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Abstract To represent scattering polarization properties of painted surfaces, a multiple-component polarized
bidirectional reflectance distribution function (BRDF) model is established on the basis of the Kubelka-Munk (KM)
theory with the consideration of surface scattering and volume scattering. The model introduces the mirror
parameter to characterize surface scattering contributions, and improves the traditional polarized BRDF model to
make the new polarized BRDF model containing five parameters (real and imaginary parts of complex refractive
index, surface roughness, relative diffuse reflectance coefficient, and mirror parameter) more consistent with the
actual scattering polarization of painted surfaces. The degrees of polarization of black and green painted surfaces at
different observation geometries are obtained by the outdoor experiment. The genetic algorithm is used to obtain key
parameters based on measured data. The results show that the simulated results coincide with the experimental data
for different painted surfaces, and the accuracy is improved by the introduction of mirror parameter. This work can
be used as a basis for the extraction and effective identification of painted target polarization feature.
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Table 1 Parameters inversion for black and green painted surfaces

Sample n k c kg R, Error /%
Green painted surface 1.335 0.201 0.211 1.259 0.451 3.56
Black painted surface 1.101 1.131 0.130 16.148 0.044 5.44
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Fig. 6 Comparison between simulated and measured degree of linear polarization at different relative azimuth angles.

(a) Green painted surface, Ag=120";
(c) green painted surface, A¢=180°;

(b) black painted surface, A¢=120°;
(d) black painted surface, Ag=180°
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Fig. 7 Comparison on simulated degree of linear polarization with and without mirror parameter k.

(a) Green painted surface, Ag=120°; (b) black painted surface, Ag=120°;
(c) green painted surface, A¢=180°; (d) black painted surface, A¢=180°
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Table 2 Root-mean-square error of two degree of linear polarization for different painted surfaces

Sample Azimuth angle /(%) T RusEL R Decreased rate /%
120 0.0094 0.0123 23.58
Green painted surface
180 0.0638 0.0671 4.92
120 0.0364 0.1227 70.30
Black painted surface
180 0.0788 0.0816 3.43
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