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Abstract Owing to the development of smart cities, intelligent transportation, and the Skynet project, increased
attention is being paid to the decoupling technology used in the transmission and reflection of the overlapping images of car
windows, which is essential for checkpoint registration, driver monitoring, fugitive trailing, and military counter-
terrorism. In this study, a light transmission and reflection model based on polarization imaging technology is established
and a decoupling method for transmitting and reflecting light from car windows is proposed to overcome the drawbacks of
traditional imaging technology such as the reliance on intensity information and susceptibility to disturbance. The results
conducted under the simulated indoor and realistic outdoor scenes show that the image information entropies of the de-
reflected images of a saloon car and passenger car model are 14. 3% and 9. 8% higher than those of the original intensity
images, respectively. Moreover, the image information entropy of the de-reflected image of a real vehicle is 2. 7% lower
than that of the original intensity image because the reflection contains a large quantity of environmental information.
Additionally, the region contrast of these de-reflected images is improved by 40.1%, 117.5%, and 237.8%,
respectively, compared with those of the original intensity images. Therefore, the relationship between the decoupling
quality of the overlapping image and geometric factors of the model is studied, and a conclusion aimed at providing a
reference for the installment height of the camera and position of the vehicle stop line is provided.
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Table 1 Image information entropy of indoor simulation scene

and outdoor real scene

Indoor model Outdoor vehicle

Image
Saloon car  Passenger car SUV
Intensity 5.3574 6.2616 7.4878
Polarimetric 5.1975 6.2210 7.2439
De-reflection ~ 6.1233 6.8739 7.2883
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Table 2 Region contrast of indoor simulation scene and outdoor

real scene

Indoor model Outdoor vehicle

Image
Saloon car Passenger car SUV
Intensity 1.6927 0.9925 0.3679
Polarimetric 1. 0057 0.2872 0.2616
De-reflection 2.3709 2.1587 1.2429
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Fig. 8 A model vehicle for experimentally investigating the

influencing factors
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Fig. 9 [Illustration of experimentally studying the relationship

between the camera height and de-reflection effect
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Table 3 Experimental results corresponding to different camera heights

AH /cm a /(%) 0/ O o E, E, C, C,
55 24.623 30. 376 0. 3908 0.0193 5.5042 5.7905 4. 3960 6.4105
60 26.565 28.435 0.3411 0.0167 5. 7304 5.9573 3. 8696 5.7226
65 28.223 26.777 0.3012 0.0147 5. 5288 5.7244 4.4729 5. 8300
70 30. 257 24.743 0. 2556 0.0124 5.7358 5. 9540 5. 2538 5. 8778
75 32.005 22.995 0.2196 0.0106 5.6224 5.6729 4.9570 5.6132
80 33.690 21. 305 0.1874 0. 0090 5. 6097 5. 6690 5. 1722 5.9945

B0 #RIEKFBE 1 50 S ot 06 &R 2 30 2 A
Fig. 10 Illustration of experimentally studying the relationship between the horizontal distance and de-reflection effect
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Table 4 Experimental results corresponding to different horizontal distances

[ /cm a /(%) 0/ O O E, E, C, C,
100 28.811 26. 189 0. 2876 0.0140 6.2248 5.9679 4.7856 6. 3057
110 26. 565 28.437 0.3411 0.0167 6.3575 6. 3658 4.5252 5.5971
120 24.623 30. 377 0. 3908 0.0193 6.4132 6.5208 4. 3960 6.4105
130 22.932 32.068 0.4365 0.0218 6. 5860 6. 7346 4.5194 6.8154
140 21.448 33.552 0.4782 0.0242 6.6591 6.8713 4.3493 6.9001
150 20. 136 34. 864 0.5162 0.0264 6.7812 6. 9810 4.8111 7.4051
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Fig. 11 Varying curves of information entropy and region contrast of intensity image and de-reflection image with different camera

heights and horizontal distances
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