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Fisheye Stereo Camera Using Equirectangular Images

Akira OHASHI, Fumito YAMANO, Gakuto MASUYAMA, Kazunori UMEDA, Daisuke FUKUDA, Kota IRIE,
Shuzo KANEKO, Junya MURAYAMA and Yoshitaka UCHIDA

This paper proposes a stereo camera using two fisheye cameras. The measurement range of the stereo camera is increased
by using fisheye cameras. Fisheye images are deformed by using an equirectangular projection to simplify the stereo
correspondence search in the images. Stereo images are rectified to correct the influence of external parameters between
a left camera and a right camera. Rectification parameters are estimated from feature points obtained from an image of
an arbitrary environment. Errors due to deviation of the position and rotation of the left and right cameras are removed
by the stereo rectification. The corresponding points are calculated by using stereo matching in the deformed image, and
the distance is measured from the disparity. The performance of the fisheye stereo camera using equirectangular images is

evaluated by simulations and experiments.
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(a) Fisheye image

(b) Perspective image

Fig.1 Comparison of a fisheye image and a perspective image
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Fig.2 Process of generating an equirectangular image
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Fig.3 Conversion from fisheye image to equirectangular image
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Fig.4 Epipolar lines on an equirectangular image
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Fig.5 Simulation conditions

Tablel Estimated errors of rotation and translational amount of left camera

true value | estimation value | error %
roll 5 4.983 0.340
pitch * 5 4.977 0.460
yaw 5 5.055 1.100
y mm 1 1.080 8.000
z mm -1 -1.050 5.000
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(a) Equirectangular image
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Fig.6 Rectification in condition 1

(a) Equirectangular image (b) Perspective image

(¢) 10x zoomed (b) (d) Rectified (b)

(e) Rectified (c) . f) Recliﬁed (a

Fig.7 Rectification in condition 2
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Fig.8 Rectification in condition 3
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Fig.9 The positions to measure distance

(a) Left image (b) Right image

Fig.10 Fisheye images captured in the experimental environment
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(a) Disparity image (b) Range image

(a) Disparity image (b) Range image

Fig.13 Results of measurement using equirectangular images
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Fig.14 The distance measurement errors
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