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Abstract: In the recent times to protect the copyright in digital images, the digital watermarking has emerged. Various techniques of
watermarking have evolved, each having different advantages under different scenarios. Primarily the watermark can either be
inserted in spatial domain or transform domain. The transform domain based watermarking techniques are more robust than spatial
domain techniques. This paper presents, a new robust digital image watermarking technique, based on Discrete Wavelet Transform
and Singular Value Decomposition (i.e. DWT-SVD) using Adaptive median filter. The embedding of watermark is done in the high
frequency band (HL) by modifying the SVD values. The proposed scheme has been tested in MATLAB environment against various
attacks. Simulation results show that the proposed technique can survive a variety of attacks (including JPEG compression attacks).
Keywords: Digital Watermarking, Wavelet Transforms, Singular Value Decomposition.

1. INTRODUCTION
In recent years, due to the growth of Internet, there is a rapid
increase in the pirated digital multimedia (such as images,
audios, videos or texts) and the speed of distribution of such
multimedia has led to the need to protect the contents against
illegal manipulation. The digital multimedia data can easily
modify by any unauthorized person, who may claim its
ownership on the later stage. To avoid this, the owners, authors,
publishers and providers of such media, are disinclined to grant
the distribution of their documents in a networked environment
[1]. Thus, the need to create a robust technique to protect the
intellectual property rights of content owners against
unauthorized modifications, and its redistribution on the network,
becomes the primary motivation behind digital watermarking [1],
[2].
Digital watermarking is the method of hiding secret information
in a digital environment. The secret information should be
invisibly embedded in a way that allows it to be extracted or
discovered later for security reasons. Broadly, watermarking can
be classified into two categories: spatial domain and transform
domain. In spatial domain watermarking, watermark is directly
embedded into the host image by modifying the pixel value [3],
[4]. In transform domain watermarking, watermark information
is embedded in transformed coefficients of host image such as
discrete cosine transform (DCT) [5], [6], discrete Fourier
transform (DFT) [7], discrete wavelet transform (DWT) [8],
redundant discrete wavelet transform (RDWT) [9], radon
transform [10], and singular value transform (SVD) [8], [11].
Transform domain based watermarking techniques are more
robust against both the geometrical attacks like scaling, rotation,
cropping, and non-geometrical or image processing attacks such
as noise, filtering, and lossy JPEG compression [12].
Digital watermarking consists of two modules: the embedding
process module and the extraction or detection process module.
A number of prerequisites need to be satisfied by each

watermarking scheme. The primary requirements related to any
watermarking are robustness, capacity, imperceptibility, and
security [12]. Robustness is the resistance of an embedded
watermark against geometrical attacks like scaling, rotation,
cropping, and non-geometrical attacks such as noise, filtering,
and lossy JPEG compression. Capacity is the number of
watermark bits that can be embedded in a host image [13], [14].
The similarity between the host image and watermarked image is
known as imperceptibility. Imperceptibility is also called as
fidelity or perceptual transparency [15]. To evaluate
imperceptibility performance, the peak signal to noise ratio i.e.
PSNR metric is used. MSE should be minimum for a good
watermarking system. A good imperceptibility means that the
watermarked image looks nearly similar to the host image. In the
watermarking system, the minimum acceptable value of PSNR is
38 dB [16]. A trade off always exists among the imperceptibility,
robustness, and capacity; for example, increasing the embedding
capacity in an image may improve its robustness but it may also
degrade its imperceptibility simultaneously and vice versa [12].
The security refers to the fact that any unauthorized person
cannot detect watermark without knowing the embedding
scheme. To detect the watermark, based on the information
required by the detector the watermarking schemes can be
classified as under [13], [17]:
 Non-blind schemes: needs both the original image and
the secret key(s) for watermark embedding
 Semi-blind: requires both the secret key(s) and the
watermark bit sequence
 Blind schemes: needs only the secret key(s)
In order to have higher robustness and imperceptibility;
transforms based hybrid (combination of two or more
transforms) watermarking schemes are used [2], [8], [11], [13],
[18], and [19].
This paper is organized as follows: Section 2 describes the
related work in the field of watermarking. Adaptive Median
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Filter, DWT, and SVD transforms are briefly described in
Sections 3. Section 4 presents the proposed watermark
embedding and extraction procedures. Then, in Section 5; the
results of the proposed scheme are illustrated. In Section 6, a
comparative analysis of proposed scheme with existing schemes
is discussed. Finally, the conclusions and future work are given
in Section 7 and 8.

2. RELATED WORK
The SVD transform always shows good performance, in terms of
stability of its singular values, in the hybrid watermarking
schemes. Furthermore, the SVD is preferred to be implemented
with other transforms because it requires extensive computations
if applied separately onto images. In Liu et al. [20], the host
image is decomposed using SVD, and the watermark image is
then directly embedded into the singular values of the host
image. Ganic et al. [13] have proposed a hybrid scheme based on
DWT and SVD in which wavelet transform is applied on the
image then, the SVD is performed on each sub band, and
embedding is done in all sub-bands. Zhang et al. [21] have
proposed a DWT-SVD based digital image watermarking
scheme in which DWT is applied to the original image. After that
SVD is applied to the low frequency (LL) sub-band and the
watermark image is passed through Arnold transform and SVD.
The singular value matrix of the watermark image is embedded
into the singular value matrix of the original image. Kapre et al.
[22] have proposed an image watermarking scheme based on
SVD-DWT in which the watermark is embedded in the high
frequency (HH) sub-band by using SVD. The scheme shows
performance against a variety of image processing attacks
(excluding JPEG compression, median filter, and scaling attack).
Lai et al. [8] have proposed a digital image watermarking based
on DWT-SVD technique. Here after applying the DWT, the host
image is decomposed into four sub-bands (LL, LH, HL, and HH)
and then SVD is applied on only LH and HL sub-bands. The
watermark image is divided into two halves and then it is
embedded into the singular values of LH and HL respectively,
but this scheme is still insufficient in terms of capacity. Lagzian
et al. [9] have proposed a robust image watermarking technique
based on RDWT-SVD and followed the same steps used by
Ganic et al. [13]. The scheme has good performance against
some attacks, but the algorithm has a weakness in terms of
security because the SVD is directly applied to the watermark,
which leads to the false positive problem [11], [23], [24].
Rastegar et al. [11] have proposed a hybrid image watermarking
scheme in which the radon transform is applied to the host
image. The singular values of LH3 and HL3 sub-bands are
modified by the singular values of the binary watermark. Kaur et
al. [3] have proposed a semi-blind composite image
watermarking scheme based on DWT-SVD technique that is
robust against various attacks (excluding JPEG compression and
scaling attack). Watermark is embedded in high frequency (HH)
sub-band by modifying the values of SVD. Kaur et al. [25] have
proposed a robust image watermarking technique based on
DWT-SVD using the median filter. The original image is passed
through the median filter; then the image is decomposed into 1-

level using DWT. The singular values of the 1-level DWT subbands are modified by the singular values of the gray watermark.
The main drawback of the median filter is that, it modifies both
noisy as well as noise-free pixels. Bhatnagar et al. [26] have
proposed a novel logo watermarking scheme using biometrics
inspired key generation. The scheme has low watermark
capacity, and it is not that robust against gaussian and salt &
pepper noise attacks. Ali et al. [27] have proposed an optimal
DWT-SVD based image watermarking scheme using selfadaptive differential evolution (SDE). Watermarking is done in
the wavelet domain and the principle component of the
watermark is embedded into the cover image instead of its
singular values to avoid the false positive problem. The scheme
has good performance against some attacks but the visual quality
of extracted watermark is not so good in under some attacks;
such as gaussian noise and sharpening attacks. Thabit et al. [28]
have proposed a novel robust reversible watermarking scheme
based on the Slantlet transform matrix, that is robust against
various attacks (excluding the median filter and rotation attack).
Das et al. [29] have proposed a blind robust image watermarking
scheme using the DCT inter-block coefficient correlation. The
scheme lacks in robustness against various noise attacks. Ali et
al. [30] have proposed a novel robust image watermarking
scheme in the wavelet domain based on the SVD and artificial
bee colony (ABC) algorithm, in which redistributed invariant
wavelet transform (RIDWT) is applied on the host image. The
low frequency sub-band (LL) of RIDWT image is segmented
into non-overlapping blocks. The most suitable embedding
blocks are selected using the human visual system for the
watermark embedding. Corresponding to each attack over the
eleven test images, the average Normalized Correlation (NC)
value is 0.9552. Wang et al. [31] have proposed a robust digital
image watermarking scheme based on local polar harmonic
transform. The results show that the proposed image
watermarking scheme which is robust against various attacks, but
the main problem of the scheme is its low watermark capacity.
Therefore after going through the related work, it is found that
there is a trade-off between imperceptibly and robustness. So
there is a scope of improvement in terms of robustness with an
acceptable degree of imperceptibility. In this paper, a new
technique based on DWT-SVD using adaptive median filter is
proposed. The Adaptive median filter function is used on host
image, then the 1-level DWT is applied to the output of the filter.
Embedding is done using the singular value of high frequency
sub-band HL. The proposed scheme is a semi-blind and
demonstrated a high resistance against geometrical and nongeometrical attacks (especially JPEG compression and noise
attacks).

3. NUMERICAL ANALYSIS
3.1 Adaptive median filter:
The main problem of a standard median filter (SMF) is that it
only work for low density noise. At high density noise, it exhibits
large window sizes blurring and inacceptable noise suppression
for small window sizes [32]. When the noise level exceeds, 50%
of the edge details is not retained by the standard median filter
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[33]. In the low noise density cases, SM filter works better for
noise removal and detail preservation. In the cases of high noise
density, SM filter modifies both noisy as well as noise-free
pixels, so the denoising performance is not so good in high noise
density [33]. Hence, to solve the above problem the adaptive
median filter scheme has been used which removes the noise
even at high noise density levels. The Adaptive Median Filter
performs spatial processing to determine which pixels in an
image have been affected by impulse noise. The steps used to
implement the adaptive median filter are documented in [33].
3.2 Discrete wavelet transform:
A two-dimensional row and column decomposition of DWT is
depicted in figure 1 [34]. The LL is the low frequency sub-band
of approximation image, HL is a high frequency sub-band of
horizontal edge of the image, LH is a high frequency sub-band of
vertical edge of the image and HH is a high frequency sub-band
of diagonal edge of image [25].
The high frequency sub-bands are usually used for watermarking
since the human eye is less sensitive to changes in edges. The
energy of image is concentrated at lower frequency sub-band LL
and therefore embedding the watermark in LL sub-band, may
degrade the quality of the image [4]. However, embedding the
watermark in these low frequency sub-bands may increase
robustness. The edges and texture details of the image are
included in high frequency sub-band HH and the human vision
system is not generally sensitive to the changes in such sub-band.
This property allows the watermark to embed without being
perceived by the human vision. Many DWT based algorithms are
used for digital watermark embedding in the middle frequency
sub-bands LH and HL, doing so the robustness, imperceptibility
performance can be achieved [4].

(2)

=

(3)

Where r=rank of matrix A
ui & vi= left and right singular vectors
The singular values specify the luminance value of an image
layer while the corresponding singular vectors specify the
geometry of the image [12]. The main reason to use SVD based
image watermarking schemes is the good stability of its singular
values, meaning that the quality of image cannot degrade even
for large changes in singular values [12], [20], [36].

4. PROPOSED SCHEME
The main aim of this proposed scheme is to obtain the extracted
watermark similar to the original watermark. The proposed
scheme is a semi-blind scheme as the original image in not
required for the extraction. The proposed scheme has two
procedures: watermarking embedding and extraction procedure
as shown in figure 2 and 3, respectively:
4.1 Watermark embedding procedure
The value of the scaling factor is taken as 0.2 (α) to embed the
watermark in the high frequency sub-band (HL) of the image.
The steps of watermark embedding procedure are as discussed
below:
1. First of all the adaptive median filter function is applied on
the host image A (i, j) and thereby a reference image I (i, j)
is obtained.
2. 1-level DWT is applied on the reference image I (i, j) and
the watermark image W (i, j).
(4)

(5)

3.
Figure 1: Two-dimensional discrete wavelet transform
3.3 Singular value decomposition:
SVD is a numerical analysis tool that has demonstrated its
variety of applications including image watermarking, image
hiding and noise reduction etc. [2], [35]. In SVD transformation,
a matrix can be decomposed into three matrices that are of the
same size as that of the original matrix [36].
Consider an image as matrix A of size N × N with rank r. Using
SVD, the matrix A is shown as below form

4.

(6)
(7)

5.

Where U and V are N × N orthogonal matrices, UU =I and
VVT=I. Columns of U and V are left and right singular vectors
respectively. S is a diagonal matrix which has the singular values
σi, in decreasing order. Therefore

In the next step, the singular values of I (i, j) are modified by
the singular values of W(i, j).
(8)

(1)
T

After that, the 1-level inverse discrete wavelet transform
(IDWT) is applied on high-frequency sub-band (HL) of both
images.
The HL sub-band of both the images i.e. I (i, j) and W (i, j)
is decomposed using SVD.

6.

(Where α is the watermark scaling factor)
The modified HLI sub-band of the reference image is
obtained as:
(9)

7.

Page 3

1-level DWT is applied on HLI (obtained in step 6) and the
new HLI* is obtained.
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8.

In the last step, 1-level IDWT is applied using LLI, HLI*,
LHI, and HHI to obtain the watermarked image.

4.2 Watermark extraction procedure:
The steps of watermark extraction procedure are as discussed
below:
1. 1-level DWT is applied on the watermarked image WI (i, j).
(10)

2.
3.

Host
image

Adaptive
Median Filter

Watermark
image

4.

After that, the 1-level IDWT is applied on high frequency
sub-band (HLWI) of watermarked image.
Perform the SVD transform on the high frequency sub-band
(HL) on the watermarked image, reference image and
watermark image as in embedding process in step 4.
In the next step, the singular values of the watermark image
are extracted from high frequency sub-band (HL) as:
(11)

Reference Image
Apply 1-DWT

5.

Then, the high frequency sub-band (HL) of W(i,j) is
modified using:

Apply 1-DWT

(12)

LLI

HLI

LLW HLW

6.

LHI

HHI

LHW HHW

7.

1-level DWT is applied on HLEW* (obtained in step 5) subband and the new HLEW** is obtained:
(13)

Apply 1-IDWT on
HLI

Apply 1-IDWT on
HLW

SVD on HLI

SVD on HLW

LHWimage
HHW with
Modify Singular value of Reference
Singular value of Watermark image
Modify HLI Sub-band
DWT on modify HLI Sub-band and obtain new HLI*
Perform 1-IDWT using LLI, HLI*, LHI, HHI Subband

8.

In the last step, the IDWT is applied using HLEW** and
other three sub-bands to obtain the watermark image LLw,
LHw, and HHw

5. SIMULATION RESULTS
Both the schemes (i.e. proposed scheme and existing scheme
(Kaur et al. [25])) are simulated in the MATLAB environment
and various tests are performed using different images such as
Lena, pepper, boat, Barbara, Goldhill, and pirate of size 512
×512 as shown figure 4. Baboon image of size 512×512 is used
as the watermark image. The performance of both schemes are
investigated with various experiments in terms of
imperceptibility and robustness against various attacks
experiments in terms of imperceptibility and robustness against
various attacks.
The PSNR is used to estimate the imperceptibility, a term used to
evaluate the similarity between the host image and a
watermarked image. The PSNR can be defined as follows:
(14)

Watermarked Image

Figure 2: Watermark embedding procedure

Where MSE is defined as the Mean square error between the host
image and watermarked image. The mean square error can be
expressed as:
(15)
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To measure the robustness, NC parameter is used by evaluating
the similarities between the original and extracted watermark,
after which attacks should be judged subjectively. In general, the
NC value of 0.75 or higher is acceptable [37]. Normalized
Correlation is evaluated as:
Watermarked Image

Watermark image
(16)

Apply 1-DWT

Apply 1-DWT

LLWI
HLWI

Where w (i, j) and w’ (i, j) represent original watermark and the
extracted watermark respectively.

LLW
HLW

LHWI
HHWI
Apply 1-IDWT on HLWI

LHW
HHW
Apply 1-IDWT on HLW

SVD on HLWI

SVD on HLW

Extract Singular value of Watermarked image
Modify HLEW* Sub-band of watermark
1-DWT on modify HLEW* Sub-band and obtain new
HLEW**
Perform 1-IDWT using LLW, HLEW**, LHW, HHW Subband

5.1 Imperceptibility of the proposed scheme
The proposed scheme gives the PSNR value in the acceptable
range (>38dB), therefore it is reasonably imperceptible. The
watermarked images are as shown in figure 5, where higher
PSNR values are achieved with all the testing images (Lena
image (39.4789 dB), (Pepper image (39.5959 dB), Boat image
(39.4877 dB), Barbara image (39.4929 dB), Goldhill image
(39.4841 dB), and Pirate image (39.6016 dB)).
5.2 Robustness of the proposed scheme
The proposed scheme achieves high robustness, as shown in the
tables 1 to 9. Table 1 to table 9, present the NC values of the
extracted watermarks in the proposed scheme against various
types of attacks. Non-geometrical attacks such as noise attacks
(e.g., salt and pepper, gaussian and speckle noise), filtering
(median filter), gamma correction and JPEG compression attacks
are applied. Scaling and rotation attacks are selected as
geometrical attacks. The proposed scheme shows high resistance
in HL sub-band.

Watermark Image

Figure 3: Watermark embedding procedure

(a)

(d)

(b)

(e)

(a)

(b)

(c)

(d)

(e)

(f)

(c)

Figure 5: Watermarked image: (a) Lena (39.4789 dB); (b)
Pepper image (39.5959 dB); (c) Boat image (39.4877 dB); (d)
Barbara image (39.4929 dB); (e) Goldhill image (39.4841 dB)
and (f) Pirate image (39.6016 dB).

(f)

Figure 4: Host images: (a) Lena; (b) Pepper; (c) Boat; (d)
Barbara; (e) Goldhill; (f) Pirate.
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Table 1 Salt & Pepper Noise Attacks

Table 5 Median filter Attacks

Lena
(NC)

Peppers
(NC)

Boat
(NC)

Goldhill
(NC)

0.8259

0.8265

0.8262

0.8270

0.8544

0.8529

0.8540

0.8550

Salt and Peppers
noise 0.1

0.9281

0.9264

0.9272

0.9301

Salt and Peppers
noise 0.01

0.9939

0.9939

0.9939

0.9949

Salt and Peppers
noise 0.001

0.9999

Attacks
Salt and Peppers
noise 1
Salt and Peppers
noise 0.5

0.9999

0.9999

Attacks
Median filter (3,
3)
Median filter (5,
5)
Median filter (7,
7)
Median filter (9,
9)
Median filter (11,
11)

Speckle noise
1
Speckle noise
0.5
Speckle noise
0.1
Speckle noise
0.01
Speckle noise
0.001

Peppers
(NC)

Boat
(NC)

Goldhill
(NC)

0.9948

0.9957

0.9966

0.9931

0.9911

0.9922

0.9912

0.9845

0.9883

0.9897

0.9874

0.9805

0.9874

0.9879

0.9846

0.9774

0.9861

0.9865

0.9827

0.9755

0.9999

Table 6 JPEG Compression Attacks
Attacks

Table 2 Speckle Noise Attacks
Attacks

Lena
(NC)

Lena
(NC)

Peppers
(NC)

Boat
(NC)

Goldhill
(NC)

0.8565

0.8675

0.8551

0.8636

0.8704

0.8813

0.8675

0.8814

0.9333

0.9436

0.9250

0.9470

0.9938

0.9962

0.9924

0.9963

0.9999

0.9999

0.9998

0.9999

JPEG Compression
Q=90
JPEG Compression
Q=70
JPEG Compression
Q=50
JPEG Compression
Q=30
JPEG Compression
Q=10

Lena
(NC)

Peppers
(NC)

Boat
(NC)

Goldhill
(NC)

1.0000

1.0000

1.0000

1.0000

0.9997

0.9997

0.9993

0.9998

0.9991

0.9991

0.9993

0.9995

0. 9982

0.9982

0.9985

0.9987

0.9944

0.9954

0.9964

0.9944

Table 7 Gamma correction Attacks
Attacks

Table 3 Gaussian Noise Attacks
Attacks

Lena
(NC)

Peppers
(NC)

Boat
(NC)

Goldhill
(NC)

Gaussian noise 1

0.8395

0.8416

0.8411

0.8419

0.8476

0.8491

0.8477

0.8492

0.8822

0.8875

0.8846

0.8855

Gaussian noise
0.01

0.9685

0.9719

0.9706

0.9718

Gaussian noise
0.001

0.9988

0.9990

0.9988

0.9990

Gaussian noise
0.5
Gaussian noise
0.1

Gamma correction
1
Gamma correction
0.8
Gamma correction
0.5
Gamma correction
0.3
Gamma correction
0.1

Gaussian filter
(3, 3)
Gaussian filter
(5, 5)
Gaussian filter
(7, 7)
Gaussian filter
(9, 9)
Gaussian filter
(11, 11)

Attacks

Lena
(NC)

Peppers
(NC)

Boat
(NC)

Goldhill
(NC)

0.9893

0.9857

0.9880

0.9845

0.9868

0.9821

0.9831

0.9780

0.9845

0.9795

0.9798

0.9749

0.9837

0.9786

0.9784

0.9736

0.9834

0.9783

0.9780

0.9732

Peppers
(NC)

Boat
(NC)

Goldhill
(NC)

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

0.9999

0.9999

0.9950

0.9996

0.9978

0.9981

0.9918

0.9985

0.9922

0.9926

0.9850

0.9966

0.9767

0.9762

Boat
(NC)
0.9941
0.9952
0.9962
0.9964
0.9954

Goldhill
(NC)
0.9931
0.9952
0.9944
0.9958
0.9920

Table 8 Rotation Attacks

Table 4 Gaussian filter Attacks
Attacks

Lena
(NC)

Rotation
Rotation
Rotation
Rotation
Rotation

Lena
(NC)
0.9969
0.9965
0.9965
0.9975
0.9980

Peppers
(NC)
0.9916
0.9929
0.9935
0.9931
0.9922

Table 9 Scaling Attacks
Attacks

Lena
(NC)

Peppers
(NC)

Boat
(NC)

Goldhill
(NC)

Scaling (512-256512)

0.9896

0.9844

0.9870

0.9817

Scaling (5121024-512)

0.9989

0.9983

0.9989

0.9984
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Under non-geometrical attacks, the noise addition attacks such as
salt and pepper, speckle and gaussian noise (as noise addition
attacks) are added to the watermarked image. The proposed
scheme is evaluated with various densities and magnitudes, as
shown in Tables 1, 2 and 3. The proposed scheme shows higher
resistance against all noising attacks. The second type of nongeometrical attack is the filtering attack. Two types of filtering or
de-noising attacks (Gaussian and median filter) are applied in the
proposed scheme. These attacks are employed with five different
mask sizes (e.g., 3 × 3, 5 × 5, 7 × 7, 9 × 9 and 11 × 11). Tables 4
and 5 display the NC values of the extracted watermarks and
higher values of the NC show high resistance against these
attacks. The third type of non-geometrical attack is JPEG
compression attack. In our experiments, the host images are
compressed by 5, 10, 30, 50, 70 and 90 compression rates. The
NC values of the extracted watermarks under the JPEG
compression attacks of the original watermarked image are
depicted in Table 6. The fourth non-geometrical attack is the
Gamma correction attacks, the gamma values are varied from 0.1
to 1, as shown in Table 7. Table 7 indicates the ability of the
proposed scheme to resist against these attacks.
The proposed scheme is also tested against different types of
geometrical attacks. The proposed scheme exhibits high
resistance against rotation attacks, as shown in Table 8. The
watermarked images are tested under different rotation angles,
such as 50, 20, 2, -20 and -50. The watermarked image is tested
with different scaling parameters, as shown in Table 9.
Therefore, the proposed scheme has proved its efficiency in
resisting various non-geometrical and geometrical attacks and
will be applicable in many watermarking applications
accordingly.

Table 11 Comparison of NC value of Proposed Scheme with
Kaur et al. [25] and Lagzian et al. [9]

5. COMPARATIVE ANALYSIS

(Lagzian et al. [9])
37.52

Existing scheme
(Kaur et al. [25])
45.5652

Proposed
scheme
39.4789

Existing
scheme
(Kaur et
al. [25])

Proposed
scheme

Rotation (500)

0.9989

0.9991

0.9951

0.9959

0.9945

0.9981

0.9985

0.9996

0.9999

0.9792

0.9730

0.9854

0.9971

0.9965

0.9988

0.9942

0.9991

0.9948

-

0.9971

0.9893

0.8530

0.9917
0.9982

0.9965
0.9928

-

0.9966

0.9896

-

0.9994

0.9989

-

0.9999

0.9996

-

1.0000

1.0000

-

0.9708

0.9841

0.8896

0.9475

0.9661

-

0.9977

0.9933

-

0.9999

1.0000

-

0.9991

0.9997

0.9983

0.9987

0.9991

-

0.9979

0.9982

-

0.9972

0.9944

-

0.9966

0.9914

Salt and Peppers
noise (0.005)
Salt and Peppers
noise (0.001)
Gaussian noise
(0.005)
Gaussian noise
(0.001)
Median filter (3,3)
Gaussian lowpass
filter (3,3)
Poisson noise
Histogram value
Scaling (512-256512)
Scaling (5121024-512)
Gamma correction
(0.6)
Gamma correction
(0.8)
Speckle noise
(0.02)
Speckle noise
(0.04)
Sharpening
JPEG
Compression
Q=90
JPEG
Compression
Q=70
JPEG
Compression
Q=50
JPEG
Compression
Q=30
JPEG
Compression
Q=10
JPEG
Compression Q=5

The imperceptibility in terms of PSNR, of the existing and
proposed scheme are compared in table 10 in Lena’s image.
Table 11 compares the NC values of the two schemes under
various attacks on Lena’s image.
It is found that the imperceptibility of the proposed scheme is
slightly less than the Kaur et al. [25] but higher than the results of
Lagzian et al. [9]. But the proposed scheme yields better NC
values than the other schemes under all type of noise attacks and
JPEG compression attack ( quality up to the value of Q=30).
Therefore the proposed scheme has higher robustness than the
other one and at the same time it has a reasonably good
imperceptibility too.
Table 10 Imperceptibility Comparison using PSNR (dB) for
Lena Image of proposed scheme, Kaur et al. [25] and Lagzian et
al. [9]

Attacks

(Lagzian
et al. [9])

6. CONCLUSIONS AND FUTURE WORK
In this paper, a new hybrid and robust image watermarking
scheme, based on the DWT-SVD using adaptive median filter
function, is proposed. The scheme has been simulated in Matlab
R2014b by taking a grayscale watermark. The simulated result
gives a good combination of imperceptibility and robustness. The
scheme yielding higher NC values under various attacks and also
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has good imperceptibility. The proposed scheme has also been [12]
compared with the other watermarking schemes. For different
noise attacks (i.e., salt & pepper, speckle and gaussian noise), the
proposed scheme outperforms the other schemes in term of NC
value by a significant margin. Also, in the case of JPEG
compression attack; the proposed scheme yields better quality up [13]
to Q=30. So, it is concluded that the proposed scheme may be
used for robust watermarking.
As the future work, this technique can be extended with multilevel DWT to enhance PSNR and Normalized Correlation [14]
values. Also the technique can be tried to analyze the color
images and video watermarking.
[15]
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