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ABSTRACT
The digital watermarking scheme has obtained its prominence as a result of its capability to offer secure mechanism for
copyright protection or prevention of illegal duplication and authenticity of digital contents. The major objective of
developing an image watermarking technique is to satisfy imperceptibility and robustness requirements simultaneously. In
order to achieve this objective, in this paper, a robust digital image watermarking technique based on a cascaded Discrete
Orthogonal Stockwell Transform (DOST) using Discrete Wavelet Transform (DWT) and Singular Value Decomposition
(SVD) in colour images is proposed. In this approach, Alpha blending is used to embed the watermark within the singular
value of the cover image. The performance of the developed scheme is evaluated using Normalized Correlation
Coefficient (NCC) and Peak Signal to Noise Ratio (PSNR) as performance metrics for robustness and imperceptibility.
The results of the NCC values obtained for accessing the robustness of the watermarked image when subjected to
Gaussian, Salt and Pepper and Speckle noise under three different host images and watermarks as shown respectively.
Lena and Mandril, Pepper and Nepal Logo and A.B.U Logo and EC Logo are 0.9247, 0.9721, 0.9541, 0.9145, 0.9460,
0.9700, 0.8588, 0.9704 and 0.9614. The results of the PSNR value obtained for accessing the imperceptibility of the
watermarked image is 79.69dB. Comparison of the developed scheme with referenced scheme in terms of perceptual
quality of the watermarked image showed PSNR values of 47.40dB. This represents 40.52% improvement of
imperceptibility Experimental results illustrate that the proposed technique enhanced the robustness and imperceptibility
of the watermarking techniques in comparison with previous works and results found indicates the proposed technique is
able to withstand a variety of image processing attacks.
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I.
INTRODUCTION
The rising demand for the production, store and
transmission of multimedia contents such as image, audio,
video and text over secured and unsecured communication
media in recent years poses a lot of security and privacy
concerns to both the sender and recipient. The use of these
multimedia contents is rapidly increasing with the high
growth and widespread use of the Internet and information
technology. Due to this fact, tampering and illegal
distribution of digital contents is inevitable and as such it
becomes imperative to devise mechanisms to protect the
copyright of such media. It has been established that present
copyright laws are insufficient for dealing with the security
of digital data [1].
Furthermore, simple transfer and manipulation of digital
data also constitutes a real menace for information
inventors, and copyright owners want to be compensated
every time their work is used. In addition, they want to be
certain that their work is not used in an unlawful means.
This implies that copyright owners want to be consulted
before their work is modified. The introduction of Internet
has resulted in numerous new opportunities for the creation
and delivery of contents such as electronic advertising, web
publishing, digital repositories and libraries, real-time video
and audio delivery in digital form [1]. A pertinent issue that
arises in these applications is the protection of the rights of
all participants, such as copyright enforcement and content
verification because the present copyright laws are
insufficient in dealing with digital data [1].
One solution to this threat would be to curb access to the
data based on encryption technique [2]. Although,
encryption does not provides overall protection. Once the
encrypted data are decrypted, they can be freely distributed
or manipulated [2]. This has led to the fascination of
researchers in developing copy deterrence and protection
mechanisms [3]. Several mechanisms have been proposed
for the protection of multimedia contents based on data
hiding techniques. These techniques are as follows
Cryptography, Steganography and Watermarking [4]. One
of such mechanisms that have been attracting major interest
is digital watermarking [5] as it provides one of the best
solutions among the proposed mechanisms and have shown
resilient that overcome covert communication as in
steganography [4]. The interest in watermarking actually
started in 1990 with the development of the multimedia
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systems and the necessity of transferring data over the
Internet [6].
Digital Watermarking is a technique that is used to preclude
duplicating or to shield digital data by imperceptibly hiding
authorized mark information into the original data [7]. Such
information is hidden for various reasons such as Copyright
protection, Source tracking, Broadcast monitoring,
Telemedicine, Piracy deterrence, Proof of ownership and
Content authentication [8]. Several techniques have been
proposed for copyright protection of digital images and
these are categorized into two domains. Spatial domain
techniques and Transform domain techniques [9]. In spatial
domain techniques, the pixel values of the cover image are
changed directly by embedding the watermark bits [6].
These
techniques
are
computationally
simple,
straightforward and fast while there is no need for cover
image to be transformed. However, they are vulnerable to
noise and simple image processing operations such as
compression and filtering due to watermark insertion in
selected locations of the image or other geometric attacks.
In frequency transform domain, the coefficients of the cover
image are modified. The watermark is inserted in transform
domain techniques. At first the cover image is transformed
and the watermark is embedded in the selected coefficients
of the transformed image. In order to retrieve the original
signal, an inverse transform of the modified coefficients
needs to be performed [6].
Digital watermarking scheme can be categorized into three
approaches on the basis of attack control ability: robust,
fragile and semi-fragile schemes [1], [10]. Robust has to do
with how to embed and recover watermark such that it
would resist malicious or accidental attempts at removal. In
fragile scheme the watermark is planned to be ruined by any
type of variation even slight changes involving malicious
and accidental attacks [11]. Semi-fragile is designed to
tolerate some amount of modification to a watermarked
image [1]. According to distinction, the watermarking
scheme can be classified as Blind, Semi – blind and Non
blind [6], [12]. Blind watermarking scheme is also referred
as public watermarking scheme. In blind scheme only a
secret key(s) is require for the extraction process [6]. Semiblind watermarking scheme is also depicted as semi-private
watermarking scheme. In semi-blind watermarking scheme
the watermark and the key(s) are require for the extraction
process. Non-blind watermarking scheme both the cover
image and private key(s) are require for the extraction
process [6], [12].
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This paper aimed at developing a robust digital image
watermarking scheme for images. In this paper, present the
development of a novel digital image watermarking scheme
based on concatenation of DOST, DWT and SVD using
alpha blending for the embedding and extraction processes.
Standard colour Lena and Mandril images of same size of
512 x 512 x 3 were employed as the cover image and
watermark respectively. In the developed scheme the
watermark was embedded in the low frequency domain of
the cover image.
II.
REVIEW OF RELATED WORKS
A number of previous works related to digital image
watermarking was the key motivation to embark on this
research. Some of the pertinent researches are described as
follows.
Tao & Eskicioglu (2004) implemented a generation
algorithm by inserting visual secret messages in all four
sub-bands at two different decomposition levels of DWT
[13]. The first level of decomposition of the algorithm was
examined on a gray scale goldhill (cover image) of size 512
x 512 and binary visual messages BC and A of size 256 x
256. The second level of decomposition was tested on same
size of cover image in first level of decomposition and
binary visual watermarks BC and A of size 128 x 128. The
algorithm was tested against fifteen different attacks. It was
shown that the watermark embedded in low frequencies was
resilience to attacks which includes JPEG compression,
blurring, inclusion of Gaussians noise and rescaling, while
those embedded in high frequencies were robust to attacks
such as gamma correction, intensity adjustment and
histogram equalization. It was established that watermark
embedded in at least two sub-bands at a certain DWT
decomposition level made the algorithm tremendously
withstand to most of the malicious attempts or normal
Audio/Video processing. However, the scale factor was
manually determined for each sub-band, which affected the
embedding speed of the algorithm.
Kashyap & Sinha (2012) implemented 2-level 2-D DWT
based digital mage watermarking technique, whereby alpha
blending technique was applied to insert the watermark in
the original image [14]. A gray scale cover image was
decomposed using the second level 2-D DWT to obtain
second level (low and high frequency) sub-bands.
Watermark was also decomposed using 2-level 2-D DWT to
obtain 2-level (low and high frequency) sub-bands. The
decomposed 2-level low-low (LL) frequency constituents of
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the cover image and that of watermark image are manifold
by scaling factors and then added using alpha blending
formula. The watermarked image was created by
performing inverse second level 2-D DWT. The
performance of the algorithm was tested using gray scale
images (Lena image) as original image and (cameraman) as
the watermark. The images are of equal size of 256 x 256.
The values of MSE and PSNR were calculated for different
values of the scaling factors. Experimental results showed
that the quality of the processed image was dependent on
the scaling factors. However, robustness of the technique
was trade-off for imperceptibility against intentional and
unintentional attacks. This was due to the fact that the
scaling factor was manually selected.
Singh et al (2012) developed a DWT based digital image
watermarking algorithm. A 4-level 2-D DWT was used to
decompose cover image and the watermarks bits are then
embedded into the mid frequencies of the decomposed
cover image by modifying the coefficients in the block
according to the embedding process [15]. Inverse 4-level 2D DWT was performed to obtain the watermarked image.
The algorithm was examined on four different images,
baboon, satellite, Lena and medical as cover images and
binary image as watermark. The performance of the
algorithm was measured using Peak Signal to Noise Ratio
(PSNR). The PSNR values were computed at different
scaling factors and as the scaling factor value is increased,
the PSNR value of the image decreased. However,
evaluation of robustness of the proposed algorithm was
vulnerable to poisson noise, filtering and JPEG compression
attacks.
Gattani & Warnekar (2014) studied a new invisible digital
watermarking scheme for colour images based on the
merger of wavelet transform with SVD and Advanced
encryption scheme (AES) [16]. In this approach, the
watermark was embedded into the channels of the host
image using a scaling factor lamda. This lamda was
multiplied with singular matrix of watermark and added to
the singular matrix of the host image. The AES was then
used to encrypt the watermarked image in order to further
enhance its security. The approach was tested on colour
images (Lena) of size 512 X 512 as the cover image and
watermark (Baboon) of size 256 X 256. The reliability of
this approach was evaluated by PSNR and Normal
Correlation Coefficient (NCC). It was found that the
application of 2-dimensional Stationary Wavelet Transform
(SWT2) technique through SVD reduces distortion and the
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AES ensures the security of the image. Although, the
embedding and extraction time of the watermark was very
high.
Kaur & Jindal (2014) proposed a new SVD-DWT video
watermarking embedding technique [17]. In this technique,
third level DWT and SVD were applied on chosen frames
and the watermark was embedded into randomly selected
frames with the aid of private key to authenticate the video.
The technique was tested with different variations using
colour host video clips. Ten random features were selected
and watermark (Penguin) of size 512 X 512 was embedded
into the frames. The combined inverse DWT was performed
to reconstruct the watermarked video. The robustness and
quality of watermarked video were tested using different
performance evaluation metrics such as Structural Similarity
Index Measure (SSIM), PSNR, Mean Square Error (MSE)
and Bit Error Rate (BER). It was shown that the algorithm
gave a high robustness and imperceptibility of the
watermarked video. Nevertheless, in this study public key
was considered for embedding and extraction processes,
because it has been established that secrete keys are more
secure than dynamic keys. The public keys still exposes the
algorithm to security treat during key exchange.
Bajracharya & Koju (2017) developed a DWT and SVD
based digital watermarking using alpha blending and Arnold
transformation in the colour images [12]. The cover image
was converted from RGB colour space to YCbCr colour
space. DWT was applied on the chosen Y channel of the
cover image, which was used to subdivide the image into
low frequency and high frequency sub-bands up to the
fourth level of decomposition. The high frequency sub-band
was selected for embedding the watermark, that is, HH4. R
channel was extracted from RGB of the watermark. Arnold
transformation was used to scramble the R colour channel to
improve the safety of the watermark. DWT was applied on
the scramble R channel of the watermark, which was used to
subdivide the watermark into low frequency and high
frequency sub-bands up to the third level of decomposition.
The high frequency sub-band of the watermark was
selected, that is, HH3. The SVD was applied to the
coefficients of DWT of both the cover image and watermark
in order to modify them for embedding. Alpha blending
scheme was used to embed the watermark in the cover
image. The inverse DWT was performed on the modified
SVD to generate the watermarked image. While in the
reconstruction process the inverse DWT and anti-Arnold
transformation were performed on the watermarked image
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to recover the watermark. The technique was tested on
images (pepper and Lena) as cover image and Nepal
Telecom logo as watermark. The performance of the
technique was measured using PSNR and NCC with a view
to evaluating imperceptibility and robustness. It was found
that the algorithm had accepted imperceptibility and
robustness levels. Nevertheless, the capacity of the
technique was very low, which implied that the cover image
got distorted with increasing watermark size.
Ouazzane et al (2017) explored the extended use of DOST
in image watermarking by suggesting a fragile and blind
medical image watermarking scheme. The secret image was
embedded based on dual symmetric high frequency subbands of the two dimensional DOST illustration of the cover
image [10]. The technique was examined on 14 DICOM
images of separate modalities. The secret images that were
explored in this technique were bit series and the
performance of the scheme was evaluated in order to
measure the transparency of the distortions presented to the
cover image by the insertion of the watermark using PSNR
and Root Mean Square Error (RMSE). It was evaluated that
the DOST watermarking obtained a good tradeoff between
fidelity and payload when compared with DWT
watermarking in blind insertion technique. However, it was
not shown how the approach would behave when tamper
localization capacity is added in order to ascertain modified
areas and achieve enhanced integrity of the image.
III.

CONCEPT

Discrete Wavelet Transform (DWT)
DWT is a mathematical tool for hierarchically decomposing
an image. It is valuable for processing of motion signals
such as images, video and audio signal [18]. The DWT is an
improvement of DCT such that the technique analyses the
signal at multiple resolutions, that is, it represents the image
in multi resolutions form. The image is divided into two
types of quadrants which include high frequency and low
frequency quadrants [18]. In two-dimensional dissociable
dyadic DWT, each level of decomposition creates four
bands of data, one equivalent to the low pass-band (LL), and
three other corresponding to horizontal (HL), vertical (LH),
and diagonal (HH) high pass-bands. Owing to its
exceptional spatial-frequency localization properties, the
DWT is very appropriate in identifying the regions in the
host image where a watermark can be inserted effectively
[19]. Therefore, two dimensional (2-D) forward DWT of
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image
of size
(1) and (2) [20].

can be defined as in Eqns

M 1 N 1
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(3)
Singular Value Decomposition (SVD)
SVD is implemented by decomposing a matrix of an image
into two orthogonal matrices and one diagonal matrix
consisting of the singular values of the original matrix [10].
It is a worthwhile tool in computer vision as a
decomposition matrix valuable for image transformations
[21]. The SVD of an image B with size m × m can be
defined as in Eqn. (4) [7].

Discrete Orthonormal Stockwell Transform (DOST)
An orthonormal transformation takes an N-point time
sequence to an N-point time-frequency illustration,
consequently achieving the full efficiency of representation.
Beside, at every point of the outcome is linearly
independent from any other point [22]. The alteration matrix
taking the time series to the DOST depiction is orthogonal,
meaning that the inverse matrix is equal to the complex
conjugate transpose. The vector norm is conserved in an
orthonormal transformation domain according to the
Parseval theorem, the norm of the time series equals the
norm of the DOST. An energy preserving transform is
referred to as orthonormal transform [22] since it reduces
the information redundancy of the Discrete Stockwell
Transform (DST) to zero leading to the maximum efficacy
of a representation [23]. DOST sub-samples low frequencies
while high frequencies are sampled with higher rates and
utilizes this sample spacing arrangement to distribute its
coefficients accordingly [24]. The DOST is mainly founded
on a set N of orthonormal basis vectors each denoting an
exact section in the time or space-frequency domain [10].
These basis functions S[ν,β,τ ][kT ] for the general case are as
in Eqn. (6) [22].
 i 2  k N       2  12  i 2  k N       2  12  
e
e

iei 

S ,  ,   kT  



2Sin  k  
N
 






(6)

(4)

Where ν depicts the middle of a frequency band and similar
to the “voice” of the wavelet transform), β represent the
width of the frequency band and τ denotes the time
localization. DOST uniquely aggregate progressive
resolution and absolutely referenced information of phase of
a signal together [25]. In wavelet transform, as the wavelet
translates, the phase reference point equally translates
although in DOST, phase referenced information of the
signal is always referenced at zero time. While singular
values of an image have high stability, hence, they do not
44 change after several attacks. Therefore, the cascade of

Where U and V are orthogonal matrices, they also stand for
left and right singular vector of the image. S = diag(λi) is a
diagonal matrix of singular values λ i, i = 1, . . . , m, which
is organized in declining order. It can be represented as [21]:
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DOST along with DWT and SVD is proposed for the
development of watermarking technique.
Alpha Blending
In digital watermarking, alpha blending technique can be
employed for embedding watermark into the host image and
extracting watermark from the watermarked image using the
following equations. The embedding equation is given by
Eqn. (7).

Sai , j embeded  Sa I a  Sb eI b  
Where

1.

2.

3.

(7)

4.

Sai , j embeded represents the embedded image, S a I a

5.

denotes the diagonal component of the cover image and
represent the singular values of the image, Sb eI b represents
the diagonal component of the watermark image and
denotes the singular values of the image and  depicts the
value of scaling factor.
The recover watermark equation is given by Eqn. (8).

Sbr _ encrypted 

S w I w i , j   S a I a  i , j 



(8)

IV.

1.

2.

3.

4.

5.
6.
7.

PROPOSED ALGORITHM
Watermark Embedding
Read the RGB colour cover image and watermark
and separate them into Red channel, Green
Channel and Blue channel
Decompose the respective colour channel of cover
and watermark images using 2D DOST to obtain
DOST Images based on equation (6)
DOST coefficients are subdivided into four subbands up to third level of decomposition (LL3,
LH3, HL3 and HH3) based on equations (1) and
(2)
Selected LL3 and LH3 sub-bands and apply SVD
to the selected sub-bands to obtain the singular
values of both the cover image and watermark
based on equation (5)
Embed the watermark to the cover image using
alpha blending based on equation (7)
Apply inverse DOST and DWT to obtain each
colour channel of watermarked images
Combine all the three colour channels obtained
from item 6 to form RGB colour space
watermarked image
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6.
7.

Watermark Extraction
Read the possible corrupted watermarked image
and separate it into Red Channel, Green Channel
and Blue channel
Decompose the respective colour channel of cover
image and watermark using 2D DOST to obtain
DOST Images
DOST coefficients are subdivided into four subbands up to third level of decomposition (LL3,
LH3, HL3 and HH3)
Selected LL3 and LH3 sub-bands and apply SVD
to the selected sub-bands to obtain the singular
values of both the cover image and watermark
Extract the watermark using alpha blending based
on equation (8)
Apply inverse DOST and DWT to obtain each
colour channel of recovered watermarked
Combine all the three colour channels obtained
from item 6 to obtain RGB colour space of
recovered watermark

V.
Experimental Evaluation
In this section, the experimental results of the proposed
technique are discussed. The proposed technique was
implemented in MATLAB. The performance is evaluated
using PSNR. The standard RGB colour images Lena and
Mandril of same size 512 x 512 x 3 are adopted as cover
image and watermark image respectively. The cover image
and watermark image are depicted in Figure 1. The major
test, imperceptibility is carried out with a scaling factor of
0.021 and results are compared with existing watermarking
technique.

(a) Cover Image
(b) Watermark
Figure 1: Original Cover and Watermark Images
Imperceptibility Test
Imperceptibility is measure of transparency of the inserted
watermark in order to ascertain the fidelity of the
watermarked image. The performance measured is
evaluated through performance matrix like PSNR in Eqn.
(8).
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original watermark as Nepal Telecom logo and extracted
watermark under the same scenarios and their NCC values.

(9)
Where L is the peak signal value of the cover image which
is equal to 255 for 8 bit images in Eqn. (9)
10)
where MSE is mean square error between original and
distorted images,
( ,j) = Original image, ′ ( ,j)
=Watermarked image, X = Numbers of row in the image
and Y = Numbers of column in the images. The robustness
of the developed watermarking technique can be evaluated
by using the normalized correlation coefficient in Eqn. (10).

ncc 

1 I j  y,z  W ji  y,z 

yk z j
 I j  y,z 



yk z j

2

 W ji  y,z 

2

(11)

yk z j

The different values of PSNR and MSE for different images
are listed in Table 1.
Figure 2 to Figure 4 presents the comparison between the
original cover image, watermarked image and watermarked
image under the following scenarios. Also comparison
between the extracted watermark and original watermark
under same scenarios were considered in order to be able to
evaluate imperceptibility and robustness of the developed
digital watermarking technique while using a selected
manual scaling factor of 0.0121.
Case I: The scenario where the watermarked image is under
no noise
Case II: The scenario where the watermarked image is
under Gaussian noise
Case III: The scenario where the watermarked image is
under salt and pepper noise
Case IV: The scenario where the watermarked image is
under speckle noise.
Figure 2 presents comparison between the original cover
image, watermarked image and watermarked image under
the different noise and their PSNR values. Also shows the
comparison between the original watermark and extracted
watermark under the same scenarios and their NCC values.
Figure 3 demonstrates relationship between the original
cover image as pepper image, watermarked image and
watermarked image under the various noise and their PSNR
values. Similarly illustrates the comparison between the
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Figure 2: Comparison between Cover Image,
Watermarked Image, Original Watermark and Extracted
Watermark under Various Attacks

Figure 3: Comparison ISSN
between
Cover Image,
2006-1781
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Watermarking
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Figure 4 shows comparison between the original cover
image as A.B.U logo, watermarked image and watermarked
image under the different noise and their PSNR values.
Equally illustrates the comparison between the original
watermark as EC logo and extracted watermark under the
same scenarios and their NCC values.

Figure 4: Comparison between Cover Image,
Watermarked Image, Original Watermark and Extracted
Watermark under Various Attacks
The various values of PSNR and MSE for different images
are highlighted in Table1
Table 1: Various Values of PSNR and MSE for Different
Images

IMAGE

PSNR (dB)

MSE

Lena

79.69

0.6402

Pepper

68.59

0.8316

A B U Logo

60.76

0.7158

The Summary of Results of the developed digital
watermarking technique, whilst using a manual selected
scaling factor of 0.0121 for evaluating the imperceptibility
and robustness as shown in Table 2 and 3 respectively.
The data in Table 2 depicts the degree of hiddenness of
watermark in the cover image in the developed technique.
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Table 2: Assessment of PSNR under Attacks Based onThree
different Cover Images and Watermarks

PSNR (dB)
Cover Image and Watermark
Attack

Gaussian
Salt and
Pepper
Speckle

Lena
and
Mandril

Pepper and
Nepal
Telecom
Logo

A.B.U
Logo
and EC
Logo

Gattani
&
Warnekar
(2014)

64.85

63.60

56.55

10.31

56.86

60.07

57.73

60.18

61.88

58.77

Figure 5: PSNR Values of Developed Algorithm on Three
Different Images for Imperceptibility

18.28

Figure 6 shows the summary of results obtained of the
performance metrics for evaluating the robustness of the
developed digital watermarking technique, whilst using a
manual selected scaling factor of 0.0121 for three different
images. The height of individual bar indicates the robustness
of the developed technique.

29.01

The data in Table 3 denotes the similarity level at which the
extracted watermark is similar to the original watermark.
The different values of NCC for various attacks on three
different images are shown in Table 3. This indicates the
level of robustness at individual attack.
Table 3: Assessment of Different values of NCC on Three
Different Images

NCC
Cover Image and Watermark
Attack

Gaussian
Salt and
Pepper
Speckle

Lena
and
Mandril

Pepper
and Nepal
Telecom
Logo

A.B.U
Logo
and EC
Logo

Gattani
&Warnekar
(2014)

0.9247

0.9721

0.9541

0.8359

0.9145

0.9460

0.9704

0.8588

0.9704

0.9614

Figure 6: NCC Values of Developed Algorithm on Three
Different Images for Robustness

0.8921

0.8762

Figure 5 shows the summary of results obtained of the
performance metrics for evaluating the imperceptibility of
the developed digital watermarking technique, whilst using
a manual selected scaling factor of 0.0121 for three different
images. The height of individual bar indicates the
invisibleness of the watermark in the cover image.
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Comparison with existing Algorithm
For comparison, the performance measures recorded for
developed technique were compared with the performance
measures of existing algorithm. The same size of cover
image and watermark that was used by comparing algorithm
was employed to compare the performance measures, in
order to analyze the fidelity and robustness trade-off.
The proposed algorithm seems to be very imperceptible and
robust for different noise as compared to the existing
watermarking algorithm. Figure 7 shows the comparison of
results obtained of the performance metrics for evaluating
the robustness between the developed digital watermarking
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technique and existing algorithm. The height of each bar
depicts the degree of robustness of the algorithms adopting
three different host images and watermarks under the
following noise.
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VI
CONCLUSION
In this paper, a digital image watermarking technique based
on DOST, DWT and SVD using alpha blending method has
been developed. The developed technique is a blind digital
watermarking technique. The watermark was embedded by
inserting the singular value of the watermark image in the
singular value of the original cover image based on alpha
blending method. It was found that embedding distortions
have low perceptibility in comparison with the existing
work. The developed technique outperformed the existing in
terms of fidelity and capacity achieving a better trade-off
when compared with existing algorithm. Therefore, DOST,
DWT and SVD based watermarking could provide pertinent
advantages to the field of digital watermarking and offer
benefits to the copyright protection industry.
Future Research Work
The proposed technique can be further improved by using
an optimization technique to obtain an optimal scaling
factor in order to achieve an optimal trade-off between
imperceptibility and robustness.
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