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Adaptive watermarking algorithm based on CGH with strong robustness
BAI Tao-tao” , LIU Zhen, LU Peng

(College of Communication and Art Design, University of Shanghai for Science and
Technology, Shanghai 200093, China)

Abstract: An adaptive watermarking algorithm based on computer generated holography with strong
robustness is proposed. Firstly, two original watermarks are converted to holograms using the com-
puter generated holography by the conjugate-symmetric extension. And the holograms are encrypted
by the pre-process method. Then, the original image is decomposed into two pyramidal levels by Con-
tourlet transform, and the intermediate frequency is transformed into eight directional subbands. Fi-
nally, encrypted holograms are embedded into the directional subbands adaptively. Experiments dem-
onstrate that the PSNR of watermarked image is 38. 385 7 dB. The extracted watermarks can be well
recognized when JPEG compression quality factor is bigger than 30 and cropping part is less than
30%. The proposed method also can well resist attacks such as Gaussian noise, salt & pepper noise.,
speckle noise, Gaussian filtering, median filtering and average filtering. And the watermarks extrac-
ted from print-scan experiment can be well recognized. In the phase of watermark extraction, original
image is not needed. The watermarking technology proposed can be widely used in copyright protec-

tion of digital and printed images.
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Tab.1 PSNR between two holograms and eight directional subbands

Subband No.

Hologram
1 2 3 4 5 6 7 8
Holograml 11. 552 8. 816 10. 779 11. 837 11. 415 11.732 11. 089 11. 590
Hologram?2 12. 237 9.617 11. 487 12. 502 12. 154 12. 423 11. 855 12. 308
®2 RBEEGSERAEATEFHERSKENESZH PSNR H
Tab.2 PSNR between original image and watermarked images
Substitution No. Substitution No. of holograml
of hologram?2
4 6 8
4 37.402 5 37.671 8
6 37.471 4 38.358 0
8 37.774 0 38.385 7
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(a) Watermarked image (b) Extracted (c) Extracted
watermark] watermark?2
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Fig. 6 Watermarked image and extracted watermark images
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Fig. 9 Experiment for attack of noise and low-pass filtering
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