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Abstract  The ‘Multiple-level” idea is introduced from Discrete Wavelet Transform to Discrete
Cosine Transform, and the properties of multiple-level Discrete Cosine Transform are analyzed.
A digital watermarking algorithm is proposed based on multiple-level Discrete Cosine Transform.
In the proposed algorithm, the watermark information is embedded in the selected coefficients of
multiple-level Discrete Cosine Transform. Experimental studies show that the proposed algo-
rithm has better robustness compared with common digital watermarking algorithms based on
Discrete Cosine Transform, and its real-time property is not affected by the multiple-level trans-
form. Besides, the methods of choosing transform coefficients and transform levels are studied,
and experimental results show that the best performance can be achieved by reasonably choosing

transform coefficients for the two-level transform.
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A

Background

With the wide application of digital watermarking in
copyright protection and broadcast surveillance, digital wa-
termarking has become one of the hottest research topics. As
an embranchment of digital watermarking, robust water-
marking has become one of the research hotpots, such as wa-
termarking algorithms in Discrete Cosine Transform (DCT)
domain, Discrete Wavelet Transform (DWT) domain, and
Discrete Fourier Transform (DFT) domain.

As one of the typical transforms, DCT is widely used in
digital watermarking, but usually DCT is used only once
when embedding watermarks, and DWT is used many times.
How many times of DCT can be used in watermarking is still
unknown to us.

In this paper, the ¢ Multiple-level” idea is introduced
from Discrete Wavelet Transform to Discrete Cosine Trans-
form, and we call it multiple-level Discrete Cosine Trans-
form. The properties of multiple-level Discrete Cosine
Transform are analyzed compared with the common Discrete
Cosine Transform. Then a digital watermarking algorithm is
proposed based on multiple-level Discrete Cosine Transform.
That is to say, we try to use DCT more than once when wa-
termarking, and the watermarks are embedded in the coeffi-

cients of multiple-level Discrete Cosine Transform.
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This work can be used to improve the performance of
digital watermarking algorithms in Discrete Cosine Trans-
form, and it will speed the development and application of
watermarking algorithms in Discrete Cosine Transform, es-
pecially the robust watermarking algorithms.

The authors began to study watermarking in 2001, and
have obtained some useful results, especially in the domain of
watermarking with side information. By making full use of
the side information idea, some refined side informed water-
marking models are established, the performances of the wa-
termarking systems with side informed coding and the strate-
gies to improve the performances are studied. and many ro-
bust watermarking algorithms with side informed coding were
proposed. Based on these studies, the authors have published
two books and 40 papers. This work is one of the methods
proposed to improve the robustness of Walermarking algof
rithms in Discrete Cosine Transform domain.
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