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An image hiding scheme in a 2-dimensional coupled map lattice of matrices is presented in this paper.

Scalar variables at each node of the lattice are replaced by nilpotent matrices. The spatiotemporal diver- 

gence process is employed to hide the secret digital image in the state map of the nodal variables. The

presented image hiding scheme does not require the computation of the difference image between two

patterns produced by the perturbed and the unperturbed initial conditions. Computational experiments

are used to demonstrate the efficacy of the presented technique.
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1. Introduction

Coupled map lattices (CML) play an important role in the study

of the chaotic dynamics of spatially extended systems. A CML gen-

erally incorporates a finite number of coupled nodes. The major

difference of a CML from a cellular automata network is that each

node of the CML is dependent upon its neighbors relative to the

coupling term in the recurrence equation [1] . CMLs have been

used to generate, illustrate and describe such complex phenomena

as spatial bifurcations, frozen chaos, spatio-temporal intermittency,

global travelling waves [2–4] . 

Scalar variables at each node of the CML can be replaced by

matrix variables [5] . It is shown in [5] that such models of CMLs

of matrices (CMLM) can diverge if initial nodal matrices are nilpo-

tent matrices. Moreover, such CMLMs can generate fractal patterns

representing spatiotemporal divergence that can be controlled by

the coupling parameter between the nodes [5] . 

Self-organization is a process where some form of order arises

from interactions between parts of initially disordered systems.

Self-organization occurs in a variety of physical (granular mate-

rial, liquid crystals), biological (growth of colonies, animal mark-

ings), chemical systems (Turing patterns, reaction-diffusion sys-

tems) [6–8] . Self-organizing patterns are widely exploited in com-
∗ Corresponding author.
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uter science and informatics – particularly for hiding and com-

unicating secret visual images. A fingerprint is used as the initial

ondition for the evolution of a self-organizing pattern in a net-

ork of cellular automata with elements representing the reaction-

iffusion processes [9] . Beddington–DeAngelis type predator-prey

odel with self- and cross-diffusion is exploited in a stegano-

raphic digital image communication system developed in [10,11] .

patial 2 × 2 games, atrial fibrillation models, non-diffusively cou-

led nonlinear maps, breaking spiral waves are used to generate

elf-organizing patterns and to hide and to communicate a secret

igital image [12–15] . 

An alternative digital image hiding technique based on Abelian

andpiles is proposed in [16] . Perturbations of the digital image are

elf-erased in this scheme. That allows to heal the corrupted image

if only the cover image is encoded into the sandpile attractor).

n the contrary, image hiding schemes based on self-organizing

atterns do not self-erase perturbations. Perturbations are ampli-

ed and do propagate throughout the domain due to the nonlinear

volution of the pattern [12–15] . 

The features, operation principles, the information capacity of

ommunication schemes based on self-organizing patterns are all

ifferent. The “No-free-lunch theorem” [17] implies that every par-

icular communication scheme does possess some or another sort

f deficiencies. For example, the scheme based on Beddington–

DeAngelis model is computationally ineffective and requires at

east 10 0 0 0 time-forward integration steps of a system of nonlin-

ar partial differential equations [10] . The scheme based on spatial

http://crossmark.crossref.org/dialog/?doi=10.1016/j.chaos.2019.04.038&domain=pdf
mailto:minvydas.ragulskis@ktu.lt
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 × 2 games is not sensitive to local perturbations of an individual

ixel [13] . The information capacity of a scheme based on non-

iffusively coupled nonlinear maps is comparatively low [14] . The

cheme based on breaking spiral waves requires an iterative cor-

ection of individual perturbations of pixels [15] . 

However, a general feature of all discussed communication

chemes (based on self-organizing patterns) is based on the com-

utational processing of the difference image which is computed

s the XOR difference between a pattern produced by the per-

urbed and non-perturbed initial conditions. The objective of this

aper is to exploit the effect of the spatiotemporal divergence pro-

uced by a CMLM in such a way that the interpretation of the se-

ret image would not require the difference image. 

. Preliminaries and the motivation

.1. The simplified nilpotent model of the logistic coupled map lattice 

f matrices 

The classical Kaneko model of Coupled Map Lattices (CML) with

eriodic boundary conditions [18] is a paradigmatic model repre-

enting the complex dynamics of spatiotemporal chaos: 

 

(t+1) ( i ) = ( 1 − ε ) f 
(
x (t) ( i ) 

)
+ 

ε 

2 

(
f 
(
x (t) ( i + 1 ) 

)
+ f 

(
x (t) ( i − 1 ) 

))
(1) 

here t is a discrete time step; i is the nodal point of the lattice

 i = 1 , 2 , . . . , N, N is the size of the CML); ε is the coupling pa-

ameter, f ( x ) is a scalar mapping function (usually set as the Logis-

ic mapping function: f ( x ) = ax ( 1 − x ) ; 0 ≤ a ≤ 4 [19] ). Properties

f such CML are very well explored; the applications ranging from

omplex network dynamics to computational biology [20–23] . 

As stated previously, the main objective of this paper is to study

 2D CML where scalar nodal variables x ( t ) ( i ) are replaced by ma-

rix variables X 

(t) ( i ) ∈ R 

2 ×2 . However, the dynamics of a 1D CML

here scalar nodal variables x ( t ) ( i ) are replaced by matrix vari-

bles X 

(t) ( i ) ∈ R 

2 ×2 is already studied in [5] . It is demonstrated

n [5] that a 1D coupled map lattice of matrices (CMLM) can di-

erge when all initial matrices are nilpotent matrices. This effect

erved as a motivation to design a simplified nilpotent model of a

D CMLM [5] : 
 

 

 

 

λ( t+1 ) 
0 ( i ) = a ( i ) λ( t ) 

0 ( i ) 
(
1 − λ( t ) 

0 ( i ) 
)
;

μ( t+1 ) ( i ) = ( 1 − ε ) a ( i ) μ( t ) ( i ) 
(
1 − 2 λ( t ) 

0 ( i ) 
)

+ ε
2 

(
a ( i + 1 ) μ(t) ( i + 1 ) 

(
1 − 2 λ( t ) 

0 ( i + 1 ) 
)

+ a ( i − 1 ) μ(t) ( i − 1 ) 
(
1 − 2 λ( t ) 

0 ( i − 1 ) 
))

;

(2) 

here t is discrete time ( t = 0 , 1 , 2 , . . . ); i is the number of the

ode ( i = 1 , 2 , . . . , N) ; 0 ≤ λ( 0 ) 
0 ( i ) ≤ 1 is the Eigenvalue of the ini-

ial nilpotent matrix at node i ; μ( 0 ) ( i ) = 1 is the nilpotent param-

ter of the initial nilpotent matrix at node i ; and a ( i ) is the param-

ter of the Logistic map at node i . In other words, the simplified

ilpotent model of a 1D CMLM mimics the evolution of an iso-

ated Logistic map of matrices with a nilpotent initial matrix – ex-

ept that the nilpotent parameters μ( t ) ( i ) are linked by the Kaneko

odel [5] . Note that the parameters of the Logistic map a ( i ) can

e different at different nodes. The simplified nilpotent model of

MLM comprises two scalar maps – therefore the lattice parame-

ers λ( t ) 
0 ( i ) and μ( t ) ( i ) are computed directly instead of performing

atrix computations on the lattice. 

Clearly, the first equation of the 1D CMLM represents an array

f uncoupled Logistic maps. The second equation of the 1D CMLM

nterlinks Eigenvalues and nilpotent parameters of adjacent nodes.

t is demonstrated in [5] that μ( t ) ( i ) can diverge when the parame-

ers of the Logistic map a ( i ) are set to the values corresponding to

he chaotic evolution of the scalar Logistic map [5] . 
.2. The simplified nilpotent model of a 2D CMLM 

Let us consider a natural 2D extension of the simplified nilpo-

ent model of a 1D CMLM with 4 neighbors on a rectangular do-

ain [1; N x ] × [1; N y ] with periodic boundary conditions ( N x and

 y denotes the number of pixels in x and y directions respectively):

 

 

 

 

 

λ( t+1 ) 
0 ( i, j ) = a ( i, j ) λ( t ) 

0 ( i, j ) 
(
1 − λ( t ) 

0 ( i, j ) 
)
;

μ( t+1 ) ( i, j ) = ( 1 − ε ) a ( i, j ) μ( t ) ( i, j ) 
(
1 − 2 λ( t ) 

0 ( i, j ) 
)

+ ε
4 

(
a ( i + 1 , j ) μ( t ) ( i + 1 , j ) 

(
1 − 2 λ( t ) 

0 ( i + 1 , j ) 
)

+ a ( i − 1 , j ) μ( t ) ( i − 1 , j ) 
(
1 − 2 λ( t ) 

0 ( i − 1 , j ) 
)

+ a ( i, j + 1 ) μ( t ) ( i, j + 1 ) 
(
1 − 2 λ( t ) 

0 ( i, j + 1 ) 
)

+ a ( i, j − 1 ) μ( t ) ( i, j − 1 ) 
(
1 − 2 λ( t ) 

0 ( i, j − 1 ) 
))

(3) 

here indexes ( i, j ) denote the coordinates of a pixel; μ( 0 ) ( i, j ) =
 ; 0 ≤ λ( 0 ) 

0 ( i, j ) ≤ 1 ; 0 ≤ a ( i, j ) ≤ 4; i = 1 , 2 , . . . , N x ; j = 1 , 2 , . . . , N y . 

.3. The motivation for the construction of the 2D CMLM 

Clearly, the simplified nilpotent model of a 2D CMLM does in-

erit such properties of the 1D model as the divergence of the

ilpotent parameters. However, the main objective of this paper

oes further than the simple exploration of the dynamical proper-

ies of the 2D model. The main objective of this study is to develop

uch an image hiding scheme which would not require a difference

mage for the retrieval of the secret image. A computational pro-

edure for the image hiding scheme based on the difference be-

ween two self-organizing patterns can be illustrated by the fol-

owing scheme [10,15] : 

Part 1. Encoding a secret image into a self-organizing pattern

the actions of the Sender): 

1. Generate a random grayscale image on the rectangular grid

[1; N x ] × [1; N y ].

2. Perturb the generated random image at several pre-selected

pixels (the dot skeleton representation of the secret image).

The perturbation is lower than the noise level of the random

image.

3. Use the perturbed random image as the initial conditions for

the algorithm generating a self-organizing pattern.

4. Use the generated pattern as the cover image. Send the

cover image to the Receiver.

Part 2. Decoding the secret image (the actions of the Receiver): 

1. Retrieve the parameters of the algorithm generating a self-

organizing pattern (private and public keys).

2. Generate the random grayscale image on the rectangular

grid [1; N x ] × [1; N y ] (identical random image to the one

used in the encoding stage).

3. Use the unperturbed random image as the initial conditions

for the algorithm generating a self-organizing pattern.

4. Receive the cover image from the Sender.

5. Compute the difference between the generated self-

organizing pattern and the cover image. The difference im-

age reveals the secret image.

The objective of this paper is to propose such an image hiding

cheme which does not require the computation of the difference

mage. 

. The construction of the image hiding scheme

.1. The perturbation of a single pixel 

The initial Eigenvalues λ( 0 ) 
0 ( i, j ) in Eq. (3) can be randomly dis-

ributed in interval [0, 1] – but all nilpotent parameters μ(0) ( i, j )
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must be set to 1 (this is required by the structure of the simpli-

fied nilpotent model of a CMLM [5] ). The perturbation of a single

pixel at coordinates ( k, l ) at t = 0 will be considered in this sec-

tion. Two options are available – the perturbation of λ( 0 ) 
0 ( k, l ) or

a ( k, l ). 

3.1.1. The perturbation of λ( 0 ) 
0 ( k, l ) 

Let us consider a rectangular grid [1; 40] × [1; 40] with a single

pixel to be perturbed at k = 20 ; l = 20 . Let all parameters of the

Logistic map a ( i, j ) be set to 3.565 (the onset of chaos for the scalar

Logistic map). A pseudorandom number generator can be used to

set the initial distribution of λ( 0 ) 
0 ( i, j ) . A simple scalar Logistic map

can be used for that purpose – but we use the intertwining Logistic

map [24] in order to avoid such drawbacks of the standard Logistic

map as a limited uniformity of generated values, stable windows

and relatively small space of valid seeds [25] . 

The perturbation is performed according to the following rule: 

 λ( 0 ) 
0 ( k, l ) = 

{
λ( 0 ) 

0 ( k, l ) + 0 . 1 if λ( 0 ) 
0 ( k, l ) ≤ 0 . 5 

λ( 0 ) 
0 ( k, l ) − 0 . 1 if λ( 0 ) 

0 ( k, l ) > 0 . 5 

The resulting image of μ(200) ( i, j ) produced by the 2D CMLM

does not reveal the divergence. Some changes around k = 20 ;

l = 20 can be seen in the difference image between the pat-

terns produced by the perturbed and non-perturbed initial con-

ditions ( Fig. 1 ). However, such image hiding technique does not
Fig. 1. The perturbation of λ( 0 ) 
0 ( 20 , 20 ) yields an interpretable response only in the diff  

terations is shown in part a (the grid size is 40 × 40 nodes with periodic boundary cond  

, j = 1 , 2 , . . . , 40 . All parameters a ( i, j ) are set to 3.565; the coupling parameter ε is se  

erturbed and the nonperturbed initial conditions after 200 time-forward iterations is sh

Fig. 2. The perturbation of λ( 0 ) 
0 ( 20 , 20 ) does not yield any interpretable response when  

orward iterations is shown in part a (the grid size is 40 × 40 nodes with periodic bou

μ(0) (i, j) = 1 ; i, j = 1 , 2 , . . . , 40 . All parameters a ( i, j ) are set to 3.59; the coupling parame  

by the perturbed and the nonperturbed initial conditions after 200 time-forward iteration
erence image. The state map of nodal parameters μ( t ) ( i, j ) after 200 time-forward

itions). Parameters λ( 0 ) 
0 ( i, j ) are randomly distributed in interval [0,1]; μ0 (i, j) = 1 ;

t to 0.08. The difference image between the pattern of μ( t ) ( i, j ) produced by the

own in part b.

the 2D CMLM diverges. The state map of nodal parameters μ( t ) ( i, j ) after 200 time-

ndary conditions). Parameters λ( 0 ) 
0 ( i, j ) are randomly distributed in interval [0,1] ;

ter ε is set to 0.08 . The difference image between the pattern of μ( t ) ( i, j ) produced

s is shown in part b.

ossess any principal advantages over the previously reported

chemes [10,15] and will not be further considered. 

Computational experiments are continued with the perturba-

ion of λ( 0 ) 
0 ( k, l ) – but all parameters a ( i, j ) are now set to a =

 . 59 . The 2D CMLM diverges both from the perturbed and non-

erturbed initial conditions ( Fig. 2 ). Moreover, the difference image

oes not reveal anything if cropping is used for the visualization of
(200) ( i, j ) ( Fig. 2 ). 

.1.2. The perturbation of a ( k, l ) 

The intertwining Logistic map is used to generate the initial

andom distribution of λ( 0 ) 
0 ( i, j ) in interval [0,1]; initial parame-

ers μ(0) ( i, j ) are set to 1; i, j = 1 , 2 , . . . , 40 . All parameters a ( i, j ) are

et to 3.565 except one pixel at coordinates (20, 20). The perturba-

ion magnitude is �a = 0 . 025 ; a (20 , 20) = 3 . 590 . Such perturba-

ion brings the node (20, 20) into the chaotic state what results

nto the divergence [5] . Moreover, complex interactions between

djacent nodes results into complex transient behavior of the 2D

MLM ( Fig. 3 ). 

It is shown in [5] that the coupling parameter ε between nodes

an control the process of divergence in 1D CMLM. A similar pro-

ess is observed in the 2D CMLM ( Fig. 3 ). Initially, ε is set to 0.05.

he states of all nodes after 200 time-forward iterations is shown

n Fig. 3 (a). Note that numerical values of μ(200) ( i, j ) greater than 5

re truncated to 5 for the clarity of visual representation (the trun-



Fig. 3. The coupling parameter ε can suppress the divergence of the simplified nilpotent model of the 2D CMLM in 200 time-forward iterations (the grid size is 40 × 40 

nodes with periodic boundary conditions). Parameters λ( 0 ) 
0 ( i, j ) are randomly distributed in interval [0, 1]; μ( 0 ) ( i, j ) = 1 ; i, j = 1 , 2 , . . . , 40 . All parameters a ( i, j ) are set to 

3.565 except one pixel at coordinates (20, 20). The perturbation magnitude is �a = 0 . 025 ; a ( 20 , 20 ) = 3 . 590 . The coupling parameter ε is set to 0.05 in parts (a) and (e); 

ε = 0 . 08 in parts (b) and (f) ; ε = 0 . 11 in parts (c) and (g) ; ε = 0 . 15 in parts (d) and (h). 
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ation does not affect the computational evolution of the model). It

ppears that the perturbation of 1 single pixel did excite the whole

etwork; μ( 200 ) ( i, j ) = 6 . 77 · 10 7 . Transient processes are shown

n Fig. 3 (e); eight semi-transparent section planes are constructed

n both directions in order to visualize the complexity of transi-

ions. 

Larger values of the coupling parameter ε do suppress the di-

ergence. The states of all nodes after 200 time-forward iterations

nd the transient processes at ε = 0 . 08 are shown in Fig. 3 parts
 and f 
(
μ( 200 ) ( i, j ) = 7 . 96 · 10 6 

)
; ε = 0 . 11 – Fig. 3 parts c and(

μ( 200 ) ( i, j ) = 1 . 82 · 10 3 
)
; ε = 0 . 15 – Fig. 3 parts d and h

μ( 200 ) ( i, j ) = 0 . 59 
)
. 

It is clear that the transient processes in a 2D CMLM are pre-

etermined not only by the coupling parameter ε but also by the

erturbation magnitude �a . We continue with the computational

etup used in Fig. 3 – but fix ε to 0.11 and vary the magnitude

f the perturbation �a at the node (20, 20) ( Fig. 4 ). The states of



Fig. 4. The perturbation �a defines the size and the shape of the set of diverged nodes in the simplified nilpotent model of the 2D CMLM in 200 time-forward iterations

(the grid size is 40 × 40 nodes with periodic boundary conditions). Parameters λ( 0 ) 
0 ( i, j ) are randomly distributed in interval [0, 1]; μ( 0 ) ( i, j ) = 1 ; i, j = 1 , 2 , . . . , 40 ; the 

coupling parameter ε is set to 0.11. All parameters a ( i, j ) are set to 3.565 except one pixel at coordinates (20, 20). The perturbation magnitude �a = 0 . 005 in parts (a) and 

(e); �a = 0 . 01 in parts (b) and (f); �a = 0 . 025 in parts (c) and (g); �a = 0 . 055 in parts (d) and (h). 
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all nodes after 200 time-forward iterations are shown in Fig. 4 (a);

numerical values of μ(200) ( i, j ) greater than 5 are truncated to 5

for clarity. It is interesting to note that the perturbation of the

central pixel does result into the response of a group of pixels

not centered around the central pixel ( Fig. 4 (a)). That can be ex-

plained by complex transient processes taking place in the evolu-

tion of the 2D CMLM. The larger is the magnitude of the pertur-

bation �a , the more violent is the reaction of the 2D CMLM after
00 time-forward iterations ( Fig. 4 parts b and f, c and g, d and

). 

.2. The perturbation of 2 separate pixels 

The ability to form and to control a distinctive shape in the

tate map of the 2D CMLM is an important feature which builds a

oundation for the construction of a digital image communication



Fig. 5. Evolution of Simplified Nilpotent Model of 2D CMLM after 180 iterations when two pixels are perturbated (the whole domain is 40 × 40). Parameters are a ( i, j ) = 

3 . 565 , �a = 0 . 03 , ε = 0 . 13 . The clearance between two skeleton dots is (a) 15 pixels; (b) 11 pixels; (c) 6 pixels; (d) 4 pixels. 
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a  
lgorithm. However, the information capacity is an important fea-

ure of such an algorithm. In other words, it is necessary to deter-

ine the minimal distance between two perturbation points which

esults into interpretable and separable shapes in the state map of

he 2D CMLM. 

Computational experiments are continued with the same setup

f the 2D CMLM. The coupling parameter ε is set to 0.13; the per-

urbation magnitude �a is set to 0.03. The distance between the

wo perturbed points is gradually reduced – until the shapes in-

uced by the two perturbed points are inseparable in the state

ap after 180 time-forward iterations ( Fig. 5 ). 

The proposed scheme is based on digital image hiding in self-

rganizing patterns. It is natural to expect that the information ca-

acity of this scheme is comparable to other image hiding schemes

ased on self-organizing patterns [10,14] and cannot compete to

teganographic schemes. The smallest element of the image in the

roposed scheme is not a pixel. It is a recognizable and an in-

erpretable element in the evolved pattern after a predetermined

umber of time-forward steps. 

All perturbations of the initial conditions (at pixels correspond-

ng to the dot-skeleton representation of the secret image) are

omparable to the noise level governing the random distribution

f pixels. Moreover, these perturbations can be both positive and

egative. The principal difference between the proposed scheme

nd any steganographic scheme is based on the fact that the cover

mage simply does not exist. There is nothing what can be com-

ared (the cover image and the perturbed image). One needs to

un the algorithm governing the evolution of the self-organizing

ystem until the pattern is clearly interpretable. 

It is natural to expect that such a useful functionality does

ot occur without any sacrifices (as pre-determined by the No-

ree-lunch theorem [17] ). The information capacity of the pro-

osed scheme (the minimum distance between pixels in the dot-
keleton representation of the secret image) is 11 pixels ( Fig. 5 ).

s mentioned previously, this is comparable to other image hiding

chemes based on self-organizing patterns (but based on difference

mages). 

. An image hiding algorithm based on the 2D CMLM

The schematic diagram of the image communication algorithm

ased on the 2D CMLM is depicted in Fig. 6 . Initially, the original

mage is transformed into its dot-skeleton representation [10] (the

ensity of dots is predefined by the information capacity of the

lgorithm). Then, parameters a ( i, j ) are set to a value correspond-

ng to the onset of chaos of the Logistic map – and are perturbed

t pixels corresponding to the dot-skeleton representation of the

riginal image. The magnitude of perturbation �a is an integral

arameter of the algorithm; the symbol [ 1 ] denotes the matrix of

nes ( Fig. 6 ). 

Next, all initial parameters μ(0) ( i, j ) are set to 1. A random num-

er generator is used to generate the initial random distribution of
( 0 ) 
0 ( i, j ) in interval [0, 1]. The scalar iterative function f ( x ) (the Lo-

istic map) is used to iterate λ( t ) 
0 ( i, j ) (the first iterative relation-

hip in Eq. (3)) . The 2D CMLM is used to iterate μ( t ) ( i, j ) ( Fig. 6 ).

he stopping criterion (the number of time-forward steps) is an

ntegral parameter of the algorithm. Numerical values of μ( t ) ( i, j )

re truncated to 5 – the resulting plot of μ( t ) ( i, j ) reveals the ap-

roximation of the original image ( Fig. 6 ). 

It is completely natural that the parameters of the algorithm

ust be tuned in order to produce a relevant approximation of the

riginal image. The evolution of the 2D CMLM in time is demon-

trated in Fig. 7 . The original image is depicted in Fig. 7 (a); its dot-

keleton representation – in Fig. 7 (b). The pattern produced after

0 time-forward iterations is shown in part c; 100, 150, 200, 240

nd 300 time-forward iterations – in parts d, e, f, g and h respec-



Fig. 6. The schematic diagram of the image communication algorithm ( ε = 0 . 13 ; �a = 0 . 025 ; the number of time-forward steps is 180). 

Fig. 7. The evolution of patterns produced by the 2D CMLM ( ε = 0 . 13 ; a = 3 . 565 ; �a = 0 . 025 ). The original image is shown in part (a); its dot-skeleton representation – in 

part (b) (the distance between adjacent pixels is five pixels). The inverse patterns produced after 50, 100, 150, 200, 240 and 300 time-forward iterations are shown in parts

(c), (d), (e), (f), (g) and (h) respectively.

Fig. 8. The relationship between the RMSE and the number of time-forward iterations t . The RMSE is computed between the original secret image (Fig. 7 a) and the inverse

pattern produced after the corresponding number of time-forward iterations. The x -axis represents the number of iterations, the y -axis represents the error. The minimum

RMSE value for Fig. 7 (a) is reached after 240 time-forward iterations.
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tively. The best reconstruction of the original image (in terms of

RMSE) is produced after 240 time-forward iterations ( Fig. 8 ). 

Security analysis is an integral part of any communication

scheme. Security analysis of communication schemes based on

self-organizing patterns has been thoroughly analyzed in [10] .

The proposed scheme also belongs to the class of image hiding

schemes based on self-organizing patterns – and the security is-

sues of the proposed scheme are exactly the same. If, however, the

security of the communication scheme needs to be strengthened –

an additional steganographic layer can be introduced into the com-

munication algorithm [14] . 
. Concluding remarks

This paper presents an image hiding scheme based on the sim-

lified nilpotent model of the 2D CMLM. The essential feature of

his scheme is the ability to reveal the secret in a single image pro-

uced during the evolution of the 2D lattice. In other words, the

cheme does not require computing a difference image between

wo patterns (one developed from the perturbed initial conditions,

nother – from the non-perturbed initial conditions). 

It is important to observe that the proposed image hiding

cheme is based on the effect of divergence in the 2D CMLM.
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herefore, the ability to interpret the pattern produced by the 2D

MLM depends on the cut-off value used to visualize the distri-

ution of μ( t ) ( i, j ) . In other words, the effect of divergence would

revent the interpretation of the secret image if only one would

ot know the pre-determined cut-off value. This is an additional

ecurity feature of the proposed scheme compared to similar im-

ge hiding schemes based on self-organizing patterns. 

Every new scheme should be compared with the existing

chemes. As mentioned previously, the proposed scheme cannot be

ompared with steganographic schemes. It is also completely dif-

erent from any watermarking scheme. Comparisons between the

resented scheme and any existing image hiding scheme based

n self-organizing patterns is also not possible because the pre-

ented scheme does not require a difference image. Nevertheless,

he presented scheme is compared to the automaton image hiding

cheme. 

The presented image hiding scheme could be employed in se-

ure secret image communication algorithms – however this goes

eyond the scope of this paper and remains a definite objective of

uture research. 
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