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Abstract
Reversible Watermarking methods are common now days in 
multimedia for copyright protection, which gives robustness by 
preserving no damage to cover image. But there are problems in 
reversibility, robustness and invisibility with the usual methods. 
To overcome these problems, this paper proposes an improved 
reversible watermarking using wavelet domain statistical quantity 
histogram enhancement and clustering (WDSQH-EC) method. 
Proposed method builds new embedding and extraction process 
and also security provision is done with a key generation. The 
results are satisfactory in terms of invisibility, robustness and 
reversibility. In embedding the watermark the enhancement on 
pixel-wise is done to increase practical applicability and also 
trade-off between robustness and invisibility. This method shows 
effectiveness when enhancement has been done. It has to provide 
more strong when more compressions and unintentional attacks 
had taken.
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I. Introduction
Watermark is a recognizable image or pattern embedded into 
different digital media like images [1], audios, and videos. The 
process of extracting information from the same media is called 
Reversible Watermarking (RW). This process is widely used in 
copyright protection and different applications in digital media like 
source tracking. These RW methods are mostly used in military 
and medical applications. In extraction process, the watermark 
and host image has to recover correctly without distortions and 
also provide robustness against unintentional attacks. 
Reversible Watermarking (RRW) methods [2], have been 
developed and are classified into two groups: Histogram Rotation 
(HR) [3] and Histogram Distribution Constrained (HDC) [4] based 
methods. The Histogram Rotation and Histogram Distribution 
methods have their pros and cons. When an image is corrupted 
with salt and pepper noise, HR method has poor visual quality 
of watermarked image and also problems appear in recovery 
of host image. HDC methods suffer from unstable reversibility 
and robustness. Conventional RRW methods: HR and HDC are 
having problems with robustness, reversibility, invisibility and 
not applicable in practice. 
To overcome the problems, an improved and secured RRW method 
is developed in wavelet domain and considering the perceptual 
characteristics of human visual system which designs a new 
embedding and extraction of watermark process. Here security 
is provided at the stage of watermark extraction. A key has to 
give at embedding process and with knowledge of key only; 
the watermark can be extracted from the watermarked image. 
The proposed method uses wavelet domain statistical quantity 
histogram Enhancement and Clustering which designs new 
embedding and extraction of watermark and also give good results 
regarding to robustness ,reversibility and invisibility. 

II. Existing Methods
The proposed framework has designed based on the review of 
related methods. They are generalized SQH driven [5] method 
(GSQH) and Pixel wise masking method [6].

A. Generalized SQH Method 
The SQH method plays a prominent role due to its simplicity 
and stability. The histogram plays an important role in many 
methods. This method constructs embedding and extraction by 
SQH. This SQH is generated by calculating Arithmetic average 
of difference of each block in a t bit of host image with n non-
overlapping blocks. The SQH is represented as X={x1, x2, . . xi, 
. . xm } where xi is Arithmetic Average Difference (AAD) values 
and corresponding frequencies of xi is F={n1, n2, . . .ni , . . .nm}. 
Let xr and xl be the two peak points of SQH method. When xl ≤ 
xr, Watermark embedding is done according to wk

(1)
Where hk and wk are the AADs of the kth block in the host and 
watermarked images, z ≥ 0 is a scaling factor and bk  {0 ,1}is the 
kth watermark bit. Host image extraction is obtained by the inverse 
operation of Eq. (1) and extraction of watermark is obtained as

 (2)
This method gives good performance when it combines with 
histogram shifting and it has disadvantages in terms of increasing 
complexity of watermarking embedding, optimizing the watermark 
strength and unstable robustness against JPEG compression. 
To overcome these disadvantages, enhancement and clustering 
has to be done to this method in embedding and extraction of 
watermark.

B. Pixel-Wise Masking 
The significance of Human Visual System (HVS) has been used 
in various applications and many visual masking algorithms have 
been applied to digital watermarking. The PWM method computes 
the JND threshold of each wavelet coefficient from resolution, 
brightness and texture sensitivity [7]. Given the host image with 
orientation o  {LL,LH,HL,HH} and resolution r  {0,1,2,3} and 
having wavelet coefficient  at (i , j) in the sub band . 
The JND threshold is calculated as 

  (3)
Where R(r, o), B(r, i ,j) and T (r, i , j) are resolution, brightness 
and texture sensitivities respectively and are, defined as  
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 (4)
 

  (5)

 (6)
and 

  (7) 

This method estimates how HVS perceives disturbances in images 
by calculating resolution, brightness and texture sensitivities. The 
low sub band having less image content at the forth resolution level 
and approximate estimation of brightness, texture sensitivities. 
To solve these problems enhancement of pixel has to be done by 
considering the luminance and background functions to increase 
practical applicability of the proposed framework.

III. Proposed Method
This section introduces a new RRW method i.e., Wavelet domain 
SQH Enhancement and clustering. Proposed method accomplishes 
robust lossless embedding by histogram shifting with enhancement 
and extraction by means of clustering. The four important steps in 
embedding and extraction for WDSQH-EC are as follows:

SQH Construction by Thresholding • 
Key Generation for Security• 
Enhancement of Pixel Wise Embedding • 
Extraction based on Clustering.• 

A. SQH Construction by Thresholding 
 First cover image H is decomposed into four sub bands by using 
Integer Wavelet Transform (IWT) and blocks of interest  is 
divided into non overlapping blocks. Let M be the MWCs in the 
sub band: M= [M1 . . . Mk, . . . Mn], then the MWC of the Kth 
block. Mk is defined as 

  (8) 

Where  represents the wavelet coefficients at (i, j) in the kth 
block. SQH is generated by calculating threshold constraint.

   (9)
where  computes the Euclidean distance of two elements. Let 
x  {xr, xl} be the two peak points. When T ≥ max{d(xl, min(M)) 
,d (xr, max(M))}, all the blocks will be retained for embedding. 

Capacity can be controlled flexibly using threshold constraint.

B. Key Generation for Security
During embedding the watermark a key generated. The same key 
has to give to extract the watermark, so that it provides security 
to the covert information. Graphical User Interface (GUI) push 
buttons are used to select host, watermark images and to enter 
password.

C. Enhancement of Pixel Wise Based Embedding 
The problems of PWM has been overcome in this by improving 
the local sensitivities of image to noise on mainly estimating 
brightness and texture sensitivities and EPWM effectively balance 
between invisibility and robustness. By considering the luminance 
masking of the low sub band at resolution level o, is defined as

 (10)
Where 

 (11)
and 

 (12)
Which represent the visibility threshold and spatial masking 
functions. Where d1 (-) and d2 (-) are the dependent background 
luminance functions and  and  are the average background 
luminance [8] and average maximum weighted of luminance 
difference. Then texture sensitivity is evaluated as 

 

 (13)
As equations (10) and (13) take the difference between resolution 
levels into account, the resolution in equation replace with R(o) 
where 

    (14) 
 Finally, the JND threshold is obtained as

  (15)
in which 0< t ≤ 1 is a tuning parameter to the weight of brightness 
sensitivity. With JND threshold the watermark strength is controlled 
during embedding process. The MWC of the kth block of interest 
Mk , 1≤ k ≤ m, the watermark embedding is given by 

    (16)
Where Wk is the obtained MWC after the kth watermark bit is 
embedded, α is a factor defined as 

   (17) 
    (18)

and

  (19) 
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Represents the watermark strength, where  is a global parameter, 
x  {xr, xl} and M x N is the sub-band size. By applying Eq. 
(16) to the blocks of interest in the sub-band, watermarks can be 
embedded into the wavelet coefficients. Thereafter, the inverse 
IWT reconstruction is performed to obtain the watermarked 
image. 

D. Extraction Based on Clustering
The extraction of watermark is to build effectively so that it can 
resist unintentional attacks in the lossy environment. The MWC 
(Mean wavelet coefficient) histogram of watermarked image is 
divided into three parts. Center part corresponds to watermark 
bit “0” and other parts to bit “1”. In extraction this partition is 
important. In this method the partition treated as a clustering with 
a certain number of clusters[8] which can be effectively handle 
the unintentional attacks in the lossy environment. 
The extraction process is constructed by decomposing the 
watermarked image with IWT and MWC histogram by calculating 
MWCs of blocks of interest in the . Let W=[W1, . . . . .Wm] be 
the obtained MWCs, C =[C1 . . . . Cm ] be the cluster centers and g 
= [g1, . . . . gm] be the set of clusters. Particularly, the initial cluster 
centers are given by considering the features of the embedding 
process, e.g,” C = {τ min (M), 0, τ max (M)}” for m=3, to improve 
the efficiency of classification, the embedded watermarks can be 
extracted by 

  (20)
 for m=3, in which Wk is the kth MWC,  is the extracted 
watermark bit, Classes I-III denote the obtained set of clusters. 
Thereafter, recovering of MWCs of “ ” which 
identical to the original ones in the lossless environment. By 
applying inverse IWT the host image and watermark image has 
been recovered and watermarked images is shown in fig. 1.

  
           (a)      (b)          (c)
Fig. 1: a. Host Image, b. Wateramark logo, c. Watermarked 
Image 

IV. Result and Performance Evaluation

Fig. 2: Result of Proposed Framework

The watermarked image from the cover and watermark logo 
embedded is shown in the fig. 2. The extracted cover image from 

the watermarked image is also shown in the fig. 2. In this section, 
the proposed frame-work WDSQH-EC performs the robustness, 
invisibility and reversibility. It also gives higher capacity and the 
run time complexity is 44.992620 seconds.

A. Performance Evaluation

1. Robustness
A digital signal may sustain various alterations- attacks, malicious 
or not. When the watermark after sustaining a specific attack, is 
still detectable (not erased) then it is considered robust against 
the specific attack. The salt and pepper noise is added to the cover 
image and no distortions have seen in the watermarked image. 

2. Invisibility
The invisibility is used to evaluate the distortion of watermarked 
image. WDSQH-EC has similar visual quality to HDC. The HR 
method due to salt and pepper noise will greatly degrade the 
watermarked image and the PSNRs gives the evaluation of the 
invisibility. The invisibility is evaluated by calculating MSE and 
PSNRs. The PSNR is 91.5979. 

3. Reversibility
The reversibility is evaluated by calculating the error elements in 
the image with original elements. The output number is a scalar or 
vector that indicates the number of elements that differ is 2. The 
ratio is defined as number divided by total number elements in the 
input. The difference elements are 1 row and 1column element of 
the overall taken. The proposed framework WDSQH-EC achieves 
good reversibility.
Number = 2 
Ratio = 1
Location = 1 1 

V. Conclusion
In this paper, a new secure RRW method has been developed 
based on WDSQH-EC which gives security and achieves results 
regarding to robustness, invisibility and reversibility. It introduce 
the local sensitivities of HVS that is by calculating sensitivities and 
JND thresholds which is helpful for embedding and also give better 
results. It it is readily applicable to practice and widely applicable 
to different images. The further extension of this framework is 
improving the performance of reversibility, applicability on 
different images and different attacks. 
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