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Intelligent Image Watermarking Based on Invariant Features of

Frequency Domain

Student: Kuo-Chun Wang Advisor: Dr. Hung-Hsu Tsai
Abstract

The thesis presents two robust watermarking techniques based on invariant
features of frequency domain. The first technique, called Wavelet-based Image
Watermarking using Rank Order and Classification (WIWROC), explores the features,
distances among rank orders of the wavelet coefficients in three subbands of a wavelet
transformation image. These features are then utilized to develop a classification
algorithm which can divide the-wavelet blocks of the image into three categories.
Subsequently, a Genetic Algorithm' (GA) “1s. applied to optimize the WIWROC
technique so as to further enhance its / performance. Next, the SVMLIWG
(SVM-based Lossless Image Watermarking against Geometrical attack) technique is
proposed to enhance both transparency and robustness of the WIWROC technique.
The SVMLIWG technique enhances its transparency by performing a
lossless-image-watermarking method which does not corrupt original images during
embedding. Moreover, it creates geometrical invariants, based on
Fourier-Transformation (FT) and Log-Polar-Mapping (LPM) domains, to generate an
image-dependent watermark (signature), and then applies the XOR operation to an
original watermark and an image-dependent watermark to produce a secret key which
carries implicitly the original watermark. In order to extract the original watermark
without the original image, the technique trains a Support Vector Machine (SVM) as a
function mapping an image-dependent watermark to the secret key. That is, the trained
SVM can memorize the relationships between an image-dependent watermark and the

secret key. Meanwhile, a Particle Swarm Optimization (PSO) algorithm is also

v



applied to improve the training performance of an SVM. During watermark extraction,
the SVMLIWG technique first presents the trained SVM with an image-dependent
watermark to calculate the estimated secret key, and then applies the XOR operation
to an image-dependent watermark and the estimated secret key to produce the
embedded watermark. Finally, numerous experiment results claim that the WIWROC
and the SVMLIWG techniques are satisfyingly imperceptible and are considerably
robust to withstand common- image-processing attacks, and they definitely
outperform other existing methods.

Keywords: Digital watermarking,: Discrete Wavelet Transform, Fast Fourier
Transform, Log-Polar-Mapping;geometrical attack, Genetic Algorithm, Support

Vector machine, Particle Swarm Optimization
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