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Abstract A multi-angle polarization imager ( MAPI) can obtain multi-spectral and multi-angle polarization
information, which is used to retrieve the microphysical properties of aerosols and clouds. Polarization high-
precision detection requires accurate polarization calibration. Since MAPI is without an on-orbit calibrator, we use
natural scenes as the sources of polarization calibration. A full-field on-orbit polarization calibration model is
established, and the polarization characteristics of water clouds are analyzed. Water cloud pixels with a scattering
angle of 100° are selected as unpolarized calibration sources. The relative transmittance of the polarizer-filter
combination, the polarization degree of the optical lens, and the low frequency relative transmittance required by the
polarization response matrix are solved, and finally the polarization response matrix of the full image is calculated.
The average value of relative transmittance of the polarizer-filter combination for three years is analyzed and verified
by laboratory calibration results. The relative error is 0.71% . The least squares method is used to fit the variations
of the polarization degree of the optical lens and the low frequency relative transmittance with the angle of view. The
laboratory polarization calibration results are used to verify that the relative error of the central field of view is
1.22%. The uncertainty of the algorithm is analyzed. The synthetic uncertainty of the central field of view and the
marginal field of view is 1.27% and 2.19%, respectively, which meet the design specifications. The calibration
method can be used as a reference for the on-orbit calibration of wide-field polarized imaging devices, and provides

quality assurance for aerosol inversion.
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Table 1 Change of average relative transmittance of filter-polarizer combination in three years

Laboratory Annual Relative Annual Relative Annual Relative
polarization average error 0 average error 0 average error 0
Channel i ) ) i ) i )
calibration value in 2016 / value in in 2017 / value in in 2018 /
result in 2016 % 2017 % 2018 %

565 nm, channel 1 1. 0266 1.0145 1.17 1.0197 0.67 1.0162 1.01
565 nm, channel 3 1.0493 1.0371 1.16 1. 0568 0.71 1.0381 1. 06
670 nm, channel 1 1.0105 0.9752 3.49 0.9851 2.51 0.9772 3.29
670 nm, channel 3 1. 0060 0.9528 5.28 0.9772 2. 86 0. 9543 5.13
865 nm, channel 1 1.0263 0.9871 3.81 0. 9960 2.95 0. 9845 4. 07
865 nm, channel 3 0.9833 0.9624 2.12 0.9693 1.42 0.9529 3.09
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Table 2 Fitting curve parameters of polarization degree of optical lens
Region as a, as; a, a, a,
Upper left diagonal of image matrix ~ 9.77X10 " —4.11X10 * 5.70X10 7 2.81X10 ° 8.38X10 ' 3.94X10 °
Upper right diagonal of image matrix 4.56X10"" —1.96X10"" 2.56X10 " 6.23X10° % 4.77X10° % 1.31x10°°
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Table 3 Fitting curve parameters of low frequency relative transmittance of optical lens

Region b b, b, b, b, b,
Upper left diagonal of image matrix 5.18X107"% —2.59X10 7 4.60X10 7 —3.66X10° 7.54X10" 0.97
Upper right diagonal of image matrix —1.15X10 " 4.96X10° 7.57X10°7 4.54X10°° 1.13%X10°° 0.97
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Table 4 Polarization response matrix

Position

Polarization response matrix

Central field of view

Upper left field of view of image matrix

Upper right field of view of image matrix

0.992 —0.494 —0.857]
0.973  0.971 0
11.028 —0.512  0.888 |
[0.826 —0.332 —0.760]
0.966  0.964 0
10.856 —0.344  0.787 |
[0.831 —0.338 —0.762]
0.964  0.963 0
0.861 —0.350 0.790 |
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Fig. 9 Comparison between on-orbit polarization calibration results and laboratory polarization calibration results.

(a) Central field; (b) margin field
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Fig. 10 Uncertainty of polarizer channel 1. (a) u(L, p) varies with degree of polarization;

(b) u(L, &) varies with degree of polarization
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Fig. 11 Uncertainty of polarizer channel 2. (a) u(L,, p) varies with degree of polarization;

(b) u(L &) varies with degree of polarization
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Fig. 12 Uncertainty of polarizer channel 3. (a) u(L . p) varies with degree of polarization;

(b) u(L ;¢) varies with degree of polarization
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