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Error analysis of star image coordinate based on digital zenith camera
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Xi’an 710025, China)

Abstract: The accuracy of the star image coordinates is closely related to the positioning accuracy of the
digital zenith camera. On the basis of the principle of digital zenith camera imaging, the star image
coordinate expression was deduced strictly. The error equations of the image coordinates under four error
factors and composite error factor were deduced based on the star image coordinate expression. The
analysis results showed that the errors were independent of each other. Star map data was obtained
through the simulation under four error factors and composite error factor. The simulation results show
that: The influence of the image coordinates of each star point caused by the focal distance error and the
transposition error is different. Compared to average value of the coordinate change values of Ax and Ay,
the maximum fluctuation values of Ax and Ay caused by the focal distance error were about 2.38 pixel
and 3.04 pixel. The maximum fluctuation values of Ax and Ay caused by the transposition error were
about 1.06 pixel and 1.41 pixel. The error of the optical axis tilt and the main point offset made the
change of the star image coordinates as whole migration. In addition, a method for solving the error

parameters was proposed. The calculated error parameters were used to compensate the star image
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coordinates. The longitude accuracy of the digital zenith camera was improved by about 1.98 m, and the

latitude accuracy was improved by about 1.65 m

Key words: star image coordinates;
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Tab.1 Star image coordinate change value
Transposition error Optical axis tilt
Error 1’ 2' 0.5' 1’

Star number Ax/pixel Ay/pixel Ax/pixel Ay/pixel Ax/pixel Ay/pixel Ax/pixel Ay/pixel
536 73 0.1910 0.433 2 Ax/pixel Ay/pixel Ax/pixel Ay/pixel 19.397 5 16.785 6
54465 0.1326 -0.700 1 0.3820 0.866 3 6.487 4 5.602 6 19.393 0 16.781 4
547 34 -0.3177 -0.5056 0.2651 -1.400 2 6.4859 5.601 2 19.395 4 16.782 3
53525 0.642 8 -0.033 7 -0.6356 -1.0111 6.486 7 5.601 5 19.392 1 16.781 0
545 81 —-0.088 4 -0.5739 1.2855 -0.067 5 6.4856 5.601 1 19.396 7 16.784 3

R2EBRESERREBXEKLIRPFIT
Tab.2 Influence of focal distance error and main point offset on image coordinates
Focal distance error Main point offset
Error 0.5 mm 1 mm Ax=5 pixel Ay=3 pixel
Star number Ax/pixel Ay/pixel Ax/pixel Ay/pixel Ax/pixel Ay/pixel

536 73 -1.2411 0.546 9 -2.482 2 1.093 7 5 3
544 65 2.005 5 0.380 3 4.0110 0.760 6 5 3
547 34 1.448 6 -0.9100 2.8972 -1.8200 5 3
53525 0.096 2 1.841 4 0.192 4 3.682 8 5 3
545 81 1.644 2 -0.253 1 3.2883 -0.506 2 5 3

xIGEREVERLIRE

A

Tab.3 Influence of composite error on image coordinates

Composite error

1'+0.5'+0.5 mm+0.01 pm+5

1'+0.5'+0.5 mm+0.01 pwm+3

2'4+1’'+1 mm+0.02 pm+5  2'+1’+1 mm+0.02 pm+3

Star number Ax/pixel Ay/pixel Ax/pixel Ay/pixel

536 73 10.436 3 9.574 0 22.289 3 21.7557

54465 13.614 0 8.201 4 28.609 5 19.140 9

547 34 12.6176 7.1950 26.647 0 16.952 3

53525 12.224 3 10.410 3 25.864 0 23.386 3

545 81 13.046 7 7.774 2 27.5180 18.140 3
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1 2 3 4 5 6 7 8
Number 2445.671 4 1767.746 9 108.819 2 34.388 4
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Fig.7 Astronomical longitude and latitude
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Tab.5 Error parameters
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