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Abstract: Based on high energy FRIT coefficients, a robust digital image Watermark embedding and detecting 

algorithm using ridgelet transform is proposed in this paper. FRIT is discrete form of ridgelet transform. By 

using the ridgelet domain, sparse representation of the image which deals with line singularities is obtained. 

Hence it contains more directional information as compared to wavelets.  Performance of the algorithm is 

measured in terms of Similarity Measurement (SIMM) and Peak Signal to Noise Ratio (PSNR).Experimental 

result shows the watermark is robust to noise, jpeg compression and cropping. By comparing with the state of 

art techniques, the result shows the proposed algorithm is more superior to the existing techniques. 
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I. INTRODUCTION 
Information in digital format can easily be copied without loss of quality and efficiently distributed. 

Because of easy reproduction, retransmission and even manipulation, it allows a pirate (a person or organization) 

to violate the copyright of real owner. With the widespread distribution of digital information over the internet, 

the protection of intellectual property rights has become increasingly important. Digital image watermarking is 

the embedding, or hiding, of information within the image without degrading the perceptual quality and cannot 

be removed. The ideal properties of image watermark include robustness and imperceptibility. Robustness 

defines the ability to detect the watermark after various alterations in embedded image 

The watermarking techniques can be classified as spatial domain [1-2] and frequency domain [3-5]. 

Watermarking algorithms in spatial domain shows good imperceptibility but at the same time they show lack of 

robustness on general image processing alterations like compression, filtering etc. The basic idea in transform 

domain methods is to transform the image by using Fourier Transform, Discrete Cosine transform (DCT) [6], 

Discrete Wavelet Transform (DWT) [7] and then altering the transformed image coefficients to embed the 

watermark.  

In recent years, The wavelet domain is highly concerned for many applications such as demonising [8], 

compression [9], image enhancement [10] and digital watermark [11] because of its good performance for one-

dimensional piecewise smooth functions. Hence its good for catching point singularities (zeroth-order). But its 

performance is degraded when it is considered for two dimensions or higher dimensions. However, images (2-D 

function) will have point singularity and line singularity (first order). When 2-D wavelet transform is applied to 

an image, it is applied in both directions separately therefore, losing the directional information of the image. 

To overcome this disadvantage of wavelets with images ridgelets are proposed by E.J. Candes and D.L. 

Donoho[12], the idea is to first radon transform is used to map the line singularity into point singularity and  

then  point singularities will be handle by 1-D wavelet transform. 

In this paper, it is proposed to implement ridgelet transform based robust image watermarking scheme. 

Finite Ridgelet Transform (FRIT) [13] is applied to an image to obtain ridgelet coefficients and the watermark is 

embedded in specific energy directions with the transformed coefficients. The embedded image is obtained by 

taking Inverse FRIT. The watermark should be robust against various image processing attacks as well as 

imperceptible. In the extraction process, the embedded image is first transformed into ridgelet coefficients then 

subtracted from the host image to extract the watermark. PSNR and Similarity Measure [14] are calculated to 

evaluate the performance of the proposed scheme. Simulation results are compared with wavelet transformed 

scheme and ridgelet transform and is evaluated against attacks like, Gaussian noise addition, median filtering, 

salt & pepper noise addition, rotation, cropping and JPEG compression. This paper is outlined as follows: In 

section II, need of the study is mentioned. Section III discussed the concept of ridgelets in continuous domain 

and in finite discrete domain is reviewed. Section IV presents the implementation of the proposed work and 

section V discusses the simulation results. Conclusions are drawn in section VI. 

Need of the study 

Research activities in digital image watermarking have become more specialized. Robust watermarks 

are well suited for copyright protection because they stay intact with the image after various manipulations. 

Therefore, it is important to identify the focus of study.The ease of digital media modification and dissemination 

necessitates content protection beyond encryption. Information hidden as digital watermarks in multimedia 

enables protection mechanism in decrypted contents. The study is focussed on: 
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i) investigating the strength and limitations of current watermarking schemes 

ii) design and develop new schemes to overcome the limitations 

iii) evaluate the new schemes using application scenarios of copyright protection, tamper detection and 

authentication 

Here in this paper, we focussed on geometrically robust watermarking and semi-fragile watermarking 

for digital images. 

 

II. RIDGELET TRANSFORM 
Continuous Ridgelet Transform 

This section reviews the ridgelet transform and shows its relations with other transforms in the 

continuous domain. The (continuous) ridgelet transform in R
2
 can be defined as follows. Pick a smooth 

univariate function with sufficient decay and vanishing mean,   for each  and 

and each , define the bivariate function by 

... (2) 

Where the ridgelets  in 2-D are defined by a wavelet type function in 1-D as 

             ....  (1) 

The equation implies that the ridgelet is oriented at an angle θ and is constant along the lines   

 , Where C is constant. 

For comparison, the separable Continuous Wavelet Transform (CWT) in R
2
 of  can be written as 

   ... (3) 

Where the wavelets in 2-D are tensor products. 

            ... (4) 

of 1-D wavelets  

As can be seen from equations (2) and (3), if the point parameters in CWT the point parameters 

 are replaced by the line parameter . 

In 2-D, points and lines related via the Radon transform, thus the wavelet and ridgelet transforms are 

linked via the Radon transform. More precisely, the Radon transform is denoted as 

    ... (5) 

then the ridgelet transform is the application of a 1-D wavelet transform to the slices of the Radon transform 

            ... (6)    

Figure 1 shows the relationships between the transforms of Radon domain to Fourier domain and Radon domain 

to Ridgelet domain. 

 
Figure1: Relations between transforms 

Finite Ridgelet Transform 

Finite Ridgelet Transform (FRIT) is a discrete type of ridgelet transform; the FRAT is defined as 

summations of image pixels over a specific set of lines. Those lines are defined in a finite geometry in a similar 

way as the lines for continuous radon transform in the Euclidean geometry. 

 

 
Figure2: FRIT Ofan  Image 
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The FRAT of a real function  defined on a finite grid , where = , where  is a 

prime number, is given by 

... (6) 

 is described as the set of points that form a line on the lattice , in particular 

 

 }                         ……….(7) 

 
While  the line direction (where   denotes the vertical line) and is intercept.  is 

invertible, thus provides a representation for a generic image. The invertible finite radon transform is 

obtained by applying 1-D wavelet transform on each sequence ,  for each direction, 

being . 

 

III. IMPLEMENTATION OF PROPOSED ALGORITHM 
In order to perform the embedding of the mark, ridgelet transform is implemented for a gray scale Lena 

image of size 256x256. An image of size 16x16 is taken as watermark and it is embedded in the ridgelet 

coefficients of the image along with the key. 

The watermark first is scanned to a 1-D sequence. It can be presented in binary form 

as .The pseudo random (PN) sequence elements are random numbers assuming −1 or 1 according 

to a uniform, zero mean probability density function, and equal in length of watermark bits stream. The input 

authentication key is used as seed for PN sequence generator. The watermark bits stream is multiplied with the 

PN sequence.   

The matrix  is FRIT coefficients of the image which depends on both filter order and decomposition 

level of the 1-D wavelet.  

…(8) 

In matrix , each column represents one direction in ridgelets. In order to embed the watermark in the 

image, directions are chosen on the basis of energy distribution. Hence variance is considered of each column 

and is compared with a threshold value, which can be formulated as 

 ………(9) 

Where is threshold variance 

The selected columns are then embedded with the watermark using proposed embedding equation 

                            ……….(10) 

 is watermark bit stream. Fig. 3 and Fig. 4 illustrate the embedding and extraction process. 

 

 
Figure3: Watermark Embedding 

 

 
Figure4: Watermark Extraction 

 is the embedding factor, that is selected by compromising between similarity of original and extracted 

watermark and also for PSNR of the watermarked images. As embedding factor value increases, the visibility of 
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the embedded watermark image increases and PSNR decreases. Watermarked image is obtained by applying the 

inverse . 

In the extraction process, the inverse transform of embedded image and host image is calculated and 

subtracted, and then variance is considered, here each resultant column contains the scrambled watermark. So, 

descrambling is done by providing the authentication key. Average value of all the extracted copies of the 

watermark bit streams is taken into account to reconstruct the watermark by thresholding it again. 

The degree of similarity of the extracted watermark with the original watermark is calculated using a 

performance measure called Similarity Measure given by 

                         …(11) 

Where,  isthe original watermark and  is the extracted watermark. 

 

IV. SIMULATION RESULTS 
In order to prove that the proposed watermark scheme is robust against common image processing, the 

standard Lena image is tested of size 257x257, where a binary image of size 16x16 is considered as watermark 

are shown in Fig. 5 and Fig. 6, respectively. In process of experiment, it is showed that when  ,the 

watermark is invisible, PSNR>35.46dB,and as falls, PSNR is larger. 

 

 

 

 

 

 

 

 

 

 

    

Figure5 Original Image   Figure6: FRIT 

 

 

 

 

 

 

 

 

 

 

 

 

Figure7: Watermarked Image (left) and Embedded Watermark (right) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure8: JPEG Compressed Image (left) and Extracted Watermark (right) 
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Figure9: Gaussian Noise added (left) and Extracted Watermark (right) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure10: Median Filtered (3 X 3) (left) and Extracted Watermark (right) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure11: Salt & Pepper Noise added (left)and Extracted Watermark (right) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure12: 50% Cropping (left)and Extracted Watermark (right) 

The above results are shown for 0.15. 

To check the robustness of the proposed scheme, various alteration like cropping, Salt & Pepper noise 

addition, Gaussian Noise addition, Median Filtering, and JPEG compression are performed over the embedded 

image obtained using proposed scheme ridgelets and the results are presented in Figure7 to Figure12 

correspondingly.  
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Table1: Robustness test results for the proposed scheme 

S.No. Attacks 

PSNR SIMM 

Proposed 

Mangaiya-

rkarasi et 

al. [15] 

Jian et al. 

[16] 
Propose

d 

Mangaiy-

arkarasi  

et al. [15] 

Jian et al. 

[16] 

1 
Salt & Pepper Noise 

Added 
39.13 21.29 

 

34.8891 
0.9973 0.8884 

 

0.9814 

2 
Gaussian Noise 

Added 
35.15 22.32 

 

32.9411 
0.9973 0.9001 

 

0.8721 

3 Median Filtered 39.13 24.82 36.0472 0.9918 0.9231 0.8955 

4 JPEG Compressed 39.59 23.93 36.4005 0.9888 0.9123 0.9004 

5 Cropping 34.12 19.88 34.6526 1 0.8195 0.9302 

The results infer that the energy retained after attacks are considerably high and it is proved by high 

PSNR values that are tabulated and compared with wavelets in Table 1. It is noted that a considerable difference 

in the values show the better performance of proposed scheme. 

 

V. CONCLUSIONS AND FUTURE SCOPE 
In this paper, a robust algorithm for image watermarking has been presented and compared it with 

existing techniques that represents its efficiency. The algorithm embeds the watermark code by modifying the 

ridgelet coefficients of the image. The performances of the algorithm are very good, experimental results and 

supported the suitability of FRIT watermarking schemes for robustly hiding watermarks into images. In 

particular, the behavior of the watermark detector with respect to image cropping was surprisingly good.This 

proposed method has thus formed the basis for further research to be performed. This research can be further 

extended to material such as MP3 and MPEG material that make use of some entropy encoder. This would 

enable the copyright protection of this kind of digital material by applying the underlying principles of the 

algorithm proposed to the appropriate digital material. 

Limitations of the study 

The study only focuses on geometrically robust watermarking and semi-fragile watermarking for 

digital images. It is only suited for copyright protection using a blind watermarking scheme. 

Sources of funding of the study 

The study and analysis of the proposed technique is done on MATLAB software under the Department 

of ECE, NIT Jalandhar. However, it is self-financed by authors. 

Implications of the Findings 

The proposed algorithm can be blindly used for copyright protection and reduces significantly the 

dependency of decoder at a little cost of performance. 
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