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Adaptive Spatial Domain Image Watermarking Based on Support Vector Machine

Li Chunhua Ling Hefei and Lu Zhengding
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Abstract An adaptive spatial domain image watermarking algorithm based on support vector machine
SVM is proposed. Since there is very close similarity between SVM and human visual system HVS in
self-learning generalization and non-linear approximation the watermark embedding locations and strength
can be adaptively identified by applying SVM algorithm based on the HVS. In this scheme a kind of un-
supervisory machine learning method named fuzzy c-mean clustering algorithm is first used to label the
pixels in a cover image. Then only those pixels whose subjection-value exceed a given threshold are
selected from each label to be the training sample set of SVM. Sequentially an SVM based multi-
classification model is established. According to this model the watermark embedding locations are further
optimized. Finally a bit of the watermark is adaptively embedded by adjusting the corresponding pixel
value according to the image local correlation. The presented watermarking scheme can extract the
watermark without the help of the original image. Experimental results show that the proposed adaptive
scheme has both sound perceptual quality and high robustness to various signal processing such as lossy
compression noise addition image enhancement filtering cropping mosaic blurring and so on. The

watermarking performance notably outperforms the similar algorithm.
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Fig. 1 Process of adaptive watermarking embedding.
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2 JPEG 85%
FCM SvC 30%
SvC
PSNR 37.556dB.
1 3
PSNR
NC FCM 4
Table 1 The Values of PSNR and NC Fig. 3 The extracted watermark from different compression
1 PSNR NC factor. a Q=85 b Q=80 ¢ Q=70 d Q=
Our Method Wang' s Method * 60 e Q=50 f Q=40 g Q=30 and h Q=
Image 20
PSNR NC PSNR NC '
Lena 37.556 1.00 37.012 1.000 3 -4 Q=83 b
Q=80 ¢ Q=70 d Q=60 e Q=50 [ Q=
Baboon 35.356 1.00 34.587 1.000
40 g Q=30 h Q=20
Girl 37.374 1.00 36.985 1.000
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Table 2 Experimental Results Under Different Attacks Using Our Method and Wang' s Method
2
Normalized Cross-Correlation NC
Attacks Parameters Lena Baboon Girl
Our Method Wang’ s Method  Our Method Wang' s Method ~ Our Method Wang' s Method
JPEG Compression QF =85 % 1 0.991 1 0.985 1 0.989
QF=75% 0.980 0.942 0.974 0.954 0.977 0.957
Noise Addition  Gaussian 5% 0.980 0.959 0.979 0.965 0.981 0.966
Uniform 10% 0.961 0.925 0.967 0.924 0.959 0.962
Salt & Pepper 4% 0.947 0.942 0.980 0.965 0.971 0.964
Speckle 4% 0.961 0.901 0.852 0.827 0.918 0.844
Image Enhancement Luminance + 100 % 1 0.998 1 0.991 1 0.965
Contrast +50% 1 0.985 1 0.998 0.992 0.964
Sharpening twice 1 0.998 1 0.998 1 0.966
Filtering Low-pass filtering 1 0.976 1 0.998 1 0.995
Median filtering 0.714 0.707 0.725 0.726 0.746 0.766
Geometry Shearing 50 % 0.960 0.938 0.930 0.917 0.959 0.914
25% 0.985 0.970 0.978 0.925 0.980 0.936
Mosaic 2X2 0.937 0.887 0.724 0.670 0.970 0.887
3X3 0.928 0.867 0.720 0.666 0.964 0.868
Blurring r=0.5 1 0.974 0.923 0.870 0.996 0.964
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Research Background

Digital watermarking has become a very active research area in the field of multimedia security. In order to gain the sound
robustness and good invisibility some researchers introduce a novel watermarking scheme 1i.e. adaptive watermarking which
varies the watermark embedding locations strength and volume according to the local feature of the cover image. At present most of
the researchers use the neural network to classify the pixels or coefficients in the spatial or transformation domain and then to embed
the watermark into the optimized area. However the fatal weakness of the traditional learning methods is that they can’ t ensure that
the local optimization is also the whole optimization because they are based on the principle of experiential risk minimization. SVM is
a kind of new machine learning method which is based on the principle of structural risk minimization and thereby can resolve the
shortcomings of neural network. In this paper we propose an adaptive spatial domain watermarking which makes full use of the
similarity of SVM and HVS in self-learning generalization and non-linear approximation. The watermark embedding locations and
strength can be adaptively identified with SVM multi-classification algorithm. Experimental results show that the proposed scheme
has both sound invisibility and high robustness to various signal processing. The watermarking performance notably surpasses that of
the similar algorithm. Our work is supported by the National Natural Science Foundation of China 60502024 the Natural Science
Foundation of Hubei Province 2005ABA267  and partially supported by the National 973 Project 004CB318201



