nabateans come in Jordan
from 312 and 198 BC and Petra was their capital city.
Nebateans developed their own architectural style which is a
blend of Egyptian, Assyric, Hellenistic and Roman styles. We
tried to make a survey of two noticeable monuments of Petra,
Ad Deir (the Monastry) and the Bab_es_siq and
Khazné_al_Faroun tombs (Obelisk and Triclin tombs). For
the first monument we used an approach based upon
spherical photogrammetry and photomodelling by

backprojection of oriented panoramas (d’Annibale, Fangi,
2009). For the second ones we used the web service to
provide points clouds.
2 MULTI-IMAGE SPHERICAL PHOTOGRAMMETRY

From the same station point photographs are taken 360°
around. They are stitched together and then mapped with the
so-called equirectangular projection. From the image points
the two directions of the straight line connecting the station

point and the object point can be obtained, thus enabling the
3d model reconstruction (Fangi, 2007,2008,2009,2010), by
intersection of two or more straight lines coming from
different panoramas.
In 2008 we made three panoramas in Petra, of the pyramid
and triclinium tombs (figure 1). We have been able to orient
them but only very few lines have been plotted (figures 12,
16) although at arbitrary scale and in a local reference
system. This is because the limit of the technique is
essentially the lack of stereoscopy: only the well identifiable
points can be plotted. In this very particular case the problem
was the absence of sharp corners, the uniformity of materials,
and of the colors, the erosion, not permitting the
identification of corresponding points (figure 1).

Figure 2 - Series of processed images

Figure 1 – The triclinium (bottom) and obelisk tombs (up) Bab-es-Siq.

Figure 3 - Display point cloud at Photosynt

3 RESTITUTION WITH PHOTOSYNT
3.1 Epoch Arc 3D
We experimented different solutions to the problem: one
possible solution is the interactive photomodelling of the
rought model done in CAD environment (D’Annibale, Fangi,
2009). But there are also in the net some web services, where
it is possible to send images and the point cloud is returned
back in a arbitrary scale and orientation. One of those
services is Epoch Arc 3D. The result of this case was poor in
terms of amount of points and reasonable quality. The images
were not as many as they should be and not distributed as
required by the system.
3.2 Photosynth
Another web service is Photosynth. Bing 3D is a Microsoft
project to reproduce in 3d the entire world. The help of the
net is required for supplying the images. Of this ambitious
project, Photosynth is the tool: the net community furnishes
the photographs, and Photosynth turns back the point cloud.
To capture the point cloud coordinates a net analyzer is
required such Wireshark producing binary files with
extension .scr suitable for CAD. We send the original images
done for the panorama formation (figure 2). We obtained
back 74087 points (figures 3, 4). The diffused noise, the
many outliers, produced a cloud of low quality (figure 5).

Figure 4 - Point cloud in CAD environment

Figure 5 – Mesh obtained by joining the points (poor quality)
Figure 6 - The. Ply displayed MeshLab preserves the color
information.
4 RESTITITION WITH PMVS2
Yasutaka Furukawa - University of Washington and Jean
Ponce - Ecole Normale Supérieure produce PMVS-2 (Patch
Based Multiview Stereo Version 2).
PMVS is a multi-view stereo software that takes a set of
images and camera parameters, then reconstructs 3D
structure of an object or a scene visible in the images (6). The
software outputs a set of oriented points, where both the 3D
coordinates and the surface normal are estimated at each
oriented point. We received back the points, consisting in a
much more dense cloud of 453304 points. Each point is
accompanied by a patch (normally 7x7 pixels) with the color
information, with a normal versor oriented toward the
camera. The colored patches can be used in Meshlab. The
color information is derived from color photos using a
function of photometric discrepancy (PATCH BASED
MODEL). The next step is the editing of the point cloud in
suitable sofwtware packages like Geomagic studio 10, as it is
done normally for laser scanning point clouds:
Eliminate outliers
Reduce the noise
Filling the holes
Triangulation and model formation.
The output files are trhree:
-option-highres.txt.ply, contains the 3D point cloud
with colored patches;
-option-highres.txt.patch, contains the number of
images in which the point is visible;
-option-highres.txt.pset, This file can be used as
input for automatic reconstruction of surfaces made
with software such PoissonRecon
We needed to use software for bundle adjustment, the
Bundler, to obtain the parameters of the used cameras. To
achieve this, however, one must configure the computer with
the Linux operating system, following a fairly laborious
process of installing programs and special libraries.

A cloud of points with these characteristics, is suitable for
further processing, aimed at modeling, 3D solids and
surfaces.
The point cloud without a patch was developed by GEO
MAGIC STUDIO 10 performing the following operations:
- Deleted disconnected points (figure 7)
- Deleted isolated points
- Noise Reduction widespread (figure 8)
- Connecting points
- Filling the voids (figure 9)
- Edit the borders to prepare a single surface (figures 10, 11)

Figure 7 - Cleaning of disconnected points

Figure 9 Noise Reduction widespread

Figure 10 - Filling the holes

Figure 12 – The oriented spherical panorama

Figure 13 - Import of the surface model in 3DStudioMax
Figure 11 - Creating a single surface

Figure 14 – The texture preparation
An Excel sheet has been prepared to get automatically the
values to input in the modeling software for orientation, tiling
and offset of the textures. The central panorama as texture
was used ensuring a better coverage of the surfaces (values in
green).
Figure 15 - The pano used for “texturing” the model, the
surface obtained from PMVS2 (in grey), the plotted lines (in
blu) and the oriented sphere

Figure 16 – The few lines plotted by spherical
photogrammetry

We needed to use software for bundle adjustment, the
Bundler, to obtain the parameters of the used cameras.
Finally we could produce a good quality model. To color this
model we applied the back-projection of the oriented
panoramas over it. For this purpose we used the central
panorama.
Orientation and scale of the model surfaces created with
PMVS2 in the spherical panorama system

CONCLUSIONS
The metric exploit of multi-image spherical photogrammetry
is nowadays feasible and with great perspective in many
applications. Very high resolution contents and large fields of
view can produce detailed and photo-realistic 3D models, in
particular for cultural heritage.
We tried to solve the problem of lack of stereoscopy in the
spherical panoramas in different manners. The backprojection
of the oriented panorama over the rough model depends very
much on the ability of the operator to model and edit the solid
model in Cad environment. The point cloud by Furukawa
web service up to now seems to be the best solution. The
obtained point cloud is comparable to a laser scanning point
cloud. From now on it would be advisable to take a series of
shots even for the point cloud in addition to those aimed only
to the panorama formation.
Figure 14 - Dxf surface scaled and roto-translated in Cad

Figure 16 - The surface displayed in 3DStudioMax with the
projected texture.

Figure 16 - Rendering of sufaces with photorealistic texture
(panoramic image) in 3DstudioMax and comparison of the
restitutions by PMVS2 with from spherical photogrammetry
From the comparison with the panorama restitution it is
possible to do an assessment on the accuracy of plotting
achieved by the system of remote 3D Reconstruction.
At the lower part of the model there is a good coincidence
between surfaces, lines and textures, while the upper part
highlights on the contrary the limitations of the model
obtained with PMVS2, there is indeed a shift from the plotted
lines and hence the erroneous overlapping of the texture.
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