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AIISTRACT

The Cellulur Neural Network (CNN) structure is first
proposed by L.O Chua in 198E. It finds very attractive
ttpplications in nunyJields - especially in image processing.

ln this paper, first u gcneralized nolel of CNN lor PSpice is

presented and lhen it is considered as a nonlinear systen

u,hich cun generate "double scrolls". Two sets of differential

equation syslems are uscd and u normalizution process is

carried oil in order to /ind the proctical values of the cell

conponunrs lbr the simulation of the above phenomenon. The
results are veriJied wilh the ones that were found in the

literature.

t.  CELLULAR NEURAL NETWORKS (CNN)

CNN is a class of dynarnic neural networks I l ] '  Unl ike the

Hoptield Network, in this structure a cell can only interact

directty with its nearest cells lbr an r= I neighbourhood' The

ncighbourhood in a CNN is defined as:

. v . ( r . i ) = / p r r ' . 1 1 , ' o * l * - , l . l l - 7 1 ) s ' . r  < r < L ! . t s t s N  ( l )

The equivalent circuit of a cell in a CNN is shown in Figure'1.

2. CIRCUTT EQUATTONS OF THE CNN

In order to derive the state equation ofa cell, we apply the
KCL to v,,, node, therefore, we will find the equation below:

o=-t  +ctu l t  ** r , , . ,  -  Z, l r , . i r t , l ' t .v ,u-dt R 
'"t 

(.(r,t>N,(,,J)

It1i,i;*,ty-u,r., (2,
(l(f ,r)€,t/, (j,., )

Also the outpu( equation will be as follows:

I t  , l
vy.t--l(vo.t)=;1r,,, * ll - 1v,,,, 

- l lJ (3)

lf we have an MxlV CNN structur€ including ilMcells we can
re-write the whole state equations in a matrix form:

i = - x + A ' y ( x ) + B r u + I  ( 4 )

where (r) is the two-dimensional convolution operator, A is
called cloning template, B is called conrrol lemplale and I is
called threshold.

X = - S ' X + A . Y  ( 5 )

lf we consider a CNN structure with three ceils and rcplace
(2) in (5), for each cell we will have the following matrix
equatron:

(V',) state (V.,) output (Zrr)

The /., and /",, dependent current sources are connolled by the Suppose we have a dynamical system whose state eqaution is:

outputs and inputs ofthe C(k,l) e N,(i,i) neighbours ofthe

cell respectively. The voltage controlled current source /, -

whose equation will be given in the next section - is a

nonlinear (piecewise - tinear) li:nction of the v,,, state and can

be realized with a simple op-amp circuit [2].

2 r 2

rnput

Figure - l: A generalizetl equivalent cell circuit of a CNN.
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We can model any dynamical system with the stalc equations
abovc by using thc g,cnq'alizcd cquivalcnt of tre CNN ccll
crrcuil. Thc dcsigr is thc detennination of the R, C passive
ctrmgrnant valws urd thc 5".4 voltagc <nntrolled curTent souroe
values.

3. NUMERICAL EXAMPLES

Considcr thc lbllowing astable biascd CNN srructtuc [3]:

Figure - 2z ,4 CNN stntcturc lor the sinulalion of "double
scrclls".

The matrix lbrm of thc state equations fa the systern above will
be

lf we choosc the capacitanccs of C1, C'? and Cr dl equal to
l00pF and thc time - constant lbr cach cell r= I s, thcn the
norrnalized vulues of thc componants will be found as:

/lr=R-'=^r= tO*rr,
.41pA22=A3;l l6StS
.'l r:=.4:FA tf'lSOltS
,{33=-433=200PS
.4r=' l20PS

It'wc slietch the (v,11,v,13) plunc in PSpice we will observe the
doublc scroll secn in Figurc - 3.

, ( | 1 : )

tr'igurc - 3: The double scrcll generated by the dilfercntial
equation in (7). Prcjection onto the (vs1, va) plane.

furother systan of equatians tbat gcoerrtes "d,oubb ssolls" qn
be derived liom the structurc below [4]:

-ata

Figlllc - 4t Another sysam that can bc used tor the
gcneration of "double scrolls".

By ananging the differentirl equdiquthst r?rcscnt thc systcm
we will have

ln this suse, it is clcar that we will nccd sn cKrE d4endenr
curcnt sourcc lix eastr ccll which ure crxruolled I the statcs of
the ncighbour ells. This specilic stnwture is called Sla&
Contolled CNN (SC-CNN). By applying rhc same proccdurc
for thc componant values,

Cr{z=Cf l(DpF
rl s., R3=l0kf), R1=856lfl
&fS3=-l00pS
.S31=t4.6341pS
Srr=- I 29.48pS
,411=125.8pS
/z='41.338pS
13;194.8pS

will be tbund. Thc (v,11, v,1) plarc is strown in Figure - 5.

[;l={-.l,fi-,; ll f;l.f ;;il,-;l] tl]Li,J I r.zses o oJ L',J I r.%8 o 
,r,

fol  f  '  o ol  fxr l  [ t . t0 -r .5 -t .sl  f ,vr ' ]
l ; ,1=lu r  u l l ' ,1+l-rs r .16 -2ul ln l t t>
Li J L, ,r rJ L',J L-t z z.o Ll6J Ly'J

2r3
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Figure - 5: The double scroll generuled by the dilferential

equutiort itt (8). Projection ortto the (vi1v'11 plane'

r. coNcLUstoN

ll this paper, a topologl tbr the simulation of "double scrolls"

in nonlureur dynanric rystenrs is proposcd This toPolry basicly

depcnds on an equivalcnt ccll circuit in a CNN slructure'
'fwo 

clitbrent sets of state cquations that generate "double

scrolls" arc used as thc numcticul examples. The normalized

compondlt values ue ulsr.r computed lbr PSpicc simulations'

'lhesc PSpicc models can be used in the design of chaotic

svstcms as wcll as ur analyzinE, thc stability of Cellular Neural

Networ*s,
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