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Adaptive Zero-watermarking algorithm based on Boost normed singular value

decomposition

Xiao Zhenjiu, Jiang Dong, Zhang Han, Tang Xiaoliang, Chen Hong
College of Software, Liaoning Technical University, Huludao 125105, China
Abstract:Object To solve the problem that the parameter 8, which is the most anti-attack scaling ratio introduced in boost normed
singular value decomposition (BN-SVD), needs a lot of experiments to obtain and has randomness, An adaptive zero-watermarking
algorithm based on boost normed singular value decomposition (BN-SVD) is proposed.By using this parameter has three
advantages.The first one, the singular value of the image is enlarged,the sensitivity of the image to attack is reduced, and the
robustness of the algorithm is improved to some extent.The second one, singular values are limited to a certain range. The diagonal
distortion problem can be solved by equalizing the gray scale in the diagonal direction.The last one, singular value vector is
specialized and the corresponding relation between singular value vector and image is specialized to one. So that singular values can
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represent the features of the image. Thus, the problem of false alarm error is solved .Method First, the original image is divided into
non-overlapping blocks, and then the slant transform(ST) is utilized to each block matrix. Boost normed singular value
decomposition(BN-SVD) was used to each block matrix after slant transformation to achieve a maximum singular value and a feature
vector was created by comparing the maximum singular value with the average of the maximum singular value the maximum singular
value. The watermark image was processed by Arnold transformation and Logistic map to obtain an encrypted and scrambling
double-encrypted watermark image. Finally, the zero watermark is constructed by using the feature vector and the double-encrypted
watermark image to do XOR operation. In the process of optimization, the parameter p was determined by training and updating
continuously through BAS fitness function.This algorithm is similar to genetic algorithm, particle swarm optimization and so on, and it
does not need to know the specific function form and gradient information. The optimization process can be realized independently,
and its characteristics are as follows: single individual, less computation and faster optimization speed. The algorithm is inspired by
beetle search behavior. The biological principle is: the beetle is based on the strength of the food smell to find food. Two antennae
were randomly used to search nearby areas. When the antennae on one side detect a higher concentration of odors, the beetles turn in
direction. According to this simple principle, the beetle can find food effectively.Results Under jepg compression, rotation, filtering,
clipping and other attacks, the normalized coefficients of the extracted watermark image and the original watermark image are above
98%. Selecting Lena, Baboon and  as the original grayscale image, two different sizes "Liaoning Technical University" are selected as
binary watermarking images and made several sets of experiments.In the experiment, normalized correlation coefficient (NC) is used
to analyze the similarity between the original watermark and the extracted watermark, and the optimal parameters B of size 16 %< 16
and 32 %32 watermark images are found by BAS optimization algorithm.For the two different size watermarked images , the optimum
parameter B of three gray images of Lena, Baboon and Bridge is 0.2983, 0.6424, 0.5332 and 0.7370. 0.9914, 0.8735 by using
BAS .Experimental results show that with the increase of attack intensity and the increase of mixed attack, the NC value of watermark
is affected, but most NC values are above 0.99. The NC value of watermark extracted after geometric attacks such as clipping and
rotation is close to 1. Because the original gray image is rotated and some pixels are lost in the process of clipping, so the watermark
generated is not complete.The larger the compression attack parameter, the larger the NC value, which indicates that the algorithm has
better resistance to JEPG compression.For all kinds of noise attacks, the NC value of extracting watermark can reach above
0.99.Conclusion By using BAS algorithm to adaptively determine parameters 3 in BN-SVD.The optimal scale of scaling is found to
enhance the singular value of the image and reduce the sensitivity of the image matrix when it is attacked.The problem of diagonal
distortion and false alarm error caused by singular value decomposition is solved effectively and the robustness of watermarking
algorithm is improved. Compared with other traditional optimization algorithms, the BAS algorithm has the advantages of short
training time and fast convergence speed. It has good robustness. Combining the idea of zero watermark, the contradiction between
robustness and invisibility of watermark is solved. In addition, compared with other conventional optimization algorithms, the BAS
algorithm has the advantages of shorter training time and faster convergence speed. It has better robustness.Finally, the robustness of
the watermarking algorithm is improved.
Keywords: Adaptive Zero-watermarking;Boost normed singular value decomposition(BN-SVD);Slant transform(ST); Beetle antennae
search(BAS) ; Arnold transform; Logistic map
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Fig. 6 Extract water images under six different attack

((a) Salt and pepper noise (0.02). (b)Gaussian noise(0.02).
(c)Shear upper left corner, (d)Gaussian noise and Central
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Fig. 8 Original watermark image and attacked extract
watermark image
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Figure 9 Simulation results of false positive errors
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algorithm of SVD and (d)the algorithm in this paper)
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Table 3  Two algorithms of NC value contrast
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