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Abstract A system modeling method based on solar vector is proposed to improve the system modeling and
pointing accuracy of convex mirrors which are used as reflective light sources. The fitting coefficient (R*) of 0.999
or higher obtained by linearity fitting of experimental data ensures the reliability of our experimental data. The
model is solved by the least-squares method, and inherent geometric errors of the system are obtained. Finally, the
correctness of the calibrated model is verified by using the reverse model to solve the target value and comparing the
centroid of the sun image. The experimental results show that the angle of the target encoder is essentially the same
as that of the actual measurement. To summarize, the standard deviation of pitch angle error is 0.0043°, standard
deviation of azimuth angle error is 0.00299°, error range is kept within 0.04°, difference of image centroid pixel is
approximately 2 pixel, angular resolution error of pixel is approximately 0. 036°, and comprehensive pointing
accuracy of the system is better than 0.1°. Therefore, the validity and feasibility of this method are verified; this
lays the foundation for the on-orbit absolute radiometric calibration of multi-spatial resolution optical remote-sensing
satellite sensors with high accuracy, high frequency, and operational and full dynamic range.
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Fig. 1 Composition of point light source turntable system. (a) Schematic of sun sensor; (b) coordinate system

definition and structural diagram; (c¢) mirror reflectivity
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Table 1 Partial test data of turntable when reflector optical axis points to sun

) ) 597.623 598.108 595.344 595.612 596.112 595.264 595.785 595.980

Sun centroid /pixel
y 525.468 527.861 524.679 524.780 524.854 523.434 529.098 528.830
Altitude 50.469 52.704 53.210 53.704 53.965 54.187 49.208 46.623

Sun position /(%)
Azimuth 141.022 147.820 148.951 150.703 151.689 152.562 222.086 227.280
Encoder angle Pitch 216.460 218.653 219.173 219.656 219.964 220.118 215.150 212.557
value /(%) Azimuth 279.436 272.655 271.506 269.764 268.775 267.830 198.259 193.104
Encoder original Pitch 165.937 165.937 165.937 165.937 165.937 165.937 165.937 165.937
angle value /()  Azimuth  60.425  60.425  60.425  60.425  60.425  60.425  60.425  60.425

Fe2 SRS B AR R HCR
Table 2 Partial test data used to the verification of turntable model

R Altitude 45.050 44.670 44.310 43.780 43.090 42.610 42.110 41.520

Sun position /(%)
Azimuth  230.016 230.644 231.216 232.047 233.087 233.786 234,511 235.332
Measure encoder Pitch 46.121 45.616 45.308 44.979 44.341 43.375 42.869 42.430
value /(%) Azimuth  229.680 230.318 230.977 231.482 232.449 233.899 234.580 235.239
Calculated encoder Pitch 46.091 45.589 45.282 44,952 44.315 43.349 42.842 42.404
value /(%) Azimuth  229.649 230.288 230.944 231.455 232.417 233.871 234.552 235.212
Error calculated Pitch 0.030 0.027 0.026 0.027 0.026 0.026 0.027 0.026
and measure /(°)  Azimuth 0.031 0.030 0.033 0.027 0.032 0.028 0.028 0.027
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Fig. 4 Comparison of test results of elevation angle of turntable. (a) Angle measured by pitch encoder;

(b) angle of pitch encoder calculated by calibrated model; (¢) comparison of calculation and measurement values
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Fig. 5 Comparison of azimuth measurement results of turntable. (a) Angle measured by azimuth encoder;

(b) angle of azimuth encoder calculated by calibrated model; (c¢) comparison of calculation and measurement values
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Fig. 6 Centroid pixels collected by camera at different sun positions and at different times. (a) Image centroid coordinates
when sun observer is aligned with sun; (b) centroid coordinates of sun obtained by camera after calibration;

(¢) difference of pre-calibration and post-calibration pixels
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