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Research on highlight removal method driven by three component dichromatic
reflection model for transparent PET bottle images

Qiao Jinghui Su Guanhe Yan Shuyuan

(School of Mechanical Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: The highlight generated on the surface of an object under light irradiation conditions causes the loss of its own color
information, which affects the quality of feature extraction in stereo matching and 3D reconstruction. Aiming at the phenomenon that the
dichromatic reflection model containing diffuse reflection and specular reflection cannot accurately describe the component distribution of
reflection in transparent PET bottles, a highlight removal method based on 1.2 normalized three component dichromatic reflection model is
proposed. Firstly, a L2 normalized three component dichromatic reflection model is constructed for transparent PET images to elucidate
the distribution of reflectance components in transparent PET bottles. Based on this model, decompose the global pixel information of the
transparent PET image and calculate the L2 normalized chromaticity map; On this basis, calculate the L2 chromaticity intensity ratio of
global pixels based on the L2 normalized chromaticity diagram. Next, perform clustering analysis on the L2 normalized chromaticity
diagram using exponential transformation to detect the highlight areas of transparent PET bottles and capture the inherent color
information of the PET bottles. Finally, combining L2 chromaticity intensity ratio to achieve pixel information recovery in highlight areas.
The experimental part established a transparent PET bottle dataset and validated it. The experimental results showed that compared with
the traditional dichromatic reflection model driven highlight removal method, the proposed method improved the mean square error
(MSE), peak signal-to-noise ratio ( PSNR), and structural similarity ( SSIM ) indicators by 12.1%, 21.1%, and 11.5%,
respectively.
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Fig. 1 Schematic diagram of dichromatic reflection model
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Table 1 Evaluation of high light removal on transparent PET bottle image

RN KIS L2 I — b 2 S 1) AU S ) B SSENE iy R
Imagel 779. 56 88.77 275. 86
Image2 1163.27 132.57 247.70
Image3 191. 67 22.42 59.79
Image4 189. 63 22.13 44.78
Image5 1 909. 10 215.85 81. 14
MSE Image6 1 346. 54 152.32 56. 31
Image7 456. 64 52.79 134.05
Image8 504. 88 57.83 123. 64
Image9 266. 32 30.70 93.09
Imagel0 216.70 25.53 53.50
Imagell 1776.23 191. 47 188. 28
Imagel 19.21 28. 65 23.72
Image2 17. 47 26.91 24.19
Image3 25.31 34.62 30. 36
Image4 25.35 34. 68 31.62
Image5 15.32 24.79 29. 04
PSNR/dB Image6 16. 84 26.30 30. 62
Image7 21.54 30.91 26. 86
Image8 21.10 30. 51 27.21
Image9 23.88 33.26 28. 44
Image10 24.77 34.06 30. 85
Imagell 15. 64 25.31 25.38
Imagel 92.63 96. 62 94. 38
Image2 88. 40 94.75 93.06
Image3 91.71 98. 07 96. 10
Image4 92.15 98. 16 97.15
Image5 90. 71 94. 80 96. 53
SSIM/ % Image6 93.17 95. 65 97.18
Image7 88.51 97.23 95.47
Image8 91.12 97. 44 96. 39
Image9 89.40 97. 56 94.45
Imagel0 86. 65 96. 45 94.27
Imagell 80.93 93.43 93.11
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