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Abstract- Digital media, like video, audio, images and multimedia documents can be protected against copyright infringements
with imperceptible, incorporated patterns. Such methods are based on steganography and digital watermarking techniques.
Digital watermarking technology can provide persistent identification of copyrighted subject matter to facilitate rights
management in the emerging complex hybrid digital/analog devices and home networks. For both analog and digital content,
digital watermarks enable copyright holders to protect their content from unauthorized use, as well as enable content owners to
effectively communicate their copyrights, monitor use of their content, and track unauthorized distribution of licensed content.
Most watermarks are inserted as a plain-bit or adjusted digital signal using a key-based embedding algorithm. The embedded
information is hidden and linked inseparably with the source data structure. For the most favourable watermarking application,
a trade-off between opposing criteria like robustness, non-perceptibility, non-detectability and protection include to be ended.
Most watermarking algorithms are not resistant in opposition to all attacks, and even gracious attacks like file and data

modifications can demolish the watermark very easily.

Keywords- Singular value decomposition, Fals positive problem, Digital Watermarking.

L INTRODUCTION
The process of embedding the watermark into a [37] digital
data is known as Digital Watermarking. It is a[4] process of
embedding unremarkable logos or labels or information
data or pattern in the digital data. The concept of digital
watermarking is associated [27] with the steganography. It
is defined as [41] enclosed writing, which hides the
important message in a covered medium while, digital
watermarking is a way of hiding a secret or personal
message to provide copyrights and the data integrity. Digital
image watermarking is a [28] new approach, which is
appropriate for medical, military, and archival based
applications. The embedded watermarks are complex to
eradicate and typically imperceptible, could be in the form
of text, image, audio, or video. The embedding of secret
watermark in digital data, no matter how much invisible it
may be. However it leads to some degradation in the
resultant embedded digital data. To overcome [34] this and
to retrieve the original data, reversible watermarking has
been implemented, which considered [42] as a best
approach over the cryptography. In cryptography [50] after
encryption the resultant data may not be visible or
understandable also at the time of retrieval this may lead to
loss of semantic information [37] of host data, which is not
in the case of watermarking. In digital data several
watermarks can be embedded at the same time and this is
known as multiple watermarking techniques. A digital
watermark also considered as digital signature which
provides the authenticity. For a digital copy of data is the
same as the [38] original, digital watermarking is a passive
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protection [54] tool. It just marks data, but does not
degrade it or controls access to the data watermarking is
also called data embedding and information hiding. A
watermark is a visible embedded overlay on a digital photo
consisting [28] of text, a logo, or a copyright notice. The
purpose [26] of a watermark is to identify the work and
discourage its unauthorized use. Though a visible
watermark can't stop unauthorized use, it makes it more
complex for those who may want to claim someone else's
photo or artwork as their own.

II. LITERATURE SURVEY

Digital Watermarking has been used from decade to
improve the various security concerns that arise due to
advancement of internet and their associated services. In
view of that a variety of image transformation techniques
have been adopted such as DWT, DCT, SVD and hybrid
domain. We have focused our concern towards DWT+SVD
based reference watermarking schemes. The basic idea of
reference watermarking is to segment host image into non-
overlapping blocks by means of Hilbert space filling curve
and by considering human visual system, a reference image
is formed.

Bhatnagar & Raman, 2012 [16] presented a robust grayscale
logo watermarking in wavelet domain. The logo watermark
is embedded in the robust blocks of wavelet sub-bands
obtained by non-overlapping segmentation using ZIG-ZAG
sequence and the variance statistic. The benefit of
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segmentation using ZIG-ZAG sequence is that the resultant
blocks are the frequency bands from the lowest to highest.
Ehsan Vahedi et al. 2012 [11] presented a new wavelet
based watermarking approach for color images using bio-
inspired optimization principles. Our method is able to
achieve ownership protection. Initial, the original image is
performed with the Discrete Wavelet Transform (DWT) and
embedded with the watermark in the HL and LH blocks
associated with an embedding rule. Our method improves
the robustness and the quality of stego image by embedding
watermarks into some fixed blocks rather than randomly
selected blocks in the HL and LH sub bands and using
general DWT instead of integer-DWT.

Run et al. 2012 [39] presented an improved SVD-based
watermarking technique for copyright protection. In this
paper, two methods are proposed to get better the reliability
and robustness. To improve the reliability, for the first
technique, the principal components of the watermark is
embedded into the host image in the discrete cosine
transform (DCT); and for the second technique, those are
embedded into the host image in discrete wavelets
transform (DWT). Ahmad A. Mohammad et al. 2008 [2]
presented An improved SVD-based watermarking scheme
for protecting rightful ownership. The proposed algorithm
solves the difficulty of false-positive detection. A false
positive is the identification of watermark from a cover
work which does not contain one in reality. Rashmi
Agarwal & M.S. Santhanam1, 2008 [37] presented a Digital
watermarking in the singular vector domain. Recently
numerous SVD based watermarking scheme has been
proposed by the authors which tries to take advantage of the
optimized image decomposition property of SVD for
embedding a watermark in an image. These algorithms
suffer from a major problem of false positive. The false
positive problem occurs due to the fact that SVD subspace
can preserve major information of an image, leads to the
above-mentioned flaws; in which any reference watermark
that is being searched for in an arbitrary image can be found
[22]. Bhatnagar & Raman 2009[17] presented a new robust
reference watermarking logo watermarking scheme .The
idea of this scheme is to segment the non-overlapping
blocks by using Hilbert space filling curve and a reference
image is formed by using human visual system Then
reference image is transformed using FrFT domain and
embedding is done by using modified singular values .After
embedding modified singular values is segmented into
blocks and mapped on to their original positions and get a
watermarked image . In the watermark detection stage, the
fact that the employed SVD matrices depend on the
reference watermark biases the false positive detection rate
such that it has a probability of one. Thus, any reference
watermark that is being

© 2016, IJCSE All Rights Reserved

Vol.4 (7), PP (168-177) Jul 2016, E-ISSN: 2347-2693

Searched for in an arbitrary image can be found. The
drawback of False positivity which analyzed in various
papers is provided in Table.
Table: Information about the False Positive
Problem exist in the DWT- SVD (Hybrid)
domain watermarking techniques

Author Identified Disadvantage
problem
Bhatnagar & False Positive Not using DWT
Raman 2009
Jain & Panigrahi False Positive More quantization

2008 step values

Wu et al. 2005 False Positive Not embedding
multiple
watermarks
Zhang & Li False Positive Quantization
2005 parameter is
difficult

III. PROPOSED METHOD

We have analyzed the problem related to reference
watermarking .In literature, there are various watermarking
techniques based on purely SVD, Frft with SVD .To
enhance the performance and security, hybridization is
needed. The drawback of SVD based algorithm is that if the
owner has more than one watermark, he cannot determine
which watermark is in which image, every searched
watermark gives high correlation. This method cannot be
used for rightful ownership. In this paper, we are using Frft
with DWT and SVD. We are taking host image represented
as A and watermark is represented as W. The sizes of host
and watermark images are M x N and mxn. Block diagram
of the proposed watermarking scheme is shown in fig. In
this algorithm we are calculating the mean and standard
deviation of watermark image and get the modified singular
values and these modified singular values are used
externally for the extraction of watermark image.

The Embedding Algorithm for watermark is
represented as follows:

Step 1.Perform fractional fourier transform on host image
and get the FrFT image.

Step2. Use one level Haar DWT to decompose the FrFT
image into 4 subbands i.e.LL,LH,HL,HH.

Step3. Apply svd on LL subband i.e.

SVD(LL) = USVT
Step4.Embed the watermark and get singular values and
again apply svd
S+ aW = U,S, V&

where o denotes the scaling factor i.e.watermark

embedding strength
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StepS5.Apply inverse DWT on modified LL and other 3
subbands

Step6.Apply inverse FrFT and get the watermarked image
Step7.Calculate the mean and standard deviation of
watermark image and get the modified Uyand V,,

Watermark Embedding scheme

Watermark
image

|

Embed

l

Singular value
decomposition

DWT
Transformed N DWT
FrFT Image coefficients

Select sSVD
——> approximation ———>
sub band

T
Hostlmage —>

inverse inverse

FIFT DWT Modified
T )

anrdrolher 3sub
bands

i—‘

Cal.mean&
standard
deviation

Image Image

Modified Uw &
Vw

<
Block diagram of proposed watermarking scheme
(Embedding)
The extraction algorithm for watermark is represented as
follows:
Stepl. Apply fractional fourier transform on watermarked
image and get watermarked FrFT image.
Step2.Use one level Haar DWT to decompose the
watermarked FrFT image into 4 subbands i.e.
LL1,LH1,HL1,HHI.
Step3.Apply svd on LL1 subband
SVD(LL1) = Uy;SwiViby
SWZ = UWSWIVV'I\;

Step4.Extraction of singular values from watermarked and
host image

Awi = (Swz - S)/(X
Step5. Apply inverse FrFT on A,

Step6. By using the modified U,and V,,, mean and
standard deviation , we get U,, and V.
Step7. Get the watermark image by using extracted
singular values
extwatermarkl = U, _extS,,; Vi_ext
extwatermark = (extwatermarkl — S)/a
Watermark Extraction scheme
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Image vl
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Singular value
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Block diagram of proposed watermarking scheme
(extraction)

Results and discussions

IV. EXPERIMENTAL SETUP

The robustness of our proposed scheme are
demonstrated in MATLAB. We have various different
gray scale images of size 512x512 which are used as
host image namely Mandril, Birds, Pepper, Pirate .For
watermark , grayscale logo ‘BIST’ of size 256x256
.This BIST logo is embedded in Mandril, Birds , pepper
and pirate images. For further analysis, Birds and Pirate
images are used because they have lowest and highest
PSNR. In our experiment, watermark embedding
strength is taken as 0.05.

The watermarked image quality is measured using Peak
Signal to Noise Ratio. It can be defined as an
engineering term [15] for the ratio between the
maximum possible power of a signal and the power of
corrupting noise that affects the fidelity of its
representation. The signal in this case is the original
data and the noise is the error introduced by
watermarking scheme. When comparing the image , it
is used as an approximation to human perception of
reconstruction quality, thus in many cases one
reconstruction may appear to be closer to the original
than the other . There are various signals which have a
very wide dynamic range , PSNR is expressed in terms
of logarithmic decibel scale. The PSNR values for all 4
images are provided in Table.

2
. L
PSNR(W,W )=10Ilo o
( ) glO(RMS j

Where Lmax is maximum possible pixel length of an
image and RMSE is Root Mean Square Error which is
defined as

_ZAELX G DX D)
NxM

RMSE
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Typical values for PSNR in watermarking scheme are
between 30 and 50 dB.If PSNR is higher then image is
better. When two images are identical the RMSE is zero
and PSNR is infinite.

We are using Peak Signal to Noise Ratio (PSNR) for
determining imperceptibility of watermarked image and
Normalized Correlation Coefficient (NCC) for determining
the robustness of proposed watermarking algorithms against
various attacks and Correlation Coefficient for all attacks is
provided in Table.

N N

>3 W, W)W, -W,)
NCCW.W')=——= — —
(S S 3o -

BIST BIST

BIST BIST
BIST BIST

© ®)
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Where W is the original watermark, W* is the extracted
watermark from distorted image. Normalized Correlation
coefficient (NCC) is the number that lies between [—1, 1]. If
the value of NCC is equal to 1 then the extracted watermark
is just equal to the original one. If it is -1 then the difference
[35] is negative for largest singular values .In this case, the
lighter parts of the image will darker and darker parts of the
image will lighter.

Fig. shows the embedding and extraction algorithm when
no attacks are considered so we get the correlation
coefficient 1. Here we have two host images, two
watermark images , apply embedding algorithm to get the
two watermarked images and then extracting algorithm is
applied to get watermark images.

BIST BIST
BIST BIST

BIST BIST

(d)

@ (h)

Fig a, e Host, b ,f watermark c,g watermarked d ,h Extracted watermarked images
Table:- PSNR values (dB) watermark embedding strength =0.05

Image Bhatnagar & Raman Proposed
Mandril 48.9151 54.18
Birds 46.7275 52.62
Pepper 48.2464 53.31
Pirate 49.3558 53.45

Table: Correlation coefficient of extracted watermark

Attacks

Bhatnagar & Raman [15]

Proposed

Birds

Pirate

Birds Pirate

© 2016, IJCSE All Rights Reserved

171



International Journal of Computer Sciences and Engineering Vol.4 (7), PP (168-177) Jul 2016, E-ISSN: 2347-2693

No attack 0.9998 0.9999 1.0 1.0
Average filtering (11x11) 0.3167 0.3072 0.9421 0.8998
Median filtering (11x11) 0.4838 0.4573 0.9886 0.9827
Additive Gaussian noise(100%) 0.2848 0.2577 0.7925 0.7342
Salt & pepper noise (100%) 0.3100 0.3557 0.8257 0.8302
Resizing (512->64->512) 0.3098 0.2297 0.9668 0.9492
Cropping -0.9038 -0.9925 0.9823 0.9931
Contrast adjustment -0.3416 -0.3093 0.9960 0.9884
Histogram equalization 0.9320 0.9251 0.9846 0.9821

V. PERFORMANCE EVALUATION

To establish the effectiveness of proposed watermarking algorithms, a wide variety of experiments are performed. Several
experiments have been performed on grayscale ‘Pirate’ images of size 512 x 512 and ‘logo2’ of size 256 x 256 which are used
as the Cover image and Watermark image respectively. In this section ,the proposed scheme has been demonstrated for its
robustness against wide variety of attacks namely Average and Median filtering, Gaussian ,Salt & Pepper and Speckle noise ,
JPEG compression, Rotation ,Blurring and Motion Blurring. The performance of proposed watermarking algorithms against
Average filtering attack for various filter size is shown in fig. And against Median filtering attack for various filter size is
shown in fig.6.16 .We have analyzed that proposed method confirms the improvement over existing methods.

Performance of proposed method against Average fterng atack
‘ T T T

Performance of proposed method aganst Medion fterng aack
[ I ] I

e rehd
S : : q

[ : g ]

1S : : : .

Normalized Correlation Coefficient
= b = =
I

{ b i 1 H 1 1 1 il L 6 ] 0 1 1 [ ‘B b}
Auerage Fiter Size Medien i sie

Fig. Performance of the proposed watermarking method
by varying the Median filter size

Fig. Performance of the proposed watermarking method
by varying the average filter size

We have seen that addition of Gaussian noise is a very
common attack that is responsible for distortion and
degradation of image, The watermark information is also
degraded by noise addition and results in difficulty in
watermark extraction. Robustness against Gaussian noise is
analyzed by Gaussian noise density 0.01 .Fig. shows the
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performance of proposed watermarking schemes against
Gaussian noise for various noise variance. There is another
noise variance attack i.e. Salt & Pepper noise attack. This
attack is very powerful and it affects the image fully as
compare to Gaussian noise. The performance of proposed
watermarking method against salt & Pepper noise and
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speckle noise by adjusting the noise variance is shown in
fig. and fig. After that the effect of rotation has been
evaluated and compared for various degrees of rotation
between 10 and 50 which is shown in fig.The proposed
algorithm is quite robust against this rotation attack and

proves superiority over other existing methods

Derfomance of proposed method against Ganssian noise atfack
T T T

B Pocosed nethod

Normalized Correlation Coefficient
T T T T T T T T
i 1 i i I i

| | | | | |
02 bX] ¢} 05 ) e 08 BE] 1

Gaussian Noise arianoe

Fig Performance of proposed watermarking method for
different Gaussian noise parameter

Performance of Proposee mefod aganst Salt & Pepper noise afack
T [ T I

I
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T
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St & Pepper Noise Varance

Fig. Performance of proposed watermarking method
for different Salt & Pepper noise parameter
Performance of Proposed method against Specide noise atack
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Fig Performance of proposed watermarking method for
different Speckle noise parameter
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Performance of Proposed mefhod aganst Rotation atack

—=Pgoced method

Rolafion i degree
Fig Performance of proposed watermarking method by
varying the degree of rotation

To check the robustness of the watermark against image
compression, the watermarked image is tested with JPEG
compression attacks .The extracted watermark and
correlation coefficient of the logo2 image from compressed
images of Pirate image at various quality factor is shown in
fig. which provides a performance comparison of proposed
method for JPEG compression attack by varying the
different quality factor. Blurring is a very useful attack to
verify the robustness .The performance evaluation for
Blurring and Motion Blur attack is shown in fig.

Performance of Proposed Method against IPEG Compression afack
] I T T T

== Tnzase: meh:d

0 | | | | | | |
i 1 il i L ] E ]
Qualty Factor

Fig Performance of proposed watermarking method for
different Quality factor parameter
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Fig Performance of the proposed watermarking method
by varying the value of theta

VI. RELIABILITY TEST AGAINST FALSE POSITIVE
PROBLEM

The experiment has been conducted to test the reliability of
the proposed algorithm. Fig. (a) ,(b) and (c) shows the
watermarked image ,original watermark and false
watermark having Normalized correlation coefficient value
0.2016 by using logo2 image .Without knowing the
modified singular values original watermark cannot be
extracted .Since we calculate the mean and standard
deviation of BIST watermark and embedding is done by
using logo2 image so we get the singular values and by
using the modified singular values we extract the false
watermark. A secret key has been used at the time of
extraction which is given as below:

Key= (std (W’) *std (I) ) / (Mean (W’) * Mean (I))
Since we are using arbitrary watermark so the original
watermark cannot be extracted by using our proposed
algorithm.

' I’IST l’lST e

| BIST BIST I

Fig a Watermarked Pirate image
proposed method

We have analyzed the various noise attacks in our proposed
algorithm and we have learn various attacks in other
existing methods .In Table We compare various noise
attacks for our proposed algorithm and other existing two
methods which is given by Bhatnagar & Raman [15] . We
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b Extracted original watermark c

Extracted false watermark from

conclude that our proposed algorithm is better because after
applying various attacks our correlation coefficient is
nearby same for all possible attacks while in other existing
methods the correlation coefficient is varying very much.
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Table: Normalized Correlation Coefficient

Attacks Pirate image
Correlation Coefficient of existing and proposed methods at various attacks
Bhatnagar DWT-SVD[17] Bhatnagar [15] Proposed method
No attack Not Given 0.9999 1.0
Average filtering - 0.6209 0.3072 0.8998
Median filtering -0.5636 0.4573 0.9827
Additive Gaussian noise(100%) 0.5604 0.2577 0.7342
Salt & pepper noise (100%) 0.3100 0.3557 0.8302
Speckle noise Not Given Not Given 0.7461
Resizing (512->64->512) 0.0326 0.2297 0.9492
Rotation 0.6297 -0.9925 0.9931
Contrast adjustment 0.7690 -0.3093 0.9884
Histogram equalization 0.8464 0.9251 0.9821
JPEG Compression 0.9829 0.9360 0.5739
Blurring Not Given Not Given 0.9399
Motion Blur -0.5601 Not Given 0.9893
Conclusion [1]. A. Adhipathi Reddy *, B.N. Chatterji, “A new wavelet

We have identified the problem of false positive in
reference watermarking scheme based on FrFT and SVD.
The algorithm has been formulated to extract the false
watermark from FrFT based reference watermarking
scheme. The experimental demonstration has been provided
to support our formulation about identified problem. We
have also used different watermarks and extracted the false
one .In view of that we may conclude that the security of
proposed reference watermarking method is vulnerable as
we have extracted the false watermark from above. We have
worked in same track and proposed a new method to deal
with false positive problem. The proposed method uses
FrFT, DWT and SVD. In the proposed algorithm, DWT is
applied only in approximation sub band and we calculate
the mean and standard deviation of watermark image and by
using the algorithm we get the modified singular values
and these modified singular values are used externally for
extraction purposes. Results of the proposed scheme
indicate that it is imperceptible and robust under various
types of image processing attacks.
References

© 2016, IJCSE All Rights Reserved

[2].

[3].

[4].

[S].

based logo-watermarking scheme,” Pattern
Recognition Letters 26., ,pp. 1019-1027, 2005.

Ahmad A. Mohammad_, Ali Alhaj, Sameer Shaltaf,
“An improved SVD-based watermarking scheme for
protecting rightful ownership,” Signal Processing 88.,
pp- 2158-2180, 2008.

Barni M, Bartolini F, Piva A ,’Improved wavelet
based image  watermarking  through  pixel
wiseMasking,”/EEE Trans Image Process
10(5):pp.783-79, 2001.

B.Chandra Mohan, S.Srinivaskumar$, B.N.Chatterji*
,’A Robust Digital Image Watermarking Scheme
using Singular Value Decomposition (SVD), Dither
Quantization and Edge Detection,” ICGST-GVIP
Journal, ISSN: pp.1687-398X , Volume 8, Issue 1,
2008.

Chandra D ,’Digital image watermarking using
singular value decomposition,” In: Proceedings of the
IEEE 45th Midwest Symposium on Circuits and
Systems., Oklahoma State University, USA, Vol. 3,
pp. 264-267, 2002.

175



International Journal of Computer Sciences and Engineering

[6].

[11].

[12].

[14].

[15].

[16].

[18].

[19].

. Djurovic 1,

Chih-Chin Lai ,”A digital watermarking scheme based
on singular value decomposition and tiny genetic
algorithm,” Digital Signal Processing 21.pp. 522-
527, 2011

Chih-Chin Lai, and Cheng-Chih Tsai ,”Digital Image
Watermarking Using Discrete Wavelet Transform and
Singular Value Decomposition,” IEEE transactions on
instrument and  measurement, vol. 59, no. 11, pp.
0018-9456, 2010

Chirag Jainl, Siddharth Aroral, and Prasanta K.
Panigrahil,2 ,”A Reliable SVD based Watermarking
Scheme,” Preprint submitted to Elsevier, 3, 2008.
Cox I, Miller ML, Bloom JA,” Digital watermarking.
Morgan Kaufmann,” 2001.

Stankovic S, Pitas 1 ,’Digital
watermarking in the fractional Fourier transformation
Domain,” J Netw Comput Appl 24(4):pp. 167-173,
2001

Ehsan Vahedi , Reza Aghaeizadeh Zoroofi, Mohsen
Shiva,” Toward a new wavelet-based watermarking
approach for color images using bio-inspired
optimization principles,”Digital Signal Processing 22
, 2012

Emir & Ahmet ,”Robust DWT-SVD Domain Image
Watermarking: Embedding Data in All
Frequencies,”Department of  Computer  and
Information Science, 2004

. Franco Del Colle and Juan Carlos G'omez ,”A new

DWT-SVD based perceptual fidelity metric for
quality  assessment of watermarking schemes,”
European signal processing conference, 2010

Ganic E, Eskicioglu AM ,”Robust embedding of
visual watermarks using DWT-SVD,” J Electron
Imaging 14(4):043004, 2005

Gaurav Bhatnagar - Balasubramanian Raman ,”A new

robust reference logo watermarking scheme,”
Multimed Tools Appl, 2011
Gaurav  Bhatnagar a, Q.M. Jonathan Wua,

Balasubramanian Raman b ,”Robust gray-scale logo
watermarking in wavelet domain,” Computers and
Electrical Engineering, 2012

. Gaurav Bhatnagar, Balasubramanian Raman 1 ,”A

new robust reference watermarking scheme based
on DWT-SVD,”Computer Standards & Interfaces
xxx, 2009

Hsu, C.-T., Wu, J.-L., "Multiresolution Watermarking
for Digital Images", in I[EEE Transactions on
Circuits and Systems - II: Analo and Digital Signal
Processing, vol. 45, no. 8, pp. 1097-1101, August
1998

Jiang-Lung Liu, Der-Chyuan Lou *, Ming-Chang
Chang, Hao-Kuan Tso ,”A robust watermarking
scheme  using self-reference image,” Computer
Standards & Interfaces 28 , 2006.

© 2016, IJCSE All Rights Reserved

[20].

[21].

[22].

[23].

[24].

[25].

[26].

[27].

[28].

[29].

[30].

[31].

[32].

[33].

Vol.4 (7), PP (168-177) Jul 2016, E-ISSN: 2347-2693

Jianhua Songa*, Jianwei Songb ,Yuhua Baob ,”A
Blind Digital Watermark Method Based on SVD
and Chaos,” International Workshop on Information
and Electronics Engineering, 2012.

Jinhua Liu -Kun She ,”A Hybrid Approach of DWT
and DCT for Rational Dither Modulation
Watermarking,” Springer Science Business Media,
LLC,2011.

Jih Pin Yeh, Che-Wei Lu, Hwei-Jen Lin, and Hung-
Hsuan Wu ,”Watermarking technique based on
DWT associated with embedding rule,” International
Jjournal of circuits systems and signal processing
Issue 2, Volume4, 2010.

J.L. Liu, D.C. Lou, M.C. Chang, H.K. Tso, “A robust
watermarking  scheme  using self reference
image,” Computer Standards and Interfaces 28,
pp-356-367, 2006.

Kaewkamnerd, N., Rao, K.R., "Wavelet based image
adaptive  watermarking  scheme" in  IEEE
Electronics Letters, vol.36, pp.3 12-313, 17 Feb.2000
Kundur. D., Hatzinakos, D., "Digital Watermarking
using Multiresolution Wavelet Decomposition",
Proc. IEEE Int. Conf. On Acoustics, Speech and
Signal Processing, Seattle, Washington, vol. 5, pp.
2969-2972, May 1998.

Lin W-H, Horng S-J, Kao T-W, Chen R-J, Chen Y-H,
Lee C-L, Terano T,” Image copyright protection
with forward error correction,” Expert Syst Appl (SCI
1/64, 2596) 36(9):pp. 1188811894, 2009.

Lin W-H, Wang Y-R, Horng S-J,” A wavelet-tree-
based watermarking method using distance vector
of binary cluster,” Expert Syst Appl (SCI 1/64, 2596)
36(6):pp. 9869-9878, 2009.

Lin W-H, Wang Y-R, Horng S-J, Pan Y ,” A blind
watermarking method using maximum wavelet
coefficient quantization,” Expert Syst Appl (SCI 1/64,
2596) 36(9):11509-11516, 2009.

LinWH, Horng SJ, Kao T, FanWP, Lee CL, PanY
,’An efficient watermarking method based on
significant ~ difference of wavelet coefficient
quantization,” IEEE Trans Multimed (SCI 12/86,
2288) 10(5):pp. 746757, 2008.

Lu, C-S., Liao, H-Y., M., Huang, S-K., Sze, C-J,,
"Cocktail =~ Watermarking on  Images", 3rd
International Workshop on Information Hiding,
Dresden, Germany, Sep 29-Oct. 1, 1999

Mohammad AA, Alhaj A, Sameer S ,”An improved
SVD-based watermarking scheme for protecting
rightful ownership,” Sig Process 88:2158-2180, 2008.
Mohammad-Reza Keyvanpour*a, Farnoosh Merrikh-
Bayatb,” Robust Dynamic Block-Based Image
Watermarking in DWT,”Domain Procedia Computer
Science 3, 2011

Paul Bao and Xiaohu Ma,” Image Adaptive
Watermarking Using Wavelet Domain Singular Value

176



International Journal of Computer Sciences and Engineering

[34].

[39].

[42].

[45].

[46].

. Rashmi

Decomposition,” [EEE transactions on circuits and
systems for video technology , VOL. 15, NO. 1,
January, 2005

Prayoth Kumsawat, Kitti Attakitmongcol, Member,
IEEE, and Arthit Srikaew,” A New Approach for
Optimization in Image Watermarking by Using
Genetic Algorithms, ”IEEE transactions on signal
Processing,VOL. 53, NO. 12, 2005.

. Punit Pandey,Shishir Kumar,Satish K Singh,”Rightful

ownership through image adaptive DWT-SVD
watermarking algorithm and perceptual tweaking,”
http://link.springer.com/article/10.1007/s11042-013-
1375-2#, 2013

. Qiang Li, Chun Yuan,Yu-Zhuo Zhong,”Adaptive

DWT-SVD Domain Image Watermarking Using
Human Visual Model,” ICACT, 2007

Agarwal, M.S. Santhanaml ,” Digital
watermarking in the singular vector domain,” Preprint
submitted to Elsevier Science, 2008.

. Raval, M.S., Rege, P.P., "Discrete wavelet transforrn

based multiple watermarking scheme", Conference
on Convergent Technologies for sia-Pacific Region,
TENCON , vol. 3, pp. 935 - 938, 15- 17,0ct. 2003

Ray-Shine Run a,b, Shi-Jinn Horng a, Jui-Lin Lai b,
Tzong-Wang Kao ¢, Rong-Jian Chen b,” An
improved SVD-based watermarking technique for

copyright  protection,”  Expert  Systems  with
Applications 39, 2012.
. R.Dhanalakshmi K.Thaiyalnayaki,” Dual

Watermarking Scheme with Encryption,” (IJCSIS)
International  Journal of Computer Science and
Information Security, Vol. 7, No. 1, 2010.

.R. Liu, T. Tan ,” An SVD-based watermarking

scheme for protecting rightful ownership,” IEEE
Transactions on Multimedia, vol. 4, no.1, pp.121-128,
2002.

Rosiyadi D, Horng S-J, Fan P, Wang X, Khan MK, Yi
P )7 An efficient copyright protection scheme
for e-government document image,” IEEE Multimed
19(3):pp. 62-73, 2012.

. S. Joo, Y. Suh, J. Shin, H. Kitkuchi,” A new robust

watermarking embedding in to wavelet DC

Components,” ETRI Journal 24 (5) 401-404, 2002.

. Sonika Bansal, Punit pandey,” On the security of

robust reference logo watermarking scheme in
fractional fourier tranform domain,” International
Conference on Information system and computer
networks (IEEE), 2013.

S.Ramakrishnanl, T.Gopalakrishnan2, K.Balasamy3,”
A wavelet based hybrid SVD algorithm for
digital image watermarking,’Signal <& Image
Processing: An International Journal (SIPIJ) Vol.2,
No.3,2011

Tao, P & Eskicioglu, AM 2004, 'A Robust Multiple
Watermarking Scheme in the Discrete Wavelet

© 2016, IJCSE All Rights Reserved

[47].

[48].

[49].

[50].

[51].

[52].

[53].

[54].

Vol.4 (7), PP (168-177) Jul 2016, E-ISSN: 2347-2693

Transform Domain', in Symposium on Internet
Multimedia Management Systems V, Philadelphia,
PA.

Vidyasagar M. Potdar, Song Han, Elizabeth Chang
A Survey of Digital Image Watermarking
Techniques,” 3rd IEEE International Conference on
Industrial Informatics (INDIN), 2005.

Vivekananda Bhat K , Indranil Sengupta, Abhijit
Das,” An adaptive audio watermarking based on
the singular value decomposition in the wavelet
domain,” Digital Signal Processing 20,2010

Xiaojun Qi, Stephen Bialkowski, and Gary
Brimley,”An adaptive QIM and SVD based digital
image watermarking scheme in the wavelet domain,”
IEEE , 2008.

Xiao-Ping Zhang, Senior Member, IEEE, and Kan Li ,
Comments on “An SVD-Based Watermarking
Scheme for Protecting Rightful Ownership,” IEEE
transactions on multimedia,, VOL. 7, NO. 2, 2005.
Yavuz E, Telatar Z ,” Improved SVD-DWT based
digital image watermarking against watermark
Ambiguity,” In: Proc. ACM Symposium on Applied
Computing, pp 1051-1055 ,2007.

Yongdong Wu ,” On the Security of an SVD-Based
Ownership  Watermarking,” [EEE transactions
on multimedia, VOL. 7, NO. 4, 2005.

Yu FQ, Zhangi ZK, Xu MH,” A digital watermarking
algorithm for image based on fractional Fourier
transform”, In: Proceeding of ieee conf. on industrial
electronics and applications, Singapore, pp

1-5,2006.
Zhu, W. Xiong, Z., and Zhang, Y.-Q.,
"Multiresolution Watermarking for Images and

Video", in IEEE Trans. on circuit and System for
Video Technology, vol. 9, no. 4, pp. 545-550, June,
1999.

177



