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Abstract A polarization calibration method for a multi-spectral aperture-divided simultaneous detection system was
introduced. According to characteristics of the detection system, the main factors causing polarization effect were
analyzed, including polarizer extinction ratio, polarizer orientation angle deviation induced by assembly error and
absolute spectral response. The system detection matrix with polarizer extinction ratio, angle deviation and absolute
spectral response was derived. Experiments were designed to solve the unknown calibration data in the system
detection matrix. The polarization calibration method and the calibration data were verified with a light source with
adjustable polarization degree. The results showed that the measured polarization degrees were 0.74%, 0.01%, 0.
80% and 0.59% when the polarization degree of input polarized light was 20% at 490, 670, 870, 1610 nm, which
meets the requirement for actual polarization measurement precision in detection system. The proposed polarization
calibration method is effective and feasible. The study may contribute to important basis for the practical application
of the detection system.
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Fig. 1 (a) Block diagram and (b) outside view of optical subsystem in multi-spectral

aperture-divided simultaneous detection system
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Fig. 2 Sensitivity analysis of effect of polarizer extinction ratio on polarization degree.
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Table 1 Relative angle deviation among three polarizer orientations

Band wavelength /nm  Relative angle deviation (P0) /(*) Reference position (P1) /(%) Relative angle deviation (P2) /(*)

490 0 54.7910 122.0160
670 —1.7544 64.7810 121.9106
870 —3.2350 60.3582 123.2118
1610 —2.3970 59.7215 122.3532
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Table 2 Measured results of absolute spectral response

Band Sy, Ly (A;) R,
DN_490_0 19086.61 33.134 576.039
DN_490_60 18063.44 33.110 545.555
DN_490_120 20213.95 33.330 606.479
DN_670_0 23419.04 11.323 2068.324
DN_670_60 22377.04 11.375 1967.232
DN_670_120 23482.54 11.363 2066.570
DN_870_0 21470.12 7.521 2854.539
DN_870_60 21190.79 7.519 2818.304
DN_870_120 21149.98 7.517 2813.704
DN_1610_0 15381.43 0.370 41553.050
DN_1610_60 14437.82 0.366 39434.264
DN_1610_120 13422.84 0.367 36531.825
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Table 3 Measured polarization degree of polarization light source and deviation between

measured polarization degree and referenced polarization degree

Pe /() 490 nm 670 nm 870 nm 1610 nm
Pu/% |PuwPcl /% Pu/% |PwPcl /% Pu/% |PuPcl/% Pu/% |PuPcl/%
0 0.96 0.96 0.6 0.60 0.89 0.89 0.68 0.68
5 4.44 0.56 4.88 0.12 4.21 0.79 5.77 0.77
10 9.39 0.61 9.60 0.40 9.30 0.70 10.91 0.91
15 14.32 0.68 14.96 0.04 14.39 0.61 15.79 0.79
20 19.26 0.74 20.01 0.01 19.20 0.80 20.59 0.59
25 24.21 0.79 25.10 0.10 24.30 0.70 25.40 0.40
30 29.29 0.71 29.11 0.89 29.38 0.62 29.29 0.71
45 44.38 0.62 45.46 0.46 44.36 0.64 44.09 0.91
60 59.67 0.33 60.89 0.89 60.88 0.88 59.06 0.94
Mean 0.667 % 0.390% 0.735% 0.744%
Variance 0.02977 0.12094 0.01156 0.03045
P referenced polarization degree; Py : measured polarization degree; ‘ Py-Pe¢ ‘ : referenced polarization degree and

measured polarization angle
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