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Pedbepat. lNpegnoxeHa matematnyeckass Modenb KNeTo4YHOW HEMPOHHOW ceTn, paboTatroLen
B OMCKPETHOM BpemMeHu. [MokasaHa BO3MOXHOCTb NMPUMEHEHUSI TaKOW CUCTEMbI K ounbTpauum
UMpPOoBLIX cuUrHanos u usobpaxeHui. lNMprvBeaeHbl NpUMepbl OLHOCMAOWHBLIX W ABYXCIOWHbIX
KNEeTOYHbIX HEMPOHHbIX ceTen ansg o06paboTkm UMdpPOBbIX CUTHAMOB.

1. MaTtemaTunyeckas mogernb KIeTOYHON HEUPOHHOM CETU

KneTtouHble HenpoHHble ceTn (CNN — Cellular Neural Network) BnepBble Obinv MpeanoXeHbl B
pabotax Chua u Yang [1,2]. OTOT BMA HEMPOHHbLIX CETEN SABMSETCS OYEHb MOLLHBIM WUHCTPYMEHTOM B
3afjayax ob6paboTkM CuUrHamoB, OCOGEHHO B TEX W3 HUX, KOTOpblE PELIATCs B pearlbHOM BPEMEHMW.
Kaxxgas knetka CNN cBsidaHa CMHanNTUYeCKOW CBS3bHO CO CBOMMW coceasmu (8 KreTok) u cama ¢ cobon.
Kpome cvHanTuyeckux CBSI3el Kaxkaasi KneTka MMEeeT OfHY CEHCOPHYI0 CBsi3b C MOCTOSHHbIM BO BPEMEHM
BHELLUHUM CUTHarom.

CocTosiHMEe KIeTKu yl] CNN ONCKPETHOro BpeMeHU 6yﬂ,eT onpenendaTtbca cneaylumm
BblpaXXeHneMm:
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2. IlnHenHasa domnbTpaumns nsobpaxeHnmn
B o6uiem cnyyae cBOANUTCS K BbIMUCIIEHNIO CBEPTKU:
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roe x[m, n] - ucxogHoe u3obpaxeHue (Bxod punbTpa); W[m, n] - UMmnynbcHas
XapakTepucTuka punbTpa; y[m, n] - oT(MNbTPOBaHHOE Un3obpaxkeHue (BbiIxod punbTpa).

PeweHne Ha npakTnke 3agadu (*)I/IJ'II:TpaLI,MM CBOANTCA K HaxoXgeHuto W[m, n] OpHako

Ba)XHbIM BOMPOCOM OCTaeTCs MpaKTudeckasi peanusauus cBepTku (2). bonblioro cokpalleHus 4ucna
onepauuyi MNpu MPaKTUYECKOW peanu3aumn BbIYUCIIEHUS CBEPTKM MOXHO [OOCTUIHYTb, €Cnu yoaeTcs
nogobpaTtb pasHOCTHOE ypaBHEHME HEBbICOKOrO MOpsiAKa, C MOCTOSHHLIMU KO3 MULMEHTAMUN, pELLEHNEM
KOTOPOro sIBNSieTCA cBepTKa (2), T.e. BMECTO (4nsi OOHOW CTPOKM):
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Puc. 1. OgHocrnonHaa CNN ans o6paboTku CTpoku

yin] = £ (n],{n-1,x{n+1],{n-2],{n+2],....,
yin=1,y[n+1],y[n-2],y[n+2],.....).

AnnapaTHaﬂ peann3auuna nocnenHero ypaBHeHUA U OaeT CTPYKTYpYy Heﬁpocem.
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3. Peanusauunsa cBepTku ¢ ucnosnb3osaHnem CNN AUCKPETHOro BpeMeHuU

Mpumep 1. MNycTb 3aaaH 04HOMEPHbIA OAHOCTOPOHHUIA PUNBTP
W[n]=a(l-a)",n=0,1,2,...

Mony4aem pasHoCTHOe ypaBHeHWe Buaa (3):

yin]=ax{n]+@-a)y[n—-1]. (4)

YpaBHeHuWe (4) 3agaeT apxmuTekTypy 1 3Ha4eHunsa koaddpuumeHtoB CNN (puc.1).

Mpumep 2. OgHOMEPHbIN ABYCTOPOHHUIA (PUNbTP
a
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Monyyum cnepytolme ypaBHeHUst 06paboTku:
OBWXEHWe crieBa - Hanpaso:

yintl =anqnt-1+@-a)3,[n-1t-1; ®
ABV)XXEHMeE crpaBa — HaneBso:

yint]=aly,[nt-1+@Q-a){n+1t-1; (6)
YpaBHeHus (5) n (6) 3agatoT CTPYKTYPY HEMPOCETH, KOTopasi B JAHHOM CIlydae MMeeT ABa CIlosi:
npu yn,—1] =0 1 y[N +1,t] =0 (T.e. 3a rpaHMLamm kaapa - Hoflb).
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Puc. 2. [1ByxcnoriHas CNN anst o6paboTkm CTpoku

Mpumep 3. [IBymepHasa ABYCTOPOHHAS CBEpPTKa

[
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Monyuum crieayrolime YeTblpe ypaBHEHUss 0GPabOTKM:
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OBWXeHne Mno CTpOoKe crieBa - Hanpaeo:

yl[m’n’t] =aD<[m’n’t_1]+(1_a) wl[m_ln1t_ﬂ; )
OBMXeHne no CTpoke crnpasa - Haneso:

y[mntl=ab,[mnt-1+(@1-a) G,[m+1nt-1; ®)
ABW>XXeHune no CTOJ'I6LI,y CHM3Yy - BBEPX:

y.[mnt] =aly,[mnt-1+(1-a)5,[mn-1t-1; ©
ABW>XeHune no CTOJ'I6LI,y CBEepXY - BHU3!

yimn,t]=aly,[mnt -1+ (1-a)3,[mn+1t-1]; (10)

(HavanbHble YCrOBUS BO BCEX YPaBHEHMSIX - HYNEBbLIE).
YpaBHeHue (7) - (10) 3agatoT CTpyKTYpy 4-x crionHon CNN.
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LINEAR DIGITAL FILTRATION ON CELLULAR NEURAL NETWORKS
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Abstract. The mathematical model of cellular neural network working in discrete time is
offered. The possibility of application of such system to filtration of digital signals and image is
shown. The examples of single-layer and two-layers cellular neural network for processing digital
signals are indicated.

Cellular neural network (CNN) have proposed by Chua and Yang and extensively analyzed [1,2].
This kind of neural network is very powerful in signal processing, particularly in real-time signal processing.
A basic cellular neural network has a two — dimensional connection structure whose prosessing unit, called
a cell, is connected only to its neighboring cells.

A cellular neural network is completely charactized by the nonlinear equation in discrete time:

Yij [t+1] = Yij [t] +a -8 [yij [t] + A,j;k,l ka [t] - Iij]
C(k)ON; (i, ])
The linear filtration of images is generally reduced to calculation of convolution:

Mimnl= 3 S Wkl o{m-k,n-1];

| =—ocok=—00
there x[m, n] - original image (input of a filter); W[m,n] - impulse characteristic of filter;
y[m, n] - image which has been filtered (output of a filter).
The solution of a problem of filtration in practice is reduced to finding W[m,n].

However the important problem is a practical implementation of convolution. The major decrease of
operations numbers at practical implementation of calculation of convolution can be reached, if it is possible
to select a difference equation, with stationary values by coefficients of the low order, which solution is the
convolution, i.e. instead of (for one string):

yin = iwwmqn—k];
M= f O, =1, {n+3, X0~ 2], {n+ 2.,
yIn=11,y{n+1],y{n-2],y[n+2],....).

The hardware implementation of last equation is given the structure of neural network.
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