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Abstract

We simulate how Agam fiducials are imaged by a catadioptric
panoramic camera with a log-polar arrangement of pixels. Experi-
ments show that there are good prospects of using such a non-classical
camera to localize an observer wrt to fiducials.

1 Introduction

In this report we study how Agam fiducials [3] are imaged by a catadioptric
panoramic camera with a log-polar arrangement of pixels on its retina [1]
based on SVAVISCA log-polar CMOS sensor [2]. Since there is no real
SVAVISCA panoramic camera at the moment available, we had to resort
to simulations [4].

The general aim is to determine the position and orientation of an ob-
server from one panoramic image of one fiducial by knowing the distance to
the fiducial from its apparent size in the image and the angle wrt the fiducial
reference direction from the observed intensities [3]. Our aim in this work
is to gain an intuition. We like to see how images of fiducials look like in
SVAVISCA panoramic images and also if there are measurable changes of
intensities inside fiducial squares related to the position of the camera. To
that end, the following simulated experiment was carried out.

2 Simulated experiment

A set of 30 images was taken by a panoramic catadioptric camera. The cata-
dioptric camera comprised a parabolic mirror and an ordinary CCD camera
producing image of the size 576×768 pixels. Three images from the sequence
are shown in Figure 1. In each image, there are two fiducials, each of them
consisting of four panels. The fiducial closer to the camera will be called
number 1, the one farther will be called number 2. Fiducials are at different
heights. The camera moves along a line with the constant separation between
the consecutive views that equals 12 cm. The image numbers were chosen
so that they correspond to the order in which the images were taken. The
fiducial number 1 is about 60 cm far from the line of camera motion. The
panels of fiducials are labeled as it is shown in Figure 2.

Figure 3(a) shows a simulated image of the scene as if taken by the log-
polar panoramic catadioptric camera obtained by replacing a CCD retina by
a SVAVISCA retina. Figure 3(b) shows a detailed view of the fiducials. The
images were obtained by warping and re-sampling the original images.

In each of the 30 original images, the panels of the fiducials were manually
marked in images. The selected regions were shrink so that they did not
contain any transitions between the panels and average intensities inside
them were computed. The regions were also propagated to the SVAVISCA
images.

Figures 4(O.*) show average intensities inside the fiducial squares as func-
tions of image position computed from original images. Figures 4(S.*) show
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average intensities inside the fiducial squares as functions of image position
computed from SVAVISCA images. Figures 4(*.1) show average intensi-
ties inside the fiducial squares 2 and 4 for both fiducials altogether. These
squares have their plane segments oriented vertically and therefore their aver-
age intensities change as the position of the camera changes. Figures 4(*.2)
show average intensities inside the fiducial squares 1 and 3 for both fidu-
cials altogether. These squares have their segments oriented horizontally
and therefore their average intensities remain approximately constant. In
theory, the graphs on Figures 4(O.*) should be exactly same as the graphs
on Figures 4(S.*) since the SVAVISCA images were obtained only by a trans-
formation of the original images. We believe that the small differences that
can be found are caused by resampling, interpolation, and rounding errors.

Figure 5(O) shows the ratios of average intensities inside squares com-
puted from the original panoramic images. Figure 5(S) shows ratios of aver-
age intensities inside squares computed from simulated SVAVISCA panoramic
images. Again, the differences between the graphs are believed to be caused
by discrete nature of image representations.

3 Conclusions

Experiments show that fiducials can be observed even in SVAVISCA images.
Though the resolution of SVAVISCA images is very low, we expect that the
localization based on fiducials will still work until the apparent size of the
fiducial is larger than the radius of optics point spread function.

The opened questions are:

1. What is the smallest size of a fiducial when the average intensity is still
not too much influenced by the point spread distribution function of
the optics?

2. How much the simulations correspond to the reality?

3. What are the theoretically correct courses of average intensities wrt to
the position of the camera?
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Figure 1: The first (1), the 10-th (10), and the 30-th (30) image of the
sequence of 30 images capturing two fiducials by a panoramic catadioptric
camera consisting from a telecentric lens and a parabolic mirror (by Cyclo-
vision Inc., www.cyclovision.com). The camera moved along the line in the
scene that was about 60 cm far from the fiducial number 1. The distances
between viewpoints on th line were about 12 cm, i.e. the camera traveled
apx. 381 cm.
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Figure 2: A detail view of the two fiducials. Each fiducial consists of four
squares. The fiducials as well as the squares are numbered by M −N , where
M stands for the number of the fiducial and N stands for the number of the
square.
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Figure 3: (a) Simulation of panoramic image taken by a SVAVISCA
panoramic camera. The upper half of the image. (b) The detail of the
image of the fiducials.
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Figure 4: Average intensities inside of the fiducial squares as functions of the
camera position. See text.
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Figure 5: Ratios of average intensities inside of the fiducial squares as func-
tions of the camera position. See text.
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