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Image transfer in multilayered assemblies of lattices of bistable oscillators
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The process of transfer or transmission of spatial images in a multilayered system composed of interacting
two-dimensional lattices~layers! with bistable oscillators as units is studied. It is found that for some condi-
tions an image~stimulus! generated in one, the first layer, is transmitted as a self-organizing, self-replicating
process from layer to layer preserving its key features with a controllable degree of fidelity even though the
layers may be in a spatially chaotic state. The quality of the transmitted or self-replicated image relative to the
original stimulus is quantified. The stability of the replication process to external weak noisy disturbances is
also discussed.@S1063-651X~99!05804-3#

PACS number~s!: 87.10.1e, 05.45.2a
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I. INTRODUCTION

One of the fundamental features of self-organizing fu
tions of biological and other natural systems is the possib
of copying or self-replicating structures, functions and p
terns of behavior in their evolution@1–5#. Let us consider a
lattice dynamical system composed of a number of inter
ing layers. Each layer is a two-dimensional lattice of iden
cal bistable units, elements, or cells, where a unit has
stable steady states. The intralayer connections are loca
of linear diffusive type,D. Thus, each single layer represen
a dynamical system that is very much a self-organizing n
work similar to Haken’s diffusive model capable of exhib
ing a multiplicity of stable localized structures@6–8#. Due to
the bistable dynamics of the cell with small diffusive co
pling the layer may be taken as an appropriate tool to s
information encoded as discrete~binary! stable steady pat
terns. On the other hand, it is known@9,10# that for suitable
conditions of the system parameters, namely, for a str
enough interlayer coupling,h, a stimulus given to one laye
is copied to the second layer, which may initially be in
spatially chaotic state.

Models of such a layered architecture or anatomy co
posed of oscillatory units may be of potential interest in
studies of the dynamics of complex neural~perceptual! net-
works allowing different functions of information proces
ing, compression, coding, and transmission of visual ima
based on self-organizing principles@11,12#. Moreover, the
possibility of synchronous states of oscillatory activity is
particular feature of such neural assemblies@13,14#. The neu-
ron posseses a state of rest and a state of oscillatory ac
@15#, hence bistability.

In this paper we discuss and illustrate the replication p
nomenon focusing our attention on the dynamic copying
multilayered systems that we choose as a layered structu
bistable oscillators. We also study some qualitative cha
teristics of the replication process including its stability
weak noisy signals. In Sec. II we define the model probl
to be discussed. We also define the synchronization
cesses in one- and two-layer systems. Section III is devo
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to a detailed account of the process of image transfer
replication. In Sec. IV we delineate the limitations of th
replication process according to the ratio between the sp
scale of a stimulus and the lattice constant. Section V de
with the stability of the image replication to noise. In Sec.
we provide a few concluding remarks.

II. MULTILAYER LATTICE DYNAMICAL SYSTEM

Let us take a bistable oscillator as the unit in the lattice
has the rest state as a stable steady state and also a
state of oscillatory activity~periodic oscillations with finite
amplitude! as shown in Fig. 1~a!. Connecting the cells in the
layer by means of diffusive couplingD and each cell of one
layer with the cells of two nearest layers, with parameterh,
we obtain the multilayer structure shown in Fig. 1~b!. The
collective dynamics of the global multilayered system is d
scribed by the following system of equations:

Ȧj ,k
~ l ! 52Aj ,k

~ l !F~ uAj ,k
~ l ! u2!1D~DA! j ,k

~ l ! )

1h~Aj ,k
~ l 11!1Aj ,k

~ l 21!22Aj ,k
~ l ! !,

j ,k51,2, . . . ,N, l 51,2, . . . ,M , ~1!

where Aj ,k
( l ) describes the complex amplitude of the unit

site ~j,k! in the layer l. For illustration we takeF(uAu2)
52auAu42auAu211, a.8, as the nonlinear function provid
ing a stable steady state~the rest state! and a stable limit
cycle ~the excited state!. DAj ,k

( l ) 5Aj 11,k
( l ) 1Aj 21,k

( l ) 1Aj ,k11
( l )

1Aj ,k21
( l ) 24Aj ,k

( l ) is the discrete Laplace operator. As alrea
indicated,D and h are the coefficients of intralayer and in
terlayer interaction, respectively. We impose Neumann z
flux boundary conditions in bothj,k ‘‘directions’’ in each
lattice and in the ‘‘layer direction’’l.

For pattern replication we merely need the oscillation a

plitude r j ,k
( l ) (Aj ,k

( l ) 5r j ,k
( l ) ew j ,k

( l )
). Hence, we shall consider th

multilayer architecture or anatomy where all oscillatory un
4515 ©1999 The American Physical Society
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4516 PRE 59V. I. NEKORKIN, V. B. KAZANTSEV, AND M. G. VELARDE
are synchronized in phase,w j ,k
( l ) 5w5const. Then, the dy-

namics of the amplitudes of the in-phase oscillations is gi
by the system

ṙ j ,k
~ l ! 5 f ~r j ,k

~ l ! !1D~Dr ! j ,k
~ l ! 1h~r j ,k

~ l 11!1r j ,k
~ l 21!22r j ,k

~ l ! ! ~2!

with f (r )522ar51ar32r .

A. Steady patterns in a single layer

When h50 each layer of the structure~1! represents a
two-dimensional lattice system which is a discrete version
a reaction-diffusion medium. Such a system has a wealt
stationary patterns when its parameters are restricted w
some regionDch @8,16,17#. For the points of this region the
single lattice has 2N

2
different stable in-phase motions~am-

plitude patterns!. Each of them corresponds to a collecti
oscillation given by the cooperative or time-binded behav
of all units of the layer. Besides, the amplitudes of the ce
are restricted within rather narrow regions called absorb
domains@17#. Then, the units in the lattice oscillate in som
neighborhoods of either the rest state or the oscillatory st
The regionDch is

D,D* 5minF 2 f min

4~r 02r min!
,

f max

4~r 01r max!
G , ~3!

where r min ,rmax are the minimum and the maximum of th
function f (r ), respectively.r 0 is the largest positive root o

FIG. 1. ~a! Phase portrait of a unit, element or cell.~b! Sche-
matic diagram of the multilayer architecture.
n
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the equationf (r )50 and corresponds to the amplitude
oscillations of an isolated unit (D50), f min5f(rmin), f max
5f(rmax) anda.8.

In the state space$Z2,R% each of the possible 2N2
stable

in-phase motions have some steady inhomogeneous am
tude distribution, which represents a stable steady patter
oscillation amplitudes. Any pattern from the set can be cod
by anN3N matrix of two symbols~for example, ‘‘0’’ and
‘‘1’’ ! and any givenN3N matrix defines a possible spatia
pattern. Thus forh50 each layer displays high multistabilit
and can exhibit many diverse steady patterns from sim
homogeneous, space periodic to disordered or spatially
otic.

B. Replication by mutual synchronization. of amplitude
patterns between the interacting layers

Consider the system~1! whenhÞ0. For a two-layer sys-
tem it can be shown that when the inter-layer interaction
strong enough,h.h* , h* 5(7a220)/20, there is mutua
synchronization of all in-phase motions from layer to layer
the system. Hence, the amplitudes of the in-phase mot
become identical in all layers,r j ,k

( l ) 5r j ,k
( l 11) , ; l 51,2,...,M

21. Thus, forh.h* starting from different steady ampli
tude distributions in the layers we evolve to a new single a
common pattern of the oscillation amplitudes as the resul
the synchronization. What spatial profile will have this pa
tern relative to the initial patterns and the values of the
rameters of the system? We show here that for some co
tions the profile of this pattern can copy with high
controlable degree of fidelity the form of a given image~or,
at least, replicate its key features! which has been, initially,
imposed on the first layer. This brings a replication proc
that may be observed in a multilayer system.

III. IMAGE TRANSFER BY REPLICATION

To illustrate the process of pattern replication we take
the stimulus the black and white portrait of a young la
~Fig. 2!. The initial condition in the first layer of the three
dimensional~3D! architecture when (h50) is associated
with this picture in the following way. Let the initial phase
of the oscillators in the first layer,w j ,k

(1)(0), bechosen arbi-
trarily distributed around a given value@for instance, near
w j ,k

(1)(0)50# and the initial amplitudesr j ,k
(1)(0) has some in-

homogeneous distribution. As it has been earlier mentio
~see also Ref.@17#!, in this case the system evolves to th
coherent ~in-phase! mode with the amplitudes restricte
within small regions~absorbing domains! near the unper-
turbed rest state,r 50, and the excited state,r 5r 0 . Hence,
the steady distribution of the amplitudes,r j ,k

(1) , in $Z2,R% has
a bistable character. Thus, any black and white image ca
encoded as a steady amplitude pattern of the coherent o
lation of the lattice layer by a suitable choice of the initi
conditions for r j ,k

( l ) . In our simulations we take the whit
color when the oscillators are near the state of rest and b
color when near the oscillatory mode.

A. Replication in a two-layer system

Let us start considering the assembly of two layers@M
52 in system~1!# such that whenh50 the first layer con-
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PRE 59 4517IMAGE TRANSFER IN MULTILAYERED ASSEMBLIES . . .
tains the amplitude pattern associated with the stimulus@Fig.
2~a!# while the second layer is in a spatially disordered, c
otic state. This state is given by the amplitude distribut
which is also steady in time but random in space correspo
ing to a pseudo-random sequence generated by comp
@Fig. 2~b!#. Thus, the second layer can be considered
structureless, ‘‘raw’’ material.

1. Two copies of the original image

When the interlayer interaction is switched on and b
comes strong enough,h.h* , after a rather short transien
process the system tends to the synchronized state@Figs. 2~c!
and 2~d!#. It is also a steady amplitude pattern which is
faithful copy of the initial image. Thus, the oscillators of th
disordered layer become self-organized according to
‘‘template’’ proposed by the stimulus. Note, that this ‘‘tem
plate’’ does not strictly force the disordered layer beca
there is mutual bidirectional interaction between the two l
ers. The replicated or off-spring copies always have so
imperfection or distortions relative to the original imag
Hence, our system does not work like a photocopying m
chine or a printing press but actually operates as a dyna
cally self-regulating machine.

Note, however, the interesting fact that replicated ‘‘m
prints’’ do not occur at random. Figure 3 illustrates the m
print pattern built as the difference signal between the or
nal image and its replicated copy. As this pattern clea
selects the contours of the lady’s face we can say tha
contains the key features of the stimulus. This is what m
be of potential interest for redundancy reduction function
data compression tool in perceptual neural networks@9#. Let

FIG. 2. Image replication in a two-layer system.~a!, ~b! initial
amplitude patterns;~c!, ~d! terminal amplitude distribution in the
layers.~a! A young lady’s face encoded as the amplitude patte
~b! disordered pattern—‘‘pure’’ state of the layer. Parameter valu
a510.65,D50.06,h50.7.
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us take the difference signal in each unit as the output of
system. A general rule to have efficient data compressio
to minimize the ‘‘mutual information’’ between the outpu
and the input given with the original stimulus. Loosely, t
‘‘mutual information’’ has a high value if the output unit ac
synchronously with the input and vanishes if the output st
is different. In our case this measure for the output~Fig. 3!
and the input@Fig. 2~a!# tends to have a rather low value. I
other words, only few spatial sites, about 1%~points labeled
by black dots in Fig. 3!, are needed to preserve all key fe
tures of the stimulus. In fact, we have a 100:1 ratio in t
data compression as the result of the self-organization
cess of the two interconnected layers.

2. Quality of replication

To estimate the quality of the copies hence the fidelity
the original we introduce a simple quantityD, called replica-
tion quality factor,

D@%#5
N1

N2 3100%

whereN1 is the number of oscillators~pixels in the pictures
of Fig. 2! correctly replicating the stimulus in a given poin
of the lattice.N2 is the number of oscillators in each laye
Note, that the ratioN2:(N22N1) characterizes the degree o
compression, which is accurately described changingD.
Hence, in what follows we deal only withD to quantify the
fidelity of the replication process.

Figure 4~a! illustrates the replication quality factor as
function of the control parametera for fixed h and different
values of the intra-layer diffusionD. The values of the pa-
rametera define the excitability of the unit. In particular
high values ofa make the oscillator more easily ‘‘excitable
in the sense that a small perturbation of its rest state bring
to the oscillatory mode. Thus, the parametera of the bistable
unit regulates the basins of attraction of the stable ste
point and the stable limit cycle in the phase plane@Fig. 1~a!#.
When D50 the replication quality factor depicted by th
dashed curve in Fig. 4~a! takes only two valuesD'76.6%
and D'73.2%. The value ofa at the discontinuity of the
curve corresponds to the equal basins of attraction of the
and oscillatory states. The replicated image in this case

,
s:

FIG. 3. Differential image obtained as the misprint signal b
tween replicated copies@Fig. 2~c! and 2~d!# and the original image
@Fig. 2~a!#.
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rather significant distortions either in its core~black part of
the pattern! or in its background~white part!. The behavior
of D for different values ofDÞ0 is shown in Fig. 4~a!. Each
curve has an apparent maximum ata'10.65. This maximum

FIG. 4. Quality functionD@%# for pattern replication in a two-
layer system.~a! Dependence ofD on the excitability parametera
for h50.7. Different curves correspond to different fixed values
the intralattice diffusionD. ~b! Evolution of the peak value ofD at
a510.65 with increasingD. ~c! Shift of the ‘‘resonance’’ quality
with the parameterh. Units are arbitrary.
appears not instantly albeit very rapidly when increasing
intralayer diffusionD. For that value ofa, the dependence o
D on D is shown in Fig. 4~b!. Note, that the quality factor a
the maximum point is very high (D'98%). The replicated
image is shown in Figs. 2~c! and 2~d!. It looks very much
like the original. Values ofa on either side of the maximum
result in the appearance of some distortions of the cop
either in the core of the image or in its background.

It follows that the role of rather small but nonzeroD is
significant. The system, in fact, acquires a kind ofselectivity
property. Actually, the curve of replication quality forD
Þ0 looks very much like a resonance curve in frequen
selection systems. But in our case we have to do wit
specific kind of spatial selection. It can be called asynergetic
image selectionwhen the system replicates any regular sp
tial image independently of its concrete structural conte
For instance, with nearly the same quality the system w
process an image of a man’s face or a form of capital let
@11#. Note, that our synergetic resonance has nothing to
with the time behavior~frequencies! of the local units. It
deals only with the steady amplitude patterns which can
described in terms of system~2! and have no oscillatory
dynamics@3,4#.

Figure 4~c! shows how changing the strength of the inte
layer interactionh results in the shift of the resonance pe
corresponding to the highest replication quality. The th
curves are calculated for a fixed value ofD and for three
different values ofh.

3. Replication as pattern competition

Dynamically, the replication process is a competition
corresponding pairs of oscillators taken independently fr
cells of the two layers. Since the intralayer diffusionD must
be in the regionDch ~to have the wealth of steady patterns
a layer! it takes very small values. Therefore, approximate
~at zero order of perturbation theory,D50) the process of
pattern interaction is given by a two-dimensional dynami
system describing a strongly coupled pair of bistable osci
tors

ṙ 52rF ~r !2h~r 2r!,

ṙ52rF~r!1h~r 2r!, ~4!

wherer is the amplitude of the oscillator from the first laye
and r that of the corresponding oscillator from the seco
layer. For strongly coupled layers,h@1, the system has thre
fixed points, two stable nodes and a saddle. The two no
correspond to the synchronous states of the lattices, i.e.
ther both oscillators are excited or they are at rest. The
coming separatrices of the saddle divide their basins of
traction. Then, the replication process appears as
competition of the two accessible states. The initial con
tions for the competition are determined by the intralay
diffusion D acting on the two initial steady patterns@11#. It
appears that in this competition the~rest or excited! state of a
cell from the regular stimulus has advantage relative to
state of the corresponding unit from the disordered layer.
the maximum of the quality function@Fig. 4~a!# this domi-
nance of regular cells occurs for aboutD'98% of the com-
peting pairs. Hence, the regular stimulus acts as an o

f
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FIG. 5. Image transfer by replication in a three-layer architecture or anatomy.~a! Initial, structured and structureless, amplitude patte
in the layers before the interaction is switched on.~b! A snapshot of the layers aftert'2 time units.~c! Synchronized copies of the origina
stimulus. Parameter values:a510.6,D50.06,h50.7.
gi
rs

o

d
tu
e’
m

in
gh
-
e
ig.

ree
gi-

yer
of

rela-
li-
parameter and enslaves the disordered pattern@3,4#. Accord-
ingly, almost all cells of the second layer change their ori
nal states to be able to copy the ‘‘template’’ from the fi
layer.

B. Image transfer in multilayer assemblies

1. One original leading to many copies

Let us consider now the multilayer system composed
three lattice layers (M53). Similarly to the case ofM52
when h50 the first layer contains the original black an
white image of the lady’s face encoded as a steady ampli
pattern. The other two layers are in spatially chaotic, ‘‘pur
states given by two different disordered patterns. The colu
-
t

f

de
’
n

~a! in Fig. 5 illustrates the initial states of the three layers
$Z2,R% space. As for the two-layer system a strong enou
interlayer interaction,h.h* , leads to the mutually synchro
nized steady patterns. Figure 5~b! shows the snapshot of th
layers at some instant of time during the interaction and F
5~c! the terminal, synchronized patterns. We obtain th
self-replicated patterns which are faithful copies of the ori
nal image.

2. Replication as a process of image transfer

Let us analyze the replication process in the three-la
architecture or anatomy as a competition of the states
three interacting oscillators each one taken at the same
tive site~j,k!. The approximate system describing the amp
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tudes of three strongly coupled oscillators (h.h* ) is of
third order. The analysis of this system which would allo
us to predict the ‘‘winning’’ and ‘‘slaved’’ units in this com
petition is very difficult and represents a separate probl
We rather consider the replication in multilayer syste
from another point of view.

Note that the replicated images in the second and the t
layers do not appear simultaneously, but rather sequent
@see column~b! in Fig. 5#. As we are using nearest-neighbo
interaction, first the lady’s face appears in the layer neare
the stimulus and after that in the next one. Therefore,
replication process can be considered approximately as a
quence of independent acts of image transfer from laye
layer. As the connection between the layers is of diffus
type ~1!, the process of appearance of the image in the
ordered layers looks like image diffusion in the direction
the ‘‘space coordinate’’l in a real three-dimensional spac
Each ‘‘act’’ of transfer represents the image replication
two interacting lattices and has been described in S
III A 1. It is clear that distortions or misprints of ‘‘self-
transferred’’ images will accumulate during the multiple a

FIG. 6. Replication qualityD@%# as a function of parametera
for fixed h50.7 and different values ofD in a three-layer image
transferring system. Units are arbitrary.
.
s
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of the replication process with foreseen quality losses in
terminal pattern relative to the original figure~see Fig. 5!.

3. Quality of a transferred image in the multilayered
architecture or anatomy

To find the conditions of best quality of image transfe
ring in the three-layer system we analyze the replicat
quality functionD@%# ~Sec. III A 2!. Figure 6 shows the de
pendence ofD@%# on the parameter of excitabilitya. The
curves are calculated for fixed parameterh and for different
values of the intralattice diffusionD. Analogously to Fig.
4~a! the curves represent ‘‘resonance’’ characteristics of
three-layer architecture or anatomy as a synergetic im
transfer system. The behavior of the curves looks rather
ferent to that obtained for the two-layer system. First,
smaller values ofD the function has two maxima~‘‘peaks’’!
corresponding to nearly the same quality~about 85%! of the
copies. However, the distortions or misprints in the replic
tion are quite different for the two ‘‘peaks.’’ The transferre
images for the two values ofa are shown in Figs. 7~a! and
7~b! and the distortions appear either in the core or in
background of the image. Figures 7~c! and 7~d! illustrate the
distortions of a transferred image for fixeda and different
values ofD. With increasing values ofD the two maxima
‘‘merge’’ into one of higher value~see Fig. 6!. Comparing
the curve forD50.06 with the corresponding one from Fig
4~a! we find that the maximum value ofD becomes lower for
the three-layer system but it stays rather high~about 93%!
hence providing a faithful transfer of the stimulus~see Fig.
5!.

IV. SPATIAL RESOLUTION OF THE IMAGE
REPLICATING SYSTEM AND FIDELITY

A warning should now be given. In the replication proce
discussed here the characteristic spatial scale of the i
image relative to the lattice constant is crucial for achiev
an acceptable quality. For instance, let us, for illustrati
consider a system with just two layers and take as the in
image given to one of them the chessboard of Fig. 8~a! the
spatial scale of which isd. Then, decreasingd, the replica-
tion quality factorD~d! shows that below a certain valuedc
the replication process fatally fails and the original che
’ curves
FIG. 7. Distorted copies of the stimulus replicated in a three-layer architecture or anatomy for different points of the ‘‘resonance’
of Fig. 4~a! obtained for fixedh50.7. ~a! a59.85,D50.03, ~b! a511.15,D50.03, ~c! a510.6,D50.03, ~d! a510.6,D50.06.



-
g

om
he
e
ic
il

y

n

or
ns

istic
itial

e

an
a
d
ck
as

ent,
rns
g

c-
in
in

or
of

nal.
of

‘de-
ted

nts
e-

hat

ag
n

ith
are

PRE 59 4521IMAGE TRANSFER IN MULTILAYERED ASSEMBLIES . . .
board fades way. In the particular case considered,dc56
410 units@Fig. 8~b!#. It is the spatial resolution of the rep
licating system. Thus, those features of the input ima
whose characteristic spatial scale is belowdc cannot be rep-
licated with acceptable degree of quality@D>D(dc)#.

V. STABILITY OF THE IMAGE REPLICATION PROCESS
TO NOISY DISTURBANCES

Let us now consider the influence of external rand
fluctuations to the dynamic replication of images in t
multilayer system. Let us assume that each unit is indep
dently perturbed by a weak external noise. Since the repl
tion process deals with only amplitude distributions of osc
lators synchronized in phase we introduce the noise onl
the amplitude equations~2!,

ṙ j ,k
~ l ! 5 f ~r j ,k

~ l ! !1d~Dr ! j ,k
~ l ! )1h~r j ,k

~ l 11!1r j ,k
~ l 21!22r j ,k

~ l ! !1j j ,k
~ l ! ~ t !,

~5!

wherej j ,k
( l ) (t) is a ‘‘white’’ Gaussian noise with zero mea

value and variances2,

^j j ,k
~ l ! ~ t !&50, ^j j ,k

~ l ! ~ t !2&5s2,

FIG. 8. ~a! Pattern used to test the spatial resolution of the im
reaplication system.~b! Dependence of the replication quality o
the relative characteristic spatial scale of the test imaged, a
510.6,D50.06,h50.7. Units are arbitrary.
e

n-
a-
-
in

^j j ,k
~ l ! ~0!j j 8,k8

~ l 8!
~ t !&5d j j 8dkk8d l l 8d~0!.

For simplicity, we only consider a two-layer architecture
anatomy. The parameters and initial amplitude distributio
are the same as in Fig. 2 corresponding to a determin
case. It appears that in the presence of weak noise the in
stimulus~the lady’s face! is still replicated faithfully in the
spatially disordered second layer~Fig. 2!. Figure 9 illustrates
the dependence of the replication quality factorD on the
noise variances2. Increasing the noise intensity tos2

50.25 the value ofD goes down only by 1% relative to th
deterministic case.

VI. CONCLUSION

We have shown how dynamic replication of images c
be achieved with a controllable degree of fidelity in
multilayer architecture or anatomy of diffusively couple
bistable oscillators. Each layer forms and preserves bla
and white images or two-level encoded forms or functions
two-dimensional steady patterns of amplitudes of coher
in-phase oscillations. Spatially chaotic, disordered patte
are used as ‘‘raw’’ frames capable to be ‘‘filled’’ accordin
to the form of any stimulus.

We have shown that with appropriate interlayer intera
tion the system in the process of its evolution can replicate
multiple copies an original image imposed as a stimulus
one of its layers. Thus, the multilayer architecture
anatomy shows cloninglike properties, as it is capable
repeating many times at least the key features of an origi
The misprints of replicated images arising as the result
pattern competition can be treated as some additional ‘
grees of freedom’’ in the copying system. Then, the distor
copies may acquire new~useful! features, new information
appearing, for example, from the accumulation of mispri
in multiple acts of image replication or as the result of sp
cific action of some fluctuations.

Studying the replication phenomenon we have found t

e

FIG. 9. Dependence of replication quality factorD@%# on the
variance of a Gaussian noises2 for a two-layer system forced with
noise. The parameter values and the initial conditions coincide w
the values used in the noise-free case shown in Fig. 2. Units
arbitrary.
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it can be considered as a process of image transfer~image
diffusion! from layer to layer inside the multilayered stru
ture. The quality of the transferred image given by the r
lication quality functionD has a ‘‘resonance’’ character. Th
system possesses somewhat image~synergetic! selectivity.
The high quality of transferring occurs only for specific va
ues of the parametera responsible for the ‘‘excitability’’ of
the units. Taking the difference signal between the in
stimulus and the self-replicated image we have illustra
that processes in layered lattices provide an efficient in
mation compression.

In summary, we note that although the multilayer latti
model discussed here is very simple, yet the propertie
bistability of the unit, element, or cell, in each lattice with
state of rest and oscillatory state, and the diffusive coup
between the cells, suffice for a faithful replication proce
More complex dynamics of a unit and/or more sophistica
,

s

-

t
d
r-

of

g
.
d

intralayer and interlayer interactions can indeed be use
further upgrade the results reported here.
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