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Analyzing of Optical Remote Polarization Imaging Simulation Based on
Intensity Images and Surface Polarized Bidirectional Reflectance Data
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Abstract For getting the samples of polarization imaging needed by the development of polarization imaging sensors
and compensating the lack of experimental data usually in the research of polarization imaging simulation, a method of
polarization imaging simulation based on the combination of intensity images and experimentally measured surface
polarized bidirectional reflectance data is proposed. Several of the simulated images under different atmospheric and
geometric conditions at the height of satellite are provided to illustrate the realization processing of the method. The
comparison with the simulated intensity images in the same circumstance shows that, the contrast of polarization
images are less affected by low visibility., the advantage appears more prominent in the conditions of backscatter or
some particular directions. The fact that the clarity of polarization imaging is more sensitive to observational direction
suggests that the simulation is helpful for the selection of a specific direction for polarization imaging. Eventually, it
is helpful for enhancing the ability of identifying the ground target in haze conditions through polarization imaging.
Key words remote sensing; polarization simulation; vector radiative transfer function; polarized bidirectional
reflectance; contrast
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Table 1 Measured surface polarized bidirectional reflectance of different view

Zenith angles under 670 nm band in principal plane

Surface polarized bidirectional reflectance /%

View zenith angle /(%)

Road Ship Water Dryreedbeds Bare soil of farmland
0 2.2150 0.7943 0.0792 1. 4285 1. 4749
15 2.2945 1.9301 0.2012 1. 5895 1. 8619
30 4,.4354 5.4665 0.7523 1. 6889 2.3142
45 5. 5445 10. 3508 1. 8859 2.4462 3. 0080
60 7.1009 16. 4089 2. 3566 - 3. 8509
—15 0.5763 0.2996 0.0645 0. 8196 0.9270
—30 1. 0852 0. 8517 0.0771 0.1848 0.2326
—45 0.5217 0. 7815 0. 1552 0.1959 0.2753
—60 0. 8528 1. 5978 0. 3379 — 0. 8170
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Fig. 1 Airborne intensity image
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Fig. 3 Comparison of intensity imaging simulation and polarization imaging simulation. (a) Polarization simulated images

when visibility is 5 km; (b) polarization simulated images when visibility is 25 km; (c¢) intensity simulated images

when visibility is 5 km; (d) intensity simulated images when visibility is 25 km
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Table 2 Contrast results of polarization simulated images and intensity simulated images

Visibility /km

Contrasts of polarizationsimulated images

Contrasts of intensity simulated images

(—45°, 128.93%)

(45°, 128.93%

(—45°, 128.93%)

(45°, 128.93%

25 107.025 122.025 90. 36 64.17
20 105. 315 121. 83 81.72 57.69
15 105. 045 121.56 69. 21 48.51
10 100. 875 121.035 49. 95 35.01
5 67.635 119. 475 20.7 15.21
1 21.435 95. 34 0.243 0.225
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