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Pose Estimation of Multiple Fish-eye Cameras Using Calibration Markers

Hiroya OKAMOTO, Yuki TANAKA, Abdelaziz KHIAT, Noriko SHIMOMURA, Gakuto MASUYAMA and Kazunori UMEDA

There is a need for precise extrinsic parameters of vehicle mounted cameras in order to provide a good overhead view
image to the driver. In this paper, we propose a simultaneous estimation of the extrinsic parameters of multiple fish-
eye cameras using simple calibration targets. The proposed method estimates the parameters directly from the fish-eye
images, giving more accurate results in comparison with a previous method that uses perspective projection converted
images. Moreover, this method allows parameter estimation by simply arranging calibration targets anywhere around the
vehicle. We conducted two experiments to quantitatively evaluate the estimation accuracy of the proposed method. In each
experiment, two cases have been considered. In one case (the known case), targets’ position were known beforehand. In
the other case (the unknown case), targets’ positions were unknown beforehand. In each experiment, the estimation error
for the unknown case was 4-5 times bigger than the known case. In a simulation experiment, we compared the estimation
accuracy of different target shapes, in order to identify the optimal shape of the target. The cubic shape turned out to be

the most appropriate.

Key words: fish-eye camera, in-vehicle camera, extrinsic parameter, camera calibration, PnP problem, calibration
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Fig.1 Fish-eye camera model
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Fig.4 Reprojection on fish-eye image
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Tablel Extrinsic camera parameters E;

Camera  Xegmmm  Yeummm  Zepumm  @egmdeg  Seamdeg  Yeamdeg

1 3500 7250 650 =20 0 0
2 2500 5800 800 -20 0 -90
3 4500 5800 800 -20 0 90
4 3500 2500 670 -20 0 180

Table2 Intrinsic camera parameters I,
ky kg ks Ly Cy
338518 24650 -1.364 12,134 -52.092

F Y
\ 4

Fig.6 Fish-eye image with cube markers
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Fig.9 Fish-eye images with square markers

Table3 Intrinsic camera parameters I;

Camera  ag ap  as(x107") ag(x1077) ay(x107%)  wg 1y
1 -391.58 0.00 9.57 -6.12 1.14 689.61 569.30
2 -392.53 0.00 9.59 -6.14 1.14 685.09 556.87
3 -392.47 0.00 9.82 -6.78 1.20 677.74 554.75
4 -392.23 0.00 9.50 -6.92 1.12 686.47 577.17
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(a) Cameral

>

(c) Camera3
Fig.13 Samples of input images

(d) Camerad

Table4 Ground truth of extrinsic parameters E; g4

Camera Xegmmm  Yegmmm  Zegpmm  eamdeg  Seamdeg  Yeamdeg

1 0.0 0.0 650.0 -19.1 1.1 -0.2
2 1060.0 -1355.0 800.0 21.2 -90.0 28
3 -1055.0 -1342.0 800.0 -19.8 90.2 -2.1
4 -510.0 -5060.0 650.0 -20.8 179.1 0.3

Table5 Error of extrinsic parameters E; ¢, when markers’s po-

sitions are known
Camera  Xegmmm  Yegmmm  Zegumm  eppudeg  Feamdeg  Yeamdeg

1 0 0 -0.4 0.6 -0.2 -1

2 -62.8 -771.3 4.4 0.5 -0.3 0.2
3 13.2 -76.3 19.1 0.1 0.0 0.6
4 -32.6 97.7 -1.6 0.4 0.0 0.9

Table6 Error of extrinsic parameters E; ¢, when markers’s po-

sitions are unknown
Camera Xogmmm  Yegmmm  Zogpmm  eamdeg  Beamdeg  Yeamdeg

1 0.0 0.0 180 0.1 1.3 14

2 G210 1482 594 0.6 0.1 L1

3 82.1 1642 221 -0.1 0.5 -1.2

4 300 41327 100 0.4 0.3 0.7
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