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Screening Frequency and Watermarking Performance against Printing Attack

MA Cong-long, ZHANG Wen, WANG Liu
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ABSTRACT: The work aims to investigate the robustness and invisibility of watermarks against different screening fre-
quency and screen angles, so as to transplant digital watermarking technology from the field of digital copyright protec-
tion to printing anti-counterfeiting. With the holographic watermarking algorithm in DWT domain as an example, the wa-
termarked image was made into a hologram and the hologram was embedded into the DWT domain of host image in C, M,
Y or K layers, to obtain watermarked image. Simulation experiment was carried out to the watermarked image with dif-
ferent screening frequency and screen angles. The robustness and invisibility of watermarked image increased with the
increase of the number of screening frequency. The lowest acceptable number of screen frequency was 120 lpi. Under the
condition of the same number of screen frequency, the quality of extracted watermarks when the screen angle was 45°
were lower than that at 0°, 15° and 75°. The screen angle of 45° is suitable for monochrome printing, but the watermark
attack is the most significant. Therefore, the color channel with screen angle of 45° should be avoided as the watermark
embedding position.
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Fig.3 Watermarked images
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Tab.1 PSNR and NC value of watermarked images

HOA G E PSNR fH/dB NC {8
C 42.98 0.93
M 40.82 0.92
Y 41.28 0.93
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Fig.5 Watermarked image after screening
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Tab.2 PSNR value of watermarked images with different
screen frequency

. i PSNR {H/dB
AT IE
601lpi 801lpi 1201pi 1501pi 175 Ipi
C 20.88 2585 3148  34.13  35.86
M 20.84 2578  31.28  33.78  35.40
Y 20.87 25.82 3136 3392 3554
K 20.80 25.73 3134  34.05  35.83
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Tab.3 NC value of watermarked images with different
screen frequency
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K 0.52 0.64 0.79 0.82 0.86
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X4 TEMZ&FAEER PSNR{EH NC & (Lena)
Tab.2 PSNR and NC value of watermarked images with
different screen angles (Lena)
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Tab.5 PSNR and NC value of watermarked images with
different screen angles

WA M2k B2 /(°) PSNR
NCHE

WE o My K

15 45 0 75 0.84 31.57
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75 45 0 15 0.83 31.46
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Fig.6 Host images with different colors
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