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A Fitting Method of Paracatadioptric Circle Image

DUAN Hui-Xian” LI Guang-Yao” LI Chao” TAN Yun-Lan”
D (School of Electronics & Information Engineering » Tongji University » Shanghai 201804)
D (School o f Electronics & Information Engineering , Jinggangshan University . Jinggangshan, Jiangzi 343009)

Abstract  Camera calibration from circles has great advantages. Although it is proved that the
image of a circle under catadioptric camera is a quartic curve, only part of the quartic curve is visi-
ble on the image plane due to the partial occlusion. Consequently catadioptric circle image cannot
be estimated from the visible part and camera parameters cannot be calibrated. In this paper, we
propose a fitting method of paracatadioptric circle image for the case that aspect ratio is 1 and
skew is 0, and establish the foundation for calibration methods based on circles. First, we derive
some conditions, which must be satisfied by the paracatadioptric circle image. Second, based on
these conditions, we present a fitting method of the paracatadioptric circle image. Finally, we
evaluate the performance of our fitting method using the focal length which is computed from
paracatadioptric circle image and the principal point that is estimated from the projected contour
of parabolic mirror. Experimental results on both simulated and real image data have demonstra-

ted the effectiveness of our method.
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Background

In computer vision, catadioptric camera has a large field
of view and can be widely used in virtual reality, robot navi-
gation and visual surveillance etc. It is well known that the
camera calibration is a prerequisite for the application of cata-
dioptric camera. Now, in the literatures, there are many cali-
bration algorithms from points, lines and spheres, which still
cannot effectively estimate the camera parameters. In addi-
tion, circles are quite common in our life and camera calibra-
tion from circles has great advantages. However, due to the
large distortions, there are still many problems on cata-
dioptric camera calibration and little attention has been paid
to catadioptric camera calibration from circle images.

In our past work, (1) we proposed a new catadioptric
line fitting method, which is suitable to all kinds of central
catadioptric cameras and has higher accuracy than state-of-
the-art methods; (2) we proposed a calibration method for
paracatadioptric camera from three sphere images and made
calibration based on spheres for central catadioptric cameras
be a complete system; (3) we proved that the catadioptric
projection of a circle is a quartic curve, and established the
theoretical foundation for calibration methods based on cir-
cles. However, due to the partial occlusion, only part of the

quartic curve is visible on the image plane, and catadioptric
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circle image cannot be estimated from the visible part. In this
paper, we propose a fitting method of paracatadioptric circle
image for the case that aspect ratio is 1 and skew is 0. First
of all, we derive some conditions, which must be satisfied by
the paracatadioptric circle image. Then, these conditions are
used to optimize the equation of circle image. In addition, we
show that the effective focal length can be computed from the
principal point and circle image. Experimental results on both
simulated and real image data have demonstrated the effec-
tiveness of our method. In the future research, we will focus
on the circle image fitting methods and camera calibration al-
gorithms under other central catadioptric cameras.

We mainly study the 3D lunar terrain reconstruction and
illustration method, which provides theoretical foundation for
the optimization analysis and application system of lunar ex-
ploration data. Since catadioptric camera has a large field of
view, it is widely used in the 3D large scene reconstruction
which is quite critical in this project. As the camera calibra-
tion is a prerequisite for the application of catadioptric camera,
our work in this paper plays an important role in the estab-
lishment of the theoretical foundation of the 3D lunar terrain

reconstruction.



