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Abstract— The rapidly use of digital data in the present era over the internet requires the effective watermarking 
techniques. Watermarking is a technique which provides security to digital data i.e. image, audio, and video. In general, the 
host image is embedded with watermark image where watermark image is in binary or gray scale. In this paper, 3-level 
Discrete Wavelet Transform (DWT) based digital image watermarking is proposed. In this technique, a multi-bit watermark 
is inserted into the low-frequency component of a cover image by using variable visibility factor. In this paper, 3-level 
DWT-based image watermarking is compared with the 2-level DWT- based image watermarking methods after applying 
attacks on both the levels. The simulated results indicate that the watermarks generated with the proposed method are 
invisible and robust. Normalized cross-correlation and peak signal to noise ratio are the different fidelity parameters used for 
evaluating performance, Parameters are compared for various noises like Gaussian noise, Salt and Pepper noise etc. 
 
Index Terms— Image watermarking, 3-level DWT, wavelet Transform, PSNR, NCC. 
 
1. INTRODUCTION 
 
In this digital world, the multimedia data is 
distributed over internet and users enjoy the 
advantages that the network provided. Presently the 
challenge is to protect the owner’s data that allows to 
full usage of the internet resources. Cryptography and 
stenography are the data hiding techniques but these 
are not so effective because there is the possibility of 
data is lost [1]. 
Data hiding is a very important topic of research in 
the field of communication over the internet. Today 
every person depends on the computer for 
communication, banking and for many other various 
areas.  So security is a very important to protect the 
multimedia data and it is very big question for 
researchers to secure the owner’s data. Digital 
watermarking is the best solution to preserve the 
owner’s data and more secure with fast access to 
resources over the internet [2-3]. Digital 
watermarking is the process of hiding digital data into 
digital multimedia content without degradation, such 
that this watermark can resist any external operation 
or noise attacks. Digital Image Watermarking is 
basically a phenomenon by which we can easily 
encrypt and decrypt a data in digital format so that it 
can be used by authorized users and unauthorized 
users will not be able to decrypt the data. The 
watermark can be visible or invisible; invisible 
watermarks are the most commonly employed [4]. 
Copyright protection, data payload, stability, security 
and imperceptibility are the basic characteristics of 
any watermarking schemes can be used by authorized 
users and unauthorized users will not be able to 
decrypt the data. The strength of the watermark 
against duplication is that it is stable to linear and 
nonlinear filtering, lossy compression, cropping and 
scaling. Invisibility is the measure of perceptual 
resemblance between the host and watermarked 
signals. The watermark can be made imperceptible 

under untailored observation by embedding the 
watermark in a discreet, self-effacing manner. The 
capability of the watermark to oppose antagonistic 
attacks is known as Security. Attacks are not 
restricted to elimination of the watermark content, but 
they also comprise watermark falsification or 
estimation, collusion, and uncertainty attacks. 

 
Fig.1 General Processes involved in a watermarking system 

 
Existing digital image watermarking techniques in 
which the watermark is embedded can be classified 
into two main groups: spatial domain techniques and 
transform domain techniques, these are two domains 
in which image watermarking can be done more 
efficiently [6].  In the spatial domain, the pixel values 
embedded on the watermark directly, whereas in the 
transform domain, after modulating the magnitude of 
the transformed coefficients and these coefficients 
embedded with data. Transform domain approaches 
are preferred because they allow more information to 
be embedded and provide greater robustness against 
attacks [5] .There are mainly 4 types of transforms 
used in the frequency domain: 

 Discrete Wavelet Transform (DWT),  
 Discrete Cosine Transform (DCT),  
 Discrete Fourier Transform (DFT) and  
 Discrete Hartley Transform (DHT) 
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Each of these transforms has its own characteristics 
and represents the image in different ways. 
Watermarks can be embedded within images by 
modifying these values, i.e. the transform domain 
coefficients. Further performance of image 
watermarking using DWT can be improved by 
increasing the levels of DWT.  
 
II. DISCRETE WAVELET TRANSFORMS 
(DWT) 
   
Wavelet Transform is a modern decomposing 
technique frequently used in digital image processing, 
compression, watermarking etc. The transforms are 
based on small waves called wavelet, of varying 
frequency and limited duration. A wavelet series is a 
representation of a square-integrable function by a 
certain orthonormal series generated by a 
wavelet. The basic idea of discrete wavelet 
transform(DWT) in image process is to multi-
differentiated decompose the image into sub-image of 
different spatial domain and independent frequency 
district Furthermore, the properties of wavelet could 
decompose the original signal into wavelet transform 
coefficients which contain the position information. 
The original signal can be completely reconstructed 
by performing Inverse Wavelet Transformation on 
these coefficients. Watermarking in the wavelet 
transform domain is generally a problem of 
embedding watermark in the different subbands of 
the cover image.  
 
              

 
Fig.2 Show DWT decomposition of image at level-3 

There are four subbands created at the end of each 
level of image wavelet transformation: they are Low-
Low pass sub-band (LL), High-Low (horizontal) sub-
band (HL), Low-High (vertical) sub-band (LH) and 
High-High (diagonal) pass sub-band (HH). 
Subsequent level of wavelet transformation is applied 
to the LL sub-band of the previous one. The sub-band 
LL1 for the coarse-scale DWT coefficient while the 
other sub- bands are the fine scale of DWT 
coefficient. Further, 3-level DWT is applied on LL1 
sub-bands. Due to this multi-resolution, the DWT 
technique is very suitable to identify the areas in the 
host image where a watermark can be embedded 
effectively. In general, most of the image energy is 
concentrated at the lower frequency sub-bands LLx 
and therefore embedding watermarks in these sub-
bands may degrade the image significantly but 
increases the robustness. 
The DWT decomposition for image analysis is done 
through first row wise decomposition and then 
column wise. In 3-level DWT, the first level of 
decomposition of image, divide the image into four 
parts. Each of them has a quarter size of the original 
image. They are called approximation coefficients 
(LL), horizontal (LH), vertical (HL) and detail 
coefficient (HH). Approximation coefficients 
obtained  in the first level can be used for the next 
decomposition level. 
 

 
Fig. 3 Represents the 3-level DWT decomposition of data 

 
There are many types of filters that we are used in 
transformation. The most commonly used filters for 
watermarking technique are:-Haar Wavelet Filter, 
Daubechies Orthogonal Filters, Daubechies Bi-
Orthogonal Filters, Symlet wavelets. These filters 
decompose image into low and high frequency 
components. Single level decomposition gives four 
frequency representations of the images. 
 
III. PROPOSED TECHNIQUE 
 
Here, we propose a stable image watermarking 
technique using 3-level Discrete Wavelet Transform 
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(DWT) and applied attacks on it. The proposed 
algorithm is divided into two parts, watermark 
embedding and watermark extraction. 
 
A. Watermark Embedding 
The watermark embedding process is described as 
below and shown in Fig. 3. 
Step 1:- Initialize the cover image and watermark 
image as Ic and Iw.  
Step 2:- Decomposed both the images into LLc1, 
LHc1, HLc1, HHc1 and LLw1, LHw1, HLw1, HHw1 
sub-bands using DWT for cover and watermark 
images, respectively. 
Step 3:- Again decomposed LL band of both the 
images into LLc2, LHc2, HLc2 and HHc2 and LLw2, 
LHw2, HLw2 and HHw2 respectively.  
Step 4:- Again decomposed LL band of both the 
images into LLc3, LHc3, HLc3 and HHc3 and LLw3, 
LHw3, HLw3 and HHw3 respectively.  
Step5:- Compute new matrix WMLL3 using fusion 
of LLc3 and LLw3 matrixes. It is defined by 
         WMLL3=LLc3+k*LLc3a;          (1) 
 
k = visibility factors for the host image and 
watermark image. 
Step 6:- Therefore, watermarked image obtained 
using inverse DWT based on WMLL3 band and 
remaining LHc3, HLc3, HHc3 band. It is defined as:  
Iwd = inverse dwt [WMLL3, LHc3, HLc3, HHc3] 
 

 
Fig.4:- Block Diagram of watermark embedding algorithm 

 
B. Watermark Extraction 
The watermark embedding process is described as 
below and shown in Fig. 3. 
Step 1:- Initialize the watermarked image and cover 
image. 
Step 2:- Decomposed both the images into LLc1, 
LHc1, HLc1, HHc1 and LLwm1, LHwm1, HLwm1, 
HHwm1 sub-bands using DWT for cover and 
watermarked images, respectively. 
Step 3:- Again decomposed LL band of both the 
images into LLc2, LHc2, HLc2 and HHc2 and 
LLwm2, LHwm2, HLwm2 and HHwm2 respectively.  

Step 4:- Again decomposed LL band of both the 
images into LLc3, LHc3, HLc3 and HHc3 and 
LLwm3, LHwm3, HLwm3 and HHwm3 respectively.  
Step5:- Compute new matrix RW using fusion of 
LLc3 and LLwm3 matrixes. It is defined by 
             RW= (WMLL3-LLc3)/k;      (2) 
 
k = visibility factors for the host image and 
watermark image. 
Step 6:- Therefore, extracted watermark image 
obtained using inverse DWT based on RW band and 
reaming LHw, HLw, HHw band. Its define as, 

Iew = inverseswt [RW, LHc3, HLc3, HHc3] 
 

 
Fig.5:- Block diagram of watermark extraction algorithm 

 
IV. EXPERIMENTAL RESULTS  
 
Here, an experimental performance analysis of 
proposed technique has been presented. These 
experiments illustrate the efficiency of proposed 
watermarking technique  
 
4.1 Materials and Methods 
Here, host (cameraman) and watermark image (text) 
with the 512X512 pixels has been taken in this 
experiment. Analysis and compare 3-level DWT and 
2-level DWT with considering fidelity parameters. 
 
4.2. Evaluation Fidelity Parameters 
Generally, visual performance of watermarked 
images is analysis by using two important fidelity 
parameters i.e., peak signal-to-noise ratio (PSNR) and 
Normalized Correlation which are historically 
adopted in image processing in order to evaluate the 
performance of the output results as shown in tables. 
The parameter Peak signal to noise ratio is defined 
by:-  

 

1 1

2
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1 ( ( , ) ( , ))

10 log
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               (3) 
 
Here, L defines the range of pixels of images. As 
MSE is inversely proportional to PSNR, thus the 
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small mean square error tends to high signal to noise 
ratio. The quality measurement for the image is 
directly measured from the pixel values. For better 
image quality the PSNR must be high. The quality of 
the image is measured using normalized cross co-
relation (NCC) and is obtained by using eq. (2)  

1 1

2 2

1 1 1 1

( , ) '( , )

( ( , )) ( '( , ))

N M

i j

N M N M

i j i j

g i j g i j

NCC

g i j g i j

 

   






 
    (4) 

 
Here, PSNR considered for good efficiency is close 
to 35 dB to avoid having a visible watermark but at 
the same time including the watermark with a large 
energy to be resistant to attacks. 
 
4.3. Simulated Experimental Results 

 

 
Figure 6(a): Cameraman, size (512x512). 

 
Sample of watermark image 

 
Text image 

Figure 6(b):  watermark image 
 
Fig. 6(a) shows the original image and Fig. 6(b) 
shows the watermark image for embedding of 
watermark in the original image 
 

Table I show the PSNR value for different levels 
using proposed method (cameraman (as cover 

image) & text (as watermark image)) 

 
 

Table II show the NCC value of recovered 
watermark image by 3-level DWT using proposed 
method (cameraman (as cover image) and text (as 

watermark image)) 

 
In table II, we evaluated that the performance of 3-
level DWT is better than 2-level DWT. Now, analysis 
the performance of  3-level DWT of watermarked 
image by applying attacks(salt & pepper noise, 
rotation, Gaussian noise) on it and calculated the 
Normalized cross correlation  of recovered watermark 
image. 
 

Table III show the NCC value of recovered 
watermark image after applying attacks on 

watermarked image 

 
 
As seen in simulated results, we compared proposed 
3-level DWT to the 2-level DWT technique. For 
above technique, we have used images cameraman as 
the original image and the text image as the 
watermark. Both the images are of equal size of 
512X512. The value of visibility factor k is varied 
from 0.04 to 0.005 and we see that the value of PSNR 
increases but at the same time the value of CC 
decreases as we decrease the value of visibility factor. 
We see that the value of NCC is not changed after 
applied the attacks on 3-level watermarked image and 
best result seen at k=0.025. 
 

                                                            
Watermarked  image & recovered watermark image  at 0.025   3-

Level DWT 
Fig.7 shows the watermarked image and recovered watermark 

image at 0.025 
 
CONCLUSION 
 
In this paper, 3-level DWT based an image 
watermarking techniques has been introduced and 
also implemented. Experiment results show that the 
quality of the watermarked image and the recovered 
watermark are dependent only on the visibility factors 
and also indicate that the 3- level DWT provide better 



International Journal Of Electrical, Electronics And Data Communication, ISSN: 2320-2084  Volume-5, Issue-1, Jan.-2017 
http://iraj.in 

Imperceptible Image Watermarking Technique Using 3-Level Discrete Wavelet Transform (DWT) 
 
9 

performance than 2-level and attacks does not affect 
3-level based image watermarking techniques.  
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