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ABSTRACT 
 
 The Digital watermarking is the process of embedding information into digital multimedia content such 
that the information can later be extracted or detected for a variety of purposes including copy prevention and 
authentication proof. Embedding watermark in the wavelet becomes more attractive to most researchers as it 
could provide better performance. Even though there are many technique have been developed in this regards, 
but the problem of robustness and transparency from any attack is still becomes the main research issue in the 
watermarking technique. Thus, the challenge is still wide open.  In this research; we describe a transparency and 
a robust DWT digital image watermarking algorithm. In the proposed algorithm, a multiple watermark images 
are embedded into segmented blue part of the RGB host image using a Discrete Wavelet Transform (DWT). 
Performance in terms of robustness and transparency of the watermarking scheme is obtained by embedding the 
maximum strength watermark while maintaining the perceptually lossless quality of the watermarked color 
image. Simulation results show that the proposed method  is transparent and robust under common attacks  such 
as JPEG compression, high pass filtering,  median filtering, cropping, Gaussian, spackle noise, salt and  peppers, 
and motion effects.  
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Introduction 
 
 Multimedia services have recently witnessed a 
remarkable growth. This growth has found a need for 
techniques that can be used to support some security 
issues such as copyright protection, copy protection, 
fingerprinting and authentication. The fast evolution 
in the internet has bred new generation of security 
concerns. One of the most concerns to be taken into 
the consideration is impeding the unauthorized 
copying of digital production from distribution. To 
solve the problems associated with intellectual 
protection, the principles of digital watermarking 
have been created.       
 The purpose behind digital watermarking is to 
embed the information and data in the host digital 
media (image, video and audio) with the purpose of 
copyright protection, access control, broadcast 
monitoring etc. Embedding the information in 
images is made possible through making slight 
changes unrecognized by naked eye[1]. The changes 
imposed in the images are controlled by computer 
program to be recoverable. 

 According to [2] there are three significant 
difference aspects between digital watermarking and 
other technology: 
 Unlike encryption, watermark is imperceptible 
so that the image will not be detracting from the 
aesthetic sense. 
 The watermarks and the works they embedded 
in are inseparable. Even if the works  were displayed 
or converted into other file formats  
 The watermarks will have exactly the same 
transformation experience as the works that means 
you can get the information of transformation by 
looking at the watermarks. 
 Watermark must have two most significant 
properties; the first is that the robustness of 
watermark, the intruder modifying on the 
watermarked image which might cause a distortion 
for doesn’t prevent detecting the watermark because 
the watermark detector still can detect it. However, 
in the case where there is high distortion attempts on 
the image..That is enough to achieve the 
modification, result in making the image 
valueless.The second property is transparency of 
watermark, means a precise quality of the 
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watermarked data. The watermark should be 
unrecognizable in all types [3]. 
 This paper presents wavelet-based segmented 
digital image watermarking schemes. Section 2 The 
organization of this paper is as follows. Section 2 
presents the proposed methodology and describes the 
watermark embedding. Section 3 describes the 
Watermarking Detection and Extraction. 
Experimental results and discussions are given in 
Section 4 and conclusions are drawn in Section 5. 
 
Proposed Methodology: 
 
 In this section, it has been explained the 
proposed method for embedding the watermark. 

Starts with reading the RGB image and decomposing 
it to three images, and develop the DWT in 
segmented images to embed and extract the 
watermark image.  
 
Decompose And Segmentation Image: 
 
 In the proposed method the color image (host 
image) is decomposed into three components R, G 
and B. watermark logo image will be embedded in 
the B. The blue channel is chosen to embed the 
watermark because it is less sensitive to human eyes 
[4, 5]. Before the embedding process, blue channel 
segmented to four segments each one of segment is 
transform into DWT domain Figure 2.1.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.1: Segmenting The Blue Image 
 
Arnold Scrambling: 
 
 In this work, it was necessary to ensure 
embedding the watermark versus, re-sampling, 
clipping and to get the robustness enhanced. 
However this is made possible by scrambling the 
watermark from the beginning that means before 
embed the watermark in the host image. Scrambling 
of image is an important issue to have the spatial 
correspondence reduced between the used image and 
the embedded watermark [6]. The watermark being 
handled with scrambling algorithm is unrecoverable 
by any attacker just in case he has the scrambling 
algorithm. This is the way in which the security and 
secrecy of the watermark is getting stronger.  
 In this paper, Arnold transform was selected for 
the watermark image regarding to its simplicity and 
periodicity. , discrete Arnold mapping can be done as 
per the equation [7]: 
 
[x y] = [x+y x+2y] mod t (1) 

 
Where, ‘t’ is the width (height) of the watermark. 
The transformation of each pixel is made by the 
above mentioned formula. The scrambled image 
could be obtained after all the pixels have been 
traversed. Through repeating the transformation an 
image would be able to create various results until 
getting the required one.  
 
The Embedding Algorithm: 
 
 The embedding process is illustrated in figure 
2.2, enter each segment separately in 1-level 2-DWT 
to get four sub-block (LL1, LH1, HL1 and HH1) for 
each block. Generally, the energy of the image exists 
at lower frequency sub-bands LL and for this reason 
the image quality is degraded due to the watermarks 
embedding in these sub-bands. The detectability of 
the embedded watermark with naked eye could be 
eliminated through using the high frequency sub-
bands HH which comprises textures and edges of the 
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image that is not generally sensitive to changes in 
HH. In the current work, algorithm used middle 
frequency LH and HL for embedding the watermark 
due to its offering acceptable performance of 
imperceptibility and resulted robustness is 
satisfactory [7]. 
 
The Wavelet Decomposition: 
 
 The main aim of use the wavelet transform in 
the partitioning of the image into four non-

overlapping sub-block in which each sub-block has 
certain information. Figure 2.2 shows a 1-Level 
DWT on an image. The wavelet bases function used 
in this decomposition is the Haar wavelet transform; 
the reason of using Haar wavelet it’s the perfect 
reconstructed of images. Experimentally the Haar 
wavelet allowing getting reconstructed images as 
exact as original embedded images, this is the big 
advantage of using Haar wavelet.  

 
 
 

 
 

 
 
 
Fig. 2.21-Level wavelet decomposition on image 
 
Embedding Images In The Wavelet: 
 
 The embed of watermark in the first 2-DWT 
level is more effective [8].The process of embedding 
can be achieved by enter the UTM watermark logo 
that has size 256*256 in (LH1, HL1) for each block 
by using the equation (3.1) to produce  

 
    (2)  

 Where  Is the watermarked image,  is the 

original image, Yi are the watermarks and  is the 

scaling factor. According to [9] when increase the 
value of   increases the robustness of the 

watermark, but decreases the quality of the 
watermarked image. The detection of the value of α 
must be reasonable (relational) range for successful 

watermark detection.  Experimentally if the α =0.1, 
the image quality remains in the acceptable range 
with good robustness.   
  Now four copies have of watermarks, one copy 
for each sub-block of the host image. 
After the embedding process is completed, the new 
coefficients is reconstructed the wavelet coefficient 
by using IDWT.  In another words the same wavelet 
filters that are used in the wavelet decomposition 
must be used in the inverse wavelet and the same 
thing is applied to the number of the decomposition 
level. These process results are the watermarked 
image. 
 At this stage, the watermarked image is 
obtained for greyscale image but for RGB image, 
watermarked blue image is obtained which is then 
combined to other two images to obtain the 
watermarked image. 

 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
Fig. 2.3 Embedding process 
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Watermarking Detection and Extraction: 
 
 The objective of the extraction process is to 
acquire a credible estimate of the original watermark. 
To extract the watermark from the watermarked 
image, perhaps distorted image, the extraction 
process must be an inverted procedure of the 
embedding process. In order to extract the 
watermark, the original image is required. Hence, the 
proposed scheme is a non-blind.  
 The same scrambling process that used in the 
embedding process is also used extraction process. 
That means the scrambled watermarks are 
descrambled to get the watermarks by the same 
scrambling steps in the initial scrambling operation.  
 The extracted watermark is comparable with 
original watermark and the comparability is able 
between original image (host image) and 
watermarked image as long as visually recognizable 
pattern as watermark has been used.   
 Beside visual judgment for the watermark 
fidelity, objective measure of similarity between the 
original watermark and the extracted watermark has 
been defined. 

 
Experimental Results And Discussions: 
  
 This algorithm is examined using colour 
images, Lena image and flower image as a host 
image of size 1204x 1204. UTM logo of size 256 x 
256 is used as watermark.  From the entire results, 
the best image extracted was selected after an attack 
process. Two evaluation techniques are used in our 
experiments, transparency and robustness. The two 
Technique are described below: 

Transparency: 
 
 The transparency evaluation is carried out by 
calculating the peak signal to noise ratio (PSNR) 
between the host image and the watermarked colour 
image that is given in decibels (db). The ratio is 
generally utilized for measuring the quality between 
the watermarked image and the host image. 
Increasing the PSNR values is associated with 
improving the quality of the reconstructed image. 
The PSNR formula as follows:  
 
                                                                                        
             (3) 
 
And  
                
      (4) 
 
Where  
M x N   the images size for the watermarked and 
original images  
W(x,y)  original pixel value  
W’(x,y)  watermarked image pixel value  
(MSE) Mean Squared Error which for two (W, W’) 
where one of the images is consideredas a noisy 
approximation of the other.  
 According to [10] PSNR  typical values  
between 20dB and 40dB it is good, on other hand  
the watermarked image  if has PSNR value more 
than 30, it is hard to recognize  any different with the 
original host image by the human eyes system. The 
two images are shown in fig. 3.1and 3.2, 
respectively. 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

Fig. 4.1 a. Host Lena Image b. Watermarked Lena image PSNR (38.92) db 
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Fig. 4.2 a. Host flower Image b. Watermarked flower image PSNR 39.77db 
 
Robustness: 
 
 Robustness is a test carried out to the 
watermarked image which is been under 
intentionally or unintentionally attack of watermark. 
The result of the robustness by using Correlation 
coefficient was used to evaluate the differences 
between the Original watermark image and the 
extracted watermark image that have been passed 
under different attacks. In this experimental works 
filtering, adding noise, geometric attack and removal 
attack, contrast enhance, and motion effects have 
been used. The correlation coefficient Corr given 
below in Eq. 5. 
 
 
 
Corr                                                            (5) 
 
 
 

 
 Where  N is the number of pixels in watermark, 
w and wˆ are the original and extracted watermarks 
respectively.  
 The correlation coefficient values are ranged 
between 0 to 1 to verify the required robustness. [11] 
A value of 0.5 was proposed as a minimum 
acceptable number for the correlation coefficient, the 
higher the value of the minimum acceptable number 
the better. 
 
Filtering Attacks: 
 
 Image filtering is a process employed for 
enhancing (or otherwise modify, warp, and mutilate) 
image. In the watermark technique the filtering 
process is used as an attack to discover the embedded 
watermark. In this experiment we used Median filter, 
High pass filter and Sharpen filter to the 
watermarked image the performance results as 
shown in Table.1 

 
 

 
 

Fig. 4.3: Watermarked Lena image with 5x5 median filter with four recovered watermarks after 5x5 median 
       filter attack 
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Fig. 4.4: Watermarked Lena image with four recovered watermarks image after HPF 
 

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

   
Fig. 4.5: Watermarked Lena image with four recovered watermarks after sharpen filter 
   
Table1: Correlation coefficient of extracted watermark computed from different type of filters attack 
Type of 
Filters 
attack 

Correlation coefficient 
(Lena) 

Correlation coefficient 
(Flower) 

Watrmark1 Watrmark2 Watrmark3 Watrmark4 Watrmark1 Watrmark2 Watrmark3 Watrmark4 
Median 
filter 5*5 

0.84 0.83 0.73 0.64 0.84 0.81 0.57 0.58 

HPF 1 0.99 1 1 0.98 0.98 0.97 0.96 
Sharpen 
filter 

1 1 1 1 1 1 1 1 

 
Adding Noise: 
 

For adding the Gaussian noise, Salt & Pepper 
noise and Speckle noise to the watermarked image, 
the added noise is a watermark degrading attack, 
where are add noise can be used as an attacks to 
remove the watermark. From the performance results 

are obtained under noise attacks as shown in the 
Table.2. The extracted watermark with this three 
noise types is showing a higher similarity with the 
original watermark image. 
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Fig. 4.6: Watermarked Lena image with four recovered watermarks images after added Gaussian noise  

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Fig. 4.7: Watermarked Lena image with four recovered watermarks images after added salt &peppers noise  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Fig. 4.8: Watermarked Lena image and four recovered watermark image after added spackle noise  
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Table 2: Correlation coefficient of extracted watermark computed from different type of added noise attack 
Type of 
adding 
noise 
attack 

Correlation coefficient 
(Lena) 

Correlation coefficient 
(Flower) 

Watrmark1 Watrmark2 Watrmark3 Watrmark4 Watrmark1 Watrmark2 Watrmark3 Watrmark4 

Gaussian 
Noise 

0.79 0.78 0.79 0.79 0.75 0.75 0.74 0.74 

Salt and 
peppers 
Noise 

0.99 0.99 1 1 0.97 0.97 0.96 0.96 

Spackle 
Noise 

0.93 0.90 0.91 0.91 0.95 0.95 0.95 0.95 

 
Geometric Attack: 
 

Most of the attacks action starts with applying 
the geometric transformation for e.g. rotation, 
cropping, and JPEG compression then save the 

images with geometric transformation. It makes 
sense to test robustness of watermarking system to 
geometric transformation. From the results are 
obtained under the geometric attacks as shown in the 
Table.3  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.9: Watermarked Lena image with four recovered watermarks images after rotate by 0.5   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.10: Watermarked Lena image with four recovered watermarks images after cropping attacks 
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Table 3: Correlation coefficient of extracted watermark computedfrom different type of Geometric attack. 
 

Type of adding 
Geometric attack 

Correlation coefficient 
(Lena) 

Correlation coefficient 
(Flower) 

 Watrmar
k1 

Watrmark2 Watrmark3 Watrmark4 Watrmark1 Watrmark2 Watrmark3 Watrmark4 

Rotation 0.59 0.57 0.58 0.63 0.58 0.55 0.57 0.60 
Cropping 1 0.62 0.40 0.40 0.98 0.60 0.39 0.39 

 
Removal Attack: 
  
  In removal attacks, the estimation and analysis 
is the base of attacking the watermark. The removal 
acts to separate the watermark out of the image. On 

other hand the attacker still try to find the watermark 
by different method such as remove the row, column 
or both, in this paper used remove 52row/52colom 
like [12]. Correlation coefficient value of extracted 
watermark shown in table .4.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.12: Watermarked Lena image with four recovered watermark image after remove 52H, V 
 
Contrast Enhancement And Brightness Adjust: 
 
 There are two types of attacks act on removing 
the watermark; contrast and brightness attacks [12]. 
Contrast enhancement is a considered from the types 
of computerized process which used effectively for 
image enhancement. Histogram Equalization to 

modify the contrast in the image. Brightness adjust 
affects the luminance (proportional to intensity) that 
is reproduced for a full white input signal. The 
extracted results of the watermark after applying 
contrast and brightness attacks were found to have 
high robustness as it is shown in the Table 4. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.13: Watermarked Lena image with four recovered watermark image after Contrast enhance 
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Fig. 4.13: Watermarked Lena image with four recovered watermark image after Brightness adjust 
 

Motion Effect: 
 

The blurring or degradation of an image can be 
caused by many factors such as, movement during 
the image capture process, by the camera or, when 
long exposure times are used, and Scattered light 
distortion in confocal microscopy. In the paper used 

the motion attack with linear motion of a camera by 
10 pixels with an angle of 25 degrees. The results 
shown that the proposed technique with motion 
effect is a high robustness table .4. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.15: Watermarked Lena image with four recovered watermark images after apply motion effect. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.11: Watermarked Lena image with four recovered watermarks images after JPEG compression attacks. 
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Table 4: Correlation coefficient of extracted watermark computed after remove raw 52/column, contrast enhancement, motion effects and 
             JPEG compression.  

Type of 
different  attack 

Correlation coefficient 
(Lena) 

Correlation coefficient 
(Flower) 

 Watrmark1 Watrmark2 Watrmark3 Watrmark4 Watrmark1 Watrmark2 Watrmark3 Watrmark4 
Remove raw 
52/colom52 

1 0.98 0.88 0.88 0.98 0.96 0.85 0.85 

Contrast 
enhancement 

1 0.99 1 1 1 1 1 1 

Brightness adjust 0.92 0.84 0.98 0.0.92 1 1 1 1 

Motion effect 0.92 0.61 0.93 0.60 0.91 0.56 0.88 0.60 

JPEG 
Compression 

0.59 0.78 0.65 0.76 0.59 0.76 0.67 0.73 

 

Conclusions: 
 
 In this paper, Multiple digital images 
watermarking in segmented image frequency domain 
non blind algorithm for colour digital image 
watermarking is presented, This algorithm uses the 
blue channel for watermarking embedding. The 
transparency required by a watermarking scheme has 
been achieved by embedding high-strength 
watermarks while maintaining the perceptually 
lossless quality of the watermarked colour image for 
human eyes. Also the robustness has been achieved 
for strength the UTM logo is immune to variety of 
attacks, including filtering, adding noise, geometrical 
attack, removal, contrast balancing and motion 
effect. 
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