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ABSTRACT

Watermarking is widely being explored as a means of providing protection of ownership-
right for multimedia data, and there has been increasing interest in applying digital watermarking
to multispectral image for this same purpose. In this paper, we propose a new technique for
watermarking that does not require the original image to recover the embedded signature. In this
method, the Principal Component Analysis (PCA) is preliminarily applied on the multispectral
image. The most principal component image is used for embedding with a watermark, which is a
pseudo-random number (PN) sequence or binary image generated with a secret key. The
embedding process is performed in the wavelet domain. The resulting image is then reinserted
into the principal component images, and the final multispectral image containing the watermark
can be produced by the inverse PCA. Experimental results are provided to illustrate the

performance of the algorithm against various kinds of attacks.
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ABSTRACT

In this paper, we propose a watermarking technique of
multispectral images. In our method, the Principal
Component Analysis (PCA) is preliminarily applied on
the multispectral image. The most principal component
image is used for embedding with a watermark, which is a
pscudo-random number sequence generated with a secret
key. The embedding process is performed in the wavelet
domain. The resulting image is then reinserted into the
principal component images, and the final multispectral
image containing the watermark can be produced by the
inverse PCA. Experimental results are provided to
illustrate the performance of the algorithm against various
kinds of attacks.

1. INTRODUCTION

The growth of new imaging technologies has created a
need for techniques that can be used for copyright
protection of digital images. Copyright protection involves
the authentication of image content and/or ownership and
can be used to identify illegal copies of a (possibly forged)
image. One approach for copyright protection is to
introduce an invisible signal known as a digital watermark
in the image.

In order to be effective, an imperceptible watermark
should meet the following requirements (Hsieh 2001):

Invisibility: Perceptual transparency. This concept is
based on the properties of the human visual system or the
human audio system. )

Security: The embedded information cannot be
removed beyond reliable detection by targeted attacks
based on a full knowledge of the embedding algorithm
and the detector (except a secret key), and the knowledge
of at least one carrier with hidden message.

Robustness: The ability to extract hidden information
after common image processing operations: linear and
nonlinear filters, lossy compression, contrast adjustment,
recoloring, resampling, scaling, etc.

Undetectability: Impossibility to prove the presence of
a hidden message. This concept is inherently tied to the
statistical model of the carrier image. The ability to detect
the presence does not automatically imply the ability to
read the hidden message. Undetectability should not be
mistaken for invisibility, a conccpt related to human
perception.

The digital image watermarking techniques can be
classified intc two categories, first techniques is in spatial
domain watermark embedded by directly modifying the
pixels values, the other techniques is in the frequency

domain watermark embedded in the transform space (e.g.
DCT, FFT or wavelet transform) by modifying
coefficients. These two techniques have different
advantages because most the signal processing operations
can be well characterized in the frequency domain and
several good perceptual models are developed in the
frequency domain. The technique proposed in this paper is
also based on frequency domain.

In this paper, we propose a new technique in frequency
domain for embedded watermark base on wavelet domain
(Tay 2002, Wang 2000, Wei 1998, Xie 2004) that does not
require the original image for the watermark detection.
Watermark is inserted into all high frequency subbands.
Furthermore, we discuss the threshold value used to
determine  whether the watermark is present or not.
Finally, we will investigate the limitations of the
watermarking techniques and discuss further research
issues.

2. THE PROPOSED ALGOLITHM

In our experiment, the watermark was embedded in the
most principal component image resulted from PCA.
Inverse PCA will reconstruct the multispectral image
which already had the watermark. The watermark is
supposed to be a pseudo-random number (PN). The
watermarking process consists of three main steps: PCA
process, watcrmark embedding and watermark detecting,
to be described as follows.

2.0 Watermarking in PCA image

Fig. 1 shows a block diagram of the watermark
insertion process. First, the multispectral image is brought
to the PCA process as N dimensional vectors being N the
number of spectral bands. Let X be the vector containing
the N components for a given pixel and / the mean vector
U=E[X]. The covariance matrix C, is defined as

1
¢, =E[(X-U)(x-U)] (1)

The PCA (or 7) is defined as the one that diagonalizes

C; in the following way:
C,=TCT =A (2
Being C, the covariance of the transformed vector (¥) and

A the diagonal matrix representing eigenvalues. ¥ can then
be obtained by:

Y=T(X-U) 3)
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Since the transformation optimally diagonalizes the
co-variance matrix between spectral bands, the spectral
correlation of the transformed components is removed.
The images in the transformed domain are sorted in order
of importaiice or with decreasing variance (Value of the
eigenvalues). This energy compaction in the spectral axis
is quite suitable for selection to insert the watermark.

Fig. 2 shows the block diagram of the watermark
detection process. Before extracting the watermark the
image will transform by PCA process to get most principal
component as described.

2.2 Watermark Insertion

Fig. 3 shows a block diagram of the watermark
insertion. We decompose an original image / until the
scale N and obtain multiresolution representation (MRR)
LH, HL, HH, (n = 1,2,.., N) and the multiresolution
approximation (MRA) LLy.

To find the perceptually significant wavelet
coefficients for each subband, the threshold value is
calculated according to the decomposition level. For
example in the three-level decomposition, the largest
coefficient C, for the first-level subbands (LH, ,HL, HH))
is selected and the threshold 77 is calculated by (4) and 72
for the subsequent levels are respectively calculated using
the same procedure.
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T, = 2'.‘“82 (el 3 (4)
where i is the decomposition level and X represents the
largest integer which is no greater than X. The watermark
is embedded only to the selected coefficients.

The watermark () is generated by the pseudo random
sequence whose probability law has a normal distribution
of zero mean and unit variance. The watermark is then
inserted into the image by:

V, =V, +alV)|x, (5)
where we runs over all DWT coefficients > 7,. ¥; and V;
denote respectively the DWT coefficient of the original
image, the watermarked image and « is a scaling
parameter. Finally, we reconstruct the watermarked image
I"using the inverse DWT.

2.3 Watermark Detection

I'he watermark detection process is showed in Fig. 4.
It is composed of DWT of watermarked image. We choose
all the high-pass coefficients with amplitude greater than
T2, and correlate them with the original copy of the
watermark.

The similarity between the DWT coefficients of the
corrupted watermarked image and a possibly different
watermark (¥) can be measured by the correlation (z) :




R %, ZIE*. |—‘ (6)

i

If the stmilarity value 1s greater than a threshold value
S:in (7). 1t 1s possible to determine whether a given
watermark 1s present.

S, = %ZM ™

where M is the number of coefficients where the
watermark is inserted.

3. EXPERIMENTAL RESULTS

A 3-band LANDSAT image, size of 256x256 pixels,
was used for the experiments. Fig. 5(a) shows the color-

N x N Image

DWT

¥
Pick all high-pass
cocfficients > Ti

Secret key
1 Y

Generating Add watermark at

watermark these positions

IDWT

A

Watermarked Image

Fig. 3 Watermark insertion process in wavelet domain
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composite of the original multispectral image and Fig.
5(b) shows the watermarked image with parameter o=0.5
and key =100. The wavelet filter used is 3-tap Daubechies.
Fig. 5(c) shows the response of the watermark detector
using the key scanned from 1 to 1000. The dotted line
shows the threshold S.. We find that the positive response
to the correct watermark is much stronger than the
response to incorrect watermarks.

The robustness capability 1is very critical for
watermarking. We tested the robustness with some attacks
such as median filter, Gaussian noise and JPEG
compression. Figs. 6 and 7 shows the results of watermark
detection after smoothing with a 3x3 median filter and
JPEG compression with quality factors of 50%. The
robustness against Gaussian noise is illustrated in Fig. 8.
We can see that in all cases the detector responses are still
well above the threshold.

NxN
Corrupted image

DWT

Pick all high-pass
coefficients > T2

Secret key
| ‘
Generating Correlate at Compute
watermark T these positions (Z) threshold (Sz)
No
‘Watermark absent

Yes
Watermark present

Fig. 4 Watermark detection process in wavelet domain

| Ty st e

Fig. 5 Comparison between original image (a) and watermarked image (b) and the corresponding detecior response (c)
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Fig. 7 JPEG image with quality at 50% (/eft) and the corresponding detector response (right)
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Fig. 8 Watermarked image disturbed by Gaussian noise (/eff) and the corresponding detector response (right)

4. CONCLUSIONS

In this paper, we have presented a digital
watermarking technique of multispectral images. The
proposed method is archived by applying a wavelet-based
watermarking techinique on the most principal component
image resulted by PCA. The robustness against various
attacks such as smooth with 3x3 median filter, JPEG
compression and Gaussian noise are also presented.
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Abstract: In this paper, we present a watermarking technique for hiding an entire image or pattern as a watermark into remote-
sensing images. In our technique, the Karhunen Loéve Transform (KLT) is preliminarily applied on the multispectral image. The
most principal component image is used for embedding with a watermark. The embedding process is performed in a middle-
frequency subband resulted by a two-dimension wavelet transform. Finally, the multispectral image containing the watermark is
obtained by the inverse KLT. Experimental results on LANDSAT images showed that the proposed watermarking technique is
robust to various kinds of attacks.

Keywords: Karhunen Lo¢ve Transform, Waveiet, Watermarking, Remote Sensing, Multispectral Image

1. Introduction

The significance of image watermarking is increasing as the digital communication becomes more dominating.
Through watermarking the owner of the image can authenticate the authorized use of the image [1]. In
steganography, the purpose is to include the actual message as a watermark into the information carrying image [2].

In this study we consider the watermarking of remote-sensing images. In multispectral mode, the images contain
multifold bands compared to the three bands in RGB-color images. Watermarking color images has been largely
studied [3] [4]. Most promising methods include watermarking in transform domain [4] [5], but the watermark can
be inserted also in the original spatial domain [6]. Also multispectral and satellite images have been considered for
watermarking 7] [8] [9].

In [7], both the bandwise discrete Fourier transform and the bandwise discrete wavelet transform was applied in
embedding the watermark. The invisibility constraint was satisfied by the near-lossless paradigm. The method is
valid according to the experiments in clipping and classification. In [8], the grayscale watermark was embedded in
the transform domain of the multispectral image. The Karhunen Loéve Transform (KLT) provided the eigenimages
and the watermark was embedded in one of the eigenimages. The reconstruction spreads the watermark into the
whole spectral image according to the KLT.

2. The Proposed Method

In our research, a binary image such as a company’s logo is considered as the watermark. The watermarking is
performed on the most principal component image resulted by applying the KLT on the multispectral image. The
image is decomposed by a multistage wavelet transform, and a middle-frequency subband is modified according to
the content of the watermark. This method does not require the original image to recover the embedded signature.

The watermarking consists of three main steps: KLT process, watermark cmbedding and watermark detecting.
We will describe the processes as follows.

1) Watermarking via KLT

Fig.1 shows the block diagram of the watermark embedding process. First, the multispectral image is brought to
the KLT process as n-dimension vectors being n the number of spectral bands. Let X be the vector containing the n
components for a given pixel and U the mean vector U=E[X]. The covariance matrix C, is defined as:

c, =E[(x-u)(x-u)'] M
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The KLT (T) is defined as the one that diagonalizes C, in the following way:
Cy =TCyT' = A ()

Being C, the covariance of the transformed vector (Y) and A the diagonal matrix representing eigenvalues. Y can
then be obtained by the equation:

Y =T(X-U) (3)

Since the transformation optimally diagonalizes the co-variance matrix between spectral bands, the spectral
correlation of the transformed components is removed. The images in the transformed domain are sorted in order of

importance or with decrcasing variance. This energy compaction in the spectral axis is quite suitable for selection to
insert the watermark.

Fig. 2 shows the block diagram of the watermark extracting process. Before extracting the watermarked image
will transform by KLT process to get most principal component as described.

Most Principal

Watermark
Component :> .
(KLT image) Extiacting

N-band image
with
Watermark

=2y KLT :D

Fig.2 Watermark extracting process

2) Watermark Embedding

Fig. 3 shows the block diagram of the watermark embedding. First, the binary signature image is produced as a bit
sequence of watermark S. The data pixels are valued as 1 and the background pixels are valued as —1,

S={s,1<i<M},s; e{-1,1} 4)
where M is the totat number of pixel in the signature image ( M is equal to 1/16 NxN )

The pseudo-random sequence P which each number can take a value cither 1 or -1 is equi-probably generated
with a secret key for embedding and extracting of the watermark.

P={p;1<isM},p e{-1,1} (5)
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The two-level DWT of NxN image (I) is computed. A binary signature is embedded only in LH, subband.
T=1{,,1<i< M} The watermark is embedded into the vector T, to obtain a new vector T = {i,1<i< M}
according to the following rule:

I,' =trap;s i =1,2,...M (6)

where & is a magnitude factor which is a constant determining the signature strength. The value is selected to offer a
trade-off between robustness and unobtrusiveness. The inverse DWT is then performed to obtain the watermarked
image 1",

KLT : Signature Pseudo
Image (I) Image Random |<— KEY
(S) (P)

>
: :

Watermark
(Pi- SJ)

@M

Watermarked
Image (I')

Fig. 3 Watermark embedding process in wavelet domain

3) Watermark Extracting

Fig. 4 shows the block diagram of the watermark extracting process. The watermark extracting can be performed
without knowledge of the original image. Instead, a prediction of the original value of the pixels is needed. The
watermarked image may be considered to be the original image that is perturbed by the pseudorandom noise. Thus, a
prediction of the original value of the pixels is to use noise-elimination technique. In this paper we use a 5x5 mask

and all elements are equal to 1/25. The predicted image 1 can be obtained by smoothing the input image 1" with a
spatial convolution mask. The prediction of the original value can be defined as:

~ 1l cxc ,

Iy = % Iy (7

cXc

where ¢ is the size of the convolution mask. The watermarked image and the predicted image are DWT transformed
- 3 * i 3
independently, and of each the LH, subband is selected to generate a vector T and T respectively,
i B s o e i * = .
From Eq. (6), the estimate of the watermark S is indicated by the difference between T and T the equation can
be represented as:

*

0=t -b; =ap,5; )
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Therefore, the sign of the difference between the predicted and the actual value is the value of the embedded bit:
sgn(d; ) = p;.s; (9)

The watermark can then be estimated by multiplying pseudo-random number to the embedded bit. If a wrong
pseudo-random sequence is used, the scheme does not work.

5 > Predi I
KLT !Enagc Smoothing re u:uird mage

DWT

LH, LH,

+ &
KEY Pi-S,
Pseudo
Random >
(P)

Signature Image

S)

Fig. 4 Watermark extracting process in wavelet domain

3. Performance Evaluation

To evaluate the performance of the proposed algorithm, a similarity measurement between the original
signature S and the extracted signature S’ is computied by using the normalized correlation:

M '
PIRRY
Normalized Correlation (NC) = ‘j;—z (10)
8
A

Also, the quality is of the watermarked image, compared to the original image, is measured based on the Peak
Signal to Noise Ratio (PSNR) which is defined by:

2552
PSNR = 10.1 (11
og(MSE} (1)
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where

MSE L. %[x(b- /)- Y(bi )]2 12)
S s S AT L)) - NA
nxNxN p=1i=1 j=] J by (

is the mean square error between the original image (X) and the watermarked result (Y) where (i, j) denotes the
specific pixel value.

4. Experimental Results

A 3-band LANDSAT image, size of 512x512 pixels, was used for the experiments. The watermark is taken from
the logo of King Mongkut's Institute of Technology Ladkrabang (KMITL) which is a binary image of size 128x128
pixels. Fig. 5(a) shows the color-composite of the original multispectral image along with the KMITL’s logo. The
watermarking is tested with the following parameters: the magnitude factor is 35, the key is 500. The result of the

watermarked image and the extracted watermark are shown in Fig. 5(b). The PSNR of the resulted image is equal to
41.42 dB.

(b)

Fig. 5 (a) Original image and the signature image. (b) Watermarked and extracted watermark images.
(PSNR =41.42 dB, NC = 0.9503)

The robustness capability is very critical for watermarking. We tested the robustness of watermarking with some
attacks such as median filter, Gaussian noise and JPEG compression. Fig. 6 and 7 shows the results of watermark

detection after smoothing with 3x3 median filters and JPEG compression with quality factor 80%. The robustness
against Gaussian noise is illustrated in Fig. 8.

Fig. 6 Watermarked image smoothed with a 3x3 median filter and the extracted watermark images
(PSNR = 36.69 dB, NC = 0.7850)
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Fig. 7 Watermarked image JPEG compression with quality 80% and the extracted watermark images.
(PSNR = 35.57 dB, NC = 0.8454)

Fig. 8 Watermarked image with Gaussian noise (mean = 0,0 = 0.01) and the extracted watermark images.
(PSNR = 26.40 dB, NC = 0.7481)

5. Conclusion

In this paper, we have presented a digital watermarking technique where a binary image can be used as a
watermark. The proposed method is archived by applying a wavelet-based watermarking technique on the most
principal component image resulted by the KLT. The robustness against various attacks such as smoothing with 3x3
median filter, J)EG compression, and Gaussian noise are also presented. In all cases, the watermark can be detected
with an acceptable visual quality.
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ABSTRACT

Watermarking is widely being explored as a means
of providing protection of ownership right for multimedia
data, there has been increasing interest in applying digital
watermarking to multispectral 1mage, and a new
technique for watermarking that does not require the
original image to recover the embedded signature. In our
method, the Principal Component Analysis (PCA) is
preliminarily applied to the multispectral image. The
most principal component image is used for embedding
with a watermark. The visual, gray-scale watermark is
embedded in a middle-frequency subband resulted by a
two-dimension wavelet. Finally, the multispectral image
containing the watermark is obtained by the inverse PCA.
The experiments indicated that the watermark is robust
against attacks.

Keywords: Watermark, Principal Component Analysis,
Wavelet, Multispectral image

1. INTRODUCTION

With the advent of the internet, the online purchasing
and distribution of multispectral images can be performed
relatively easily. Over the past few years, the technology
of digital watermarking has emerged as a leading
candidate that could solve the problems of legal
ownership and content authentications for digital
multimedia data [1].

Digital watermarking makes it possible to identify
the source, author, creator, owner, distributor or
authorized consumer of a digital dataset by means of an
identification code or image that is injected into the data.
The watermark is permanently embedded into digital data
for protecting copyright and determining if the data have
been corrupted. The digital watermarking has two
specific advantages [2]: ‘

* Security: the locations where the watermark is
embedded and how much modifications that are
carried out in order to embed the mark are secret
to anybody who does not know secret key.

*  Robustness: the embedded watermark is resistant
against any processing and attack that do not
seriously affect the quality and value of digital
data.

The digital image watermarking techniques can be

classified into two categories, ie., spatial domain

watermark embedded by directly modifying the pixels
values and the frequency domain watermark embedded in
the transform space by modifying frequency coefficients.
The technique proposed in this paper is therefore based
on frequency domain.

Multispectral images are images of the same object
(Earth or planetary surface), taken in different bands of
visible or infrared region of electromagnetic continuum.
This is the main type of images acquired by Remote
sensing (RS) radiometers.

Before embedding the watermark into the
multispectral image, we reduced the dimension of the
image to only one which contains most significant
information. The rapid and powerful technique capable of
this dimension reduction is the Principal Component
Analysis (PCA) [3]. The watermark was embedded only
within the most principal component domain of the
multispectral image. The watermarked image was
subsequently reconstructed using the inverse PCA to
recover its original dimension.

In this paper, we propose a new technique in the
frequency domain for embedded watermark based on the
wavelet transform [4-5]. The gray-scale watermark was
transformed and then embedded within middle-frequency
subband. The reconstruction spreads the watermark over
the whole multispectral image according to the PCA.

2. THE PROPOSED METHOD

In our research, the watermark is a gray-scale image.
The watermarking is performed on the most principal
component image resulted by applying the PCA on the
multispectral image. The image is decomposed by a
multistage wavelet transform, and a middle-frequency
subband is modified according to the content of the
watermark.

The proposed method consists of thre¢ main steps:
PCA processing, watermark embedding and watermark
extracting, which are described as follows.

2.1 Watermark via PCA

Fig.l shows the block diagram of the watermark
embedding process. First, the multispectral image is
brought to the PCA stage as n-dimension vectors where n
the number of spectral bands. Let X be the vector
containing the 7 components of a given pixel and U their
mean vector U=E[X]. The covariance matrix C, is



defined as:
el E[(X-U)(X—U)'] (1

The PCA (or T) is defined as the one that diagonalizes C,
as:

C,=TC,T' = A (2)

where C, the covanance of the transformed vector (}) and
A the diagonal matrix representing eigenvalues. } can
then be obtained by the equation:

Y=T(x-U) . (3)

Since the transformation optimally diagonalizes the
co-variance matrix between spectral bands, the spectral
correlation of the transformed components is removed.
The images in the transformed domain are sorted in order
to importance or with decreasing variance. This energy
compaction in the spectral axis is therefore suitable for
selection to insert the watermark.

Fig.2 shows the block diagram of the watermark
extracting process. Before extracting the watermarked
image was transformed by the PCA to get the most
principal component as described above,
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Fig.2: Watermark extracting process.

2.2 Watermark Embedding

In this study one-band gray-scale image is used as a
watermark. The embedding procedure can be described as
follows:

1) Conpute a wavelet transform W, of the

watermark W. In our experiment, only one level
was used.
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2) Compute a wavelet transform /,, of the RCA
image /. The number of levels is matched with
the size of the watermark. At the highest level
the spatial size of the transformed block is equal
to the size of the watermark.

3) Add the transformed values of the watermark
W, to transformed values of PCA image /.
A watermark is embedded only in LH, subband
according to the following rule:

"n'r.\rm = ]wf o = a-p; 'H/u'r (4)

Magnitude factor & is a constant determining the
strength of the watermark which was so
empirically selected as to offer a trade-off
between robustness and unobtrusive.

4) The inverse wavelet transform is then performed

to obtain the watermarked image /), .

PCA Giray Pscudo
Image (/) Image Random 4—@
() 7
Watermark
{mow)

-
Watermarkd

l.-mge(]"‘)

Fig.3: Watermark embedding process in wavelet domain.

2.3 Watermark Extracting

Fig.4 shows the block diagram of the watermark
extracting process. The watermark extracting can be
performed without knowledge of the original image.
Instead, a prediction of the original value of the pixels is
needed. The watermarked image may be considered to be
the original image that is perturbed by the pseudorandom
noise. Thus, a prediction of the original value of the
pixels is to use noise-climination technique. In this paper
we use a 5%5 mask and all elements are equal to 1/25.

The predicted image I can be obtained by smoothing the

input image /" with a spatial convolution mask. The
prediction of the original value can be defined as:

5y I Cic.r
i, = i 5
e 2 Tk (5)

where c is the size of the convolution mask.
From Eg.4, the estimate of the watermark W is

indicated by the difference between /” and 7, the
equation can be represented as:



5t -l = ap, ©

The watermark can then be estimated by multiplying
a pseudo-random sequence to the embedded bit. If a
wrong sequence 1s used, the scheme does not work.
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Fig.4: Watermark extracting process in wavelet domain

3. PERFORMANCE EVALUATION

To evaluate the performance of the proposed
algorithm, a similarity measurement between the
watermark image W and extracted watermark image W"
was computed by using the normalized correlation:

M
YWw’
Normalized Correlation (NC) = _"‘M (7)
; S w
i=1

In addition, the relative quality of the watermarked
image, compared to the original image, is measured based
on the Peak Signal to Noise Ratio (PSNR) which is
defined by:

2552
PSNR = 10.log| 22— 8
og( MSEJ ®)

where MSE is the mean square error between the original
image [ and the watermarked result /" :

i n N N ~ 2
T —— 1(b,i, j)-1"(&,i ] 9
nxNxN b§u§f;§!|_ (ba)-1°1 J)] €
and (i,f) denotes the specific pixel value.

MSE =
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4. EXPERIMENT RESULTS

The experiments had two purposes. Both the
embedding/extracting procedure, and then the robustness
of the watermarking against compression were studied.

Initially, a 3-band LANDSAT image [6], size of
512x512 pixels, was used in the experiments. The
watermark was taken from the gray-scale image of size
128x128 pixels. Fig 5(a) shows the color-composite of
the original multispectral image along with gray-scale
image. The watermarking was tested with the following
parameters: magnitude factor was 0.40 (see Table 1), the
key was 500. The result of the extracted watermark is
show in Fig 5(b). The PSNR of the resultant image equal
to 34.99 dB

Table 1: PSNR and NC with various magnitude factor.

Magnitude factor PSNR (dB) NC
0.10 42.42 0.937731
0.15 39.87 0.971794
0.20 38.37 0.984887
0.25 37.29 0.990667
0.30 36.40 0.993475
0.35 35.66 0.995022
0.40 34.99 0.995829
0.45 34.40 0.995838
0.50 33.86 0.992421
0.55 33.38 0.983896
0.60 32.93 0.971054
0.65 32.48 0.955175

@ ¥

(b)

Fig.5: Watermarking Result (a) Original LANDSAT
image and gray-scale watermark. (b): Watermarked
image and extracted watermark.



Fig.6: Watermarked image smoothed with
3x3 median filter and extracted watermark.
(PSNR=36.34 dB, NC=(0.728618)

Fig.7: Watermarked image with Gaussian noise
(mean = 0,0 =0.01) and extracted watermark.
(PSNR=26.36 dB, NC=(.623405)

¥
a7t

Fig.8: Watermarked image JPEG compression with
quality 80% and extracted watermark.
(PSNR=34.50 dB, NC=0.872282)

Fig.9: Watermarks extracted after JPEG compression
with quality from 20% to 90%
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Fig.10: Robustness against JPEG compression.
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The robustness capability is very critical for
watermarking. We tested the robustness of watermarking
with some attacks such as median filter, Gaussian noise
and JPEG compression. Fig. 6 and Fig. 7 show the results
of watermark detection after smoothing with 3x3 median
filters and Gaussian noise. The robustness against JPEG
compression with quality factor 80% is illustrated in
Fig.8 and compare quality when vary quality factor show
the results in Fig.9 and Fig 10.

5. CONCLUSION

Watermarking technique constitutes to a new area in
controlling authorized exploitation of multispectral
images. In our proposed method, the watermark was
embedded in wavelet domain of a multispectral image.
The PCA/Wavelet was used to derive the transformed
domain. The strength of watermark applied to embedding
affects the perceived quality of the image and that of the
detected watermark after the attacks. The quality of the
extracted watermark is good and at the same time, the
worse the watermark survives from the attacks. Thus, the
watermark process should maintain the balance between
the strength of the embedding and the survival of the
watermark in the attacks.

Our experiments indicate that the watermark is
robust against the median filter, JPEG compression, and
Gaussian noise. In all cases, the watermark can be
detected with an acceptable visual quality.
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