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Pecdepar. B poknage paccmaTpuBalroTCs CpeactBa MOSMyYEeHUS OLEHOK nepemMeLleHus
ONCKPETHbIX M306paxeHnn Anga ycrnoBun, Koraa nepemMeLleHne obbekTa 3a nepuos CMeHbl nonem
TENEBU3NOHHOIO N3006paxKeHNsa MeHbLLIE pa3MepoB ANeMeHTapHOro pparmeHTa n3obpaxeHus.

BBeneHune. B 3agadax HabnogeHus 3a yganeHHbIMU UNv MeAfeHHO OBWXKYLUMMUCS obbekTamu
BO3HMKaeT HeobXoAMMOCTb MNOMYYeHUs OLEeHOK TEeKyLUMX KOOPAMHAT [AMUCKPETHbIX WN300paxeHun ¢
MOrPELUHOCTbIO, CYLEeCTBEHHO MEHbLUe pa3MepoB 3JfieMEHTapHOro dparmMeHtTa u3obpaxeHns —
AVCKpeTHOro anemeHTta (A4.3.). OueHKn KOOpAMHaT C TakMMu CBOWCTBaMW Aariee YCrOBHO Ha3blBaloTCA
cybnukcenbHbiMK.  [pyHUMNNanbLHass BO3MOXHOCTb  MOMYYEHWUs CyOnuMKcenbHbIX OLEHOK KoopAauHat
nepemMeLLanLLnXcs M300paxeHnn cnedyeT u3 Toro, Y4To Jaxe Npu ManblX nepeMeLleHnsx HenpepbiBHOro
pacnpefeneHus spKocTen n3obpaxeHus obbekTa no AUCKPETHOW MaTpuue aremMeHToB (POTONPUEMHOro
yctpoincTea (PIY) pacnpegeneHne ypoBHen curHanos aneMeHTos PI1Y nameHsietca. M3-3a oTHoCUTENBHO
Masov BENMUYMHbI YKa3aHHbIX U3MEHEHWI credyeT OXuaaTb, YTO CyBnMKCenbHbIE OLIEHKM KOOPAMHAT MOTYT
obnagatb npueMneMbiMn CBOMCTBaMM NpU JOCTATOYHO BOMbLUNX OTHOLLUEHUSX CUrHAN/LWLyMm.

1 Cyb6nukcenbHble OLEHKM KOOpAWHAT, NoslyYyaemMble Ha OCHOBE MaKCMMyMa OTHOLUeHMUA
npaBgononoous. MycTe npouecc opMUpoBaHUA n30bpaxeHns OTOMPUEMHBIM  YCTPOMNCTBOM
COMpOBOX/JaeTCA BO3MAeNCTBMEM aaAuTMBHOrO rayccosa 6ernoro wyma. OueHka 6* nepemeuieHus 6
N3BECTHOTO M300paeHnst (ans ynpoweHus ogHoMepHoro) S(X) BOONMb KOOpPAMHATBI X MOXET OblTb
HangeHa 13 ypaBHeHus npasgonogobwus [1]:

x2

[ a5(x=6) [L(x) - S(x~6)] dx=0 )

J do

rae L(x) — Tekylee nsobpaxeHue, S(x- 8 ) — nporHosnpyemoe nsobpaxeHue.

OueHka B* moxeT 6biTb nonydeHa n3 (1) B 3aMKHYTOM hopMme, ecnv NpeanonoXuTb, YTO Npw
manbix nepemetleHunsx @ nporHoampyemoe nsobpaxeHune S(x-0) MoxeT 6biTb NPEACTABMEHO NepBbIMU
OBYyMsi uneHamu psiga MaknopeHa. YuuTbiBas 9TO NpeacTaBneHne, nepexogs K OUCKPETHbIM
nzobpaxeHuam S(x-0), L(x), us (1) nonyyum BbipaxeHUe NUHEAPU3OBAHHOM OLIEHKUM MaKCUMarlbHOro
npasgonogodusa (JIMIM):

S S )[Le) =S (x)]
) 2)

Z [s'(x))

JIMI oueHka (2) B cuny caenaHHbIX NpeanosioXeHNn SBNAeTCS aCMMMNTOTUYECKU HECMELLEHHOW,
OAHAKO C POCTOM OLIeHMBaeMoro napametpa O u yBenMyeHVeM LUMPOKOMOMOCHOCTU U306paxeHns
ob6bekTa ee cBOMCTBa ObICTPO YyXydllalTCA BCNeACTBME HapacTaHuUs CMELLEHWs, 3aBuCsALLero oT
HEN3BECTHbIX XapaKTepuctuk usobpaxeHusa. Kpome TOro, B MPaKTUYECKUX MPUMOKEHUAX TOYHOE
nsobpaxeHne S(x) obbekTa, Kak NpaBuno, HEM3BECTHO, a B KAYECTBE HEr0 MCNOMb3yeTCs ero oueHka S*(x),
Hanpumep, B Buae usobpaxeHus obbekTa B 04HOM M3 Npeablayliux kagpos. Beneactesne atoro, CBOMCTBA
JINM oueHoOK cyLlecTBEHHO 3aBUCAT OT POPMYmMbl YMCNEHHOrOo AuddepeHUMpoBaHua Ans MnonydYeHus
NPOn3BOAHBbIX S'*(X;).

2 CybnukcenbHble OLEHKU, MOflyyaeMblé Ha OCHOBE aHanUTUYECKOW annpoKcumauum
¢yHKUMM cxoacTBa M3obpaxeHMW. B 3apavax onpepeneHuss KoopAMHaAT OUCKPETHbIX U306paxeHun
LUMPOKO pacrnpoOCTPaHEH KOPPENALMOHHO — 3KCTPEMarbHbI MOAXO0A, 3aKuvaloWMiness B onpeneneHnm
koopamHaT obbekTa no nonoxeHuo akcTpemyma 6, dyHkummn cxoactsa E(x-0,) atanoHHoro S(x;) u

Tekywero L(x;), nsobpaxeHuit obbekta. HenocpeacTseHHoe npuMeHeHne oueHok B ,* naeT BO3MOXHOCTb
onpeneneHns KoopauHaT ¢ OUCKPEeTHOCTbIO B 1 A4.3., YTO HE COOTBETCTBYET NMOCTaBNEHHOW 3agade. Tem He
MeHee, UCMosib3oBaHMe 3TOro noaxoda Afis MonydeHus cyBnuKcerbHbIX OLEHOK KoopauHaT siBnsieTcs
npvenekaTenbHbiM  BBUAY HanMuMs XOpOLWO OTpaboTaHHbIX MporpaMMHO-annapaTtHbIX CpeacTs,
peanuayloLwmnx npouenypbl OLIEHKM CXOACTBA U306parkeHNIA.
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C oTOM Uenblo KOpPpPEensiuMoHHO — 3kcTpeMarnbHble (KO) oueHkm koopguHaT MoryT ObiTb
mMoanduumnpoBaHbl  criegyowum  obpasom. Mexagy aTtanamm onpegeneHnst QYyHKUUMKM CXOOCTBa MU
onpegeneHns NoroXeHUsl ee aKCTpeMyMa BBOAMTCS npoLeaypa aHanuTUyYecKon annpokcuMauumn dyHKLnm
cxonctsa E(x-6 ;) B OKpeCTHOCTU ee rnaBHOro akcTpemMyma nonmHoMom F(x):

F(X) = botbyx+bx*+bax>+b,x*

Annpokcumaums gyHKumm cxoactea E(x-6,) MoxeT 6biTb BbINOMHEHa, Hanpumep, MeToAoM
HauMeHbLUNX KBaApaToB, NPUBOASALIMM K PELUEHUIO CUCTEMbl 5 NNHEWNHbIX YpaBHEHUIA OTHOCUTEMBHO 5
Hen3BeCTHbIX koadhduumneHToB b; (i = 0...4).

B kadecTBe oOueHKMO* koopauHaT M30OpaXKeHWs MNPUHUMAETCA  MOMOXeHUe MUHUMYyMa
annpoKcMMMpytoLen OYHKLUKN, KOTOPOE HaXoasiT B IBHOM BMAE peLUeHneM Kybnu4ecKkoro ypaBHeHuNs

b1+b2X+b3X2+b4X3=O,
Hanpuvep, TPWUrOHOMETpPUYeckMM MeTogom. [lonmydeHHble Takum obpasom  MogudmuupoBaHHbIE
KOppensiumoHHo — akcTpemanbHble (MK3) oueHkM no3BonsawT onpefensitb KOOPAMHATbl OUCKPETHbIX
n300pakeHnn C CyOMMKCEnNbHOM TOYHOCTBIO UM He HaknagbiBaloT Ha uM3obpaxeHue obbekTa
OOMOSHUTENBHBIX MO cpaBHeHMIO ¢ KO oueHkamy orpaHudeHni.

3. Peanunsauma MKD oueHOK. BbliuMcnutenbHbli npouecc nonydeHmss MKO oueHok koopauvHaTt B
cucTemax, OYHKLMOHUPYIOLWMX B peanbHOM MacliTabe BpeMeHu, LenecoobpasHo pasgenuTtb Ha 2 yacTu.
K nepBonm 4acTm OTHOCUTCS BblMMCNEHME [OBYMEpHOW CYHKUMKM CXOACTBa, Tpebyolwee 6onbLLOroO
Konuyectsa OOHOTUMHBLIX BbIYUCIEHWA, KOTOPbIE BbIMOMHATCA B opmaTe C (PMKCUPOBAHHOM TOYKOM C
OaHHbIMM HEeBOINbLUON paspsaHOCTU (Kak MpaBuno, 8-paspsgHbiMun). [nsa yaooBneTBopeHus TpeboBaHum no
gonyctumon 3agepxke nonydeHnss MKO oueHok koopavHat HeobxoauMmasi MpoM3BOAUTENBHOCTb TaKmx
BblYMCIEHNIN cocTaBnaeT (2-3)*103 MOPS. Ko BTOpoW 4acTu OTHOCATCS npouedypbl aHanuTU4ecKom
annpokcMMauum YHKUUM CXOACTBA M  BbIMMCIIEHWS KOOpAMHAT ee akcTpemyma. B atom vactm
npegnoYTUTENbLHO NpeacTasneHe aHHbIX U BbINOSTHEHWE BblYMCIEHNA B oopMaTte C niiaBatoLlen TOYKON.
Tpebyemasa npousBoguTenbHOCTb coctaBnget (50-70)MFLOPS. C  yyeTom 3Tux ocobeHHocTen
BblYMCNIUTENBLHOMO npouecca nonyyeHmns MK3D oueHok, ero peanusauus LenecoobpasHa Ha BbluUCnUTENe,
UMerLeMm KOMBUHMPOBaHHYIO apxXUTEKTypy, BKrovarwowyw DSP npoueccop ¢ nnasawollen TOYKOW W
MOZYNb anmnapaTHOro YCKOPUTENS, BbIMOMHSIOWMA BblYMCNEHNS (DYHKLMN CXOACTBA C (PUMKCUPOBaAHHOWM
TOYKOW. B kauecTBe NepcnekTMBHOro Ans Takux 3agady MoxeT ObiTb ncnonssosaH DSP npoueccop mpmbl
Texas Instruments Tuna TMS320C6701, nukoBas npomM3BoaAnTENbHOCTL kKoToporo aocturaet 1 GFLOPS Ha
TakToBol 4yactote 167MIu. Mogynb annapaTHOro yckopuTens MoXeT ObiTb peanun3oBaH Ha 6Gase [MJIMC
dupmbl ALTERA cemerictea Apex I, Ha koTopbix npu o6beme 600 TbiC. BEHTUMEN N TAaKTOBOW 4YacToTe
150 MMy MOXHO AocTuYb NpouadBoanTenbHocTH nopsgka 15000 MIPS, 4To BNomnHe 4OCTaTOYHO.

4. SkcnepumMmeHTanbHble pesynbTtathl. JIMI n MK3 oueHkn nccnegoBanmch akcnepuMeHTansHO
cpeacTBaMu  MOMyHaTypHOro MoaenvpoBaHus. M3obpaxeHue obbekta opmmpoBanocb Ha 3KpaHe
MoHuTopa [M1OBM1, napameTpbl SIPKOCTM U NepeMelleHns un3obpaxeHus 3agaBanucb MNPOrpaMmHoO.
M3o0bpaxeHne obbekTa ¢ akpaHa moHuTopa NM3BM1 3anuceiBanock Ha UUGPOBYIO BUAEOKaMepPY, a 3aTem
Beogunocbk B MN3BM2, ucnonb3oBaBLuytocs Ans MOAenMpoBaHusa u onpegeneHus csoncts JIMI u MKD
oueHok. PacctosiHue mexay moHutopom M3BM1 n ¢okycHoe paccTosiHue Buaeokamepbl BblOMpanucb
Takum o6pa3om, 4TOObl MWHMManNbHoe nepemMelleHne wunsobpaxeHus Ha MoHuTope [1OBM1
cootBetcTBoBano 0,025 a.s. Bugeokamepbl. OTHOLWIEHME cUrHan/Wwym Ha M3obpakeHUsix OT BUOEOKaMephbl
coctaBnano okono 40. [na wccnegoBaHust OLEHOK Mpu Ooree HU3KUX OTHOLIEHMAX CurHan/wym Ha
n3obpaxeHns NPorpaMMHO HaKNaAblBarics NPOCTPAHCTBEHHO HEKOPPENMPOBaHHBIN FayCCOB LLUYM.

PesynbTaTbl 3KCNEpMMEHTOB UnncTpupytoTcsa puc. 1 - 3.
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Ha puc.1 npegcrtaeneHbl rpadvku OLEHOK nepemMelleHus m3obpaxeHns obbekTa, OBWKYyLLerocs
Mo CUHycouganbHOW TpaekTopun ¢ amnnuTtygon 4 g.9. ¢ yactoton 0,2 'y (oTHoweHue curHan/wym — 40).
Kak BugHo u3 puc.1, B MKD oueHke npakTuyeckm He nposiBnsoTca 3ddekTbl, 00yCroBneHHbIe
ONCKPETHOCTbIO M300pakeHui, B TO Bpems kak anckpeTHocTb KO oueHok oveBuaHa. [ns cpaBHeHWs Ha
puc.2 nNpeacTaBneH rpadurk OLEHKM NONoXeHus LeHTpa Tskectu (L T) 6uHapHoro nsobpaxeHus obbekTa,
MONMy4YeHHOro pasdeneHneM BCex ToyeK K30bpaxeHnss Ha Touknm obbeKkTa M okpyxawuwero ¢oHa c
MOMOLLIbIO NOporoeon npouenypbl. 3o6paxkeHne obbekta U NapaMeTpbl ero ABMXKEHUS Takue Xe, Kak U Ha
puc.1. [OuckpeTHocTe LT oueHok, kak npaBuno, MeHblle, Yyem y KO oueHok, 3aBucuT OT POpMbl
BuHapHoro n3obpaxeHus obbeKTa 1 NposBNAeTCs B 6onbLUen CTENEeHN Y CUNBHO BbITAHYTLIX BAOMb O4HON
13 koopauHaT GMHapHbIX N30BpaxKeHUN.

BnusaHne wymoB Ha ceonctBa MK3 mn LT oueHok nepemelleHns n3obpaxeHus 3a BpeMsi CMeHbI
nonen nsobpaxeHust UNMIOCTPUPYETCS pUC.3, HA KOTOPOM MpeACcTaBrieHbl 3aBUCMMOCTU MaKCUMaribHbIX
OLNBOK OT OTHOLLEHMS CUrHan/Wwym g Ha nsobpaxeHum obbekTa.
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M3 rpadmkoB prc.3 BMAHO, YTO MakcumarbHasi norpewHocTb MKO oueHKM 3HaYMTENbHO MEHbLUE,
yem LT oueHku, 1 npu oTHOLLEHUAX curHan/wym, 6onblunx 6-8, okasbiBaeTCs 3Ha4UMTENBHO MeHblle 1 4.3,
4YTO M 0B6YCNOBMMBAaET LlenecoobpasHOCTb ee UCMOMb30BaHNA B NMPaKTUYECKUX NPUNOXKEHUSIX.
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Abstract. In the article are considered the deriving means of displacement estimations of the
discrete image for conditions, when the object displacement for period of fields change of the
television image is less than sizes of an elementary fragment of the image.

In the tasks of observation of the distant or slowly moved objects is emerge a necessity of deriving
of estimations of current coordinates of the discrete images with an essential smaller error than sizes of
elementary fragment of the image - discrete unit (d.u.). The estimations of coordinates with such
properties further conditionally are named subpixel.

One of the most widely spread approaches to definition of coordinates of the discrete images is the
correlation-extreme approach, which consist in definition of object coordinates according to the extremum
locations of 1 of the function of a likeness E(x ) standard S(x;) and flowing L(x;), maps of object is . The
immediate application of estimations [, enables definitions of coordinates with a discretization in 1 d.u.,
that does not correspond(meet) to the posed task. Nevertheless, usage of this approach for deriving
subpixel of estimations of coordinates is attractive in view of presence of the well completed hardware-
software tools realizing procedure of an estimation of a likeness of the maps.

With this purpose is correlative - extreme (CE) estimations of coordinates can be modified as
follows. Between stages of the likeness function definition and its extremum position definition the
procedure of analytical approximating of the likeness function E(x. [J¢) in a neighbourhood of its(her)
principal extremum by a polynomial F(x) is introduced:

F (X) = bo+bx+bx2+bax3+b,x* i

The approximating of the likeness function E(x [J¢) can be carried out, for example, least squares
method in a solution a systems 5 simple equations relatively 5 unknown coefficients b; (i = 0... 4).

The minimum of the approximating function is accepted as an estimation [Jof the image's
coordinates which is defined by a solution of a cubic equation

b1+b2X+b3X2+b4X3:0,
trigonometrical method, for example. Obtained modified is correlative - extreme (MCE) of an estimation
allow to define coordinates of the discrete images with subpixel accuracy and do not superimpose on the
image of object extra in comparison with CM by estimates(estimations) of restrictions.

MCE estimations, and also the estimations of a center of mass (CM) position of the object binary
image obtained by separation of all points on object's points and an background's points by the threshold
procedure, were researched experimentally.

The analysis of errors of MCE and CM estimations has shown, that the maximum error of MCE
estimation is much less, than CM estimation, and at the signal noise ratio large 6-8 is much less than 1
d.u., and this cause to expediency of its usage in practical applications.




