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Pedepar: PaccmaTrpuBaloTcss MHOTOMEpHBIE CHCTEMBI, X OCHOBHBIC CBOICTBA W XapaKTEPHCTHKH, a TAKXKE METOIBI pealli3allii
MHOTOMEPHBIX HU(PPOBBIX (PUIBTPOB KaK YACTHOTO CIydasi MHOTOMEPHBIX CHCTEM.

BBenenne

B Hacrosimee BpeMs HalUTH IIMPOKOE IMPUMEHEHHE MHOTOMEpHbIe IudpoBbie GmibTpel (ML®), koTopsie
SIBIITEOTCSI YaCTHBIM CJIy4aeM MHOTOMEPHBIX cHCTeM. [103ToMy 1enecoo0pa3sHO paccMOTPETh OCHOBHEBIC CBOWCTBA W
XapaKTePUCTUKH JIMHEHHBIX MHOTOMEPHBIX CHCTEM W UX NpuMeHeHue i cuHTe3a MI®. Haxonsat npumenenue u
HEJIMHEHHBIC U(PPOBBIC CUCTEMBI, OJTHAKO, 31€Ch OHU HE PaCCMAaTPHUBAIOTCSI.

OnucaHne MHOTOMEpPHBIX CHCTEM

JIvHelHass MHOTOMEpHAsI CHCTEMa MPEACTABISIET cO00H CHCTEMY B OOIIEM CIIydae ¢ MHOXKECTBOM BXOJOB U
MHO’KECTBOM BBIXOJIOB, Ha 3aKMMaX KOTOPBIX JICHCTBYIOT MHOTOMEPHBIE CHTHAJIbI, T.€. CUTHAJIBI, KOTOPBIE SBIIIOTCS
(YHKIMAMH HECKOJBKHX MEepeMEHHBIX. CHCTEMBI ¢ OJJHUM BXOJOM M OJHHMM BBIXOJOM IIPH MHOTOMEPHBIX CHUTHAlIax
TaKXe SIBIISIFOTCS] MHOTOMEPHBIMHU.

Ecmu v=v(n;,n,), y(n;, ny) - IByMEpHbIE CUTHAIIBI (WJIM BEKTOPHI TAKMX CUT'HAJIOB), Z - JIMHEHHBII oreparop,
TO cUcTeMa (JByMEpHasi) ONpeessieTcs Kak

yO)=z v() ey

Curnanel v(n;,np), y(n;, ny) B (1) mpeacraBisiror co0OH (YHKIMH, ONIpENCIICHHBIE Ha MHOXECTBE

YIIOPSIIOYECHHBIX Tap HEJbIX YNCe, HalpuMep,

v={v(n,ny), -eo<ny, ny <eo}. (2)
B nunelinoi cucreMe, ecinu
Y1=ZVy, Y2=ZVy 3)
TO
y=z[av,+bv,]=y+Y, 4)
rae a, b - BelecTBEHHbIC WJIM KOMIUIGKCHBIE KOHCTAaHTBHI. PaBEeHCTBO (4) BBIpaKaeT JBE CTOPOHBI TMPHHITUITA
CYNEPHO3NINNA - aIJUTHBHOCTh M TOMOTCHHOCTh. IlepemenHsle n; W n, B (1)-(4) dacTto Ha3pIBaOT
MIPOCTPAHCTBEHHBIMH.
CucTeMoii, ”HBapHAHTHOH C CABHTY, HA3bIBAETCS TaKask CHCTEMa, JJIsl KOTOPOH CIIPaBeINBO PABCHCTBO
z[(n-my, ny-my)]=y(n;-my, ny-my) (5)

JUTSL BCEX 3HAYCHHU V M JTFOOBIX [IEJIOYHCIICHHBIX BEIMYHMH My, M.

Ecnu cuctema nuHeliHa U OIHOBPEMEHHO MHBapHaHTHA K cIBUTY, TO ee Ha3biBatoT JIMC - cucremoit. Huxe
paccMatpuBatotcs Toabko JIMC-cucremst.

B mpocrpancteennoii obnactu JIMC-cucrtema onuchIBaeTCS HUMITYJIbCHON XapakTepuCTHKOW h(ny,ny). st
MHOTOMEPHBIX (MIBTPOB YacTO yIoOHEe MOJIb30BAThCS ONMCAHHUEM CHCTEMBI B YacTOTHOH oOmactu. C 3TOH Lenbio
HCIIONIL3YETCsI MHOTOMepHOe mpeobOpa3oBaHre Dypbe, KOTOPOE MOKET ObITh HEMPEPHIBHBIM KU JUCKPETHBIM [1,2].
Huckpetnoe npeobpazoBanue ypre (JII1D)

1 N;-IN,-1 2
V(nlvnz):—z zv(klak )exp(j—nk +Jj—nk,) )
NN, kZ0k=0 N,
(s 0 £ k;€Nj-1; 0 < kp<N,-1) Ha3bIBAIOT MPSMBIM, a npeo6pa3OBaHMe
1 N,;-IN,-1 27_[
v(ny,ny)=—— zzv(klvk )exp(] nk +j——mk,) (6)
N1 2 k=0k,=0 Nz

(ms 0 < =N;-1; 0 £ nyp<N,-1) - obpatHbIM. [Tpu 3amucu (5) u (6) ommopHas 061acTh Ry N, Onpesenena B Buie
RN1N2 ={(I11, nz): OSHISer, OSHQSer}. (7)
OcHoBHBIE CcBOIcTBa npeoOpazoBanuii (5) u (6) - IMHEHHOCTD, LIMKIMYECKUE CABUTH, TeopeMa Ilapcesais,
CHUMMETpUS TP BELIECTBEHHBIX CUTHAIAX, MOAYJIALMS, oTpaxeHue [1].

HepexypcuBHble GUIbTPBHI

Bce ¢mibTpoBBIe CcHCTEMBI IeNsATCS Ha HEPEeKypCHBHBIE W peKypcuBHBIE. [Ipym WX NPOEKTHPOBaHHUU
permaroTcs ABE 3aJadu: allIpOKCHUMAINH U peann3aiun. Hike paccMaTprBaeTcs 3a1ada peaain3anni.

HepexypcuBHble GWIBTPBI WIM QHIBTPHl ¢ KOHEYHON WMIYIbcHON xapaktepuctukoi (KWUX-pumbTphn)
peanu3yroTcs MeTogaMu npsiMoi cBepTku, 1D, ceKIMOHMPOBAaHHON CBEPTKH, NMPUYEM, peallh3alis MPOBOIUTCS B
MIPOCTPAHCTBEHHOHN 00JIaCTH; CYIIHOCTH METOJa BBITEKAeT M3 ero Ha3BaHWA. LIIMpoKO MCHONB3YIOTCS METOIBI OKOH,
WIN BecOBOM (yHKIMHU (IPSMOYrOJIbHOE OKHO, OKHO XemmuHra, Kaizepa u ap.). DTH METOABI XapaKTepU3YIOTCs
MIPOCTOTOHN ANMPOKCUMAIMH M PEATU3alNH, HO TPEOYIOT OOJIBIIOT0 KOJINYECTBA BHIYUCICHUMH.

@2001, anekTpoHHas Bepcus nogrotossieHa 3A0 ABTIKC Cankr-lMeTtepbypr, http://www.autex.spb.ru
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Bce wmerompr peammzammn  KUX-punbTpoB TpeOyroT OOJbINEe BBIYMCIUTENBHBIX 3aTPaT, YeM METOJIBI
peann3anuy PeKypCUBHBIX (PHIBTPOB ¢ OECKOHEYHOH HMITyabCcHOW XapakTtepuctukor (BUX-pumstpos). Ilpu
peanmzanuy BUX-GuibTpoB BOZHUKAET MPOOIEMa yCTONINBOCTH.

PexypcuBHble puIbTPHI
Hs omucanuss BUX-GunabTpoB HCHONB3YIOT PA3HOCTHBIC YPAaBHEHHUS W TIEPEAATOUYHYIO (DYHKIUIO B
KOMIUIEKCHOH Z-T1ockocTH. Pa3HoCTHOE ypaBHEHHE UMEeT B
Zzb(klakz w(n, —k,n, —k,) :Zza(ﬁarz x(ny —r,n, —1,) ®)
ky o ky non
[Mpumenss k (8) z-npeobpazosanue [1], momydaem nepenaroyHyro GyHKIMIO GUIBTPa («BBIXOA/BXOI»)
Nl NZ

D> a(r.r )z 2"

H_(z,,2,) = 122 : )

N N

Z Zb(kpkz )Z1_klzz_k2

k=0k,=0

rae zj=¢'”!, z,=e/>, (;, W) - KpyroBeie yacToTHL [Ipemonaraem, 4to OMOpHas 061aCTh MACCHBOB KOS HUIHEHTOB -
TIepBBIN KBAJIPaHT Z-00JIaCTH 1 BBINIOJIHEHBI BCE YCIIOBUS peKypcuBHOI Beruuciaumocts [1]. U3 (8) u (9) nomyuatores
pasHoCTHBIE ypaBHeHMs1 M nepenarounas QyHkuus aast KUX-gunerpos, ecnu npusaTh koddduuuents! b(k;,k,)=0
mpu Beex k1,k2; wacto b(0,0)=1.

BUX-punbTpbl MOKHO peanu3oBaTh B psmoid Gopme 1o (12) nnm (13); mpu 3TOM UCTIOIB3YIOTCS KacKaHast
WIN TapajulenbHas cTpyKTypbl. OO 3TH CTPYKTYphl MMEIOT OrpaHM4eHHs Ha peammsanmio. [llupokoe nmpumeneHne
MOTYyYUIN WTEPALMOHHBIE METOIBl peanu3alud - 0a3oBass W 00OOIIEHHAss B YACTOTHOW M IIPOCTPAHCTBEHHOU
obnactsx. [TogpoOGHOCTH paccMoTpens! B [1,2].

Peanu3anus B IpoCTPaHCTBE COCTOSTHUI

JocTonHCTBAa OZHOMEPHBIX (HIBTPOB, PEATM3YEMBIX B HMPOCTPAHCTBE COCTOSHHMS, XOPOIIO M3BECTHHI [4].
[TosToMy mpezacTaBisieT OONBIION MHTEPEC Pa3BUTHE 3TOW METOAMKH PEATU3alU MPUMEHUTEIFHO K MHOTOMEPHBIM
¢unbTpaM. B Hacrosmee Bpems ONMHCAaHBI HECKOJNBKO MOAXOIOB M MOJENEH B TPOCTPAHCTBE COCTOSIHUS IS
MHOTOMEpHBIX (MIbTpoB. Kak m3BectHO, Monenb Poccepa 11t MHOroMepHOTo (pHiIbTpa ¢ HECKOJIBKUMH BXOJaMHU U
BBIXOJIJaMH ONKCBIBAETCS ypaBHEHUsIMH [ 3, 6] :

x"(i+1)) . .
= Ax (i,j)+ Bv(i, J), (10)
x"(i,j+1)
W(1,j)=Cx(1,j)+Dv(i,j). (1D
IJIe X- BEKTOP COCTOSHHS, COACPIKAIIMI BEPTHKATbHYIO (X') ¥ FOPH30HTAIBHYIO cocTaBisomtyio (x"); v(.,.), y(.,.) -
BEKTOPHI BXOJHOTO BO3JCHCTBUS M BBIXOAHBIX mepemeHHbX; A,B,C.D - wmarpuunbsie k03¢ UIHESHTHI

COOTBETCTBYIOIIMX pa3MepoB. J[ns mpocToTel 31ech pa3MEpHOCTb (GMIbTpa IpPUHATA PaBHOM IBYM; CHCTEMa
00paboTKN CHTrHAJIAa TPHUHSTA JIMHEHHOW M MHBapHaHTHOW K cusury. V3 ypaBuenuit (10) u (11) u ananmmsza cucTeMsl
MOJKHO IOJYYHUTh BBIPXKEHHE JUISl BBIXOJJHOTO CHTHAJIa B IPOCTPAHCTBEHHOW 00JIaCTH:

Lo x"0k)] & |0 4 b i 0
(i, -)=[C C ] At,j—k + At—l,] + Ax—(1+1),j—k +Ax—1,j—(k+1) X
y J 1¥2 ; 0 ; xv (1’0) zz 0 b2 B

xv(1,k )+dv(i, ). (12)

(12) 3anmcanbl ypaBHEHUs [l SJIEMEHTOB MATpHII, T/I¢ IBOMHAas cymma Y2, Beraucisercs o unaekcam (0,0) < 1k <
(i,j)- IlepenaTounyro pyHKIMIO B 00J1aCTH KOMIIEKCHBIX IIEPEMEHHBIX Z| U Zy MOKHO MIPEICTaBUTh B BHIE:

z-1-4, -4, | b, -1
H(z,z,)=[C,C,] +d =C[l(z,,z,)—A] v+d. (13)
— A, z,-1-A4,| | b,
B ypaBuenuu (13) A;...Ay; C;,Cy; by,b, - mogmaTpuibl MATPUYHBIX KOAPPUIUEHTOB U BeKTOPOB U3 (10);
1(z1,20)=2"1®2,1, Tie ® - 3HAK IPSMOIT CyMMBI MATpHIL, | - €AMHIYHAS MATPHIIA COOTBETCTBYIOLIETO MTOPSIIKA.
3anucaHHbIC BBIPAXKCHUS HETPYIHO IMPeoOpa3oBaTh B COOTBETCTBYIONIME COOTHOLICHUS IS SJIEMCHTOB
matpull X, y 1 H. W3 3TUX COOTHOIIEHWH MpeasoKeHbl 2 aJrOpUTMa OMpPENEICHUs BBIXOJHOTO CUTHAja; 3TH
AITOPHUTMBI AyalIbHBI: OIHH TIOIy4aeTcs U3 APYroro 3aMEHOH Z; Ha Z) ¥ HAa00O0pOT.
His momemn ®opHazuHE-MapKke3nHH CHpaBeIINBEI ypaBHEHUS (TIPH HECKOJBKHX BXOIAaX M HECKOIBKHX
BBIXO7ax) [3]
x(k+ 1,1+ D=Ax(k, 1+ 1)+Ax(k+1,1)+Bv(k,1+1)+Bov(k+1,1), (14)
y(k,D=Cx(k,)+Dv(k,l). (15)
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Marpuiia nepeaTouHbIX QYHKIUH MOJEIA UMEET BH/T
H(Z],Z2)=C(Z|Z21-Z2A1-Z|A2)-1(Z2B |+Z1B2)+D, (16)
rae A,A, u By,B, - coorBeTcTByMOmUE moAMaTpuIlel MaTpull A U B. Dnement mepemarounoit matpunbl H(z,z,)
BBIpAKaeTCsI KaK
Hkl(Z1722)=Ck(ZIZZI'ZZAI'ZIAZ)-I(ZZB 1+z1B2))+Dy. (17

Ha ocHOBe 3TOT0 BEIpa)XeHNS pa3paboTaHBI TAKKE /IBA aITOPUTMA PeaTH3alny.

Jis pacyera 4acTOTHBIX XapaKTEPUCTHK pa3anyHbIX GriibTpoB Poccepa onpenensuiock YUCIo onepanui ais
MIPUMEPOB pa3HbIX GUIBTPOB (BCEe MpOrpaMMBbl U pacueTsl BeinoiaHeHsl H.C.MBaHOBOiT). [Ipu 3TOM paccMaTpuBaiuch
OCHOBHBIC M JyallbHBIC AITOPUTMBI. [IpUMCHSINCH Pa3IMYHBIC METOIBI BBIYMCICHUS OOpaTHBIX MaTpuil. Yucio
onepanuil U3MEHsJIOCh OYTH Ha 1 - 2 mopsiika y KOHKPETHBIX NMPUMepoB. [103TOMy IpH HCTONb30BAHUN PA3TUYHBIX
QITOPUTMOB HYXXHO YYHUTHIBATh O0BEM BBIUMCIICHHUHA U IPOBOJIUTH COOTBETCTBYIOIIHNE CPABHCHHS.

AHAJOTMYHO, JAJS pPa3jUyHBIX MPUMEPOB, pellaeMblX ¢ momomplo Monenun Ddopuasunu-Mapke3unu,
MTONTyYaroTCsl pa3Hble 00BeMBbI BEIUMCIEHHHA. OIHAKO, €CIIM CPaBHUTH IO BBIYHUCIUTEIHHON A(PPEKTHBHOCTH MOJCIH
Poccepa u PopHazuHU-Mapke3nHH, TO MOXXHO YOSOUTHCS, YTO aITOPUTMBI, HCIIOJB3YIONIHEe MoAelh Poccepa,
3HAYUTENBHO (P PEeKTHBHEE IT0 00beMy BRIUHNCICHUH, yeM Moenu OopHazuHu-MapKe3nHH.

PaccMoTpeHne ycTOMUNBOCTH MEPEAaTOYHBIX (PYHKIIMH MHOTOMEPHBIX (QMIBTPOB SBISICTCS BECbMa BaYKHOM
3amadeii py MPOeKTUPOBAHUU (HUIBTPOB. 11 omHOMEpHOTO (DUIBTPa, KaK U3BECTHO, YPAaBHEHHS COCTOSHHUS HMEIOT
BHJ

x(i+1)=Ax(1)+Bv(i), (18)

y(i+1)=Cx(i)+Dx(i). (19)
HpI/I OTOM NEepeaAaTOIHas MaTpulia 3allMCbIBACTCS KaK

H(z)=C(z1-A)'B+D (20)

Otcroma cienyer, 4To Bce COOCTBCHHBIC 3HAUCHHS MATPHUIBI A JIOJDKHBI JIGKATh BHYTPU CIUHHIHOMN
OKPY>KHOCTH.
ITo xpureputo JlamyHoBa omHOMepHBIH GUIBTP, TpeacTaBieHHbI cuctemon (18),(19), ycToluuB Torma u
TONIBKO TOTHa, KOTga [UIA JII000W TOJOXKHUTEIBHO-ONpEaeNieHHON MaTpuisl Q CymecTByeT eXWHCTBEHHAS
TOJIOKUTEIBHO-0IpeieNieHHas MaTtpulia P, yinosnerBopsitoias ypapHeHuIo [4, 6]
ATPA-P=-Q. (21)
JIist TByMEpHBIX CHCTEM KpuTepui (25) MOKHO BHIOU3MEHHUTH CIEAYIONINM 00pazoM [3].
JiByMepHBIH 1M(POBOH GHUIBTP, MpeNCTaBICHHBIN nepenaTouHol ¢ynknued (16), ycroiuuB (B cMblcie
«OTPAaHUYCHHBIN BXOJ] - OTPAHHMYCHHBIH BBIXOJ]») TOT/IA ¥ TOJIBKO TOT/IA, KOTIa
a) Matpuma A He UMeeT COOCTBEHHBIX 3HAYCHUI BHYTPH CAUHINYHOTO OUKPYyTa.
0) VpaBHenue JlsmyHoBa
P*(z)G(z)P(2)-G(z)=-W(z)
(22)
rme G(z)=A+A5(z1-A)) ' Ay, (23)
HMEET eTUHCTBEHHOE IOJIOKUTEIBHO-OIIPEICIICHHOE SPMUTOBO penienne P(z) mist mro6oi 3ananHoi Matpuiel W(z) -
TI0JI0KUTEIHHO-OMPEACIEHHON 3pPMUTOBOU MaTPHIIBI.
Crnenyer OTMETHTbH, 4TO OOparieHre MaTpuilsl (z1-A) B IByMEpHOM cliydae IeIecO00pa3HO BBITIONHATH IO
0000menHOMy anroputMmy Danneesoii [5] u npumeHsaTh BITD

3akJ/oueHue

AKTYaJIbHOCTh MPOOJIEMBI Pa3BUTHSA METOJOB CHHTE3a MHOTOMEPHBIX CHCTEM UIS 0O0pabOTKH IH(POBBIX
CUTHAJIOB, B YaCTHOCTH, IU(POBBIX MHOTOMEPHBEIX (PHIBTPOB, TPeOYET CO3MAHHS Pa3IHMYHBIX METOMIOB pealH3aluu
cucteM. [IepCIEKTUBHBIM HANPaBJIICHHEM TAKOTO PA3BUTHS SBJIACTCS pa3pabOTKa METOJOB CHHTE3a B MPOCTPAHCTBE
COCTOSIHUS, 00JTaJAFOIINX ONPEICIICHHBIMY MPEUMYIIIECTBAMHE MO CPABHEHHIO C IPYTUMHU METOJAMH.

B noknane mpuBOAATCS HECKOJBKO MOJENIe MHOTOMEPHBIX (HIBTPOB (B MPOCTPAHCTBEHHOW M YaCTOTHOM
001acTIX) ¥ ONMHCAHHI MPeUIaraeMble aJrOPUTMBI peaTn3alliy IByMEPHbIX (pMIbTpoB. VcciemoBaHbl TaKKe BOIPOCH
ycToiauBOCTH 110 JISIyHOBY M JaHBI COOTBETCTBYIOIIHIE KPHUTEPHH.
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BASIC PROPERTIES AND PERFORMANCE OF MULTI-DIMENSIONAL DIGITAL SIGNAL
PROCESSING SYSTEMS
Mironov V.G., Tchobanou M.K.

Moscow Power Engineering Institute (Technical University)
105835, GSP, Moscow E-250, 17 Krasnokazarmennaya st., Dep-t of Electrical Physics

Abstract: the multi-dimensional systems, their basic properties and performances, and also methods of
implementation of multi-dimensional digital filters as special case of multi-dimensional systems are considered.

1. Introduction of multi-dimensional systems

The linear multi-dimensional systems represent a system generally with a set of multi-dimensional inputs and
outputs, i.e. the signals, which are functions of several variables. The systems one-port and one exit at multi-
dimensional signals also are multi-dimensional.

If v=v (nl, n2), y (nl, n2) are two-dimensional signals (or vectors of such signals), z - a linear operator, the
system (two-dimensional) is defined as

y()=zv() (1

The signals v (nl, n2), y (nl, n2) in (1) represent functions, particular on a set of ranked pairs of integers, for

example,

v ={v (nl, n2), - <nl, n2 <}. 2)
In a linear system, if yl=zvl, y2=zv2, 3)
then y=z [av1+bVv2] =y1+y2, 4)

where a, b are real or complex constants.
The system, which is delay invariant, is such a system, for which the equality is valid
z [(nl-m1, n2-m2)] =y (nl-ml, n2-m2) 5
for all values v and any integer magnitudes m1, m2.
In a spatial domain the delay invariant systems are featured by a impulse response h(nl, n2). For multi-
dimensional filters frequently it is more convenient to use representation of a system in frequency field. With this
purpose the multi-dimensional Fourier transform is used which can be continuous or discrete [1,2].

2. Nonrecursive filters

All filtering systems are divided on nonrecursive and recursive. At their design two problems are solved:
approximation and realization. A problem of realization is considered below.

The nonrecursive filters or filters with a finite impulse response (FIR) are implemented by methods of direct
convolution, DFT, partitioned convolution, and, the realization will be carried out in a spatial domain; the essence of a
method implies from his title. The methods of windowing, or weight function (rectangular window, window of the
Hamming, Kaiser etc.) are widely used. These methods are characterized by a simplicity of approximating and
realization, but lots of evaluations are required.

All methods of realiztion of FIR filters require more computing expenditures, than methods of realization of
recursive filters with an infinite impulse response (IIR). At realization IIR filters the problem of stability should be
solved.

3. Recursive filters
The description of IIR filters one can use difference equations and transfer function in a complex z-plane.
Then one can obtain a transfer function of the filter («exit/input")
Nl NZ

Zza(ri’ré )z "zy"

HZ(ZIDZZ): (ke s (6)

Nl NZ
Z Zb(klakz )z, Mz,
k=0k,=0
We guess, that the support of arrays of coefficients is the first quadrant of z-field and all requirements by
recursive realization are carried out [1].
IIR filters can be implemented directly; thus are used cascade or parallel structure. Both these structures have
limitations on realization. The wide application was received by iterative methods of embodying - base and
generalized in frequency and spatial fields. The particularses are surveyed in [1,2].

4. Realization in the state space

The virtues of one-dimensional filters, realizable in space of a state, are well known [4]. Therefore represents
major interest development of this procedure of realization with reference to multi-dimensional filters. Some
approaches and models in space of a state for multi-dimensional filters now are circumscribed. As is known, the
Roesser model for the multi-dimensional filter with several inputs and exits is featured by the equations [3, 5]:

-4 -
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x"(i+1,7) - -
= Ax (i, ) + Bv(i, )), (7
x'(i,j+1)
y (i, j) =Cx (i, j) +Dv (i, j). (3)

where x- a vector of a states containing vertical (xv) and horizontal component (xh); v (..), y (..) - vectors of
input action and output variables; A, B, C.D - matrix coefficients of the relevant sizes. For a simplicity here dimension
of the filter accepted equal to two; the system of handling of a signal accepted by linear and invariant to delay. From
the equations (7) and (8) and analysis of a system it is possible to obtain an expression for the output signal in a spatial
domain:

I I x"0,k)] & |0 . ol b L 0
(i, i) = C C At,]—k + At—l,] + At—(l+l),]—k +At—l,]—(k+1) X

xv(l,k)+dv(i,j). (9)

he transfer function in the field of complex variables z1 and z2 is possible to present as:

z-1-4 4, 1'T»
H(z.z,)=[cc,]1"W "+ 7 "y d =C[l(z,,2,) = AT v+d. (10
(Zl Zz) [ 1 2]|: —A3 22-1—A4:| |:b2 [(Zl Zz) v (10)

For the Fornasini-Marchesini model the equations are valid at several inputs and several exits [3]

x(k+1,1+D)=Alx(k,]1+1)+A2x(k+1,1)+B1v(k,1+1)+B2v(k+1,1), (1)
y (k, 1) =Cx (k, 1) +Dv (k, D). (12)
The matrix of transfer functions of model looks like
H(z1,22)=C(z1221-z2A1-z1A2)-1(z2B1+z1B2)+D, (13)

where Al, A2 and B1, B2 are relevant submatrixes of matrixes A and B. The elements of a transmission
matrix H (z1, z2) are expressed as
Hkl(z1,22)=Ck(z1221-z2A1-z1A2)-1(z2B 11+z1B21)+DKkl. (14)
On the basis of this expression two algorithms of embodying were designed.
Thus the basic and dual algorithms were considered. The different methods of an evaluation of inverse
matrixes were applied. The number of operations varied almost 10 - 100 times for different examples.
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