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Abstract: In marine target detection, significant variations exist in the polarization signal strength received
under different observation geometries. To enhance image quality and target recognition, an optimal polar-
ization detection angle estimation method based on the Cox-Munk rough sea surface model is proposed.
First, we analyze the effects of different wind speeds, wind directions, solar incidence zenith angles, ob-
servation zenith angles, and azimuth angles on polarization reflectivity and degree of polarization. Then,
we establish quantitative relationships between different combinations of observation angles and the re-
ceived polarization signal strength for the three components of the sun-surface-detector system. Finally,

by maximizing polarization signal and polarization degree, the paper proposes the optimal combination of
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polarization observation angles under different constrained observation geometries. The effective distribu-
tion of sea surface polarization reflectance is primarily concentrated in the azimuthal range from 150° to
210°, with a relative peak occurring at an azimuth of 180°. Within this range, the peak of sea surface polar-
ization occurs when the sum of the solar zenith angle and the observation zenith angle is approximately
106°+6°. When the solar incidence zenith angle is 55° and the relative azimuth angles are 180°, 165°, and
150°, the observation zenith angles are close to the optimal observation zenith angles predicted by the simu-
lation (approximately 51°, 53°, and 57°, respectively). By placing a polarizer with a polarization direction
of 90° in front of the detector, the optimal reflectance suppression effect can be achieved, significantly im-
proving the imaging quality of the target.

Key words: sea surface reflected light; optimal polarization detection angle; Cox-Munk model; polariza-

tion reflection properties
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Fig. 2 Effect of different sea surface wind speeds on spatial distribution of polarized bidirectional reflectance
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Fig. 3 Effect of different wind directions on spatial distribution of polarized bidirectional reflectance over sea surface
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Fig.4 Spatial distribution of polarized bi-directional reflectance of seawater surfaces at different solar incident zenith angles
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Fig.5 Simulation results of polarized bidirectional reflectance of light reflected from sea surface at different solar incidence

zenith angles for an azimuth of 180°
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Fig. 6 Simulation results of polarized reflectance of seawater surface under different observation geometries
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Fig. 7 Simulation results of degree of polarization of sea surface reflected light under different solar incidence zenith angles
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Fig.8 Simulation results of degree of polarization of reflected light from sea surface under different azimuthal angle conditions
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Fig.9 Simulation results of degree of polarization of sea surface reflected light under different solar incidence zenith angles
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Fig. 13 S, and Py, images acquired under different observation geometries in clear weather and low wind conditions
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Tab.3 Evaluation of image quality metrics at different observation zenith angles for an azimuth angle of 180°

5 Contrast Average brightness Standard deviation Number of saturated pixels
) Cs Ch Cr. = Cs - Cs, Bs By, Bs— Br, s op, P N Naon 7V“ — Nawr,
Cs, B s, N s,

30 0.13 0.30 131% 54.96 48.89 11% 26.91 19.08 29% 1447 1306 10%

40 0.05 0.44  836% 68.09 55.74 18% 37.75 17.57 53% 2344 1808 23%

50 0.02 0.51 2882%  69.57 48.98 30% 46.77 15.61 67% 2337 1612 31%

60 0.05 0.45  909% 65.33 51.43 21% 42.48 17.43 59% 1964 1484 24%

70 0.32 0.49 54% 52.41 42.85 18% 32.27 16.48 49% 1781 1509 15%
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Tab.4 Evaluation of image quality metrics at different observation zenith angles for an azimuth angle of 165°

Contrast Average brightness Standard deviation Number of saturated pixels

6./ _ _

") Cs  Cp Cp, * Cs, Es E[’ B, - By, oo - 05, ™ Op, N Naws,— Nau p,

Cs, s, s, Nga.s,

30 0.10 0.53  443% 68.52 55.49 19% 25.99 19.76 24% 1151 1137 1%

40 0.05 0.42  744% 64.35 56.43 12% 37.29 17.81 52% 1262 1075 15%

50 0.02 0.35 2088%  52.30 39.81 24% 45.85 16.92 63% 1553 1294 17%

60 0.04 0.35 861% 54.69 45.69 16% 34.26 13.98 59% 3636 2757 24%

70 0.60 0.68 13% 49.21 42.81 13% 27.35 15.61 43% 783 749 4%
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Tab.5 Evaluation of image quality metrics at different observation zenith angles for an azimuth angle of 150°
y Contrast Average brightness Standard deviation Number of saturated pixels
() Cs, Cp, Cr 7 Cs. By, B, Bs — B os, Op,, SA Niws, Neawr, Nowwso — Now ry
Cs, ‘ Bs o, N,
30 0.05 0.40  782% 58.35 53.79 8% 29.20 24.00 18% 758 647 15%
40 0.46 0.53 14% 52.84 43.89 17% 29.67 16.86 43% 5431 4572 16%
50 0.02 0.54 3493% 71.68 51.03 29% 56.05 19.73 65% 831 685 18%
60 0.02 0.57 3713%  73.02 49.42 32% 52.34 17.10 67% 1020 756 26%
70 0.39 0.48 24% 70.04 56.95 19% 46.19 16.69 64% 909 753 17%
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