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Abstract: Based on the Microfacet theory, significant multiple specular reflections occur when light shines
ona rough surface, while the traditional Polarized Bidirectional Reflectance Distribution Function
(pBRDF) , this phenomenon was not well described by pPBRDF. In order to obtain a more accurate
pBRDF model and to analyze the polarization characteristics of the material more effectively, this paper
further defined the relationship between the higher-order micro-phase angle and the first-order phase angle
on the basis of the three-component pBRDF model that had included specular reflection, diffuse reflection,
and directional diffuse reflection. The improved pBRDF model not only considered the geometric attenua-
tion factor of multiple specular reflections, but also introduced the definition of the micro-phase angle,
thereby establishing a more comprehensive higher-order specular-reflection pPBRDF model. By comparing

different pPBRDF models and verifying them with the polarization-characteristic acquisition device, the ex-
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perimental results showed that the model proposed in this paper was superior to other models, and the per-
formance of the third-order model was generally better than that of the second-order model. In polarized
image rendering, the peak signal-to-noise ratio and structural similarity increase by an average of 10.09%
and 2. 97% respectively, presenting a more realistic rendering effect. It is verified that the high-order spec-
ular reflection pBRDF model proposed in this paper can describe the polarization characteristics of the tar-
get surface more accurately.

Key words: high order specular reflection pBRDF model; microfacet theory; roughened surface; polar-

ization property; polarization image rendering
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Tab.1 Comparison indicators of result images

Plastic with a metal coating

o Algorithm Intensity DOP
PSNR/ % SSIM RMSE AG PSNR/% SSIM RMSE AG

Literature [ 9] 41.56 0.956 0.187  52.154 42.91 0.928 0.264  24.534

0.2  Our second-order model 46. 58 0.977 0.163  55.126 47.57 0.967 0.243  28.656
Our third-order model 48. 56 0.980 0.143  55.169 49.37 0.977 0.194  29.215
Literature [9] 35.59 0.963 0.192  51.157 38.62 0.941 0.281  22.312

0.4  Our second-order model 47.63 0.978 0.175  55.147 49.93 0.965 0.256 27.732
Our third-order model 49.52 0.981 0.162  55.163 50. 06 0.971 0.203  28.146
Literature [ 9] 36.97 0.963 0.171 51.413 42.22 0.936 0.243 16. 878

0.6  Our second-order model 46. 56 0. 986 0.156  54.382 48.93 0.979 0.221  23.623
Our third-order model 47.63 0.976 0.126  54.562 49.31 0.981 0.196  23.955
Literature [9] 32.65 0.962 0.164  54.173 38.92 0.945 0.181  12.234

0.8 Our second-order model 45.61 0.981 0.153  54.188 47.92 0. 986 0.152  13.237
Our third-order model 46.58 0.991 0.155  54.452 49.17 0.975 0.161 16. 566
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