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Abstract— A Novel method of Stegnography to achieve Reversible Data Hiding (RDH) is proposed using Histogram 
Modification (HM). In this paper the HM technique is revisited and a general framework to construct HM-based RDH is 
presented by simply designing the shifting and engrafted functions on the front image. The hidden Image is  inside the front 
image using several steps of specific shifting of pixels with an order. The hidden image or logo is retrieved without any loss 
in data on the cover and as well as in the hidden image. The Experimental results show the better Peak Signal to Noise Ratio 
(PSNR) with the existing methods. 
 
Index Terms— PSNR; RDH; HM. 
  
I. INTRODUCTION 
 

In Ancient days the secrete data 
communication techniques were performed using 
chemicals, mediators etc. The Reversible Data Hiding 
was even done in olden days where the Host data or 
Cover is the mediator and the secrete data is hidden in 
the mediator’s body or on the mediator’s body. Now in 
the modern world the hidden data transfer from one 
place to other is called Stegnography or Cover writing. 
In steganography, the embedding data is irrelevant to 
the cover media data and is used in the covert 
communication applications. Where as in water 
marking embedding data is relevant to the cover media 
and is used authentication applications. In most image 
data hiding methods, the host image is permanently 
distorted due to embedded data and it cannot be 
recovered back to the original image after extraction of 
hidden data. But in some applications such as medical 
image sharing, multimedia archive management, and 
remote sensing any distortion due to data embedding is 
intolerable and the availability of the original image is 
in high demand. To this end, a solution called 
“reversible data hiding” (RDH) is proposed, in which 
the host image can be fully restored without any 
distortion. Many RDH methods have been proposed in 
recent years, roughly the methods are classified as 
lossless compression method, Difference Expansion 
(DE) method, Histogram Modification (HM) based 
method and integer transform, etc. All these methods 
aim at increasing the Embedding Capacity (EC) as 
high as possible while keeping the distortion low.  
 

For most image data hiding methods, the host 
image is permanently distorted and it cannot be 
restored from the marked content. But in some 
applications such as medical image sharing [1], and 
image trans-coding [2], any distortion due to data 
embedding is intolerable and the availability of the  

 
original image is in high demand. To this end, a 
solution called “reversible data hiding”(RDH) is 
proposed, in which the host image can be fully restored 
after data embedding [4]. RDH is a hybrid method 
which combines various techniques to ensure the 
reversibility. Its feasibility is mainly due to the lossless 
compressibility of natural images. Tian‟s DE 
algorithm [5] is an important work of RDH. In DE 
algorithm, the host image is divided into pixel pairs, 
and the difference value of two pixels in a pair is 
expanded to carry one data bit. This method can 
provide an embedding rate (ER) up to 0.5 bits per pixel 
(BPP) and it significantly out performs previous 
compression-based works. In particular, Tian 
employed a location map to record all expandable 
locations, and afterwards, the technique of location 
map is widely adopted by most RDH algorithms. Later 
on, Tian‟s work has been improved in many aspects.  

 
In [6], Hu et al. proposed a method by 

constructing a payload dependent location map. 
Another improvement of Hu et al. ‟s method is the 
work of Zhou and Au [7] by introducing a new capacity 
parameters determination strategy. Besides 
aforementioned works [1]-[4] many HS-based RDH 
algorithms have also been proposed so far. In general, 
HS-based RDH is implemented by modifying host 
image‟s histogram of a certain dimension. It has two 
major advantages. On one hand, the maximum 
modification to pixel values can be controlled and thus 
the embedding distortion can be well limited. On the 
other hand, the location map used to record 
underflow/overflow locations is usually small in size 
especially for low ER case. 
 
each divided block. Finally, data embedding is 
implemented by modifying the resulting 
n-dimensional histogram. Notice that the 
pixel-value-array is an element of Zn, we then need to 
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divide Zn into two disjointed sets, one set is used to 
carry hidden data by expansion embedding, and the 
other set is simply shifted to create vacant spaces to 
ensure the reversibility. We now present our new 
approach. 
Let S and T be a partition of Zn: S∪T = Zn and S∩T = 

.∅  
 
Suppose that three functions g : T → Zn, f0 : S → Zn 
and f1 : S → Zn satisfy the following conditions: 
C1: The functions g, f0 and f1 are injective. 
C2: The sets g(T ), f0(S) and f1(S) are disjointed with 
each other. 
 
Here, g is called “shifting function” and will be used to 
shift pixel values, f0 and f1 are called “embedding 
functions” and will be used to embed data. More 
specifically, each block with value x ∈ T will be shifted 
to g(x), and the block with value x ∈ S will be 
expanded to either f0(x) or f1(x) to carry one data bit. 
The shifting and embedding functions will give a 
HS-based RDH algorithm where the reversibility can 
be guaranteed by the conditions C1 and C2. 
 
The underflow/overflow is an inevitable problem of 
RDH,  i.e., for gray-scale image, the shifted and 
expanded values should be restricted in the range of [0, 
255]. To deal with this, the above defined sets T and S 
need be further processed. Let 
An = {x = (x1, . . . , xn) ∈ Zn : 0 ≤ xi ≤ 255} (8) 
be the set of all pixel-value-arrays of length n of 
gray-scale 
image. We define 
Ts = An ∩ g−1(An) (9) 
Se = An ∩ f −1 
0 (An) ∩ f −1 
1 (An) (10) 
Tu,o = An ∩ T − Ts (11) 
Su,o = An ∩ S − Se. (12) 
The sub-indices “s”, “e” and “u, o” mean “shift”, 
“embed” and “underflow/overflow”, respectively. 
Obviously, the four sets Ts , Se, Tu,o and Su,o are 
disjointed with each other and constitute a partition of 
An, i.e., An = Ts ∪ Se ∪ Tu,o ∪ Su,o. (13) 
Moreover, the sets g(Ts), f0(Se) and f1(Se) are 
contained in An and the condition C2 ensures that they 
are also disjointed. 
 
By definitions (9)-(12), each block with value x ∈ Ts 
will be shifted, each block with value x ∈ Se will be 
expanded to carry one data bit, and the block with 
value x ∈ Tu,o ∪ Su,o will remain unchanged since it 
cannot be shifted or expanded due to 
undeflow/overflow. 
 
II. RESULT  
 

 
Fig 1 Original Image 

 

 
Fig 2 The image after embedding 

 

 
Fig.3 Histogram Plot based on original image 
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Fig.3 Shifted and Embedded image histogram 

 

 
Fig.4 PSNR VS. Embedding Rate 

 

CONCLUSION 
 
A general framework to construct HS-based RDH is 
proposed. According to this framework, by defining 
the shifting and embedding functions one can obtain a 
RDH algorithm. This work will facilitate the design of 
RDH. Furthermore, by incorporating this framework 
with the PEE a novel RDH algorithm is also 
introduced. This algorithm can achieve a better 
performance compared with the state-of-the- art 
works. So the proposed framework has a potential to 
provide excellent RDH algorithms. 
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