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Abstract

It is a challenging work to design a robust color image watermarking scheme against

geometric distortions. Moments and moment invariants have become a powerful tool in robust image

watermarking owing to their image description capability and geometric invariance property.

However, the existing moment-based watermarking schemes were mainly designed for gray images

but not for color images, and detection quality and robustness will be lowered when watermark is

directly embedded into the

luminance component or three

color channels of color images.

Furthermore, the imperceptibility of the embedded watermark is not well guaranteed. Based on

algebra of quaternions and exponent moments theory, a new color image watermarking algorithm

robust to geometric distortions is proposed in this paper. We firstly introduce the quaternion exponent

moments to deal with the color images in a holistic manner, and it is shown that the quaternion

exponent moments can be obtained from the conventional exponent moments of each channel. Then

we provide a theoretical framework to construct a set of combined invariants with respect to geometric

distortions (rotation, scaling, and translation).

And finally,

we present a new color image

watermarking algorithm robust to geometric distortions, which is based on a set of quaternion

exponent moments invariants. Experimental results show that the proposed color image watermarking

is not only invisible and robust against common signals processing such as median filter, noise adding,

and JPEG compression, but also robust against the geometric distortions.
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(a) The reconstructed image for Lena

(b) The reconstruction error for Lena

(c) The reconstructed image for Barbara

(d) The reconstruction error for Barbara

Reconstruction Error
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—+— Color Image Lena
—= Color Image Barbara
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Maximum Order

(e) The reconstruction error yielded by QEMs
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Fig. 2 The modulus distribution of QEMs for color image Lena under various attacks.
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Fig. 6 Digital watermark.
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Table 1 The PSNR for Various Watermarking Method
F1 SKHNEGSREBEREEHIEESRLE B

Algorithm Lena Barbara Mandrill
e 39.43 42.49 41.76
LDAL20] 38.10 39.72 38. 90

Normalization!!7) 40. 57 40.71 41. 67
Our method 40. 39 41.15 41. 66

'(b) The watermarked color imae(using our method)

Fig. 7 The watermarked images using different algorithms.

B 7 R (o B K B 5k 14 8 K ED TR

(a) The absolute difference between original image and watermarked image (for schemel!”])

(b) The absolute difference between original image and watermarked image (for our method)

Fig. 8 The absolute difference images for different algorithms.
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(f) Translation(H5, V15), BER=0. 0156

The attacked watermarked image and the extracted watermark.
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Table 2 The Watermark Detection Results for Common Image Processing Operations

R2 HFAOMNERFESLEHRIEE SN (KEE BER)

Lena

Barbara Mandrill

Attack Pro sed N li- < H < H
pose ormali Proposed Normali Proposed Normali
R LDAZ0) symizt] LDA0) SyMmE2t] LDA20] sSyMml2t]
Scheme  zation!!7] Scheme  zation[!7] Scheme  zation !7]
Median Filter 0.0195 0.0303 0.0496 0.0703 O 0.0234 0.0859 0.1465 0.0039 0.0049 0.1162 0.2422
Guassian Filter 0 0.0313 0.0381 0.0352 O 0.0225 0.0605 0.0928 0O 0.0107 0.0967 0.1865

Random Noise 0.0234 0.0293 0.0322 0.0596 0.0156
Gaussian Noise 0.0234 0.0273 0.0264 0.0557 0.0117

Salt and

. 0.0234 0.0273 0.0293 O
Peppers Noise

70 0.0039 0.0321 0.1533 0.2217 0
JPEG
. . 50 0.0039 0.0334 0.2080 0.2539 0
Compression
30 0.0117 0.0400 0.2471 0.3721 0.0234

Median Filter-+

N . . 0.0234 0.0244 0.0430 0.2764 0.0078
Gaussian Noise

Median Filter+

0.0156 0.0264 0.1855 0.3281 0.0039
JPEG 70

0.0195 0.0547 0.1035 0.0195 0.0059 0.1104 0.0947

0.0215 0.0898 0.1416 0.0313 0.0234 0.1035 0.1338

0.0164 0.0684 0.0518 0O 0.0205 0.1221 0.0850

0.0254 0.2109 0.2559 0.0039 0.0203 0.2158 0.2002
0.0244 0.2549 0.4258 0.0078 0.0293 0.2969 0.2705

0.0283 0.2705 0.4307 0.0234 0.0322 0.3320 0.3652

0.0186 0.1396 0.2813 0.0195 0.0137 0.1279 0.3037

0.0196 0.2422 0.3174 0.0078 0.0195 0.2686 0.3779

Average 0.0125 0.0298 0.1011 0.1702 0.0062

0.0220 0.1477 0.2247 0.0117 0.0180 0.1790 0.2260
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Table 3 The Watermark Detection Results for Geometric Distortions ( BER)
F3 BFKEIILMEERBEEHEHIEIE S (XE X BER)
Lena Barbara Mandrill
Attack Proposed Normal}zf LDA20] SYM2!] Proposed Normaliz- LDA0] SYM2!] Proposed NOrmal}i_r LDA20] SYM2!]
Scheme  ation!7] Scheme  ation!!"] Scheme  ation !"]
5° 0 0.0303 0.5244 0.5273 0 0.0254 0.5283 0.4863 0 0.0127 0.5391 0.5078
Rotation
45° 0 0.0342 0.5264 0.5000 O 0.0244 0.5449 0.4854 0 0.0164 0.5020 0.4971
0.9 0.0039 0.0291 0.5265 0.5108 0O 0.0209 0.5132 0.5072 O 0.0088 0.5209 0.5113
Scaling
2.0 0 0.0273 0.5371 0.5059 O 0.0303 0.5215 0.5283 0 0.0137 0.4464 0.4951
(H 30, - -
vV o) 0.0156 0.0176 0.4922 0.4791 0.0156 0.0205 0.5195 0.4824 0.0078 0.0166 0.5176 0.5254
. (H 20, _
Translation v 20 0.0273 0.1240 0.5146 0.4922 0.0351 0.1201 0.5186 0.4902 0.0303 0.0605 0.4980 0.5176
(H o, _ -
V 30) 0.0234 0.0283 0.5059 0.5049 0.0156 0.0195 0.5137 0.4961 0.0234 0.0145 0.5205 0.4863
Length- (0.9, -
0.0391 0.0420 0.5352 0.5098 0.0178 0.0234 0.5186 0.4941 0.0156 0.0186 0.5303 0.5215
Width LD
Ratio (1.2,
< 0.0156 0.0244 0.5176 0.5049 0.0212 0.0244 0.5327 0.5127 0.0156 0.0166 0.5205 0.4834
Change 1.0)
Scaling 2. 0+
Translation 0.0234 0.0596 0.5283 0.5215 0.0546 0.0713 0.5195 0.5176 0.0273 0.0273 0.5205 0.4902
(H5,V0)
Rotation 5°+
. 0.0303 0.0332 0.4371 0.4609 0.0234 0.0254 0.5273 0.4980 0.0156 0.0234 0.5361 0.5107
Scaling 2. 0
Rotation 5°+
Translation 0.0234 0.0498 0.5234 0.4951 0.0781 0.1240 0.5049 0.5068 0.0391 0.0479 0.5186 0.5000
(H5,V 15
Rotation 45°+
Scaling 2. 0+
calme = 0.0429  0.0709 0.5322 0.5117 0.0624 0.1221 0.4761 0.4902 0.0781 0.1318 0.5352 0.5283
Translation
(H 20,V 20)
Average 0.0188 0.0439 0.5155 0.5019 0.0249 0.0501 0.5184 0.4996 0.0194 0.0314 0.5158 0.5057
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