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ABSTRACT

The effectiveness of the discrete Laguerre transform (DLT) in
digital image watermarking is examined in the present
communication. Extensive performance comparisons between
the DLT- and DCT-domain watermarking are conducted. It is
seen that the quality of the DLT-domain watermarked images is
higher than the corresponding DCT-domain watermarked
images. From the robustness point of view, it is proved that both
the DLT and DCT watermarking approaches have similar
performance.

1. INTRODUCTION

Rapidly growing field of digitized images, video and audio has
urged the need of copyright protection, which can be used to
produce an evidence against any illegal attempt to either
reproduce or manipulate them in order to change their identity.
Although watermarking has been proved to be an active area of
research for some time, it seems that it is still passing through
its adolescent age. Many watermarking techniques do exist.
These can be divided into two broad categories, those working
in the spatial / time domain and those working in the transform
(frequency) domain [1].

There has been a significant recent research into digital
watermarks (hidden copyright messages) and fingerprints
(hidden serial numbers); the idea is to exploit these techniques
in order to identify copyright violators, and to prosecute them.
Copyright marks do not always need to be hidden, as some
systems use visible digital marks [1,2]. The concentration
though is on invisible or transparent digital watermarks, which
have wider applications. Visible digital watermarks are more or
less digital counterpart of original paper watermarks, which
appeared at the end of thirteenth century to differentiate paper
makers of that time. Fragile watermarks that are referred to as
signatures create confusion with digital signatures used in
cryptography. They are destroyed as soon as the object is
modified too much, and they are useful in checking if the image
is modified intentionally or by chance and can be used as
evidence in the court of law. Robust marks have the property

that it is difficult to remove them until the host data is degraded
enough. This usually means that the mark should be embedded
in the perceptually most significant components of the object.
There are several types of robust copyright marking systems:

• Private marking system or incomplete or escrow
watermarking is the system that requires the original and
the watermarked versions of images to extract the
watermark.

• Public marking or complete or oblivious or blind
watermarking remains the most challenging problem since
neither it requires original image nor the embedded
watermark.

In many ways an incomplete watermark is better since the
original image or video is available for the recovery process,
which makes watermark recovery rather easier and more robust.
In fact, the information that is the actual image or video, can be
subtracted from the signed version leaving a reasonably pure
version of the watermark. On the other hand, complete
watermarking makes the watermark recovery process more
difficult and less robust.

Digital steganography or information hiding can be studied
using communication theory. The parameters of information
hiding, such as the number of data bits that can be hidden, the
invisibility of message, and resistance to removal can be related
to the characteristics of the communication system, i.e. capacity,
signal to noise ratio (SNR) and jamming margin. Capacity in
data hiding represents the maximum number of bits hidden and
successfully recovered by the watermarking system. The SNR
provides a measure of invisibility or detectability. In this paper
the message is a randomly generated gaussian vector and
represents the noise, which is part of every natural digital image
or communication system. Cover image is the actual
information. In compliance with communication theory, where a
high SNR is desired, a very high SNR corresponds to lower
perceptibility, and therefore greater success is achieved when
concealing the embedded signal. Jamming resistance is the



robustness of the system in resisting to any kind of intentional or
accidental attack.

In this work we compare SNR and robustness of DLT-domain
watermarking with that of the DCT. In Section 2 the different
watermarking approaches are reported, while in Section 3 the
DLT is briefly presented. The transform domain watermarking
is described in Section 4, and in Section 5 evaluation results are
given.

2. WATERMARKING APPROACHES

There is a vast majority of image watermarking approaches.
One method of data hiding exploits the least significant bit
(LSB) plane, with direct replacement between cover image’s
LSB and message (watermark) bits by adopting different logical
or arithmetic combinations. LSB manipulation programs for a
variety of image formats can be found. LSB methods achieve
both high payload (high information rate) and low perceptibility.
However, because information is hidden in LSB, it is fragile to
any data processing, which results in loss of information from
these LSB bits [3].

Approaches of perceptual masking to exploit characteristics of
human visual system (HVS) for data hiding have been also
utilized [4]. Perceptual masking means, information in certain
regions of an image is occluded by perceptually more prominent
information from the other parts of the image. Masking can be
performed either in frequency or spatial domain.

Most of recent research is mostly based on frequency domain
techniques for still images [5-14]. In particular Cox et al.
described a method where the watermark is embedded in large
DCT coefficients using an idea borrowed from spread spectrum
in communications theory [11].

Zhu et al. [12] applied the same technique of spread spectrum
for a unified approach for digital watermarking of images and
video based on two and three dimensional discrete wavelet
transform (DWT). The hierarchical nature of wavelet
representation was adopted for the detection purpose.
Watermark was added to all the high pass bands in the wavelet
domain, using a nonlinear insertion procedure.

Xia et al. [13] also use a multiresolution watermarking method
using the DWT. Gaussian random noise is added to the largest
coefficients of all subbands except in the lowest frequency
subband. They also used a masking formula in order to suppress
the artifacts generated by the high energy of the embedding
watermark.

3. THE DISCRETE LAGUERRE
TRANSFORM

Mandyam and Ahmed introduced the DLT in 1996 [15]. It is
based on the Laguerre functions, which constitute an
orthonormal set of functions in the (0, ∞) interval. The nth

Laguerre function (starting from n = 0) is defined as
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A drawback of the DLT is the increase in the computational
burden as the order of the DLT increases, due to the difficulty in
finding the roots of the corresponding high-order Laguerre
polynomial. There are two remarkable points about the DLT: (a)
Referring to eq. (1), one can see that the Laguerre basis
polynomials are all subject to an exponential decay, and
therefore, for x sufficiently large, )x(ln approaches zero for all

possible n. One can therefore conclude that signals that can be
best represented by DLT are those that have some sort of
exponential decay. (b) It can be observed that the DLT has no
“DC basis vector,” as is the case with the DCT and DFT. As
such, signals with a DC offset are not suitable for efficient
representation by the DLT.

4. DLT DOMAIN WATERMARKING

The process for the transform domain embedding and detecting
the watermark is depicted in Fig. 1. This scheme is general and
can be applied for any escrow transform domain watermarking
approach. The original image, which is assumed to be
continuous-tone grey scale of 2P pixel accuracy, is first DC
shifted by subtracting the value 2P-1 from each pixel value.
Thus, all pixel values are shifted from unsigned integers in the
range of [0, 2P-1] to signed integers in the range of [-2P-1, 2P-1-1].
Then, the discrete transform is applied to the image as a whole,
and the N largest coefficients are selected for watermark
embedding. Each of the selected coefficients Xk is modified
(watermarked) according to the formula [4,5,11]

Xk
*=Xk+awk|Xk|, k=1,2,…,N (3)

where Xk
* is the watermarked coefficient, a the watermark

strength and wk the kth element of a pseudo-random discrete
Gaussian signal w with zero mean and unit variance. Applying
the inverse transform and inverse DC shifting the final
watermarked image is produced, as shown in Fig. 1a.

For the detection of the watermark, the original image and the
watermarking sequence w are needed. The whole process is
illustrated in Fig. 1b. Both the original and the watermarked
images are DC shifted and forward transformed. Then, the N
largest coefficients for the original image are selected. Each of
these coefficients Xk is subtracted from the corresponding



watermarked coefficient Xk
* and a new sequence is generated

according to the formula

,  k=1,2,…,N (4)

The produced sequence w* is cross-correlated with the
watermark sequence w. If a peak occurs at the center of the
correlation result, then we can say that the watermark w has
been detected, i.e. the sequences w* and w are similar. The
higher the peak is, the greater is the similarity.

5. EVALUATION RESULTS

The watermarking process described in section 4 has been
implemented and evaluation results are reported in the present
section for different images and different attacks. The test
images are grey scale of size 256x256 with pixel accuracy of 8
bits, i.e. P=8. The number of coefficients selected for
watermarking is N=500. The watermarking strength a has been
set equal to 0.08. For comparison purposes we conducted the
same simulations for the DLT and the DCT. In other words, we
implemented the processes of Fig. 1 for the DLT and the DCT,
using the same values for a and N.

In Fig. 2 the original peppers image (of size 256x256) is shown,
and in Figures 3 and 4 the corresponding watermarked images
by means of the DLT and the DCT are illustrated. It is seen that
subjectively and objectively the images watermarked in the
DLT-domain are better than those watermarked in the DCT-
domain (PSNR difference of approximately 3 dB). The detection
(extraction) of the watermark is achieved by calculating the
cross-correlation peak, as shown in Fig. 5. In order to test the
robustness of the DLT and DCT watermarking techniques, we
performed various attacks on the watermarked images, as for
example addition of Gaussian and uniform noise, median
filtering, downscaling and compression. It was seen that the
DLT-based watermarking approach is more robust than the
DCT-based one, in the case of noise addition. It is, however,
less robust to downscaling, (images were downscaled by 2 in
each direction and then up-scaled by interpolation to the original
size). Both watermarking approaches were of the same
robustness in the case of JPEG compression.

6. CONCLUSIONS

A DLT-domain watermarking technique has been presented in
this communication. Comparisons between the DLT- and the
DCT-based watermarking have shown that the achieved image
quality is better in the case of the DLT watermarking. This
technique is also more robust than the DCT-based, in the case
of attacking images by additive noise. In most of the other
attacks, both behave almost the same, except for the
downscaling case, where the DLT-based is inferior to the DCT-
based watermarking.
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Figure 1. Transform domain watermarking: (a) watermark
embedding, (b) watermark detection.

Figure 2. Original grey scale image of size 256x256

Figure 3. DLT watermarked image (PSNR 40.55dB).

Figure 4. DCT watermarked image (PSNR 36.26dB).

Figure 5. A high cross-correlation peak denotes that the
watermark is present.
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