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Abstract - As we know, the conventional method of representing 

a digital image is using square shaped pixels.  Using hexagonal 

shaped pixels to represent a digital image is a new approach 

because of its various advantages like symmetry, higher angular 

resolution, consistent connectivity and higher sampling efficiency. 

This paper describes a method for hiding a secret image using a 

pseudo hexagonal image as cover image. In this method the secret 

image with square pixel is embedded in a cover image with 

pseudo hexagonal structure. Using this method we can hide an 

image by preserving its quality and the experimental results show 

that the mean square error (MSE) between the secret image and 

the image retrieved from the stego image is zero.   
Keywords— Steganography; pseudo hexagonal structure;  

hexagonal grid 

I.  INTRODUCTION  

Hexagonal Image Processing is a new developing area of 

image processing, in which the images are represented using 

hexagonal shaped pixels rather than square pixel. Image 

processing in hexagonal grid is very much advantageous than 

the conventional rectangular grid. The advantages include 

higher angular resolution, consistent connectivity, higher 

sampling efficiency etc. Another important fact under 

consideration for hexagonal image processing is that, the 

photoreceptors (Rods & Cones) of human retina are closely 

resembles to hexagonal structure [1]. By representing images 

with hexagonal pixels we can obtain natural behavior to 

realize the computer vision. 

In steganography a message is embedded into another 

message and the message going to be embedded is known as 

secret message and the message in which the secret massage is 

going to be hidden is known as cover message. If we are using 

images then it become secret image and cover image 

respectively. Steganography is mainly used for secret 

communication between the members of an organization 

involved in critical situations like wars; also it can be used for 

communication between intelligence agencies etc. 

In this work, the cover image used is represented using 

pseudo hexagonal structure developed using an algorithm 

named as JK algorithm. This paper is organized as follows; 

Section 2 is literature review which describes some existing 

steganographic methods and concept of hexagonal image 

processing and related works. In section 3, proposed 

methodology of image steganography using pseudo hexagonal 

structure cover image is discussed. Results and discussions 

and conclusions are given in section 4 and 5 respectively. 

II. LITERATURE REVIEW 

A. Image Steganography 

The Different steganographic methods are now available to 

hide the secret image or data into another image. 

Steganographic technique consists of hiding an image in 

another image and extracting the hidden image when needed. 

Spatial domain and frequency (transform) domain based 

methods are the two important categories of image based 

steganographic techniques.  

Least significant bit (LSB) substitution is a common 

method for steganography technique in which the LSB of the 

pixels is modified to embed the secret message. In the spatial 

domain, this type of techniques can be broadly classified into 

two categories: LSB replacement and LSB matching. In case 

of LSB replacement [7, 8], the least significant bit of each 

pixel of the cover image is replaced by the next bit of the 
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secret message to be embedded. In LSB matching [9], if there 

is a mismatch between least significant bit of a byte in the 

cover image and next bit of the secret message to be 

embedded, then embedding is done by increasing or 

decreasing randomly the content of the byte of the cover 

image by 1, except at the boundary values.   

By modifying the LSB of non-zero DCT coefficients of a 

cover image, the LSB-based embedding can be done in case of 

transform domain There exist several ways to embed data in 

transform domain such as modification of quantization table, 

heuristic based, utilizing non-shared selection, and side 

information at sender side [10]. Some of the previous works 

on steganography techniques are mentioned below. 

Image edge based steganography technique is proposed by 

Mamta Juneja et. al [11]. Two component based LSB (Least 

Significant Bit) methods for embedding secret data in the 

LSB‟s of blue components and partial green components of 

random pixel locations in the edges of images is presented in 

this work. It is more robust as it is integrated with an 

Advanced Encryption Standard (AES). A new high capacity 

Steganographic scheme using 3D geometric models is 

proposed by P.Thiyagarajan et.al [12]. In this method the 

stego key is generated from the message to be embedded. 

Another method in which data is embedded into the red plane 

of the image and the pixel is selected using a random number 

generator was introduced by Shamim Ahmed Laskar et.al 

[13]. 

S.Arivazhagan et. al. proposed a  steganographic method 

which works in transform domain. The algorithm attempts to 

extract the secret almost as same as the embedded one, 

maintaining minimal changes to cover image by using 

techniques like median maintenance, offset & quantization. 

Arnold Transform is applied on the secret image to increase 

robustness. 

B. Hexagonal Image Processing 

The photoreceptors (Rods & Cones) of human retina is 

closely resembles to hexagonal structure [1]. Since the cells in 

human retina have hexagonal structure, the image developed 

in the retina has hexagonal shaped pixels. In addition, 

hexagonal geometry has some advantage like higher sampling 

efficiency, consistent connectivity and higher angular 

resolution. Due to these reasons many researchers have 

studied the possibility of representing digital images with 

hexagonal pixels [14, 15, 16] 

Image processing applications like image rotation, edge 

detection etc. in hexagonal lattice have already been discussed 

by many researchers. Middleton and Jayanthi Sivaswamy [17] 

proposed an edge detection method in a hexagonal image 

processing frame work. In this work the authors conclude that 

the hexagonal frame work gives better results for edge 

detection. Vidya, P.,  Veni, S. &  Narayanankutty K.A [18, 19] 

also analyzed the performance of edge detection on hexagonal 

sampling grid. Comparisons of image alignment on hexagonal 

and square lattices were performed by Shima, Sugimoto, & 

Okutomi [20]. Azam, Anjum & Javed [21] were proposed 

Discrete Cosine Transform based method for face recognition 

in hexagonal images. Wavelet based image compression in 

hexagonal domain was proposed by Jeevan K.M. & 

Krishnakumar S in the paper titled „Compression of Images 

Represented in Hexagonal Lattice Using Wavelet and Gabor 

Filter‟ [22]. In all these works, the authors confirmed that, the 

hexagonal representation gives better results.  

 In this paper we proposed an image steganographic 

method in which a secret image in conventional representation 

using square pixels are embedded in a cover image 

represented using a pseudo hexagonal structure. The pseudo 

hexagonal structure is developed using our own algorithm 

named as JK algorithm (where J represent the first letter of 

Jeevan, the first author‟s name and K represent the first letter 

of Krishnakumar, the second author‟s name). 

III. PROPOSED METHODOLOGY FOR IMAGE HIDING 

In this paper a method for hiding a secret image inside a 

cover image represented in pseudo hexagonal structure is 

proposed.  The pseudo hexagonal pixel is constructed from the 

square pixel of original image using JK algorithm. 

The hexagonal structure obtained using above algorithm is 

used as the cover image in this work. Using this method the 

entire secret image without any loss is embedded in the cover 

image. That is, each pixel of the secret image is embedded 

within the cover image without eliminating a single bit. The 

procedure for hiding the image is as follows.  

First step of this process is to convert the cover image to 

corresponding pseudo hexagonal structure using above 

explained method. Let C (i, j) be one pixel of original cover 

image. The Fig.4 shows the pseudo hexagonal pixel obtained 

from the square pixel C (i, j) with gray level value 187.  

 
Fig.1Pseudo hexagonal pixel from square pixel of gray level 

value 187 

 

Consider one pixel S (i, j) with gray level value say 147 

from the secret image. We are planning to hide this pixel in 

the highlighted 8 sub pixels of pseudo hexagonal pixel using 

its binary equivalent. We can select any other such sub pixels 

in random manner or in any order to make this hiding process 

more complex so that the intruders trying to retrieve the secret 

information can‟t do it easily. Using a secret key we can give 

the information to the receiver about where the bits of secret 

image are embedded in the cover image.   

The steps for embedding the secret image are explained 

below using an example.  
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Consider one pixel of secret image with gray level value 

147 and cover image pixel with gray level value 187 whose 

pseudo hexagonal structure is shown in the Fig.1 

i.e. S (i,j) = 147 and C (i,j) = 187 

Corresponding 8 bit binary equivalent of gray level values 

are  

S (i,j) = 10010011 and C (i,j) = 10111011 

The each bit of secret image is then taken and it is replaced 

with the first bit of the sub pixels in the pseudo hexagonal 

pixel. That is, the first bit, starting from LSB, of the secret 

image is replaced with first bit of first sub pixel among the 

eight sub pixels we considered for embedding the secret pixel, 

the second bit of the secret image is replaced with the first bit 

of the second sub pixel and so on. The process is represented 

in Fig.3. During this embedding process, there will be changes 

in the sub pixel value because the LSB of the sub pixel is 

replaced with the bits of secret image‟s pixel. The Fig.4 shows 

the cover image pixel after embedding the secret image pixel.  

In this figure we can see that some of the sub pixels value is 

changed from 187 to 186.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

147 1 0 1 0 1 1 0 0 
8 bit binary  

equivalent 

187 1 1 1 0 1 1 1 0 
8 bit binary  

equivalent 

(a) 

(b) 
Fig. 2 Binary representation of (a) 1 47(one pixel from secret image)  

(b) 187 (one pixel from secret image). 

 

1 

1
st
 bit of Secret 

Image 
1 1 0 1 0 1 1 1 

Binary representation of sub pixel value 

1 1 0 1 0 1 1 1 

Pixel value after replacement 

The bit to be 

replaced 

1 

2
nd

bit of Secret 

Image 
1 1 0 1 0 1 1 1 

Binary representation of sub pixel value 

1 1 0 1 0 1 1 1 

Pixel value after replacement 

The bit to be 

replaced 

0 

3
rd

 bit of Secret 

Image 
1 1 0 1 0 1 1 1 

Binary representation of sub pixel value 

1 1 0 1 0 1 0 1 

Pixel value after replacement 

The bit to be 

replaced 

1 

8
th

 bit of Secret 

Image 
1 1 0 1 0 1 1 1 

Binary representation of sub pixel value 

1 1 0 1 0 1 1 1 

Pixel value after replacement 

The bit to be 

replaced 

- 
- 

- 
- 

Fig.3 Pictorial representation of secret bit hiding process 
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Using this procedure the entire pixels of secret image can 

be hiding in the cover image. Since we are using the pixels 

without truncating any bits from it for hiding, we can also 

preserve the quality of the secret image and hence we can 

preserve the PSNR and image structural similarity as well.  

 
Fig. 4 Pseudo hexagonal structure cover image pixel after 

hiding the secret image pixel 

 

The image which is hidden can be extracted using the steps 

explained below. The image obtained after hiding process can 

be call as stego image. The stego image is having a pseudo 

hexagonal structure in which the first bit of the selected eight 

sub pixels of each hexagonal pixel is replaced with the bits of 

secret image.  

The first step of the image extraction from the stego image 

is to identify these eight sub pixels of each pseudo hexagonal 

pixels in which the secret bits are hidden. The received person 

can obtain this information using a secret key.   

After identifying the sub pixels, extract the first bit of each 

sub pixel and then combine these bits to get an eight bit binary 

number. The corresponding decimal value gives the pixel 

value of the secret image which is embedded in that particular 

hexagonal pixel of the cover image. Using this same 

procedure we can extract the entire pixels of the secret image 

which is embedded in the cover image.  

The extracted pixels are then arranged as an M X N matrix 

in a specific order, where M and N are the row and column 

size of the secret image. Since we are hiding the entire bits of 

the secret image, the extracted image from the stego image is 

as close to the original image and this method preserve the 

MSE and PSNR of the secret image. 

         

IV. RESULTS AND DISCUSSION 

In the field of secure communication the data hiding is very 

important. If we could able to preserve the quality of the secret 

data which is embedded in the cover data, the hiding process 

is very successful. In our proposed method, each single bit of 

the secret image is embedded into the cover image and also we 

can extract all the embedded bits without any distortion. So 

the quality of the image is preserved 100%.  

The simulation results show that, the   MSE measured 

between the secret image and the image extracted from the 

stego image is zero. 

 

 

 
Fig. 5 Pseudo hexagonal structure cover image 

 

 

 
       Fig. 6 Cover image after embedding the secret image  

 

          

 
Fig. 7 Image „Barbara‟ (a) Secret image (b) Secret image 

extracted from stego image 

 

TABLE I.   MSE AND SSIM  MEASURED BETWEEN SECRET IMAGES 

BEFORE HIDING AND THE SECRET IMAGE EXTRACTED  

 

 

 

 

 

 

 

 

 

 

 

We also measured the structural similarity (SSIM) index 

between the secret image and the image extracted from the 

Cover Image Used : water.jpg 

Secret Image MSE SSIM 

flower 0 1 

lena 0 1 

barbara 0 1 

mandrill 0 1 

fruits 0 1 
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stego image and its value obtained is unity. This indicates the 

quality of the image is preserved 100%. 

TABLE II.  MSE AND PSNR  MEASURED BETWEEN COVER IMAGE AND 

THE STEGO IMAGE FORDIFFERENT SECRET IMAGES 

 

 

 

 

 

 

 

 

 

 

 

 MSE and SSIM index between the pseudo hexagonal 

cover image and the stego image is also calculated for the 

performance analysis. MSE is found to be very less and SSIM 

index obtained is very close to unity. These results also 

indicate that the proposed algorithm is very efficient for hiding 

the secret image. The results obtained are tabulated in Table.1 

and Table.2.  Fig. (5 – 7) shows the cover image, stego image 

and different secret images used for the simulation. 

Comparison of proposed method with existing methods in 

terms of PSNR is tabulated in Table.3 

 

TABLE III.  MSE AND PSNR  MEASURED BETWEEN COVER IMAGE AND 

THE STEGO IMAGE FORDIFFERENT SECRET IMAGES 

 

V. CONCLUSION 

In this paper, a new image hiding method using a pseudo 

hexagonal structure cover image has been proposed. Since we 

are hiding the entire bits of secret image using the proposed 

algorithm, this technique is capable of preserving the MSE, 

PSNR and SSIM index of the secret image. This indicates that, 

the quality of the secret image which is hidden in the cover 

image is preserved 100%. Quality of the cover image is also 

preserved in this method. The stego image obtained is visually 

indistinguishable from the cover image.  A good value of 

PSNR is obtained for stego image in this work. 
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