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I

nformation security is essential to an effective and safe e-government. The objective of e-governments is to provide
services accessible to an entire region
at a reasonable cost and in a reasonable amount
of time.1 Government offices can use information technology and the Internet to provide
better services to people and businesses and to
facilitate cooperation among government institutions. However, e-governments must ensure
efficient information authentication, reproduction, and copyright protection.
Watermarking, or data hiding, can help
e-governments meet these goals.2 Watermarking embeds data into a multimedia file that
can later be extracted for security purposes.36
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Researchers have found that transform-domainbased watermarking techniques offer several
advantages in terms of perceptibility and
robustness.7 (See the ‘‘Related Work in Watermarking’’ sidebar for more details.)
In this article, we propose an efficient copyright protection scheme for e-government document images. First, we apply the discrete
cosine transform (DCT) to the host image and
use the zigzag space-filling curve (SFC) for the
DCT coefficients. The DCT coefficients in the
zigzag manner are then mapped into four
areas with different frequencies in a rectangular
shape. Then, we apply the singular value decomposition (SVD) operation to each area,
and the host image is modified by the left singular vectors and the singular values of the
DCT-transformed watermark to embed the watermark image. The left singular vectors and
singular values are used as a control parameter
to avoid the false-positive problem. Each area
decides the scaling factor’s optimal value
using a genetic algorithm (GA) with the mean
of the watermark’s SVs. A scaling factor is simulated by chromosomes, and several optimization GA operators are used. After remapping
each modified coefficient DCT back to the original position, the proposed inverse DCT produces the watermarked image. Our experimental
results show that we can improve the image
quality GA-based evolution and that this
approach is robust under several kinds of
attacks.

Preliminaries
Before providing the details of our proposed
digital watermarking approach, we must first
define the methods and terminology we use
here.
Genetic Algorithms
A genetic algorithm (GA) is an optimization
technique that simulates the phenomenon of
natural evolution.8 The four major steps
involved in using GAs are initialization, evaluation, selection, and recombination.
Initializations create and initiate a population of chromosomes. The evaluation step evaluates the fitness value of each chromosome in
the population. The selection step then selects
the parent chromosomes for the genetic operations such as mutation and crossover. The GA
program is looped to make a pair of chromosomes for reproduction in the selection step,
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Related Work in Watermarking
Veysel Aslantas proposed an optimal watermarking
scheme based on singular value decomposition (SVD)
using a genetic algorithm (GA).1 He modified the host
image’s SV to embed the watermark. Alexander Sverdlov,
Scott Dexter, and Ahmet M. Eskicioglu proposed a hybrid
watermarking scheme based on the discrete cosine transform (DCT) and SVD.2 After applying the DCT to the
cover image, they mapped the DCT coefficients in a zigzag
order into four areas and then applied the SVD to each
area. Zhe-Ming Lu, Hong-Yi Zheng, and Ji-Wu Huang proposed a digital watermarking scheme based on DCT and
SVD with the midband DCT coefficients (8  8 blocks).3
U. KinTak and his colleagues introduced a watermarking
scheme with the characteristics of selective embedding intensity using the nonuniform partition based on DCT and
SVD.4 This scheme also applied the Arnold Scrambling
algorithm.
The drawbacks of watermark methods include many false
positives and a high computational cost as well as security,
robustness, fidelity, and resistance concerns. The falsepositive problem will always occur in SVD-based image
watermarking if only SVs are embedded in the host image.5
Researcher have proposed several schemes to solve this
problem.5,6

and then the recombination step generates offspring from these chromosomes.
Discrete Cosine Transform and Singular
Value Decomposition
DCT is a technique for converting a signal into
elementary frequency components.9 This is
the 2D DCT transformation for converting a
signal f(x, y) into frequency domain:
cðr; sÞ ¼ ðrÞ:ðsÞ

N1
X

X
f ðx; yÞ

x;y¼0





ð2x þ 1Þr
ð2y þ 1Þs
 cos
: cos
2N
2N
Then, the inverse DCT is
N1
X

X

x;y¼0

 cos

ðrÞ:ðsÞ:cðr; sÞ





ð2x þ 1Þr
ð2y þ 1Þs
: cos
2N
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In linear algebra, SVD is an important factorization of a complex matrix, and it can be applied to
many applications in signal processing and statistics.7,10 Its row space is r-dimensional (inside Rn),
and its column space is also r-dimensional

1. V. Aslantas, ‘‘An SVD Based Digital Image Watermarking Using
Genetic Algorithm,’’ Proc. IEEE 9th Int’l Symposium Signal Processing and Its Applications (ISSPA), IEEE CS Press, 2007, pp. 14.
2. A. Sverdlov, S. Dexter, and A.M. Eskicioglu, ‘‘Secure DCTSVD Domain Image Watermarking: Embedding Data in All
Frequencies,’’ Dept. Computer and Information Science,
Brooklyn College, City Univ. of New York; http://brooklyncuny.academia.edu/ScottDexter/Papers/265184.
3. Z.-M. Lu, H.-Y. Zheng, and J.-W. Huang, ‘‘A Digital Watermarking Scheme Based on DCT and SVD,’’ Proc. IEEE 3rd
Int’l Conf. Information Hiding and Multimedia Signal Processing (IIHMSP), vol. 1, IEEE CS Press, 2007, pp. 241244.
4. U. Kin Tak et al., ‘‘A Robust Image Watermarking Algorithm
Based on Non-Uniform Rectangular Partition and DCT-SVD,’’
Proc. IEEE. Int’l Conf. Measuring Technology and Mechatronics
Automation, IEEE CS Press, 2010, pp. 327337.
5. H. Prasetyo, ‘‘The Reliable SVD Scheme Image Watermarking,’’ master’s thesis, Nat’l Taiwan Univ. of Science and
Technology, 2009.
6. A. Basso et al., ‘‘A Novel Block-Based Watermarking Scheme
Using the SVD Transform,’’ Algorithms J., vol. 2, no. 1, 2009,
pp. 4675.

(inside Rm). We choose special orthonormal
bases: v1, . . ., vr for the row space and u1, . . ., ur
for the column space. For those bases, each Av1
is in the direction of u1. Instead of using S1AS,
we will a diagonalize matric A using SVD
through the following equations: Av1 ¼ s 1u1
becomes AV ¼ US or A ¼ USVT, where U and
V are unitary (orthogonal), S is the SV of A,
S ¼ diag(1, 2, . . ., m), and m is the rank of
matrix A. Thus, A ¼ U11V1 þ . . . þ UmmVm.
Space-Filling Curves
A space-filling curve (SFC) is a continuous scan
that traverses every pixel of an image exactly
once.11 After scanning, the application processes the resulting sequence of pixels to obtain the required image.
SFC techniques include raster, zigzag, Hilbert, and Moore. The zigzag curve, which is
commonly used in the image-compression
field, traverses and scans an image in the neighbor of a leading diagonal.
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Proposed Watermarking Technique
We use a hybrid DCT-SVD watermarking
scheme based on GAs to find the optimization
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scaling factor of the watermark image for an
e-government document image. Instead of
using a square shape,3,12 we map DCT coefficients to a rectangular shape.
An advantage of DCT-SVD combination
techniques is that they are resistant to various
attacks and can improve a document image’s
performance, security, and robustness.3,12 The
SVD in particular has several advantages. First,
an image’s SV is relatively stable, so the presence of a small disturbance in the image will
not significantly affect it. Second, the transformation matrix size of the SVD system is dynamic and this transformation matrix size can
be applied in both square and rectangle shapes.
Third, the SVs have the intrinsic properties of
an algebraic image.13
Furthermore, we perform the optimization
process using a GA to find the optimization
scaling factor of the watermark image for the
DCT-SVD technique. To the best of our knowledge, this is the first such use of this method.
The performance of the GA is empirical and
usually requires a statistical verification. Figure 1 shows a block diagram of the proposed
technique.
Watermark-Embedding Process
In the first step of the embedding process, we
apply DCT to the whole host image I: Id ¼
DCT(I), where Id is the DCT-transformed host
image I and consists of rows and columns.
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For step two, we scan the DCT coefficients
into four areas (A1, A2, A3, and A4) in a zigzag
manner:
t ¼ zigzag(Id)

(1)

Let Ih be the length of DCT- transformed host
image: Ih ¼ r  c. Let l be the length of the
DCT-transformed host image in each area:
j
l ¼ (lh/4). Let ld be an array to store all DCT
coefficients of the DCT-transformed host image
j
in each area: ld ¼ convert_two(t(l(j  1) þ 1 :
(j  l))), where t is obtained from Equation 1,
convert_two is a function to convert the 1D
array t into a 2D array of size r  (c/4), and
j ¼ 1, 2, 3, 4.
Next, in step three, we perform the SVD opj
eration on ld for each area:
j

j j

jT

Id ¼ Ud Sd Vd

ð2Þ

where

 
j j jT
j
Ud Sd Vd ¼ SVD Id

and j ¼ 1, 2, 3, 4.
In step four, we perform the SVD operation
on DCT(W) to obtain the DCT-transformed
watermark image:
Wd ¼ Uwd Swd VwTd
where
Uwd Swd VwTd ¼ SVDðDCTðW ÞÞ
and j ¼ 1, 2, 3, 4.

ð3Þ
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The remaining six steps involve inserting
the watermark in each area.
In step five, we multiply the watermark
image’s control parameter:
Iwd ¼ Uwd Swd
In step six, we modify the SVs of the DCTtransformed host image on each area with the
control parameter of the DCT-transformed watermark image, j ¼ 1, 2, 3, 4:
j

S0d j ¼ j Iwd þ Sd
For each area, in step seven, we decide the
optimal value of the scaling factor a using the
GA with the mean of the watermark’s SVs.
a ¼ OptimizationGA(Avg w, li, ui)

(4)

where Avg w ¼ mean(w) is the average or
mean of the SVs of Swd , li is the minimum scaling factor, and ui is the maximum scaling
factor.
In step eight, we obtain the modified DCT
coefficients in each area, j ¼ 1, 2, 3, 4:
Id0 j

¼

In step nine, we modify the coefficients back
to their original positions:
ð5Þ

where dezigzag is an inverse operation of zigzag and j ¼ 1, 2, 3, 4.
Lastly, in step 10, we perform inverse DCT
j
(IDCT) on IMd , j ¼ 1, 2, 3, 4, which is calculated
in Equation 5 to obtain the watermarked
image.
Watermark-Extraction Process
In the first step of the extraction process, we
apply DCT to the watermarked image: I0 d ¼
DCT(I0 ), where I0 d consists of r0 rows and c0
columns.
Second, we scan the DCT coefficient into
four areas (A1, A2, A3, and A4) in a zigzag
manner:

from Equation 6, convert_two is a function
to convert the 1D array t into a 2D array of
size r0  (c0 /4), and j ¼ 1, 2, 3, 4.
In step three, we perform the SVD operation
on Id0 j for each area.
Id00 j ¼ Ud0 j S00d j Vd0 j T

(6)

Let l0 h be the length of the DCT-transformed
host image: l0 h ¼ r0  c0 . Let l0 be the length
of the DCT-transformed host image in each
area: l0 ¼ (l0 h/4). Let Id0 j be an array to store all
DCT coefficients of the DCT-transformed
host image in each area: Id0 j ¼ convert_two
(t(l0 (j  1) þ1 : (j  l0 ))), where t is obtained

ð7Þ

where

Ud0 j S00d j Vd0 jT ¼ SVD Id0 j
and j ¼ 1, 2, 3, 4.
In step four, we subtract the possibly distorted watermarked image in each area with
the original transformed areas:
j

j

Id ¼ Id00 j  Id

ð8Þ

j

where Id is obtained from Equation 2, Id00 j is
obtained from Equation 7, and j ¼ 1, 2, 3, 4.
In step five, we obtain the distorted principal
component for each area in accordance with
earlier work.14
1  T j 
U Id V
j

ð9Þ

j

where Id is obtained from Equation 8, UT and
V are the left and right singular vectors based
on UUT ¼ UTU ¼ IM and VVT ¼ VTV ¼ IN,
and the inverse matrix of U and V are the
same as their transpose matrices—that is,
UT ¼ U1 and VT ¼ V1—and j ¼ 1, 2, 3, 4.
In step six, we construct the DCT coefficients for four visual watermarks.
Wd0 j ¼ Iwd j VwjTd
where Iwd j is obtained from Equation 9,
jT
Vwd ¼ VwTd is obtained from Equation 3, and
j ¼ 1, 2, 3, 4.
Lastly, in step seven, we apply IDCT to four
visual watermark Wd0 j , j ¼ 1, 2, 3, 4.
Optimization Process Using the GA
Based on earlier research,8,15,16 we next find
the scaling factor a using the GA as described
in Equation 4.
A function OptimizationGA is created to
find the scaling factor a based on the mean of
the SVs of Swd , li, and ui, where li is the minimum scaling factor and ui is the maximum scaling factor. The values of the scaling factor’s
lower and upper interval for areas one to four
are 0.99 and 0.01, 0.01 and 0.99, 0.01 and
0.99, and 0.01 and 0.99, respectively.

JulySeptember 2012

t ¼ zigzag(I0 d)
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I wd j ¼

j
jT
Ud S0d j Vd


j
IMd ¼ dezigzag Id0 j

11:7
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DCT-transformed host image (256×1,024 coefficients)

Figure 2. The
initialization mapping
process.
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Initialization. The initialization process creates a population of chromosomes and initiates
the vectors randomly for chromosomes in each
block. Figure 2 illustrates the initialization
mapping process in accordance with chromosomes, which involves three major steps.
In step one, a DCT-transformed host image
consists of 256  10,24 coefficients that are
divided into four rectangular areas A1, A2,
A3, and A4. Each area has 65,536 (256  256)
coefficients. The areas are decomposed into
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16 blocks, each with 4,096 (64  64) coefficients (2D).
In step two, we compute the absolute block
values and sort them in increasing order within
the corresponding block (1D). This result is the
relation of the host image between the two
coefficients (the block and binary string coefficients) in the corresponding block for the
watermark-embedding process.13
Step three involves mapping the coefficient
value in a corresponding block to a binary
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Function Population
Input: NcPop, NumGen //NcPop is the number of chromosomes in the population
//NumGen is the number of genes in a chromosome
Output: Population
{ //Generate NcPop chromosomes, each chromosome consists of NumGen genes and
//each gene is a sequence of binary numbers.
Population
fix(2*rang(NcPop, NumGen)) // A set of chromosomes is randomly
//generated for Population and it
//consists of NcPop by NumGen.}
(a)
Function fitness //To compute the fitness value fi of Chromosome(i)
Input: Chromosome(i), Avg w //Chromosome(i) is the population’s ith chromosome
//which consists of NcPop by NumGen
// Avg w is the average of the watermark’s SVs
Output: fitness value
{fitness
(Chromosome(i) * Avg w)^2 + (1/1 - Chromosome(i)))}
(b)

Figure 3. The pseudocode for the (a) initialization and (b) evaluation steps.

string of GAs where each block is represented
by 3 bits. Because we have 16 blocks, the total
will be 48 binary bits. We then randomize the
three bits in each block to yield the random
value, except the 000 value. As a result, we
will have eight values, which are 000, 001,
010, 011, 100, 101, 110, and 111. The first result 000 (or 0 in decimal format) indicates
that the watermark is not embedded. The second result, which could be any values from
001 to 111 (or 1 to 7 in decimal format),
means that the watermark is embedded.
The population consists of NcPop chromosomes. Each chromosome has NumGen genes
and is randomly generated initially. Figure 3a
shows the pseudocode for the initialization
step of the function population.
Evaluation. In this step, we evaluate the fitness of all the chromosomes in the population.
The fitness value fi can be computed as follows:
fi ¼ ðChromosomeðiÞ  Avgw Þ2
1
þ
1  ChromosomeðiÞ

ð10Þ

where N is the number of chromosomes in the
population,and fj is the fitness value of chromosome j in the population. Based on Equation 11,
we select chromosome i as chromosome NcPop
for the offspring. Figure 4 shows the pseudocode.
Genetic Operators. We use two genetic
operators: crossover and mutation. The purpose
of the crossover stage is to mate two chromosomes to produce the next generation. For example, assume there are two chromosomes bs0
and bs00 , where
bs0 ¼ 010 | 100001011111010110101
bs00 ¼ 010 | 110010111100101101100
Suppose the crossover point is randomly
selected at the third gene. Then, swap the second parts of both chromosomes after the
third gene. The new offsprings bs1 and bs10 are
then generated, where

JulySeptember 2012

where Chromosome(i) is the population’s ith
chromosome, Avg w is the average or mean
of the watermark’s SVs of Swd . Figure 3b
shows the pseudocode.
After that, we use the roulette-wheel method
to generate offspring. The parent generation’s
highest fitness value produces one or more offspring. A full definition of the roulette-wheel
method is available elsewhere (see www.cs.

ucc.ie/~dgb/courses/tai/notes/handout12.pdf),
but we can briefly explain it as follows:
8
Pi
fj
>
>
>
Pj¼1
i
if
> RN;
N
<
f
j¼1 j
pi ¼
ð11Þ
>
>
>
:
1 Otherwise

bs1 ¼ 110 | 110010111100101101100
bs10 ¼ 110 | 100001011111010110101
Figure 5 shows the pseudocode for the function crossover.
The purpose of the mutation step is to prevent premature convergence to local optima
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Function Pi //To select a chromosome’s index for the roulette-wheel method
Input: NcPop, fi //NcPop is the number of chromosomes in the population
// fi is the fitness value of chromosome i
Output: Pi //Index of selected chromosomes
{ TotalFitness
sum(fi), i is ranged from 1 to NcPop
CumulativeFitness
0
RN
rand
i
1
1
Pi
for while i <= NcPop do
CumulativeFitness
CumulativeFitness + fi
if (CumulativeFitness/TotalFitness) > RN do
i
Pi
End if
i
i+1
end do}
Figure 4. The pseudocode for the roulette-wheel method.

Function crossover
Input: ParentA, ParentB, NumGen //ParentA is a chromosome of size 1 by NumGen
//ParentB is a chromosome of size 1 by NumGen
//NumGen is the number of genes
Output: Offspring
{//Mate two chromosomes to produce next generation
TP
1 + fix(rand * (NumGen - 1))
//Select randomly the crossover point
Offspring(1,:)
[ParentA(1:TP) ParentB(TP + 1:NumGen) //Swap the send parts of
Offspring(2,:)
[ParentB(1:TP) ParentA(TP + 1:NumGen) //chromosomes
//An offspring is a new chromosome of size 1 by NumGen, generated from crossover.}
Figure 5. The pseudocode for the crossover step.

Function Mutchrom
Input: Chromosome, NumGen, Pmutation //NumGen is the number of genes
//Pmutation is the probability of mutation
Output: Mutchrom //the chromosome result of mutation
{Mutchrom = Chromosome
for i
1 do
RN
rand //Get random number
for j
1 to NumGen do
if (RN < Pmutation) then
if Chromosome(i)(j) = 0 then Mutchrom(i)(j) = 1
else Mutchrom(i)(j) = 0
end if
end if
end do
end do}
Figure 6. The pseudocode for the mutation step.

IEEE MultiMedia

by randomly sampling the number of genes.
We alter one or more genes with the mutation
probability. Figure 6 shows the pseudocode for
the function Mutchrom.

Experimental Results
To evaluate our watermarking approach, we used
an e-government document image. The host
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image is the header of this image, and the watermarked image is a logo (see Figures 7a and 7b).
The corresponding sizes are 256  1,024 and
256  256, respectively.
The tuning parameters consist of the population size, crossover rate, mutation rate, and
generation size, which we set to 30, 0.8, 0.01,
and 50, respectively.
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Figure 7. The results of the watermarking process: (a) host image, (b) watermark image, (c) watermarked
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Figure 8. The convergence history. Complex function optimization using the genetic algorithm for (a) area 1,
(b) area 2, (c) area 3, and (d) area 4.

We used the peak signal to noise ratio
(PSNR) to measure the quality of the watermarked image.
!
2552
PSNR ¼ 10  log10
MSE
Then, to measure the objective function values, we used the minimum square error (MSE):
1
MSE ¼
M P
N
P
ðIðx; yÞ  Jðx; yÞÞ2
MN

JulySeptember 2012

We embedded the watermark in the host
image to obtain the watermarked image (see
Figures 7c). After that, we extracted the watermarked image (see Figures 7d). In this process,
the final solutions of scaling factor optimization for areas one through four are 0.99,
0.01, 0.01, and 0.01, respectively.
Based on Equation 10, Figure 8 shows the
convergence history of the scaling factor optimization process for each area. The generations
ranged from one to 50; each specific generation
number has a corresponding fitness value. The
best fitness values can be found at the last generation number for all four areas, which are
0.9734, 1.0109, 1.0109, 1.0109, respectively.

x¼1 y¼1

where I(x, y) and J(x, y) represent the gray values of the host and watermarked images, each
of size M  N.
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Figure 9. Attacked
watermarked images.
We performed a
variety of attacks,
ranging from
cropping on right half

Cropping on right half
with replacement

Unsharpening
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Rotation 45
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with replacement to
rotation 25.

Figure 10. Extracted
watermarks. After
performing 19 attacks,
we were able to extract
the watermarks with
relatively good results.
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To verify the watermark’s existence, we used
the correlation coefficient between the original
and extracted watermarks as follows:
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images, respectively. For Figure 9, we performed
19 attacks ranging from cropping on right half
with replacement to rotation 25. Figures 9 and
10 and Table 1 show that the quality of the
k
P
extracted watermarks is relatively high, which
ðVðjÞ ðVmean ; kÞ:ðWðjÞ ðWmean ; kÞ
demonstrates the resistance of each area and
J¼1
1ðV; WÞ¼ k qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
the robustness of the embedded watermark.
P
ððVðjÞ Vmean ; kÞ:ðWðjÞ Wmean ; kÞÞ2
Because this is new research, comparing our
j¼1
results with that of other experiments is diffiwhere V is the original watermark, W is the cult. However, we tried to compare our results
extracted watermark, Vmean is the mean of to those of the similar research conducted by
the original watermark, Wmean is the mean of Alexander Sverdlov, Scott Dexter, and Ahmet
the extracted watermark, and k is (M, N).
M. Eskicioglu.3 Table 2 classifies the resistance
We also used a variety of attacks to check level of each area based on the data in Table 1
our proposed technique’s resistance and robust- and Figure 11.
ness. Figures 9 and 10 show the attacked waterThe comparison in Table 2 shows that our
marked images and the extracted watermark study used more attacks than the earlier
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Table 1. The correlation coefficient values in each area.*

Area 1

Cropping on right half with replacement

0.9882

0.9704

0.9785

0.9593

36.6554

Cropping on left half with replacement

0.9836

0.9090

0.9759

0.9477

36.4068

Average filtering

0.5577

0.5232

0.4584

0.3715

17.0517

Rotation 90

0.9213

0.1129

0.6989

0.8048

9.2147

Rotation 180

0.9350

0.7903

0.8902

0.8972

8.6417

JPEG 30

0.9543

0.2619

0.5706

0.3900

29.1894

JPEG 50

0.9753

0.7403

0.7501

0.3966

31.6584

Rescaling 0.25

0.5586

0.5214

0.4602

0.3730

16.6467

Rescaling 0.50

Area 2

Area 3

Area 4

Peak signal to
noise ratio value

Attack

0.5721

0.5163

0.4596

0.3725

19.9781

Sharpening

0.2943

0.7218

0.6694

0.6472

22.9903

Resharpening

0.1884

0.6929

0.6534

0.6622

21.2727

Rotation 45

0.1728

0.0463

0.8245

0.7752

5.9866

Rotation 60

0.1630

0.1422

0.8013

0.7416

6.1536

Median filtering

0.2769

0.5117

0.3564

0.6004

13.9449

Salt and pepper noise

0.3561

0.3978

0.5332

0.5496

13.2875

Gaussian noise 0.3

0.3960

0.4375

0.5039

0.6072

17.6107

Gaussian noise 0.5

0.4023

0.5026

0.3773

0.6049

14.2658

Rotation 20

0.3107

0.1287

0.4766

0.7475

6.8345

Rotation 25

0.2850

0.2354

0.6310

0.7607

6.4717

* The bold numbers indicate the best in all comparisons.

Table 2. Resistance to watermark-embedding attacks.
Resistance to attack
Area

Sverdlov, Dexter, and Eskicioglu approach3

Proposed approach

1

Gaussian blur

Cropping on right half with replacement

Gaussian noise

Cropping on left half with replacement

Pixelation

Average filtering

JPEG compression

Rotation 90

JPEG2000 compression

Rotation 180

Sharpening

JPEG 30

Rescaling

JPEG 50
Rescaling 0.25

Cropping

Sharpening

Contract adjustment

Unsharpening

Rescaling 0.50
2

Histogram equalization
Gamma correction


JulySeptember 2012

3

Rotation 45
Rotation 60

4

Rotation

Median filtering
Salt and pepper noise
Gaussian noise 0.3
Gaussian noise 0.5
Rotation 20
Rotation 25
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1.0
Area 1
Area 2

Correlation coefficent values

0.8

Area 3
Area 4

0.6
0.4
0.2
0.0

1

2

3

4

5

6

7

9 10 11 12 13 14 15 16 17 18 19

8

–0.2
–0.4
The variety of attacks

(a) –0.6

e
PNSR valu

40
35
30
25
20
15
10
5
0

(b)

Conclusion
The performance of the proposed scheme is robust under different kinds of attacks and the
quality of extracted watermarks is relatively
good compared to existing approaches. Further research could be done in the adaptive
watermarking scheme based on texture and
edge masking.
MM
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