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Method for Target-Background Contrast Enhancement
Based on Color Polarization Imaging
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Abstract In order to improve the detection and recognition ability of an electro-optical imaging system, a novel
method for the target-background contrast enhancement based on color polarization imaging is proposed. Based on
the Fresnel principle, the variation of target degree of linear polarization with wavelength of incident light is
investigated. A collection of color polarization images under different rotation angles is conducted, which is
separated into 0°, 45°, 90° and 135° polarization images within the red, green and blue channels. In addition, the
polarization images within each channel are calculated, respectively. The red, green and blue polarization images
from three channels are synthesized as a novel color polarization image, which contains richer image information
than its original color image. A color polarization experimental setup is constructed. Two groups of experiments on
target-background contrast enhancement are conducted, which take vector angle distance and contrast calculation as
two objective evaluation indexes. The results show that this color polarization method can be used to increase the
average distance of vector angle by 0.13 and the contrast calculation by 0.11.
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Fig. 1 Index of refraction of water and degree of polarization versus wavelength.

(a) Index of refraction; (b) degree of polarization
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Fig. 2 Index of refraction of SiO, and degree of polarization versus wavelength.

(a) Index of refraction; (b) degree of polarization
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Fig. 3 Flow chart of polarization image processing
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Fig. 5 Polarization images collected in experimental 1. (a) I,; (b) I ;
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Fig. 6 Polarization images within different channels in experiment 1. (a) R; (b) G; (¢) B
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Fig. 7 Images obtained in experiment 1. (a) Original color image; (b) synthesized color polarization image;

(c¢) color polarization image with threshold of 0.2
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Fig. 10 Images obtained in experiment 2. (a) Original color image; (b) synthesized color polarization image;

(¢) color polarization image with threshold of 0.2
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Table 1  Vector-angle distance and contrast between original and
polarization images for each group of experiments
Serial Image i Vector-angle
Target [R G B] Background [R G B] C
number characteristic distance

. Raw color image [0.2429 0.3581 0.1842] [0.1836 0.2719 0.1409] 0.0023 0.1369

Color polarization image [0.1289 0.1178 0.1397] [0.0643 0.0620 0.0923] 0.0754 0.2779

5 Raw color image [0.6081 0.5895 0.5726] [0.6909 0.6581 0.6144] 0.0517 0.0187

Color polarization image [0.1677 0.0985 0.0665] [0.0424 0.0369 0.0487] 0.4445 0.2448

3 Raw color image [0.1552 0.1313 0.5708 ] [0.1892 0.1312 0.4782] 0.0943 0.0869

Color polarization image [0.1072 0.1764 0.0040] [0.1574 0.1960 0.0049] 0.1102 0.1596

Raw color image [0.5361 0.5341 0.4619] [0.5762 0.5697 0.5329] 0.0457 0.0200

! Color polarization image [0.1477 0.1578 0.2312] [0.1561 0.1912 0.3408 ] 0.0554 0.1510

~ Raw color image [0.4857 0.4973 0.5134] [0.4275 0.3849 0.4139] 0.0992 0.0314

¥ Color polarization image [0.1602 0.1452 0.1710] [0.2571 0.2565 0.3321] 0.2793 0.0472
polarization imaging of vehicle targets under
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