
 
 

INTERNATIONAL JOURNAL OF RESEARCH IN TECHNOLOGY AND MANAGEMENT (IJRTM) 
ISSN 2454-6240   
www.ijrtm.com                                  

Volume 1 Issue 1 
42 

 

 PROPOSED DIGITAL IMAGE WATERMARKING EMBEDDING 

ALGORITHM  FOR IMAGE AUTHENTICATION BASED ON 

DWT AND SVD TECHNIQUES Manisha Arora1 , Dev Baloni
2 

1  
Research Scholar, Sunrise University, Alwar, Rajasthan, India 

2 
Assistant Professor , Women Institute of Technology, Dehradun, India 

1
manisha410arora@gmail.com,

2
devbaloni1982@gmail.com 

                                     

ABSTRACT 
Watermarking is the process of embedding data called a 

watermark(also known as Digital Signature or Tagor Label) into 

a multimedia object such that watermark can be detected or 

extracted later to make an assertion about the object. The object 

may be an audio, image or video. Digital watermarking 

technology emerges and develops to an essential subject, which 

makes international academe focus on Traditional watermarking 

algorithms are mostly based on discrete transform domains, such 

as the discrete cosine transform, discrete Fourier transform 

(DFT) and discrete wavelet transform (DWT).In this paper, we 

also work on SVD and DWT techniques. We also apply 

watermark embedding and watermark extraction process. 

. 

Key Index: Introduction, Image watermarking schemes, Water 

Marking Embedding and Extraction Process, Comparison of 

Discrete Wavelet transformation technique (DWT) and SWT 

Digital watermarking, Applications. 
 

I. INTRODUCTION 

 
Digital Watermarking is defined as the process of hiding a piece 

of digital data in the cover data which is to be protected and 

extracted later for ownership verification [5]. Digital 

watermarking is a technique in which a piece of digital 

information is embedded into an image and extracted later for 

ownership verification. Most of these algorithms are good for 

only one purpose Lately, several robust watermarking schemes 

based on vector quantization (VQ) have been presented, but they 

can only be used for copyright Protection[1].This Dissertation 

describes a watermarking scheme “Enriched Digital Image 

Watermarking Algorithm for Image Authentication Based on 

DWT and SVD Techniques” with some modifications in the 

previously proposed algorithm “Digital Image Watermarking 

Using Discrete Wavelet Transform and Singular Value 

Decomposition ”by Chih – Chin Lai, and Cheng-Chih Tsai. 

Finally, the watermark energy is removed from the watermarked 

image using the energy distribution of its Eigen-

images[11].Digital watermarks  have  found  a  varied  number  

of  applications including secure data transmission using images 

as a mode to carry information; latest trends include use of 

digital  watermarks  in  the field of biomedical  image 

processing. Attacks on a digital watermarking system may be 

categorized as removal attacks, geometrical attacks, 

cryptographic attacks and protocol attacks [12].Digital 

watermarking technology is an emerging field in computer 

science, cryptography, signal processing and communications. 

               In order to fulfill multipurpose applications, several 

multipurpose watermarking algorithms based on wavelet 

transform [2] and fast Fourier transform [3] have been 

presented. 

 

Watermarking scheme (algorithm) consists of three parts:  

 

1. The watermark 

2. The encoder (marking insertion algorithm) 

3. The decoder and comparator (verification or 

extraction or detection algorithm) 

 

 Digital watermarking is a potentially good tool in enabling 

content protection, and the decrypt content can be further 

protected using digital watermarks. The watermarking process 

embeds a signal into the image without significantly degrading its 

visual quality. Watermark can be categorized into three major 

groups based on their robustness: robust, fragile, and semi-fragile 

watermarks. Digital image watermarking. 

1. To design and develop new enriched watermarking scheme 

using two level DWT with SVD. 

2. To evaluate the new scheme using application scenario for 

copyright protection.  

A new semi-blind reference watermarking scheme based on 

discrete wavelet transform (DWT) and singular value 

decomposition (SVD) for copyright protection and authenticity. 

For watermark embedding, the original image is transformed into 

wavelet domain and a reference sub-image is formed using 

directive contrast and wavelet coefficients. We embed watermark 

into reference image by modifying the singular values of 

reference image using the singular values of the watermark. In 

this paper, a new singular value decomposition (SVD) and 

discrete wavelet transformation (DWT) based technique is 

proposed for hiding watermark in full frequency band of color 

images (DSFW). The quality of the watermarked image and 

extracted watermark is measured using peak signal to noise ratio 

(PSNR) and normalized correlation (NC) respectively. It is 

observed that the quality of the watermarked image is maintained 

with the value of 36dB[4]. 

 

II. IMAGE WATERMARKING SCHEMES 
 

Image watermarking schemes can be categorized into 

two classes:  
1) spatial domain methods [13]–[16], and  2) transform 

domain methods [17]–[22].  

Spatial domain methods embed the watermark data directly into 

image pixels. These kinds of methods are usually fast and easy to 

implement. In contrast, transform domain methods are generally 

more complicated and slower. However they are usually more 

robust than the spatial domain methods. Furthermore, watermark 
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embedding in the transform domain is more adaptable to the 

human visual system (HVS). In order to possess all 

aforementioned required properties at acceptable levels, some key 

points should be considered in designing a watermarking system. 

robust image watermarking scheme in the ridgelet transform 

domain is proposed in this paper. Due to the use of the ridgelet 

domain, sparse representation of an image which deals with line 

singularities is obtained. In order to achieve more robustness and 

transparency, the watermark data is embedded in selected blocks 

of the host image by modifying the amplitude of the ridgelet 

coefficients which represent the most energetic direction [23]. 

Explore the ways such that attack impacts may be 

minimized for the  digital image watermarking process  The 

objective of watermarking process can be categorized in two 

broad classes: 

2.1 IMPERCEPTIBILITY: It is hard to detect the 

differences between the original cover images and the 

watermarked ones by the human visual system. The 

imperceptibility is perfect if the watermarked images are 

identical to the original cover images. The visual quality of the 

watermarked data is required to be as high as possible meaning 

that the degradation of the data due to the watermarking 

operation is imperceptible. The mostly used visual quality 

metrics in the existing watermarking algorithms are Peak Signal 

to noise ratio (PSNR).Smaller PSNR indicates more differences 

between the original image and the attacked image. Two 

identical images will result in an infinite PSNR. 

2.2 ROBUSTNESS: The watermark still can be extracted even 

the watermarked image suffers from various attacks. 

Watermarks should be robust to filtering, additive noise, 

compression, cropping and other forms of image manipulations. 

The mostly used metrics for robustness of extracted watermark 

in the existing watermarking algorithms is Normalized co-

relation (NC).Ideal normalized co-relation (NC) value would be 

equal to one. 

 

III. WATER MARKING EMBEDDING OR 

ENCODING PROCESS 

 
In this process, a watermark W is embed in Original image I, we 

may or may not use a key to enhance the security of the 

watermarked information depending upon the field for which it is 

being used.  

 

 

 

 

 

 

 

 

 

Figure 1: General watermark embedding block 
When we apply any of the known digital watermarking 

schemes we can obtain a watermarked image I’. Watermark can 

be text, image, audio, or video. The key may be used to enforce 

security, the prevention of unauthorized parties from recovering 

and manipulating the watermark. All practical systems employ 

at least one key, or even a combination of several keys. In 

combination with a secret or a public key the watermarking 

techniques are usually referred to as secret and public 

watermarking techniques, respectively. The output of the 

watermarking scheme is the watermarked data. We investigate a 

robust watermarking method for gray scale images using discrete 

wavelet transform and singular value decomposition. 

To preserve the visual appearance of images, we focus on 

invisible watermark. The experimental are performed using gray 

scale images so as to focus on the fundamental of data 

embedding. 

 

Watermark Embedding Process: 

1. Use First-level DWT to decompose the cover image A 

into four sub-bands (i.e., LL, HL, LH, and HH). Further 

apply next one-level DWT to decompose the LH sub-band 

into four subbands (i.e., LL1, HL1, LH1, and HH1). 

2. Apply SVD to HL1 subband  i.e 

1

T

HL
A USV    

 (3.1) 

3) Modify the singular values of HL1 subband with 

Watermark image, i.e. 

* T

W W W
S W U S V     

 (3.2) 

Where, α denotes the scale factor. To control the strength of 
the inserted watermark scale factor is used [46]. 

5)  Obtain modified DWT coefficients, i.e.   

* T

HL W
A US V    

 (3.3) 

6) Obtain the watermarked image AW by performing two 

level inverse DWT. 

 

Digital  

Watermarking 

Secret/Public Key 

(K) 

Watermarked  

Image 

Watermark (W) 

Original Image 

(I) 
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IV.  WATERMARK EXTRACTION OR 

DECODING PROCESS 

1) Use first level Haar DWT to decompose the 

watermarked image Aw into four subbands: LL, HL, LH, 

and HH. Further obtained LL1, HL1, LH1 and HH1 

subbands by performing 2nd  level DWT on LH subband.  

2) Apply SVD to the LH1 subband, i.e., 

* * **
HL

T

W W
A U S V                

(4.1) 

3) Compute difference 

* T

W W W W
D U S V    

 (4.2) 

4) Extract the watermark, i.e. 

W
D S

W



     

 (4.3) 

In this process, we have a test image I’ and a key K, we may or 

may not have both the watermark W and the original image I or 

either of them, depending upon the type of watermarking 

scheme i.e. Non- blind (Private watermarking), Semi blind 

(Semi private watermarking) and Blind (Public watermarking) 

[3] watermarking. When we apply the known watermark 

detection technique we can extract the watermark. 

 

 

 

 

 

 

 

 
Figure 2: Watermark Extraction Block 

4.1 Private Watermarking: 

 (also called non-blind watermarking) systems require at least the 

original data. Type I systems extract the watermark W from the 

possibly distorted data I’and use the original data as a hint to find 

where the watermark could be in I’. Type II systems also require a 

copy of the embedded watermark for extraction and just yield a 

''yes" or "no" answer to the question: doescontain the watermark 

W? (I’× I × K × W → {0, 1}). It is expected that this kind of 

scheme will be more robust than the others since it conveys very 

little information and requires access to secret material. 

4.2 SEMIPRIVATE WATERMARKING (or semi-

blind watermarking) does not use the original data for detection (I’ 
× K × W→ {0, 1}) but answers the same question. Potential 

applications of private and semiprivate watermarking are for 

evidence in court to prove ownership, copy control in applications 

such as digital versatile disc (DVD) where the disc reader needs to 

know whether it is allowed to play the content or not, and 

fingerprinting where the goal is to identify the original recipient of 

pirated copies. 

4.3 PUBLIC WATERMARKING (also referred to as 

blind or oblivious watermarking) remains the most challenging 

problem since it requires neither the secret original I nor the 

embedded watermark W. Indeed, such systems really extract n bits 

of information (the watermark) from the marked data: I’ × K → W. 

 

V. COMPARISON OF DWT AND SWT 

 

In [9], three level decomposition of DWT is applied on an 

image to get ten bands of frequencies. All ten bands of 

frequency coefficients are SVD transformed to embed 

watermark. A new watermarking scheme for images based on 

Human Visual System (HVS) and Singular Value 

Decomposition (SVD) in the wavelet domain is discussed 

[10].Experimental results show its better performance for 

compression, cropping and scaling attack. Watermarking 

scheme using two levels Discrete Wavelet Transform with 

SVD (Singular Value Decomposition) has been proposed.To 

obtain frequency components of an image, it needs to be 

transformed using any one of the transformation techniques 

such as Discrete Fourier Transformation (DFT), Discrete 

short Fourier transformation (DSFT), Discrete Cosine 

Transformation (DCT) [6][7]. 

 

5.1 Discrete Wavelet Transform 

 
DWT is based on wavelets and analyzes the signal into its 

frequency components at multiple resolutions. Discrete 

wavelet Transform enables representing the signal in the time 

and frequency domain at the same time, in order to cut the 

signal into numerous parts then analyze these parts 

separately. 

In [8], two level decomposition of DWT is applied to 

transform an image into bands of different frequency and a 

particular band is converted into blocks of size 4x4 for 

embedding data. Each of those blocks is SVD transformed 

and watermark is hidden into diagonal matrix of every block. 

The similarity between the original watermark and the 

extracted watermark from the attacked image is measured 

Watermark 

Detection 

Secret/Public Key (K) 

Extracted 

Watermark 
Test Image(I`) 

Watermark (W) / 

Original Image (I) 
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using the correlation factor NC. The algorithm shows that when 

DWT is combined with SVD technique the watermarking 

algorithm outperforms than the conventional 

DWT algorithm with respect to robustness against Gaussian noise, 

compression and cropping attacks. 

The DWT can be applied once to the image and then again to the 

coefficients which the first DWT produced. It can be visualized as 

an inverted treelike structure.  The original image sits at the top.  

The first level DWT decomposes the image into four parts or 

branches, as previously mentioned.  Each of those four parts can 

then have the DWT applied to them individually; splitting each 

into four distinct parts or branches. This method is commonly 

known as wavelet packet decomposition. The power of Wavelets 

comes from the use of multi resolution. Different parts of the wave 

are viewed through different size windows (or resolutions). 

Discrete wavelet Transform enables representing the signal in the 

time and frequency domain at the same time, in order to cut the 

signal into numerous parts then analyze these parts separately. 

Image itself is considered as two dimensional signals. When 

image is passed through series of low pass and high pass 

filters, DWT decomposes the image into sub bands of 

different resolutions [41]. Decompositions can be done at 

different DWT levels. 

DWT is a hierarchical transform and analyzes the signal 

into different bands and levels. It supports resolution of a 

signal in successive levels as shown in figure 5.1 and figure  

5.2 Where a signal is analyzed in two levels. x[m, n] 

stands for the initial signal and h[n], g[n] stand for a high- 

pass and low-pass filter respectively. 

An image can be decomposed into a pyramidal structure 

with following band information: low-low frequency band 

LL, low-high frequency band LH, high-low frequency band 

HL, high-high frequency band HH. 

 

Figure 3:Two level DWT analysis 

A watermark can be embedded into any of the high frequency bands as the HVS is very sensitive to the low 

frequency components. 

              

  

              

               

               

               

               

          

 
 
 
 
 

Figure 4 Two level decomposition of a 2D image using DWT, second level DWT on LH sub band. 

5.2 Singular Value Decomposition 

Singular Value Decomposition is a matrix factorization technique 

having many applications in image processing. Singular value 

decomposition (SVD) is one of the linear algebraic techniques 

which diagonalize a matrix into three matrices. From the 

perspective of image processing, an image can be viewed as 

nonnegative scalar entries. The SVD of an image A of size M x N 

is defined as A=USV
T
, Where U and V are orthogonal matrices, 

U
T
U=I, V

TV=I, and S=diag (λ1, λ2, λ3 …λr). The diagonal values 

of S are called the singular values of A and each value represents 

the luminance of an A. And r is the rank of A. The columns of U 

and V are called the left and right singular vectors of A and it 

preserves the geometrical properties of the image. 

Singular value decomposition is a mathematical tool used to 

decompose a matrix into two orthogonal matrices and one 

    

 

 LLHL 

    

 

   LL1                    HL1 

HH 

   LH1                   HH1 

HL1 
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diagonal matrix consisting of the singular values of the matrix. 

From the point of image processing an image can be considered 

as a 2D matrix. Therefore, consider an image A to be an m x m 

matrix; the SVD of A can be given by A=USV
T
, where U and V 

are orthogonal matrices,U
T
U=I, V

TV=I and S=diag (λi), is a 
diagonal matrix of singular values λi=1, 2…, m arranged in 
decreasing order. The columns of V are the right singular 

vectors, whereas the columns of U are left singular vectors of the 

image A. In case of SVD based watermarking, SVD of the cover 

image is taken and then singular values of the matrix are 

modified by introducing the watermark. SVD approach has 

found use in watermarking field because of the fact that singular 

values obtained after decomposition of the image matrix are very 

stable and do not change on introduction of small perturbations.  

The order of singular matrix S is same as original matrix A 

.Moreover, singular values represent intrinsic algebraic image 

properties [24]. 

Any image can be considered as a square matrix without loss 

of generality. So SVD technique can be applied to any kind of 

images either same or different dimensions. 

The following are the some of the properties of SVD. 

1) The singular values of an image have very stability, i.e. 

when a small perturbation is added to an image, large 

variation of its singular value does not occur. 

2) Every real matrix and its transpose have the same non-

zero singular values. 

3) Singular values represent intrinsic properties. 

 

VI. TYPES OF DIGITAL WATERMARKS 
 
Watermarks and watermarking techniques can be divided into 

various categories in various ways. Watermarking techniques can 

be divided into four categories according to the type of document 

to be watermarked as follows: [25] 

1 Text Watermarking 

2. Image Watermarking 

3. Audio Watermarking 

4. Video Watermarking 

Source-based watermark are desirable for ownership 

identification or authentication where a unique watermark 

identifying the owner is introduced to all the copies of a 

particular image being distributed. A source-based watermark 

could be used for authentication and to determine whether a 

received image or other electronic data has been tampered with. 

The watermark could also be destination-based where each 

distributed copy gets a unique watermark identifying the 

particular buyer. The destination-based watermark could be used 

to trace the buyer in the case of illegal reselling [26, 27]. 

Based on their embedding domain, watermarking schemes can be 

classified as follows: 

1) Spatial Domain: In spatial domain watermark is embedded 

  

2) by directly modifying the pixel values. Embedding the 

watermark into the spatial-domain component of the 

original image is a straightforward method. It has the 

advantages of low complexity and easy implementation. 

However, the spatial-domain methods are generally fragile 

to image-processing operations or other attacks.  

e.g. - Least Significant bit Watermarking. 

2) Transformed Domain: In transform domain, watermark is 

embedded by manipulating the coefficient values obtain after 

applying the transformation on the images. Although transform 

domain methods can yield more information embedding and 

more robustness against many common attacks this is due to the 

fact that when image is inverse transformed, watermark is 

distributed irregularly over the image, making the attacker 

difficult to read or modify. But the computational cost is higher 

than spatial-domain watermarking methods. 

e.g. - Discrete Cosine Transform, Discrete Wavelet Transform 

etc. 

 

VII. APPLICATIONS OF DIGITAL 

WATERMARKS 

 
Digital watermark technologies have been proposed to be 

implemented in many applications. Here we describe some major 

groups of its applications [28].  

7.1 Copyright Protect 

 
The primary use of watermarking is where an organization 

wishes to assert its ownership of copyright for digital objects. 

This application is of great interest to ‘big m e d i a ’  

organizations, and of some interest to other vendors of digital 

information, such as news and photo agencies. These 

applications require a minimal amount of i n f o r ma t i o n  to b e  

embedded, coupled with a high degree of resistance to signal 

modification (since they may be subjected to deliberate 

attack).For example, now a days, a news channel “AAJ-TAK” is 

showing the animal’s clips (which are already shown on 

“Discovery” Channel) by hiding the Discovery channel’ slogo 

on the video clips. As per the law, The AAJ-TAK should show 

the curtsey-sign and should pay the copy right fee to the 

Discovery channel.   In such cases, there is a strong need of 

watermarking a sonce the digital data is broadcasted, anybody 

else can start selling it without paying the IPR value to its 

owner. 

7..2 Copy P r o t e c t i o n  

 
Watermarking can be used as a strong tool to prevent illegal 

copying. For example, if an audio CD has a watermark 

embedded into it, then any of the system (Hardware like DVD, 

or software) can’t make a copy of it, and even if it copies, the 

watermark data will not get copied to new duplicate audio CD. 

Now the duplicate CD can be easily found because it does not 

have watermark data. Some schemes have attempted to satisfy 

more complex copy protection requirements. An early example 

is the Serial Copy Management System (SCMS), introduced in 

the1980s, which enabled a user to make a single digital audio 

tape of a recording they had purchased but prevented the 

recording of further copies (i.e. second generation) from that 

first copy. The scheme failed ultimately because not all 

manufacturers of consumer equipment were prepared to 

implement the scheme in their products. 
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7.3 Temper Detection 
In this application area, it is necessary to assure that the origin of 

a data object is demonstrated and its integrity is proved. One 

example of temper detection is photographic forensic 

information which may be presented as evidence in the court. 

Given the ease with which digital images can be manipulated, 

there is a need to provide proof that an image has not been 

altered. Such a mechanism could be built into a digital camera 

[29]. A watermarking system which is embedded in digital 

cameras may help to resolve the issue. If somebody tries to 

temper the data, the watermark will get destroyed indicating that 

the data is tempered.  

7.4 Broadcast Monitoring 
There are several types of organizations and individuals 

interested in monitoring the broadcast of their interest. For 

example, advertisers want to ensure that they receive the exact 

air time that they have purchased from broadcasting firms.  

Musicians and actors want to ensure that they receive accurate 

royalty payments for broadcasts of their performances and 

copyright owners want to ensure that their property is not 

illegally rebroadcast by pirate stations. In1997,a scandal broke 

out in Japan regarding television advertising. At least two 

stations had been routinely over booking airtime. Advertisers 

were paying for thousands of commercials that were never aired 

. The practice had remained largely undetected for over twenty 

years because there were no systems in place to monitor the 

actual broadcast of advertisements. This broadcast monitoring 

can be implemented by putting a unique watermark in each 

video or sound clip prior to broadcast. Automated monitoring 

stations can then receive broadcasts and look for these 

watermarks identifying when and where each clip appears. 

7.5 Fingerprinting 
If monitoring and owner identification applications place the 

same watermark in all copies of the same content, it may create 

a problem. If out of n number of legal buyers of content, one 

starts selling the contents illegally, it may be very difficult to 

catch who is redistributing the contents without permission. 

Allowing each copy distributed to be customized for each legal 

recipient can solve this problem. This capability allows a unique 

watermark to be embedded in each individual copy. Now, if the 

owner finds an illegal copy, he can find out who is selling his 

contents by finding the watermark which belongs to only singly 

legal buyer. This particular application area is known as finger 

printing. This is potentially valuable both as a deterrent to illegal 

use and as a technological aid to investigation. 

 

7.6 Annotation Applications 
In this applications area, watermarks convey object-specific 

information (“feature tags”or “captions”) to users of the object. 

For example, patient identification data can be embedded into 

medical images. These applications require relatively large 

quantities of embedded data. While there is no need to protect 

against deliberate tampering. Normal use of the data object may 

involve such transformations as image cropping or scaling and 

will require the use of a technique that is resistant to those types 

of modification. For more details of various watermarking 

applications, one may refer [30]. 

 

VIII. RESULTS & DISCUSSION 

We have developed an innovative automatic digital ac bridge 

balance technique. The technique is found to have a very small 

error. Adoption of this technique enables miniaturization of 

instrumentation with high accuracy, and it is giving the balance 

point over a wide frequency range. In fast breeder nuclear 

reactors, the eddy-current technique is used in many safety-

critical systems. In such cases, the complexity in hardware and 

software reduces the reliability of the system. To reduce the 

probability of failure on demand, we need to optimize the 

complexity of hardware and software. This technique has 

obtained both minimum hardware and software; therefore, we 

see that it can be used to a very wide and versatile application in 

many other fields of measurements. 

 

 
Shows the scale factor, PSNR and NC without any image processing attack 

 

Scale Factor PSNR NC 

0.01 68.6432 1 

0.03 51.5572 1 

0.05 45.8721 1 

0.07 42.4273 1 

0.09 39.9421 1 

 
Normalized Correlation Values of Extracted Watermarks against Different Attacks 
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Scale Factor GN RO JPEG CR 
 

0.01 0.9681 0.9568 0.8968 0.9419 

 

0.03 0.9077 0.9196 0.8959 0.9540 

 

0.05 0.9209 0.9143 0.8913 0.9308 

 

0.07 0.9360 0.9183 0.8905 0.9671 

0.09 0.9474 0.9247 0.8930 0.8991 

 

 

Scale Factor S&P MF HE CA 

0.01 0.9685 0.8355 0.9913 0.9989 

0.03 0.8911 0.8506 0.9646 1.0000 

0.05 0.8954 0.8404 0.9687 1.0000 

0.07 0.9021 0.8230 0.9700 1.0000 

0.09 0.9183 0.8074 0.9704 1.0000 

 

 

 

 

IX. CONCLUSION AND FUTURE WORK 
This research was taken up with an objective of developing 

digital image watermarking algorithms for copyright protection. 

Chapter 4discussesthe development of proposed a hybrid image-

watermarking technique for Gray scale images based on DWT 

and SVD has been presented, where the watermark is embedded 

on the singular values of the cover image’s two level DWT in 

HL1 sub-band, second level DWT performed on LH sub-band. 

It is clear that the level selection has an effect on both the PSNR 

of the watermarked image, and on the extracted watermark. 

When embedding in the first level of DWT, the PSNR has a 

smaller value. Our watermarking technique embeds the 

watermark in the coefficients of the decomposed host image. 

Decomposing the host image may be done in one level or 

more as mentioned previously. The decomposition presented in 

our proposed technique is done by obtaining the horizontal sub-

band from the first level of DWT, and then decomposing it to 

get the second level horizontal sub-band to embed the 

watermark as shown chapter 4. 

Our proposed technique was tested on all sub-bands in the 

first level. We performed one level decomposition, and 

embedded the watermark in a different sub-band each time. The 

sub-bands are: approximation (A), horizontal (H), vertical (V), 

and diagonal (D). Table IX presents the correlation between the 

original and extracted watermarks after embedding Lena’s 

image in all its decomposition sub-bands. The table shows that 

the H sub-band gave the best results of all sub-bands. Although 

the difference in correlation between the H and both V and D is 

minor, the imperceptibility when using the H sub-band was 

better, and contained fewer artifacts.  

The experimental result shows that proposed technique 

fully exploits the respective feature of frequency localization of 

DWT and SVD efficiently represents intrinsic algebraic 

properties of an image. Experimental results of the proposed 

technique have shown both the significant improvement in 

imperceptibility and the robustness under attacks. Maximum 

achievable PSNR value of our proposed algorithm is 68.6432 on 

Lena cover image. 

 

X. FUTURE ASPECTS 

An image quality metric especially for watermarking and data 

hiding purposes is to be developed. PSNR, NC as well as the 

other quality metrics are for general purposes and sometimes do 

not give credible measurements for watermarked images. This 

metric should take account the special features of the Human 

Visual System (HVS) as well as the effects of information 

embedding in an image. A series of images should pass 

objective evaluation and by comparing the objective and the 

quality metric’s results the quality metric could be fine-tuned in 

order to simulate HVS criterions. Further work challenges for 

digital image watermarking techniques are optimization of scale 

factor and technique integrating the human visual system 

characteristics. 
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