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Abstract- Watermarking in multimedia contents has attracted lots of attention in the research society. In this
approach wavelet based blind image watermarking technique is proposed, initially original image is
undergoing a single level decomposition using wavelet transform. From the approximation band, remove the
decimal part of the most repeated integer part. Now, secret information is multiplied by the scaling factor
which provides embedding strength. Further, it is added to the repeated values of wavelet coefficients, the
watermarked image is obtained by applying the inverse wavelet transform. To prove the ownership extract the
watermark by identifying the most frequent coefficients of the single level decomposition of watermarked
image. Simulation results displays that the proposed approach can withstand the noise and filtering attacks
with a good invisibility and robustness.

Index terms: Authentication, Copyright protection, Most frequent coefficients, Watermarking, Wavelet transform.
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I.

INTRODUCTION

Due to fast growing of multimedia communication means that the digital contents are transmitted more
easily. During distribution unknown are acquired the data and claim ownership. Hence, the protection of
intellectual property is an important consideration for the society [1-2]. Various researchers have been
drilled down the answers for copyright protection. The best way, in which the multimedia information is
ensured against illegal transmission and recording is to put a signal on the cover medium for the
confirmation of the proprietor of the information.

A technique that tends to conceal the copyright information into the digital media is called Digital
Watermarking. A Human cannot visualize the message with an eye and perceives it as a normal cover
medium [3-4]. Digital watermarking has gained more attention while proving the integrity and
authenticity of the owner [5-7]. Hence the industry and academic people are working seriously on digital
watermarking. Figure 1 shows that the basic components of watermarking technique. In this block
diagram the copyright watermark image is embedded into the original image by using a secret key and
obtained the watermarked image.

Watermark
Image

Original
Image

Watermark
Embedding
Algorithm

Watermarked
Image

Secret Key

Figure 1. Basic components of watermarking technique

Blind watermarking scheme [8], is the most challenging type of watermarking system because it doesn’t
require host image during extraction. The two different embedding approaches in watermarking systems
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are spatial and transform domain [9]. In the spatial watermarking technique is quite easy to embed a
watermark into a host image by changing the pixel values directly using bit substitution. Transform
domain techniques are more robust and stable because secret information is inserted into the transform
coefficients [10-11]. Applications of watermarking techniques are duplicate control, fingerprinting,
evidence of ownership, authentication, broadcast monitoring, etc.

The wavelet transform plays a vital role in the field of image processing applications[12-14] like
compression, signal processing, edge detection digital watermarking, etc., A mathematical function
which is used to divide a continuous-time signal into different scale components is referred as wavelet.
A wavelet is a waveform of an effectively limited duration that has an average value of zero. The
Discrete Wavelet Transform (DWT) is obtained by filtering the signal through a series of digital filters
at different scales [15].

The scaling operation can be achieved by modifying the resolution of the signal by the process of
subsampling. The DWT is computed by successive low-pass and high-pass filtering of the discrete timedomain signal. The basic idea of the DWT for two-dimensional images is first decomposed into four
parts of high, middle, and low-frequency sub-components LL1, LH1, HL1, and HH1 [16-17] by critically
sub- sampling horizontal and vertical channels using sub-component filters. The high- frequency part
contains edge components, wherein the LL1 frequency band contains information components. In order
to obtain the second level decomposition, the sub-component LL1 is further decomposed and critically
sub-sampled to LL2, LH2, HL2, and HH2. Figure 2 shows the two-level decomposition of an image
under DWT. The discrete wavelet coefficients can be acquired by expanding the function f (x) as a
sequence of numbers. By applying the principle of series expansion, the discrete wavelet transform
coefficients are defined as,
W ϕ ( j0 , k ) =

W ψ ( j, k ) =

1
M
1
M

∑

f ( x )ϕ

j0,x

(x)

(1)

(x)

(2)

x

∑

f ( x )ψ

j ,k

x

For j ≥ j0 and the Wφ( j0,k) and Wψ(j, k) are the approximation coefficient and detail coefficient
respectively. The parameter M is a power of 2 which ranges from 0 to J-1. The DWT coefficients enable
us to reconstruct the signal function f(x) as,
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Where 1/ M is a normalizing factor. The reason that the discrete wavelet transform is a better
transform because DWT have a better ability in localizing both time and frequency. In the watermarking
application, the secret information is concealed in lower level or medium level sub-band of the
decomposed image. Among the proposed methods in the recent years, DWT deserves more popularity
due to their excellent spatial localization, frequency spread, and multi-resolution characteristics are
computationally more efficient than other transform methods. In DWT only sum or difference of the
pixel is calculated, the results it acquires more speed than DCT and DFT.

DWT

Original

LL2

LH2

HL2

HH2

LH1

Image
HL1

HH1

Figure 2. Two level DWT Decomposition

Benefits towards the DWT are the selection of proper sub-bands in the case of robustness and
imperceptibility. The original signal can also be reconstructed from the knowledge of DWT coefficients.
This process is called Inverse Discrete Wavelet Transform (IDWT).

II.

LITERATURE REVIEW

Many algorithms have been put forward in the scientific review. Hsiang-Cheh Huang et al. (2010)
presented the optimization of robust watermarking using bacterial foraging optimization algorithm. By
finding tradeoffs among different watermark robustness and imperceptibility, and considering the
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adaptive tuning of weighting factors, we design a practical fitness function for optimization. Simulation
results depict the better performances over existing implementations with GA, and hence fuzzy-based
BF can be considered to be another practical optimized watermarking scheme.

Aree Ali Mohammed &Haval Mohammed Sidqi (2011) proposed an image watermarking scheme based
on multi bands wavelet transformation method. At first, the proposed scheme is tested on the spatial
domain (for both a non and semi blind techniques) in order to compare its results with a frequency
domain. In the frequency domain, an adaptive scheme is designed and implemented based on the bands
selection criteria to embed the watermark. These criteria depend on the number of wavelet passes. In
this work three methods are developed to embed the watermark selection. This is advantage of the
scheme is the involvement of a large number of wavelet bands in the embedding process.

Surekha & Sumathi (2011), proposed a discrete wavelet transformed based image watermarking
algorithm by using genetic algorithm. The amplification factor of the watermark is the significant
parameter that helps in improving the perceptual transparency and robustness against attacks. The
tradeoff between the transparency and robustness is considered as an optimization problem and is solved
by applying Genetic Algorithm.
Abdallah et al. (2011), proposed a wavelet based watermarking and uses blind wavelet based
watermarking. In this watermark is inserted in the coarsest scale wavelet coefficients. Wavelet divides
the image into 3-levels and watermark is embed into the coarse scale. This scheme depends on the
quantization of certain wavelet coefficients within certain amplitude ranges in a binary manner to embed
meaningful information in the image.

Ray-Shine et al. (2012) proposed two methods to improve the reliability and robustness. To improve the
reliability, for the first method, the principal components of the watermark are embedded into the host
image in discrete cosine transform (DCT); and for the second method, those are embedded into the host
image in discrete wavelets transform (DWT). To improve the robustness, the particle swarm
optimization (PSO) is used for finding the suitable scaling factors. The experimental results demonstrate
that the performance of the proposed methods outperforms than those of the existing methods.
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Sridhar and Arun (2012) propose a multiple watermarking based on DWT with the motivation to
maintain the quality of the image. The original image was interlacing into even and odd rows of images
and deinterlaces the two images. For hiding watermark images wavelet based approach is employed in
two deinterlace images. Stack the two watermarked images in to single image by introducing zeros of
even and odd rows in the two watermarked images, At the end again interlacing and deinterlacing of an
images and extracts both the watermark Images. Simulation results show the watermark imperceptibility
and robustness. Also the quality of the watermarked image is excellent and there is strong resistant
against many geometrical attacks.

Sridhar and Arun (2013) propose a watermarking technique based on wavelet domain and sharing of an
image with the motivation to maintain the quality of the image. The original image is diagonally shared
and one of the shares is horizontally merged and watermarking process is employed in fusion image
using wavelet. Further breakaway the pixels into normal share. Stack the two watermarked images in to
single image. At the receiver end again shared and merged a watermarked share in horizontally and
extracts a watermark Image. Simulation results indicate that the proposed watermarking scheme is
highly robust and does not reduce the quality of watermark image.

Sonil Sood & Ajai Goyal (2014) proposes a novel method for watermarking relational databases based
on hybrid model optimization in which the embedding and extracting algorithms of watermarking in
discrete wavelet transform (DWT) are combined with Genetic Algorithm (GA)-Bacterial Foraging
Algorithm (BFO) based optimization techniques for watermarking. In this 5-level DWT is employed in
the spatial transform; because of the more accurate watermark. Identification of owner is
cryptographically made secure and used as an embedded watermark. Strength of BFA is explored to
make the technique robust, secure and imperceptible.

Yahya AL-Nabhani et al.(2015) developed discrete wavelet transform with a Haar filter to embed a
binary watermark image in selected coefficient blocks. A probabilistic neural network is used to extract
the watermark image. To evaluate the efficiency of the algorithm and the quality of the extracted
watermark images, widely known image quality function measurements are used, such as peak signalto-noise ratio (PSNR) and normalized cross correlation (NCC). Results indicate the excellent invisibility
of the extracted watermark image as well as exceptional watermark extraction. Experimental results
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reveal that the proposed watermarking algorithm yields watermarked images with superior
imperceptibility and robustness to common attacks, such as JPEG compression, rotation, Gaussian
noise, cropping, and median filter.

III.

PROPOSED APPROACH

This proposed scheme adds the watermarks into the most frequent integer part of wavelet coefficients,
initially original gray image [Y]m x n is undergone the single level wavelet decomposition as shown in
equation 4. Where Yll, Ylh,Yhl, Yhh are the sub bands of the Y. Consider only the low level (LL) sub band
wavelet coefficients, because embedding in lower sub band yields more resistant to compression and
filtering attacks.

In LL sub band remove the decimal part of the most frequent integral part. The size of the watermark
image (W) is modified according to the count of most frequent value. Scaling function (α) provides the
embedding strength and finally scaled watermark information is directly added to the mode values of the
lower sub band matrix. Inverse DWT is applied and obtain a watermarked image. During the extraction
apply the single level decomposition to the watermarked image, identified the most frequent integer part
in the lower sub band and read only the decimal parts. Extracted watermark image is obtained by
dividing the decimal parts of most frequent value by the scaling factor(α).

In the example matrices 6 is occurring 12 times in the most frequently in the low level coefficients.
Now remove the decimal parts of most frequent coefficients. Scaled Watermark matrix is directly added
to the decimal part of most frequent coefficients. Below algorithm gives the procedure of watermark
embedding.

Algorithm: Watermark in most frequent wavelet coefficients

Begin:
for i=1 to Rows do
for j= 1 to Columns do
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Read only integer part
If integer number and mode number are equal,
Remove decimal numbers
Watermarked =Integer Value+α*Watermark(count)
Count=Count+1;
else
Do nothing
endif
end
end
end


DWT
[Y ]mxn 
→

Yll Ylh 

Yhl Yhh  mxn

 5.1243

 3.1267
 6.0000
Yll' = 
 6.0000

 3.7321
 7.7438


0.9864 1.2034 6.0000 2.3122 6.0000

6.0000 8.1981 2.9087 6.0000 3.1244
1.2345 2.0345 3.1234 6.0000 5.1234

2.1093 6.0000 6.0000 0.0002 3.0031

6.0000 1.2341 3.9123 6.0000 1.0023
5.8493 6.0000 4.7439 0.0974 5.0938

1 2 3 4 


W = 5 6 7 8 
 9 10 11 12 
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 5.1243

 3.1267
 6.0005
E = .
 6.0007

 3.7321
 7.7438


E
Y
 hl

IV.

0.9864 1.2034 6.0001 2.3122 6.0002

6.0003 8.1981 2.9087 6.0004 3.1244
1.2345 2.0345 3.1234 6.0006 5.1234

2.1093 6.0008 6.0009 0.0002 3.0031

6.0010 1.2341 3.9123 6.0011 1.0023
5.8493 6.0012 4.7439 0.0974 5.0938

(7)

Ylh 
IDWT
→[Y ' ]mxn

Yhh  mxn

(8)

RESULTS AND DISCUSSION

The performance of the proposed watermarking scheme is implemented using MATLAB. For
concealing the watermarked image, we used a standard image like the cameraman image of size
512x512 and the watermark information like finger print image of size 120x60. Figure 3 displays the
original cover image, watermark image, watermarked cover image and extraction of the watermark
image. In a cover image the most repeated integer part of the lower sub band is 28 and the number of
time occurs is 1387.

The performance of various schemes of watermarking can be evaluated on the bases of some of the
visual quality matrices [27-29] given in equations 9 and 10. Peak Signal to Noise Ratio (PSNR) and the
Mean Square Error (MSE) are present the idea about the visual degradations of the watermarked cover
medium, the strength of both watermark and the robustness of the algorithm.

MSE =

1
MN

M −1 N −1

∑ ∑ [ X (i , j ) − Y (i , j )]

2

PSNR = 10 log 10 [ 255 2 / MSE ]
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An error value between the original video frame X(i, j) and the extracted video frame

Y(i, j) is called

Mean Square Error, where M and N are the size of the image.

a

b

c

d

Figure 3. (a) Original Image; (b) Watermark Image; (c) Watermarked Image; (d) Extracted Watermark.

PSNR used to measure the quality of the original and the watermarked image. PSNR and MSE of our
proposed approach are 84.6773dB and 0.0004 respectively. The time taken to embedding the watermark
information in the most frequent wavelet coefficients is only 1.3028 seconds. In order to examine the
robustness of our experiment, we introduce noise attacks with noise density 0.02 and also, the median
filtering attack is introduced to measure the robustness. The results yield that our method gives the
reasonable PSNR against various attacks. Overall performance of watermarked and extracted watermark
image is indicated in Table 1.

Table 1. Performance of PSNR values of our proposed approach.

872

INTERNATIONAL JOURNAL ON SMART SENSING AND INTELLIGENT SYSTEMS VOL.10, NO.4, DECEMBER 2017

Attacks

Watermarked

Extracted

Image

Watermark

PSNR(dB)

PSNR(dB)

No attacks

84.6773

30.5779

Salt & Pepper noise

47.3543

28.6037

Poisson noise

32.0258

28.5297

Speckle noise

30.6523

28.5838

Gaussian noise

29.4768

28.5425

Median filtering

35.9631

28.8368

V.

CONCLUSION

In this paper, a wavelet based blind digital image watermarking algorithm using most frequent wavelet
coefficients is proposed. The experimental results show that this approach is robust against noise and
filtering attacks. Here, concealed the copyright information only in the most repeated wavelet
coefficients, hence we achieved the degree quality is high. PSNR and Correlation coefficient of our
method are 84.6773dB and 0.9996. This proposed approach is simple, efficient and with less
complexity. In future the enhancement of this algorithm will be extended to video.
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