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The holographic watermarking algorithm in the Contourlet-SVD
domain based on QR code

MA Ting" , LI Jia
(School of Computer Science, Civil Aviation Flight University of China, Guanghan, Sichuan 618307, China)

Abstract: In order to solve the imbalance between watermark hiding degree and robustness in the water-
marking algorithm, the quick response (QR) code and holographic technology are combined in the Cont-
ourlet-SVD domain. A digital holographic watermarking algorithm based on QR code in the Contourlet-
SVD domain is proposed. First, the different carrier images are chosen to perform 3-layer Contourlet
transform. In view of the advantage of low frequency coefficient, the singular value decomposition (SVD)
joint transform is performed for the low frequency coefficient. Second,the QR code which is encoded by
“Flight School” image is chosen as the original watermark image. The QR code holographic watermark is
obtained by conjugating symmetry extended Fourier digital hologram. Thirdly, the holographic watermark
is superimposed on the singular value obtained by SVD to complete the embedding of the watermark in-
formation. The simulation experiment proves that the image clarity of the algorithm is better after em-
bedding the watermark information. The peak signal-to-noise ratio (PSNR) value of the algorithm is a-
bove 31 dB. The similarity normalized correlation (NC) of the algorithm reaches 0. 989 0. The extracted
watermark information can be clearly identified after the image has been tested against resistance. The
NC values all reach above 0. 90 especially for salt and pepper noise, Gaussian noise and mid-pass filtering
attacks.
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Fig.1 Watermark image, hologram image
and reproduction hologram image:

(a) Watermarked image;

(b) Hologram; (c¢) Reconstructed hologram
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Reconstruction hologram
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Watermark image
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2 QREMABYUEEE:(a) QRE; (b) BRLEE
Fig.2 QR image and reproduction hologram image:

(a) QR image; (b) Reconstruction hologram
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Fig.4 Watermark image and QR code watermark image
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Fig. 5 Wavelet basis and Contourlet basis comparison
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Fig. 6 (a) 3-layer discrete Contourlet transform
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Fig.9 (a) Image before superimposing watermark;
(b) Image after superimposing watermark ;

(¢) Watermark image; (d) QR code watermark;

(e) Extracted watermark
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Fig. 10 (a) Barbara image and extracted watermark; (b) Gameraman image and extracted watermark;

(c) Peppers image and extracted watermark; (d) Baboon image and extracted watermark
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TAB.1 Unattacked performance mertrics

Watermarked
image

Extracted
image

NC

(e) ® (®
11 SKEMEGETRGRRRMER: (a) MEARE; (b) SHIRE; (c) B1Y;
(d) JPEG [E45; (e) HE¥E; (f) SHTIRIE; (2) PEERK

Fig. 11 The extracted images after the watermarked images were attacked: (a) Salt and pepper noise;

(b) Gaussian noise; (c¢) Clipping; (d) JPEG compression; (e) Rotation; (f) Gaussian filter; (g) Median filter
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Tab. 2 Algorithm robustness test

NC
Attack >
Lena Barbara Gamera Peppers  Baboon
man
Salt and
pepper  0.9695 0.9217 0.9235  0.9048  0.9153

noise 0. 01

Gaussian
noise 0.9953 0.9987 0.9088 0.8718 0.8913
0. 005

Cut 1/6 0.8277 0.9872 0.9878 0.9001 0.8869
Cut 1/4 0.7189 0.8524 0.8627 0.8388 0.7725
Cut1/2 0.6465 0.7706 0.6354 0.6219 0.7716
JPEG 20% 0.9426 0.9397 0.9623 0.9243 0.9331
JPEG 30% 0.9113 0.9240 0.9452 0.9055 0.9099
JPEG 60% 0.8803 0.8912 0.9100 0.8567 0.8586
3 0.9375 0.9298 0.9902 0.9452 0.9011
rotation
5 0.8537 0.9223 0.8717 0.8877 0.7522
rotation
107 0.7252 0.8656 0.7301 0.8608 0.5999
rotation
Median 0108 0 9615 0.9293 0.9792  0.9052
filtering
Gaussian 169 (8023  0.8054 0.7276 0.7955
filtering
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Lena MIATSE , HoAL & 3 QR W3R EI5, I3 B i
(1) NC {HRIF T X b, 3 3 X AR SC KU b 47 1 8

®3 AXSXE8][I]HEELE NC ELE R
Tab. 3 Comparison table of attack test NC between algorithm
in this paper and algorithms in Ref.[8],[9]

NC
Attack In this
Ref. [8] Ref. [9] paper
Salt and pepper 0.9695  0.7856  0.7786

noise 0. 01

Gaussian noise 0.9953  0.7245  0.7156

0.005
Cut 1/6 0.8277 0.7725 0.8032
Cut 1/4 0.7189 0.7254 0.7953
JPEG 30% 0.9113 0.8145 0.8102
10°rotation 0.7252 0.6457 0.6278
Median filtering 0.9108 0.84738 0.8486
Gaussian filtering 0.616 2 0.8254 0.8195
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57RO BRI 0.9 I NC 1A,

4 % it
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