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Fig.1 Measurement principle of one dimensional interior orientation

element and distortion
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Fig.2 Schematic diagram of geometric distortion calibration of

vertically mounted lens
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Fig.4 Schematic diagram of cat's eye position interference fringes
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1. Platform; 2. Plane mirror; 3. High precision angle measuring system;
4. Camera; 5. Multi dimension adjustment table; 6. Target ball;
7. Laser tracker; 8. Interferometer; 9. Adjustment table
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Fig.5 Schematic diagram of optical lens distortion calibration based on

laser interference principle
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Fig.6 Schematic diagram of high-precision angle measuring system
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Tab.1 Comparison of calibration results of two methods

Traditional measurement

Improvement measurement

Image height/um Distortion/um Image height/um Distortion/um
776 =717.6 808 —723.9
7456 —418.4 7430 —424.6
14624 —299.1 14608 -301.1
21870 —-153.2 21860 -161.3
29208 —76.4 29258 -79.9
36180 —53.3 36166 —45.6
43366 -13.5 43390 -9.9
49226 0 49280 0
55988 -21.1 56022 -31.2
63148 —56.2 63146 —54.2
70278 —87.0 70336 —84
77206 -171.8 77216 —-180.6
84314 —320.9 84358 -311.2
91284 —426.3 91248 —433.1

101426 =727.5 101470 -731.4
D = 18092 =1.43%
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Tab.2 Cubic distortion calibration results
The first time The second time The third time
RMS DIST/um
Image height/pum Distortion/pum Image height/pm Distortion/pm Image height/pum Distortion/pm
2158.1 1812.8 2154.6 1817.8 2156.8 1817.3 2.8
14887.6 1338.5 14885.5 1335.5 14886.2 13353 1.8
27508.6 937.6 27509.3 936.6 27508.9 937.5 0.6
40187.0 643.8 40189.1 644.8 48189.1 643.1 0.9
52900.4 372.3 52903.2 374.3 52901.1 376.2 2.1
65581.6 232.8 65578.1 227.8 65578.8 230.4 2.5
78271.2 85.9 78273.3 78269.3 89.2 2.5
90940.5 66.4 90937.7 90946.6 66.7 0.7
103671.4 30.8 103670.0 103 684.7 32.7 1.0
116334.4 19.0 116335.1 116332.8 19.2 2.9
129037.3 0.0 129038.7 129034.5 0 0.6
141724.1 4.3 141725.5 141724.9 8.3 2.6
154356.3 36.6 154356.3 154353.5 35.2 2.0
167048.7 68.1 167051.5 167052.0 65.0 2.1
179721.5 87.9 179721.5 179721.2 86.5 0.8
192423.0 258.8 192419.5 257.8 192426.3 258.2 0.5
205118.9 419.2 205119.6 416.2 205119.0 419.5 1.8
217805.0 681.9 217807.8 686.9 217819.0 683.9 2.5
230508.6 956.4 230505.8 952.4 230506.5 955.1 2.0
243236.7 1350.7 243233.9 1355.7 243210.1 1354.9 2.7
255889.2 1809.2 255892.0 1806.2 255903.2 1810.8 2.3
EE = Zi bRTIR, FAMNKR2EDN 17 pm.,
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Fig.7 Distortion grid data of camera optical system model
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Calibration technique of geometric distortion for space

high resolution optical system

Yue Liqing, Wang Dongjie, Xiao Yue, Wu Wenjin, Sui Qing, Chen Yang

(Beijing Key Laboratory of Advanced Optical Remote Sensing Technology, Beijng Institute of
Space Mechanics & Electricity, Beijing 100094, China)

Abstract:

As an important internal parameter of the camera, the measurement accuracy of distortion directly affects the
image processing accuracy and the geometric positioning accuracy of the camera on orbit. The traditional high-
precision laboratory calibration method relying on three-axis turntable has strict requirements for test equipment
and test environment. With the increase of camera focus, aperture and volume, this method has increasingly high
requirements for equipment and site. The idea of achieving high-precision geometric distortion calibration simply
by improving the volume and accuracy of equipment is not applicable. On the basis of the traditional precision
angle measurement method, this paper proposes a geometric distortion calibration technology of large aperture
and long focal length optical system based on the interference principle. Compared with the traditional precision
angle measurement method, this method does not require a high-precision experimental turntable, has good
robustness and high accuracy. This paper introduces the basic principle, test method and error link of the
distortion test method. The test results of this method are compared with the traditional distortion test method,
which shows that the test accuracy of this method meets the requirements of remote sensing camera development
and has a wider application range. It can be used for reference for the distortion test of aerospace long focal length
and large aperture remote sensing camera.

Objective As an important internal parameter of the camera, the measurement accuracy of distortion directly
affects the image processing accuracy and the geometric positioning accuracy of the camera on orbit. At present,
the distortion test methods for optical cameras are generally divided into three categories, the high-resolution
spaceflight remote sensing camera is more suitable for the test method based on the precision angle measurement
theory. However, the precision angle measurement method has strict requirements for the test equipment and the
test environment. With the increase of the focal length, aperture and volume of the spatial high-resolution optical
system, higher requirements are also put forward for the size and test accuracy of the turntable. It is difficult to
realize in engineering and cannot meet the development requirements of various types of space high-resolution
remote sensing cameras. Meanwhile, for the space high-resolution optical systems with ultra-large aperture and
ultra-long focal length, in order to reduce the influence of gravity in the process of alignment, the vertical method
is usually used for alignment. The visual axis of the lens is always perpendicular to the earth in this case, and it is
impossible to use the traditional precision angle measurement method to calibrate the distortion of the optical lens
in the laboratory. In order to solve this problem, a geometric distortion calibration technology of large aperture

and long focal length optical system based on the interference principle is proposed.

20220862-7
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Methods The whole test system includes laser tracker, special target ball, 4D interferometer, a measured lens,
high-precision angle measuring system and plane reflector (Fig.2, Fig.5). In the measurement space coordinate
system, the target ball of the laser tracker is placed at the image point (Fig.3). When the center of the target ball
coincides with the focus position of the interferometer, the interference self-collimation fringe can be formed
(Fig.4). When the target ball is precisely positioned at the image point, the laser tracker can be used to test the
image point coordinates to obtain the image height data. The field angle corresponding to the image height of the
lens can be obtained by using the high-precision angle measurement system (Fig.6), and the lens distortion value
can be calculated by the image height and its corresponding field angle.
Results and Discussions Comparative experiments were carried out on optical lens with a focal length of
2 000 mm and a field angle of 2.8° using the traditional angle measurement method and the distortion
measurement method based on the interference principle. The calibration results show that the results of the two
test methods are highly consistent, and the maximum relative distortion of the two methods are 1.48% and 1.49%
(Tab.1). This shows that the method based on interference principle can meet the development requirements of
remote sensing camera. A long focal length and large aperture optical lens is tested with the new method. During
the test, a total of 21 test points were taken from the full field of view, and three effective tests were conducted
(Tab.1). The root-mean-square distortion of the three tests is less than 3 microns, and the maximum relative
distortion value is 1.43%. The maximum relative distortion design value of the lens linear array direction is 1.5%
(Fig.7), and the test results are in good agreement with the theoretical design value.
Conclusions Based on the traditional angle measurement method, a distortion measurement method for aerospace
large aperture and long focal length optical system is proposed. This method can meet the distortion test
requirements of various types of optical systems. It is used to calibrate the distortion of the traditional optical lens
and the large-aperture high-resolution optical lens with vertical adjustment in the laboratory. The results are
consistent with the design values, which provides a reference for the development and test of space high-
resolution optical remote sensor.
Key words: distortion;  space high spatial resolution;  vertical installation and adjustment;  interference
principle
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