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MaHupyembin nepexoq B Bnvxkaniumne rogbl Ha LMPOBOE TENEBU3MOHHOE BeLLaHue crnocobcTByeT
pasBuMTUIO MeTOAOB UncpoBor 06paboTkM MN30BpaKeHUNn, OPUEHTUPOBAHHbLIX Ha paboTy B pearbHOM
mMacwtabe BpemeHu. B Tex cnyyasax, korada Heobxoauma npeaBaputenbHas dunbTpauusa uudgpoBoro
n3obpaxeHms OT wymoB, paboTta ycTponcTB cunbTpaumMm pomkHa obecneuymBatb 0b6paboTky B Temne
NOCTYNSIEHNS AaHHbIX 00 n3obpaxeHun. NonyToHOBbIE (TENEBU3MOHHBIE) N300paXkeHnss obnagatT 6onbLIown
CTaTUCTMYECKON U3ObITOYHOCTLIO Kak BHYTPW Kagpa, Tak u mexgy kagpamu. [Moatomy B gaHHom pabote
aBTOPbl MOCTaBMIU 3aJayy CMHTE3MpoBaTb anropuTM UNbTpauuu, YYUTbIBAOWMA NPOCTPAHCTBEHHYIO U
BPEMEHHYIO  CTATUCTMYECKYID  M3DOLITOYHOCTb  TENEBM3UOHHOIO  M3obpakeHns U1 obnagarowmmn
MUHMMarbHbIMKU TpebOBaHMAMM K BbIMMCIIMTENBHBIM 3aTpaTam.

Mcnonb3ya annpokcumaumio nocnefoBaTenibHOCTU KaapoB MOMYTOHOBOro u3obpaxeHus B Buae
TPEeXMepHOro MapKkoBCKOro nonga B pabote [1] cMHTe3npoBaHO onTumaribHoe npuemHoe yctponcTteo (1Y)
ONs HEenMHEenHOW NPOCTPaHCTBEHHO-BPEMEHHON dunbTpaumn. AHanma cTpykTypbl Y nokasan, 4to 6noku,

peanusyloline BblHUCIEHNE Z,, (), A% :1,7 beHKLI,I/II7I, SABNAOTCA Hanbonee 3aTpaTHbIMU C TOYKU 3pPEHUA

BbIYMCIIUTENBHBLIX PEecypcoB. [N cuMHTe3a YCTPOWCTB cunbTpaumu, paboTallmx B pearnbHOM macliTabe
BpEMEHU, He0BX0AMMO HaTX annpPOKCUMaLUIO, YNPOLLAIOLLYI0 peanv3auuio aHHbIX GroKOoB.
WNccnegoBaHune ypaBHeHUst hunbTpauum, NonyYyeHHoro ogHWM U3 aBTopoB B [1], nokasano, 4To B

cnaraembix ZV(~),V=1,7 COOEPXUTCA BCA anpuopHas WHGOPMaUUs O MPUHUMAEMOM dfemMeHTe
nsobpakeHusi. [N CUNbHO 3aBUCUMMbIX COCTOSIHUIA, KOrda OfHOLlaroBble BepOSATHOCTM Mepexona
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C yyetom (1), (2), nonyunum npubnNMXeHHble (KBa3noONTUMarbHbIE) YpaBHEHUS unbTpaumm
3MIEMEHTOB M300paXeHUs Npu YCrioBUM OOMbLUIOTO OTHOLLUEHUS CUTHanN/WyMm Ans arnemMeHTa udobpaxeHus
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M3 paHHbIX ypaBHEHMW cnegyeT, 4To npu opMUpoBaHUU u (l,],t), K BXOAHbIM [aHHbIM
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n=t—1,t;(q,r,n)¢(i,j,t), 3aBUCALLUME OT arnpuopHbIX AdaHHbIX O UNLTPyeMoM npouecce. 3Hak

/ .
nonpaskuy onpegendaeTca 3Hakom l/l( )(q, I",I’Z), a BeJlnvynHa - cteneHbio CTaTucTn4eckon 3aBUCMMOCTN.

BbiUrpbiw, ab
BbIUrpbIW, ab

OTHOLLEHWe curHan/wym OTHOLUEeHWe curHan/wym
Puc. 1 (Fig. 1) Puc. 2 (Fig. 2)

B cooTBeTCTBUM C ypaBHEHUAMU KBA3UOMTUMAIbHOM uUnbTpaLmm GbISI0 CUHTE3NPOBAHO MPUEMHOE
YCTPOWCTBO M NPOBEAEHO MccneaoBaHue ero paboTbl MPU pasnUYHbIX OTHOLUEHMAX CUrHan/lym nytem
MoaenupoBaHna Ha OBM. B kauectBe npegmeTta obpaboTku Obina B3sATa BMOEONOCIEOOBATENBHOCTb U3
512 kagpoB WCKYCCTBEHHbIX u306paxeHun pasmepoMm 512x512 nukcenen, CUHTE3UPOBaHHas B
COOTBETCTBMMU C anropuTMOM POPMUPOBaHUS TPEXMEPHOrO rayCCOBCKOro MapKOBCKOroO Mofs, B3ATbIM U3 [2].

CpepHne k03(ULIMEHTBI KOPPENsALMM [Nt AaHHOTO Mofsi cocTaensinu: no ropusoHtamm P, = 0,98, no

seprukarm P, =0,98, no Bpemenn P, =0,98. B «kauectBe nomexu MCMoONb3oBanNM aaaUTUBHbIN

- 2
rayCCoBCKMM LUYM n(t)C napameTpamum (0, 671 ) Ons CpaBHEHUA TakKXke npoBoauioCb mMoaenimpoBaHue

paboTbl ONTMMANbHOIO NPMEMHOIO YCTPOWCTBA NPU TEX XKe YCIOBUSIX.

Ha puc.1 nokasaHbl 3aBUCMMOCTM BbiAIpbilla MO MOLWHOCTM CwUrHana pans OBYMEpPHON
NpoOCTpaHCTBEHHOW o06paboTkn kagpoB 6e3 ydyeTa MexXkaapoBoW WU3BBLITOYHOCTW, a Ha puc.2 ang
NPOCTPaHCTBEHHO-BpeMeHHON punbTpaumn. KpuBble 1 COOTBETCTBYHOT ONTUMArbHOMY anroputmy, a
KpuBble 2 - KBa3nONTUMaribHOMY.

AHanus npeacTaBneHHbIX Ha puc.1 1 puc.2 3aBUCUMOCTEN MOKasblBaeT, 4YTO ONTUManbHas
NPOCTPaHCTBEHHO-BpEMEHHas (hunbTpaums obecnevrsBaeT BO BCEM UCCMeAyeMOM AmMana3oHe OTHOLLEHWUI
cuUrHan LyM, BbIUFPbIW MO MOLLHOCTM curHana Gonbwun Ha 1 b, No cpaBHEHUIO C ONTUMarnbHOW
NpocTpaHCTBEHHOW. KBaanonTumarnbHble anropuTtMbl B AnanasoHe oT —2 [o +4 gb nokasbiBaloT
aHanornyHyto KapTuHy. MNpourpbiw KBa3nONTUMarnbHOIO anroputmMa onTUMasnbHOMY NPY OTHOLLEHWAX CUrHan
wym Bbiwe 0 ab He npeBbiwaeT 1 ob ona obonx BapMaHToB unbTpauunn. beicTpogencTemne npu nepexoae
OT ONTMManbHOrO  anropuTMa HENMUHENHOW  pPeKypcMBHOM  bunbTpauMm K KBasvonTMMarnbHOMY
yBenuumMBaeTcs npubnusamMTensHO B f[Ba pasa Mo pe3ynbTataM MOAENMPOBaHWS Ha MNepCOHanbHOM
KoMnMbloTepe.

Takum o06pa3oM, MOXHO caenaTtb BbIBOA, YTO KBA3MONTUMAnNbHbLIA anropuTM  HENWHENHOM
dunbTpauumn nocnefoBaTenbHOCTU MOMYTOHOBbLIX M306paXeHuid MNOo3BOMsSIeT CUHTE3MPOBATb MPUEMHbIE
YCTPOWCTBA, NpefHa3HayeHHble Ans paboTbl B peanbHblX cuctemax obpaboTku BMaeOUHopMaLmm, ecnu
OTHOLLEHWEe curHan/lym no MOLLHOCTM HaxoamTbcs B npefenax ot —2 ao +4 ab. lNMpu cuHTe3e peanbHbIX
YCTPOWCTB HENWHENHON (pMnbTpaumm NONYTOHOBLIX M30BpaxeHun criegyeT ucnonb3oBatb HGonee npocTyro
CTPYKTYPY Ha OCHOBE NMPOCTPaHCTBEHHOIO KBa3NONTUMAanbHOro anropntma. [pu 3TOM BbIMIPbIL B CKOPOCTU
paboTbl ycTponcTBa OygeT SABNSATbCSA  KOMMEHcCaumMen  He3HauuTernbHblX MoTepb B KayecTse
OT(PUNBTPOBaHHbLIX KaApOB BMAEONOCNEA0BaTENBHOCTY.
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The analysis of receiving device structure, synthesized in work [1], has shown, that blocks realizing
an evaluation z, (), v =1,7 require a maximum quantity of computing operation. We have to find
approximation simplifying realization of the given block.

All a priori information on a received picture element is contained in expression z, () = ﬁ For

highly dependent conditions, when one-step probabilities of transitions 1 )) <<0,5; (e #p;v=1-7) and

small errors of a filtering, i.e. at realization of conditions

n(l) -exp@(l)(q,r,n)}>> 1 _
of ; (0(#[3;0(,[321,2;(]=i—1,i;r=j—l,j;n=t—1,t), expression for
z(’)(u(’) (g.rn), % )can be simplified:
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With the utilizing (1) and (2), at large signal/noise ratio for a picture element pg >> 1, equations of a
filtering may be written as

(i, j.0)= @V j.0))- rl@V. . ))+sign( O-1, j.0hnlell) /xf) )+
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From the equations follows, that when determ|neu(1)(l,],t), a corrections are introducing

T

Sign(u(l)(q,hn))ln(ng,))w /nE’v))oq5 ), where o #B,q=i—1,i;r=j-1,j; n =t—1,t;(q,r,n)¢ (i,j,t). The sign of

the correction is defining sign of u(l)(q,r,n), and value - degree of statistical dependence.

We simulated the optimum and simplified receiving devices. In Fig. 1 the increase in power of signal
at various signal to noise ratios for two-dimensional spatial processing are shown and in fig. 2 — for spatially-
temporal filtering. A curve 1 corresponds to the optimal filtering, and curve 2 — the simplified. It is obvious,
that the spatially- temporal processing ensures the best quality of a filtering of a sequence of the images in
both cases. The loss of the simplified algorithm in respect to optimal for signal/noise from -2 up to +4 dB
does not exceed 1 dB at substantial growth of speed.
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