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The common digital watermark embedding scheme is to embed the watermark information by modifying the carrier
via specific algorithms. In the actual application scenarios, there are many images or objects to be protected (such as
art paintings, etc.) that are not allowed to be modified. Based on this background, a new carrier-independent deep
optical watermarking algorithm was proposed, which can realize watermark information embedding without mod-
ifying the original carrier and achieve the purpose of copyright protection. Specifically, a new watermark template
expression scheme at the embedding end was proposed, which expressed the watermark information by visible light
modulation. By analyzing the visual system of human eyes, a watermark template pattern based on alternating pro-
jection was proposed to embed the watermark information, which made the embedding process neither require mod-
ification of the original carrier nor affect the visual senses of human eyes. At the extraction end, a watermark extrac-
tion network based on residual connection was designed, and the captured watermarked images were fed into this
network after perspective transformation to extract the watermark information. The experiments were conducted
under various conditions and comparisons with three baseline algorithms were made. The experimental results show
that the proposed algorithm generates watermarked images with less visual distortion and is robust to the "project-
ing-shooting" process. The watermark extraction network has high accuracy in extracting watermark information at
different distances, angles and illumination conditions, and has certain advantages over other general networks.

Keywords: digital watermarking, human visual system, optical watermarking, deep neural network
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Figure 1 Optical watermarking system framework
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Figure 2 Watermark pattern generation process
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Figure 4 Visual quality comparison
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Table 2 Bit error rate under different
illumination intensity

Table1 Comparison of visual quality of
different algorithms
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Tabel 3 Bit error rate under different shooting Distance
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Table 4 Bit error rate at different shooting angles
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Table 5 Bit error rate under different JPEG
compression quality factors
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Table 6 Bit error rate of watermark information
extraction in different networks
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