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Abstract Abstract 
Due to the unlawful manipulation and image processing attacks, the copyright protection of digital image 
is paid more and more attention. This paper proposes a digital image watermarking technique to protect 
image authentication based on discrete wavelet transform (DWT), entropy and neural network. Firstly, the 
DWT is used to divide the host image and the watermark image into frequency sub-bands. Then, the 
entropy of each frequency sub-band is calculated to find the maximum entropy sub-band in order to 
embed the highest entropy sub-band of the watermark image into the highest entropy sub-band of the 
host image. Finally, the neural network is used for determining the relationship between the pixel values of 
the host image and the watermarked image which is used later in the watermark extraction process. 
Moreover, a moving average filter is used prior to the extraction process for reducing the image 
processing attacks. Performance of the proposed method is tested against different image processing 
attacks (such as Filtering, Gaussian noise, Rotation, and Cropping). Experimental results demonstrate that 
this proposed method not only has the superior robustness and imperceptibility but also has improved 
the anti-attack capability in comparison with recent works in this field. 
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1. Introduction

The ultimate purpose of any digital watermarking
scheme is to safeguard the ownership of data (image,
audio, text or video) by hiding information in the
original data [1]. Technological growth makes it easier
to duplicate the contents of a legal owner without
permission. Reasons behind these are the knowledge of
the image processing techniques and internet hacking
which are available to the illegal parties [1,2]. Various
kinds of efficient watermarking schemes have already
been proposed by many researchers throughout the
world to prevent these illegal actions but they hardly
could ensure both imperceptibility and robustness at
the same time.

Between the two main properties of an efficient
watermarking scheme, the first one is imperceptibility
[1]. Imperceptibility means that the watermark image
or data should not be noticeable in the host image or
cover image. The second property is robustness which
means that the secret watermark image must endure
the image processing attacks like noise additions,
filtering, cropping and rotation [3]. The user needs to
compromise between these two properties during the
design procedure. All the proposed watermarking
techniques fall into two classes called spatial domain
techniques and transfer domain techniques
respectively.

A large number of techniques have been developed
in spatial domain such as the substitution of the least
significant bit of images on the basis of maximum
entropy [4] and the use of the watermarking co-
efficients found from quantum type neural networks
[5]. The method proposed by RADOUANE et al. [4]
shows the gradual degradation of PSNR with more bit
substitution because of the bits located in the lower
position are randomly inverted. But the scheme
developed by Shiyan Hu [5] shows better results as the
embedding of the bits are done into the weight-
invariant partitions compared to the other bit substi-
tution based methods.

Transform domain-based methods such as discrete
wavelet transform (DWT) [6e11] and discrete cosine
transform [12,13] hide data by performing operations
on the coefficients in the frequency domain using the
secret key. These techniques show improved results
against the image processing attacks compared to the
techniques in the spatial domain. Another technique
called Singular Value Decomposition (SVD) based

watermarking uses equilateral bases which are not
stable [14]. It shows good robustness property but
suffers from imperceptibility problem. Cox et al. [3]
focus on the perceptual pattern formation for water-
marking which is a leading step for efficient water-
marking with less visual degradation of the host image.

To improve the performance of digital water-
marking, the use of neural networks becomes popular
day by day. The initial move toward neural systems
came in 1943 when Warren McCulloch, a neurophys-
iologist, and a mathematician, Walter Pitts, composed
a paper on how neurons may function. They demon-
strated a basic neural system with electrical circuits
[15]. With the progress of neural networks, researchers
found advantages of using the neural network in
various types of systems to improve the performance
[16,17].

Bansal et al. [18] generate network weights from a
cover image which are used in the training process of
the back-propagation neural network. Later on, these
weights are used for watermark extraction. This
method has lower PSNR values against different types
of attacks. AL-Nabhani et al. [19] use the Haar filter
for embedding watermark and probabilistic neural
network for watermark extraction. It shows excellent
robustness and imperceptibility compared to the con-
ventional transform domain techniques which contain
no filter and no neural network. But its performance is
reduced when the number of PNN inputs increase as
the network does not get enough time to be trained.
Uchida et al. [20] embed watermarks using deep neural
networks which show that the watermark does not
vanish even after the many stages of filtering and
calibration. But it suffers from training sample loss and
test error during the embedding process. Mamatha and
Venkatram utilize 2D Lifting Wavelet Transform
(LWT) for medical image watermarking and neural
network for security reason [21]. It takes short calcu-
lation time in processing and less memory storage but
the quality of the recovered image is not so good as the
cover image goes through different stages of LWT
prior to the extraction process.

On the basis of the limitations of the previous
methods, in our research, DWT, maximum entropy
selection and a regression neural network are used to
improve the watermark performance parameters. The
motivation behind the use of the neural network is that
it can decrease the execution time compared to the
fuzzy approaches [22]. In most cases, increasing the
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delay time makes the system unreliable. Another
important feature is that it can easily determine the
inputeoutput mapping through a large number of
training samples. Compared to other neural networks,
the regression neural network contains single pass
adaptability so no need to back-propagate. Hence, it
needs less time to be trained. Besides, it has high
precision in noise handling and estimation of distances.

The remaining parts of the paper are organized as
follows: section 2 describes the proposed water-
marking method in detail. The equations of the per-
formance parameters are shown in section 3. Section 4
includes the results and analysis of the proposed
scheme. Finally, the findings and future scopes of the
research are concluded in section 5.

2. Proposed watermarking method

The proposed watermarking scheme can be divided
into the following two divisions:

i) Watermark Embedding
ii) Watermark Extraction

2.1. Algorithm of watermark embedding

The flow chart of watermark embedding algorithm is
shown in Fig. 1. Original image and the watermark
image go through DWT, entropy calculation and sub-
band selection steps. Then, Embedding is accomplished

followed by IDWT to get the watermarked image.
Finally, the neural network is trained. The whole pro-
cess can be divided into the following steps:

Step 1: Host image is decomposed into four sub-bands
using1-levelDWT.The robustnesspropertymay
be improved by increasing the number of DWT
levels but it can reduce the payload capacity.
DWT base function can be defined as [23]:

Gd;tðmÞ ¼
�
G

�
m� d

t

�
; ðd; tÞ e RX Rþ

�
ð1Þ

where G(m) is the mother wavelet function, d is the
dilation amount, t is the translation amount and R is the
real numbers.

Step 2: Calculate the entropy of the four sub-bands
and select the sub-band with the highest en-
tropy. The highest entropy regions show
maximum randomness. As a result, embed-
ding in that region does not visually degrade
the host image very much. Some more ad-
vantages are discussed in section 4.1. The
overall entropy calculation can be described
as follows:

If each sub-band has an L number of pixels, each
has an area of DQ and Bj be the average brightness of
jth pixel the brightness can be written as:

Bj ¼ E

DQ
tj ð2Þ

Where E is the energy of the photons in each
discrete pixel and tj is the average number of photons
in the jth pixel. The probability of a photon in the jth
pixel can be defined as:

Pj ¼ tjP
jtj

ð3Þ

Now the entropy of the probability distribution Pj
can be written as [24]:

Ɛ¼�
XL
j¼1

PjlogPj ð4Þ

Usually, LL sub-band is not suitable for embedding
because it shows low entropy and low-frequency
components which contain most of the image infor-
mation [25]. Besides, it may be influenced by other
compression attacks.Fig. 1. Flow chart of watermark embedding.
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Step 3: Watermark image is decomposed into four
sub-bands using 1-level DWT.

Step 4: Calculate the entropy of the four sub-bands &
select the highest entropy sub-band of the
watermark image.

Step 5: Embed the watermark sub-band in the selected
sub-band of the host image pixel by pixel.

Step 6: Perform IDWT to get the watermarked image.
Step 7: Train the regression neural network to memo-

rize the characteristics of relations between the
watermarked image pixels and the host image
pixels. The working principle of the general
regression neural network (GRNN) is given
below.

GRNN was introduced by Donald F. Specht in 1990
which is a kind of probabilistic neural networks [26].
Sometimes a few training samples are not sufficient
enough to converge the system function of an operating
system. In that case use of GRNN is the best choice
because it needs a few training samples to carry out the
predictions.

The probability density function that is utilized in
GRNN falls into the category of the normal distri-
bution. In this case, the training sample inputs Xi are
the pixels of the host image and Y(X) are the outputs
of the network which represents the pixels of the
watermarked image. Network function can be written
as:

YðXÞ ¼
Pn

i¼1Yi : exp
�� Di2

2s2

�
Pn

i¼1exp
�� Di2

2s2

� ð5Þ

Di2 ¼ ðX e XiÞT:ðX e XiÞ ð6Þ

where Yi is the corresponding output for each Xi. The
distance between the training sample Xi and the pre-
diction point X is represented by Di. It indicates how
close the prediction point is located to the training

sample point. If Di is small then exp
�� Di2

2s2

�
turns into

a large value. For Di ¼ 0, exp
�� Di2

2s2

�
turns into one

which shows that X and Xi are super-imposed.
When the distance gets higher, the exponential term

turns into a small value. Consequently, the other
training pixel samples lead to less impact on the pixel
prediction points. The standard deviation s is a mea-
sure of smoothness. If s becomes large, estimation by
the training pixel samples can be done for a broad
region of X and vice versa. In this case, the default
value s ¼ 0.1 is used for simplicity.

Fig. 2 shows the construction of GRNN. The first
layer operates just like the operation radial basis neural
network. Each neuron's weighted input is the distance
Di between the prediction point and the training sam-
ple. These inputs of first layer neurons are weighted
with the corresponding values of Yi. Each net input
from the summing junction is passed through the
exp

�� Di2

2s2

�
function while the center of the normal

distribution is at each training sample.
The weights on the signals going towards the sec-

ond layer are one. Then the weighted signals are
passed through the same exponential activation func-
tion to produce the final output Y(X).

The neural network used in the algorithm has the
following advantages over the fuzzy logic based
algorithm:

i) Neural Network can learn and show non-direct and
complex connections, which is extremely critical
in fuzzy logic because huge numbers of the con-
nections among sources of input and output pixels
are non-straight and complex.

ii) The neural network can anticipate concealed in-
formation more quickly & precisely than fuzzy
logic.

iii) The neural network can regenerate the huge
amount of data if one or more nodes of the
network on the network become disabled. These
can be used to make the node working which is not
possible with fuzzy logic.

2.2. Algorithm of watermark extraction

The flow chart of the entire algorithm is given in
Fig. 3 and can be divided into the following steps:

Step 1: First DWT is applied to the watermarked
image.

Step 2: Moving average filter is applied to different
sub-bands to minimize image processing at-
tacks. The operation of the moving average
filter is given below.

Fig. 2. Architecture of the general regression neural network.
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Moving average filter regularize the images by
minimizing the degree of intensity difference among
the adjoining pixels. When the filter goes through the
image pixel by pixel, it substitutes each pixel value
with the average value of the adjoining pixels. If a
single pixel has an insignificant value, it can degrade
the average values in its neighborhood. Again, the filter
faces another problem when it operates at the edges of
the image, which results in a small scale image blur-
ring. These points should be kept in mind when we are
using this filter.

The equation of this filter can be written as below
[27]:

y½i� ¼ 1

M

XM�1

j¼0

x½iþ j� ð7Þ

where x[ ] is the input pixel, y[ ] is the output pixel and
M is the number of points in the filter. During the
operation, it is needed to normalize the pixel values
because the pixel values must be kept between 0 and
255 for matching the frame. Hence in our scheme, we
should divide each pixel value by 255.

The output pixels contain low-frequency compo-
nents which indicate that the filter removes high fre-
quencies. Therefore all attacking noises of high
frequency are eliminated significantly in the extraction
of the watermark image. Besides, the filter perfor-
mance is improved if the number of points is increased.
However, in that case, the image becomes edge sen-
sitive as discussed earlier. In our scheme, a 3 point
moving average filter is used.

Step 3: The trained neural network is loaded to extract
the watermark from different sub-bands. It

contains the relationship distance values be-
tween the pixels of host image and water-
marked image when it was trained in the
watermark embedding phase.

Step 4: The watermark image is reconstructed from
the output values of the neural network
simulation.

Step 5: The properties of the obtained watermark
image are tested against the original water-
mark image.

3. Performance measuring parameters

The performance of the watermarking scheme is
measured according to the following parameters:

i) Mean Square Error (MSE): It compares the cover
image and watermarked image pixel by pixel
values according to the following equation [28]:

MSE ¼ 1

MN

XM
i¼1

XN
j¼1

½Cði; jÞ �Wði; jÞ�2 ð8Þ

where MXN is the size of the images, C(i,j) is the cover
image and W(i,j) is the watermarked image
respectively.

ii) Peak Signal to Noise Ratio (PSNR): It evaluates the
degradation of the cover image when the cover
image is watermarked and it is calculated by the
following formula [25]:

PSNR¼ 10 log10
255 X 255

MSE
ð9Þ

iii) Normalized Correlation (NC): It shows the degree
of similarity between the watermark image and
extracted watermark image according to the
following equation [29]:

NC ¼
PM

i¼1

PN
j¼1Wði; jÞEði; jÞPM

i¼1

PN
j¼1Wði; jÞWði; jÞ ð10Þ

where W(i,j) is the watermark image and E(i,j) is the
extracted watermark image respectively.

Fig. 3. Flow chart of watermark extraction.
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4. Results and analysis

In this section, performances of the proposed
method are presented. A grayscale “Lena” image of
size 512 � 512 is used as host image and a grayscale
“Airplane” image of size 512 � 512 is used as the
watermark image. Both images are shown in Fig. 4 and
Fig. 5 respectively. This adaptive watermarking
scheme can also be used for other images as well.
Advantages of using entropy in the embedding process
are discussed in section 4.1. Then, the performance of
the proposed method without and with attacks is
analyzed in section 4.2. Finally, a comparison of the
proposed methods with some existing methods is dis-
cussed in section 4.3.

4.1. Benefits of using entropy in the embedding
process

The watermark image had been embedded in the
highest entropy region of the host image. In this

section, the entropy of the host image is gradually
increased and the system performance is monitored.
Entropy versus PSNR and Entropy versus NC graphs
without any attacks on the images are shown in Fig. 6
and Fig. 7 respectively. It can be observed that with the
increase of entropy the PSNR value is rising signifi-
cantly. Also, the NC value is growing sharply when we
are moving towards the maximum entropy region.

Likewise, Entropy versus PSNR and Entropy versus
NC graphs for different types of attacks on the images
are shown in Fig. 8 and Fig. 9 respectively. Again it
can be seen that with the shifting from the minimum
entropy region towards the maximum entropy region
the PSNR and NC values are upgrading. Another
important point found by comparing the graphs with no
attacks on the images is that the use of maximum en-
tropy region improves the performance parameters
remarkably. Hence, it can be said that the proposed
scheme can reduce the image processing attacks with a
great margin.

Fig. 4. Host image.

Fig. 5. Watermark image.

Fig. 6. Entropy vs. PSNR graph for no attack on the images.

Fig. 7. Entropy vs. NC graph for no attack on the images.
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4.2. Performance of the proposed method

4.2.1. Without attack
The value of watermark embedding strength a is

chosen as 0.9. The watermarked image is shown in
Fig. 10. The recovered watermark image from the
proposed method without any attack is shown in
Fig. 11. The MSE and PSNR value calculated for no
attack in the image is 0.1382 and 56.7584 dB respec-
tively. So it can be observed that there is no visual
degradation between the host image and watermarked
image as the PSNR value is high. Hence, it can be
concluded that the proposed method is imperceptible.
Also, the NC value determined for no attack in the
image is 0.9900.

4.2.2. With attacks
MSE, PSNR and NC values of the proposed method

against different types of attacks are shown in Table 1.
Exploring the results, it can be concluded that the
proposed method has a higher degree of robustness
against different types of image processing attacks.
Also, the watermark images extracted from the pro-
posed scheme after all kinds of image processing at-
tacks are shown in Fig. 12, Fig. 13, Fig. 14 and Fig. 15
respectively.

4.3. Performance comparison of the proposed method

MSE, PSNR and NC values of the proposed method
and different existing methods against various kinds of
attacks like Median Filtering, Gaussian noise, Crop-
ping and Rotation are tabulated in Table 2, Table 3,
Table 4 and Table 5 respectively. Although the
extracted watermark from the proposed scheme has an
NC value of 2%e9% smaller than the other references,
it does not degrade the watermark very much. Another

Fig. 8. Entropy vs. PSNR graphs for different types of attack on the

images.

Fig. 9. Entropy vs. NC graphs for different types of attacks on the

images.

Fig. 10. Watermarked image.

Fig. 11. Recovered watermark image without any attack.
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important point is that the PSNR value of the proposed
scheme against Gaussian Noise attack is comparatively
higher than other methods. The reason behind this is
the use of regression neural network which improves
the pixel values of the watermarked image.

Fig. 16 and Fig. 17 show the comparison of
different methods on the basis of average PSNR and
NC values for various types of attacks. It can be seen
that the proposed method has higher PSNR than the
other methods. Although the NC value of the method
proposed in Ref. [30] is 0.4% higher than our proposed
method, however, ref. [30] has a 80% lower PSNR
value than ours.

Table 1

MSE, PSNR and NC values of the proposed method against different

types of attacks on the images.

Type of attack MSE PSNR (dB) NC

Median Filtering 0.0412 62.0186 0.9747

Gaussian Noise 1.3456e-005 96.8756 0.9747

Cropping 0.0365 62.5387 0.9747

Rotation 0.1337 56.9024 0.9747

Fig. 12. Extracted watermark image after Median Filtering attack.

Fig. 13. Extracted watermark image after Gaussian Noise attack.

Fig. 14. Extracted watermark image after cropping attack.

Fig. 15. Extracted watermark image after 43� Rotation attack.

Table 2

MSE, PSNR and NC values of different methods after Median filtering

Attack on the images.

Watermarking Scheme MSE PSNR (dB) NC

Ref. [25] e 48.2500 0.8700

Ref. [28] e e e
Ref. [30] e 21.1087 0.9800

Ref. [31] e e e

Ref. [32] e e e

Ref. [33] e e e
Ref. [34] e 30.6025 0.9713

Proposed Method 0.0412 62.0186 0.9747

Table 3

MSE, PSNR and NC values of different methods after Gaussian noise

Attack on the images.

Watermarking Scheme MSE PSNR (dB) NC

Ref. [25] e 48.2500 0.9200

Ref. [28] 0.3954 52.1940 e

Ref. [30] e 21.6222 0.9800

Ref. [31] 1.5247 49.8650 e
Ref. [32] 0.0034 28.7120 e

Ref. [33] e 20.2585 0.9592

Ref. [34] e 24.2990 0.7186

Proposed Method 1.3456e-005 96.8756 0.9747
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5. Conclusion

In this paper, a digital image watermarking method
based on DWT, entropy & neural network has been
proposed. DWT is used for dividing the image into
sub-bands and then the entropy is calculated to find the
maximum entropy region as it is low information area.
Therefore, adding watermark pixels in that region do
not degrade the cover image very much. Also, the
regression neural network modifies the distance values
on the basis of prediction point locations and thus
makes an efficient relationship between the input and
output pixels when it is trained. This trained network
containing the relationship weight values is utilized in
the watermark extraction process. It can hide digital
information securely than fuzzy based methods
because the neural network can determine the non-
linear complex connections among the pixel more
precisely. In addition, the moving average filter which
is incorporated in the watermark extraction process,
increase the performance of the extraction process by
minimizing the unwanted noise attacks. The scheme
shows better PSNR and NC values, which are the
indication of improved robustness and imperceptibility.
From the extracted watermark images it can be seen
that if a watermarked image is suspected to image
processing attacks, the proposed scheme can reduce it
& extract the hidden watermark image. The proposed
system shows the execution time is 4.20084 s in
MATLAB 7.6.0 (R2008a) version for Windows 7
operating system. So, it needs proper entropy matching
pursuit and the nonlinear estimate of deep architecture
for implementation. In the future, the watermark
extraction process can be investigated more to increase
the NC values and the performance of other neural
networks can also be analyzed in place of the regres-
sion type. Besides, application of this algorithm in
medical image processing for information security and
switching among the other entropy regions for a new
hybrid algorithm can be analyzed for different activa-
tion functions in the neural network.

Acknowledgments

This work is supported by Chittagong University of
Engineering & Technology (CUET).

References

[1] Preeti Parashar, Rajeev Kumar Singh, A survey: digital water-

marking techniques, Int. J. Signal Process. Image Process.

Pattern Recogn. 7 (No.6) (2014) 111e124.

Table 4

MSE, PSNR and NC values of different methods after Cropping

Attack on the images.

Watermarking Scheme MSE PSNR (dB) NC

Ref. [25] e 48.2500 0.9900

Ref. [28] e e e

Ref. [30] e 9.0585 0.9766

Ref. [31] e e e
Ref. [32] e e e

Ref. [33] e 19.5078 0.9515

Ref. [34] e 43.9137 0.9734

Proposed Method 0.0365 62.5387 0.9747

Table 5

MSE, PSNR and NC values of different methods after 43� Rotation

Attack on the images.

Watermarking Scheme MSE PSNR (dB) NC

Ref. [25] e 48.2500 0.9000

Ref. [28] e e e
Ref. [30] e 2.9243 0.9795

Ref. [31] e e e

Ref. [32] e e e

Ref. [33] e 20.7802 0.9636

Ref. [34] e 30.5623 0.9445

Proposed Method 0.1337 56.9024 0.9747

Fig. 16. Comparison of different methods on the basis of the

Average PSNR values for various types of attacks.

Fig. 17. Comparison of different methods on the basis of the

Average NC values for various types of attacks.

43J.P. Dhar et al. / Karbala International Journal of Modern Science 5 (2019) 36e44

mailto:Image of Fig. 16|tif
mailto:Image of Fig. 17|tif


[2] Aditya Bhagat, Shikha Singh, Digital image watermarking

technique, Int. J. Eng. Comput. Sci. 3 (7) (July, 2014)

7204e7313. ISSN:2319-7242.
[3] Ingemar J. Cox, Matt L. Miller, A review of watermarking and

the importance of perceptual modeling, Proc. Electron. Imag.

97 (February 1997).

[4] Mohamed Radouane, Tarik Boujiha, Rochdi Messoussi,

Nadia Idrissi, Ahmed Roukh, A method of LSB substitution

based on image blocks and maximum entropy, IJCSI Int. J.

Comput. Sci. Issues 10 (1) (January 2013) 371e374. No 1,

ISSN (Print): 1694-0784 j ISSN (Online): 1694-0814.

[5] Shiyan Hu, in: F. Yin, J. Wang, C. Guo (Eds.), Quantum Neural

Network for Image Watermarking, ©Springer-Verlag Berlin

Heidelberg, 2004, pp. 669e674. ISNN 2004, LNCS 3174.

[6] Anamika Sharma, Ajay Kushwaha, Image steganography

scheme using neural network in wavelet transform domain, Int.

J. Sci. Eng. Res. (IJSER) 3 (10) (October 2015) 154e158. ISSN

(Online): 2347-3878.

[7] K. Kalaivani, An Efficient Watermarking Scheme for Medical

Data Security with the Aid of Neural Network, Brazilian Ar-

chives of Biology and Technology, January-December 2016,

pp. 1e12. ISSN (Online): 1678-4324, v.59: e16161070, Special

Issue 2.

[8] Hieu V. Dang and Witold Kinsner, Optimal colour image

watermarking using neural networks and multiobjective mem-

etic optimization, Recent Adv. Neural Network. Fuzzy Syst.,

ISBN: 978-1-61804-227-9, pp. 64-73.

[9] Nallagarla Ramamurthy, DrS. Varadarajan, Robust digital

watermarking scheme with neural network and fuzzy logic

approach, Int. J. Emerg. Technol. Adv. Eng. (IJETAE) 2 (9)

(September 2012) 555e562. ISSN 2250-2459.

[10] Sujata Nagpal, Shashi Bhushan, Manish Mahajan, An enhanced

digital image watermarking scheme for medical images using

neural network, DWT and RSA, I.J. Mod. Educ. Comput. Sci. 4

(2016) 46e56.

[11] Jian Zhao, Mingquan Zhou, Hongmei Xie, Jinye Peng,

Xin Zhou, in: F. Yin, J. Wang, C. Guo (Eds.), A Novel Wavelet

Image Watermarking Scheme Combined with Chaos Sequence

and Neural Network, ©Springer-Verlag Berlin Heidelberg,

2004, pp. 663e668. ISNN 2004, LNCS 3174.

[12] Jhuma Dutta, Subhadip Basu, Debotosh Bhattacharjee,

Mita Nasipuri, A neural network based image watermarking

technique using spiral encoding of DCT coefficients, in: Proc.

of Int. Conf. on Front. of Intell. Comput., AISC, 199, ©
Springer-Verlag Berlin Heidelberg, 2013, pp. 11e18.

[13] Monika Patel, Priti Srinivas Sajja, A robust DCT based digital

image watermarking using fusion of computational intelligence

techniques, Orient. J. Comput. Sci. Technol. 8 (August 2015)

146e153. ISSN: 0974-6471, No. 2.

[14] K. Deepa Mathew, SVD Based Image Watermarking Scheme,

IJCA Special Issue on Evolutionary Computation for Optimi-

zation Techniques, ECOT), 2010, pp. 21e24.

[15] Available at: http://www.psych.utoronto.ca/users/reingold/

courses/ai/cache/neural4.html.

[16] Yueying Wang, Hao Shan, Dengping Duan, On stabilization of

quantized sampled-data neural-network-based control systems,

IEEE Trans. Cybern. PP (99) (June 2016) 1e12.

[17] Zhiqiang Ma, Guanghui Sun, Di Liu, Xing Xing, Dissipativity

analysis for discrete-time fuzzy neural networks with leakage

and time-varying delays, J. Neurocomput. 175 (PA) (January

2016) 579e584.

[18] Ashish Bansal and Sarita Singh Bhadauria, Watermarking using

neural network and hiding the trained network within the cover

image, J. Theor. Appl. Inf. Technol, pp. 663-670.

[19] Yahya AL-Nabhani, Hamid A. Jalab, Ainuddin Wahid,

Rafidah Md Noor, Robust watermarking algorithm for digital

images using discrete wavelet and probabilistic neural network,

J. King Saud Univ. Comput. Inf. Sci. 27 (2015) 393e401.
[20] Yusuke Uchida, Yuki Nagai, Shigeyuki Sakazawa,

Shin’ichi Satoh, Embedding Watermarks into Deep Neural

Networks, ICMR’17, June 6e9 2017, pp. 269e277. Bucharest,

Romania.

[21] P. Mamatha and N.Venkatram, Watermarking using lifting

wavelet transform (LWT) and artiicial neural networks (ANN),

Indian journal of science and Technology, ISSN (Print): 0974-

6846, ISSN (Online): 0974-5645, No. 17, Vol. 9, pp. 1-7.

[22] Yanling Wei, Hamid Reza Karimi & Yu-Chu Tian, Improved

stability and stabilization results for stochastic synchronization

of continuous-time semi-markovian jump neural networks with

time-varying delay, IEEE Trans. Neural Network. Learn. Syst.

Digit. Object Identifier 10.1109/TNNLS.2017.2696582.

[23] Frank Y. Shih, Digital Watermarking and Steganography :

Fundamentals and Techniques, CRC press, 2008.

[24] Stephen J. Wernecke, Maximum entropy image reconstruction,

IEEE Trans. Comput. C-26 (April 1977) 351e364. NO. 4.

[25] M. Vafaei, H. Mahdavi-Nasab, H. Pourghassem, A new robust

blind watermarking method based on neural networks in wavelet

transform domain, World Appl. Sci. J. 22 (11) (2013)

1572e1580, https://doi.org/10.5829/idosi.wasj.2013.22.11.2828.

ISSN 1818-4952.

[26] F. Donald, Specht, a general regression neural network,

IEEE Trans. Neural Network. 2 (November 1991) 568e576.

NO. 6.

[27] Steven W. Smith, The Scientist and Engineer's Guide to Digital

Signal Processing, Chapter-15, Page No. 277-284.

[28] Sanjay Kumar, Ambar Dutta, Performance analysis of spatial

domain digital watermarking techniques, in: International

Conference on Information Communication and Embedded

System, ICICES, 2016.

[29] Chuan-Yu Chang and Sheng-Jyun Su, A Neural-Network-Based

Robust Watermarking Scheme, Available at: www.ieeexplore.

ieee.org/iel5/10498/33256/01571521.pdf.

[30] C. N. Sujatha & P. Satyanarayana, Analysis of robust water-

marking techniques:a retrospective, International Conference

on Communication and Signal Processing, April 6-8, 2016,

India, pp.- 0336-0341.

[31] Ajay Rattan, Pankaj Kumar Verma, An implementation of en-

tropy based digital watermarking using 2-D biorthogonal

wavelets, Int. J. Adv. Res. Eng. ISSN: 2394-2819 Technol. Sci.

3 (6) (June-2016) 75e84.

[32] S. Ramakrishnan, T. Gopalakrishnan, K. Balasamy, in:

D.C. Wyld, et al. (Eds.), SVD Based Robust Digital Water-

marking for Still Images Using Wavelet Transform, 2011,

pp. 155e167, https://doi.org/10.5121/csit.2011.1216. CCSEA

2011, CS & IT 02.

[33] Krunal P. Rane, P.M. Mahajan, SVD-based digital image

watermarking, Int. J. Eng. Res. Technol.(IJERT) 2 (6) (June

2013) 2173e2178. ISSN: 2278-0181.

[34] Charu Agarwal, Anurag Mishra, Arpita Sharma, A novel gray-

scale image watermarking using hybrid Fuzzy-BPN architec-

ture, Egypt. Inf. J. 16 (2015) 83e102. https://doi.org/10.1016/j.

eij.2015.01.002.

44 J.P. Dhar et al. / Karbala International Journal of Modern Science 5 (2019) 36e44

http://www.psych.utoronto.ca/users/reingold/courses/ai/cache/neural4.html
http://www.psych.utoronto.ca/users/reingold/courses/ai/cache/neural4.html
https://doi.org/10.5829/idosi.wasj.2013.22.11.2828
http://www.ieeexplore.ieee.org/iel5/10498/33256/01571521.pdf
http://www.ieeexplore.ieee.org/iel5/10498/33256/01571521.pdf
https://doi.org/10.5121/csit.2011.1216
https://doi.org/10.1016/j.eij.2015.01.002
https://doi.org/10.1016/j.eij.2015.01.002

	An imperceptible & robust digital image watermarking scheme based on DWT, entropy and neural network
	Recommended Citation

	An imperceptible & robust digital image watermarking scheme based on DWT, entropy and neural network
	Abstract
	Keywords
	Creative Commons License


