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Fig.1 Omnidirectional camera imaging model
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(b) Schematic diagram of calibration system
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Fig.3 System calibration flow chart
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center; (b) Spherical fitting of optical center
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Fig.5 Establishment of axis coordinate system
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Fig.6 Camera-axis reprojection model. (a) Original model; (b) After-

rotation model; (¢) Equivalent model
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Fig.7 Axis calibration system based on omnidirectional camera
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Tab.1 Camera internal parameters and offset

Focal distance/pixel Principal point/pixel

f X f y Cx c}'

&/mm

4344.8 4347.8 2025.9 1467.0 0.9521

P 2 HL A% R 1% 22 MO LI 728 R A 46 2 i o
H 1 Mean-RE (Mean-Reprojection Error) 4 -1 5 %
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Tab.2 Reprojection error and distortion coefficient of
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Fig.8 Fitting and processing. (a) Plane fitting; (b) Spherical fitting; (c) Establish axis coordinate system
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Tab.3 Two methods to calculate posture results

Method Rotation matrix R Translation vector T
0.2858 03060  0.9081 ] 144.062
ICP -0.7177  0.6963  -0.008 8 251.727
-0.6350 -0.6492 04186 | 281.533
0.3382 0.2477 0.907 8 143.765
Optimization of Ceres library -0.5758 0.8176  —-0.008 5 252.508
-0.7444 -0.5199 04191 282.094
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Tab.4 Rotation vector and translation vector
Correspondence Rotation vector ¢ Translation vector ¢
Camera-world [0.543, —2.734, —1.315]" [290.792, —306.674, —69.305]"
Axis-world [-0.341,1.103, — 0.550]T [143.765,252.508, 282.094]T
Camera-axis [-1.477,1.475,1.014]" [3.025x 105, 73.445, —0.0017]"
{8, XHHIHLS 5550 =2 18] A (7 B A T AR AL o 7345 Max: 73,428
RSO BT s, RAREIN S e eI a0l s s A n A N g an
SAERI-1.475,1.474,1.015]"41[0.027,73.299, —0.002]", 5 7335 ’ Vi DTN N NV
FIFIR AL 5L, T it BT A 21 B - Min: 73383 - - -

Bl PR B SRR 2 R e R, TH RS R 9 i
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FSE 5 R GEXT 2 SR BT AT 2 WESE 045, 15 AT
IR 60°, FFARE IR AN S, 4 22 A HR 1 5
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Rotation angle of axis/(°)
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Fig.9 Distance from optical center to axis at different angles
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Fig.10 The stitching results of single images and panoramic images
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Fig.11 The distribution of optical center points under three experimental

conditions
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Tab.5 Pose under three groups of experimental conditions

Condition Rotation vector ¢ Translation vector ¢
Primary data [-1.475,1.474,1.015]" [0.027,73.299, —0.002]T
Change distance [-1.473,1.485,1.004]7 [-0.001,73.408, —0.003]T
Change radius [—1.472,1.479,1.006]T [—1.831 x1074,73.315, - 0.002]T
0.5 ¢ + Change distance [) B, Sy i — 20 € 1 0 BT &R GRS B 3 i 422
04 L e .+ + Change radius ‘
# ¥4 L + Primary data B 20 b A T ) EE Y R 25 40 A B IR, Gn Al 13
0| ‘ B

2 ool SO B 4RIy R T 1592 BMPE 4)
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o4l L M, H A J7 8 i BMPE 43 %l & 0.141 6 pixel Fl

-0.5-04-03-02-0.1 0 0.1 02 03 04 05 . .
U error/pixel 0.127 6 pixelo H A& 10 B, R e i 404 ok (51
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Fig.12 Error distribution of reprojection under three groups of BHIE T 3C q:'ﬁff Y Y’Efﬁ .

experimental conditions
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Fig.13 Projection error histogram. (a) U direction of reference group; (b) ¥ direction of reference group; (c) U direction of radius change group; (d) V'
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Research on pose calibration method for omnidirectional

camera and rotation axis

Gao Yusen, Gao Nan, Ni Yubo, Meng Zhaozong, Shao Jinfeng, Zhang Zonghua"
(School of Mechanical Engineering, Hebei University of Technology, Tianjin 300130, China)

Abstract:

Objective Accurate determination of camera-to-reference frame parameters is crucial. Traditional systems are
limited by camera field of view, constraining object size measurability. Omnidirectional cameras offer wide view
and high imaging quality by using rotation systems or combining with LiDAR for scene modeling. This paper
proposes a calibration method for omnidirectional camera and rotation axis. It uses omnidirectional cameras to
capture rotation of QR code chessboards. A reliable mathematical model and nonlinear fitting optimize initial
results for accurate parameter estimation. This method has low equipment requirements, considering board
placement within the camera's view. The experimental results indicate that the average optimized reprojection
error of this method can be controlled below 0.15 pixel, satisfying the requirements of experimental

measurements and demonstrating promising application performance in various scenarios.

Methods A reliable system is proposed to calibrate the extrinsic parameters between the camera and the rotation
axis. A omnidirectional camera with a resolution of 4 000 pixelx3 000 pixel is utilized to capture the dual
ChArUco calibration boards (Fig.2). For the extrinsic calibration, an algorithm is designed to fit the rotation plane
and different methods for establishing the axis coordinate system are introduced (Fig.5). The accuracy of the
system is evaluated using the distance from the optical center to the origin of the axis coordinate system (Fig.9)

and the reprojection errors under different conditions (Fig.11).

Results and Discussions In this method, the Perspective-n-Point algorithm is employed to determine the
camera's optical center coordinates. Subsequently, a nonlinear least squares fitting technique is applied to fit the
rotation plane and sphere of the optical center (Fig.8). The circularity fitting standard deviation for the intersection
between the plane and the sphere is measured to be 0.021 8 mm, while the flatness fitting standard deviation is
0.030 1 mm. The range of distances from the camera's optical center to the axis is found to be 0.085 mm, with a
standard deviation of 0.021 mm (Fig.9). Additionally, the maximum reprojection error between the experimental
reference group and the other two control groups is 0.141 6 pixel (Fig.12), thereby validating the accuracy of the
proposed method.

Conclusions To address the issue of pose uncertainty between the camera and the rotation axis, this paper
proposes a calibration method based on a omnidirectional camera and dual ChArUco calibration boards. The
method captures multiple sets of images containing the dual targets to obtain the position information of the
camera's optical center at each shooting position. By establishing a mathematical model for coordinate system

transformation, the pose relationship between the camera and the rotation axis is computed and optimized,
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effectively suppressing the influence of random errors in the experiments. Experimental results demonstrate that
the proposed method achieves sub-millimeter-level accuracy in the distance between the camera and the rotation
axis, with an average optimized reprojection error controlled below 0.15 pixel. Compared to other methods, the
method presented in this paper has lower system complexity, improved accuracy by use of two calibration boards,
and effectively mitigates random errors caused by placement variations. The results indicate that this method
exhibits good robustness and convenience, making it reliably applicable to shooting tasks in diverse scenarios.
Key words: optical measurement;  omnidirectional camera;  rotation axis;  pose calibration;

panoramic survey
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