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Influence of Output Types on Extraction Quality of Holographic Watermark

XIE Yong, WANG Kai-li, LIU Lin, TAN Hai-hu
(Hunan University of Technology, Zhuzhou 412007, China)

ABSTRACT: The work aims to study the influence of hardcopy types on extraction quality of holographic an-
ti-counterfeiting watermark in the printed image, in order to effectively predict the quality of watermark extracted from
the images outputted from the printing. Firstly, the high-frequency component of Fourier holographic watermark was
embedded into the middle-frequency area of the host image subject to wavelet transform for twice, so as to hide the in-
formation. Then, four common hardcopy types (inkjet, laser, offset printing and digital printing) were used to output wa-
termarked anti-counterfeiting images, and the watermark extraction quality of hardcopy image was evaluated with NC
parameters from three aspects, including paper surface quality of printed material, color space conversion of images and
output accuracy. In addition, the factors that influence the watermark extraction quality were compared and analyzed.
Experiment results showed that the watermark extraction qualities between digital image, presswork and printing images
were very different, and the rank was: inkjet printing> offset printing> digital printing and laser printing. The printed
substrate paper with higher whiteness and gloss was beneficial to watermark extraction. The multiple color space conver-
sions of watermarked image in output and input process to some extent affected the color distribution and reproduction
quality of original image and further the watermark extraction quality. On the premises of satisfying the image reproduc-
tion quality, the output resolution had little effect on watermark extraction quality. It is not possible to replace the actual
output type with simulated attacks or desktop printing when studying the anti-print/scan robustness of watermarking. The
substrate paper with high surface quality facilitates the identification of anti-counterfeiting watermark information. The
resolution is appropriate as long as the reproduction quality requirements are satisfied when verifying the anti-print/scan
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robustness of watermarking scheme.
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Fig.2 The processes of watermark embedding and extraction
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Fig.3 Host images for tests
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Fig.4 Pressed/printed samples of watermarked image
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Fig.5 The extracted watermark NC values under 4 hardcopy types
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Tab.1 Paper roughness, whiteness and gloss tests

S FF| 8 NC
AT WRAST)  r(PPS)pum Gs(20°)  Gs(45°)  Gs(75°) YA fe/MAE
M7 4%(P) 105.26 2.58 24.42 29.15 72.92 0.8014(I-P) 0.7742(1-P)
5% SR 45(1) 108.40 3.27 1.22 5.92 4.20 0.7846(1-1) 0.7395(1-1)
5 45(C) 98.23 8.19 130 6.28 6.62 8.'7737357 ((E(é)) 8.'67905621 ((icc))
WOGITENAR(L) 89.97 2.64 6.95 23.10 70.55 0.7422(L-L) 0.6918(L-L)
JBE R ER il 4% (O) 95.32 7.45 1.20 5.82 5.63 0.7700(0-0) 0.7014(0-0)
AR 1(A) 87.00 2.73 4.07 19.72 65.50 0.7245(0-A) 0.7006(0-A)
AL 111.4 5.69 5.13 23.43 69.67 0.7185(D-L") 0.7175(D-L"
Hi AR 2(A") 95.19 2.66 1.28 7.56 8.41 0.7126(D-A") 0.7005(D-A")

H: R457 F84CK A0 ISO HBE(E s W6 HEE . A TR AY A1 B 48 AN [6) A9 50338 B 0 o A BE AR B . FBE R GB/T 3978—2008,
GB/T 7974—2002 %, #AE B CR H GB/T 22363—2008, 63 E IR GB 9745(20°), ASTM-C 346(45°), GB 8941.3(75°)%%
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Tab.2 Effects of color space conversions on watermarked images

W 2 RGB RGB-CMYK-RGB
PSNR NC PSNR NC

& 3a 33.244 0.9125 31.1317 0.9117

[# 3b 33.3845  0.9096 23.0294 0.7989

&l 3¢ 32.1916  0.9123 30.8039 0.9052

& 3d 33.488 0.9071 31.1859 0.8806
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Tab.3 Effect of color composition on watermark
extraction quality
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Jith RGB EIf&% 07068 0.3881 0.4133 0.9125 FoEsert:  [AAE B3RS i 7K B i HE B 53¢ B FH B A
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D-L' 0.7910 0.5136 0.6282 0.7185 IR e
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Tab.4 Effect of output resolution on watermark extraction quality(NC)
R & 3a K 3b A 3c Kl 3d
1-1-F5 #E 0.7661 0.7569 0.7481 0.7638
I-1-75 ot = 0.7472 0.773 0.7607 0.7663
L-L-600x600x1 0.652 0.6146 0.6731 0.7219
L-L-ImageREt2400 0.7013 0.5936 0.6858 0.726
D-L'-600 dpi 0.721 0.744 0.7335 0.7544
D-L'-1200 dpi 0.6965 0.7034 0.7232 0.73
D-A"-600 dpi 0.6973 0.7035 0.7238 0.7306
D-A'-1200 dpi 0.7005 0.6987 0.7302 0.7209

=5 WMHBENEGRENZIHPSNR)
Tab.5 Effect of output resolution on image quality(PSNR)

i th X T a FE b
I-P 22.8075 23.1794
I-C 17.2531 18.2549
I-1 21.6148 22.4847
L-L 16.4737 16.6117
L-C 16.5807 17.2236
D-L' 15.2603 15.0166
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