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Pedepart. B paboTte paccmaTpmBaloTcs cpeacTBa SM1EKTPOHHOW cTabunusaumm TeneBU3NOHHBLIX
n3obpaxeHui, hopMmpyemMbIX NOABUXKHON CUCTEMOWN HABMIOAEHUSA B YCNOBUSAX OTCYTCTBUS BHELLHEN
WHpopMaLMM 0 NPOCTPAHCTBEHHOM MOMOXEHUN CUCTEMbI HAbMIOAEHUS.

[B/XeHne TeneBn3NOHHbIX CUCTEM HabniodeHNs 4YacTo NPUBOAUT K 3aTPYAHEHMWIO pacno3HaBaHUS
3rnemMeHToB HabngaeMon CueHbl 4enoBEeKOM-OMepaTopoM BCMEACTBME HanUuus HEKOHTPOMMPYeMbiX
nepemMeLLeHnin 1 BpalleHNsa Nons 3peHust BUaeokamepbl, BOCNPUHMMAaEMbIX ONepaTopoM Kak "gpoxaHue" n
(nnn) "kauka" nsobpaxeHnn. KomneHcauus BNUSAHWSA HeyrnpasnseMbiX CMELEHWUn fy, Iy U KpeHa ¢ nons
3peHnst Buaeokamepbl Ha u3obpaxeHns Habnogaemon CueHbl Ha TENeBM3VOHHOM PacTpe OTHOCUTENbHO
MpPOCTO peanuayeTcs npoueaypon npeobpa3oBaHNs KOOPAMHAT 3NeMEHTOB M3obpaXeHns npu Hanmmuumn B
cucTemMe HabnogeHus O0CTAaTOMHO TOYHbIX AATYMKOB HEyrnpaBrsiemMoro nepemelleHus M KpeHa nons
3peHus [1]:

o Nk Mk Nk
ix(i,p,npk) = ry+ (i - ) )*cos ¢ - (2p - npk - ) )¥sin ¢ + B 1)
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Jy(i,p.npk) =1y + (i - 7 )*sin ¢ + (2p - npk - > )“cos ¢ + N (2)
roe i, IX - HOMep arnemMeHTa B CTPOKe M300paxkeHns TeKyLLero nonykaapa, kagpa, i, ix=1...NK,

Mk
p, jy - HOMep CTpOKM B nonykazape, kagpe, p=1... 7 . Jy=1... MK,

NK - YNCIIO 3MEMEHTOB N300paxxeHUst B CTpoke, MK - YACIO CTPOK B Kaape,
npk - nHaekc Tekywero nonykagpa, Npk = 1 unm 0 - B HEYETHbIX I YETHbIX NONyKaapax.

B ycnoBusax, korga gaTyMky HeynpaBiisieMoro NepeMeLleHnst U KpeHa Nonst 3peHust OTCYTCTBYHOT
WUNU HEeAOCTaTOYHO TOYHbI, pelleHue 3afauu cTabunusauum n3obpadkeHns CyLLEeCTBEHHO YCMOXHSETCH,
MOCKOMbKY napameTpbl crabunusaumn ry, r,, ¢ HeobxoguMo oueHuBaTb Ha OCHOBe adanusa
nocrnenoBaTenbHOCTU  TENEBU3UOHHBbIX K300paxeHun. [ns ykasaHHbIX YCrOBWUWA peLleHus 3agjaun
cTtabunusaummn nsobpaxeHmn MoXeT ObITb NPeanoXeH cneayoLmMi Noaxoa.

B ogHoMm 13 nonein (ornopHOM) TENEBU3NOHHOTO U3obpaxeHns Ln.kanp(i,p) BbIBUpaOT n3obpaxeHus
2N opueHTupoB mecTtHocTu, N=3,4,5, ..., Hanpumep, Ha OCHOBE aHanms3a KpUTepusi:

2 2 Ny M,
SXY(nok)=» > > > Dlnxageiok+,pok+p)-Lnkage(iok+i+ix,pok+p+iy)d, (3)
ix==2 iy=-2 i=-N; p=-M,

roe iok n pok - koopanHaThbl LileHTpa okHa ¢ HomepoM nok, nok=1 ... NOP, NOP =100 — 150,

(2Ng+1), (2Mg+1) - pasmepbl OKOH.

3HaueHua kputepusa SXY(nok) cpaBHMBaKOT C NMOPOroOM U MPEBbICUMBLUME MOPOr PaHXUPYOT MO
yObiBaHMo, nocne gopmMupytoT cnncok n3 NK HOMEpOB OKOH - KaHOAMAATOB B OpMEHTMpbl, obnagarolmx
Hanbonbwmnmn 3HaveHusMmn kputepus SXY(nok). N3 nonydeHHoro cnmncka NK kaHgugaToB oToupatroT N
nap OPUEHTUPOB MO KPUTEPMIO MAKCUMAIbHOIO PacCTOSHUS MEXAY OPUEHTUPaMM Kak MO ropM3oHTanm, Tak
M NO BEpTMKanM M MPEBbLIWEHWNIO 3TUX PACCTOAHMIW MOPOroBOro 3HayeHus. [Ons vnmoctpaumm Ha puc. 1
npvBedeH parMeHT n3obpaxeHns ¢ BbIOpaHHLIMU OPUEHTUPAMU MECTHOCTM Anis N=2.

Ha ocHOBe KOppensumoHHOro aHanms3a cxoacTBa M3obpaxeHuin 2N OpUMEHTUPOB MECTHOCTU
TeKyLLlero 1 OropHOro nonen TeNeBU3MOHHOrO M300pakeHUsa onpedensioT cMmelleHus ndobpaxeHuin 2N
OPUEHTMPOB MeCTHOCTU. Mcnonb3ysa cmelleHns nsobpakeHnin 2N OpueHTUPOB MECTHOCTU ANSA KaK4oN U3
N nap opveHTUpoB 06pa3yloT cuctemy 4-x NUHENHbIX YPaBHEHUIN C YETbIPbMSA HEVU3BECTHLIMU, pelleHneM
KOTOPOW Haxo4aT CMELLEHUS Iy, Iy U KPEH ¢ nomns 3peHus.

[na nonyyeHus yCTOMYMBBLIX OLLEHOK MapamMeTpoB CMeLLEeHUA U KpeHa nonst 3peHus N 3HauvyeHui
Kaxgoro u3 napamMeTpoB cABUra M MNOBOPOTa PaHXMPYOT MO BO3pacTaHuo unu ybbiBaHuio. Mo k
HanbonbLIMX M HaUMEHbLUMX 3HAYEHUN paHXUPOBaHHbIX MapameTpoB oTtbpaceiBaoT (k=0,1,2,...), a
OCTaBLUMECs 3HadeHus ycpegHsT. YBennyenme N 1 K no3BonsgeTr noBbICUTb YCTOMYMBOCTb K OLLUMOKam
BbiOOpa OpUEHTUPOB, OOHAKO YyBenUUMBAaET 3aTpaTbl Ha peanu3auuilo onpedeneHnss napameTpoB
CMeLleHns 1 KpeHa nons 3peHus. [paktuyeckn npuemnemble pesynbraTtbl gocturatotes npy N=5 n k=1
unu npu N=7 n k=2,
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Puc. 1 — Bbibop OpreHTMPOB MECTHOCTHU

Mocne HaxoxaeHust NnapaMeTpoB CTabunusaumMu KOMNeHcaumsi HeynpaBnsieMblX nepemMeLleHuin u
KpeHa nons 3peHus npoussoamTcs no popmynam (1)-(2).

Ona peanusaumn nNpuBeAeHHOro anroputMa crabunusaummn nsobpaxeHns B peanbHOM MacliTabe
BpEMeHN LienecoobpasHo pas3fenuTb HernocpeacTBEHHylo paboTy C  usobpaxkeHuem, TpebytoLlyto
OOnbLIOro KONMMYECTBA OTHOCUTENBHO MPOCTbIX Onepauui (LenouYncrieHHble onepauun) n obpaboTky
napameTpoB cTabununsaumm, BbIMOITHAEMYIO B oopMaTe C NilaBatoLLen TOUYKON.

B kauecTBe npumepa Ha puc.2 npuBefeHa CTPYKTYpHasa cxema yCTponcTBa cTabununsaumm
n306paxeHns C TakMM pasgeneHnem pyHKLMNA.

Pwnc.2

OcHoBHble TpeboOBaHUS K MNPOU3BOAUTENBHOCTU BbIYUCIIEHUI NPEAbABNSET KOPPENALUMOHHBINA
aHanu3 nsobpaxeHus. Tak, Ans pacyeta cmelleHuMn 18 opueHTMpoB pasmepom 20x15 ¢ gnanasoHom
BO3MOXHbIX OTKNOHeHW 15x15 3a Bpemsi He Gonee 5 mc TpebyeTcss npousBoauTENbHOCTL Okono 700
MOPS. Bornee 300 MOPS TpebyeT peanusauusi koopAuHaTHbIX NpeobpasoBaHui Ansa crabunusaumm
TekyLlero nons n3obpaxeHus. MNpy peanu3aumm ykasaHHbix dyHKumm Ha MIIMC ALTERA cemelictBa Apex
II, B ycTponcTBe o6beMom 600 ThiCc. BEHTUNEN U TakTOBOW YacToTon pabotel 150 MLy MOXHO AOCTMYb
npoussoauTensHocTn nopsigka 15000 MOPS, uto BnonHe pgoctatovHo. Ha MJINC BeINONHATCS Takke
hYHKLMM KOHTPOMMEPOB CUCTEMHOM LUMHBI M MOAYNsi BBOAA/BbIBOAA TENEBU3MOHHOIO N300paxXeHusl.

[Ons BbINOMHEHWs onepauvn OnpederneHnss napamMeTpoB  CcTabunu3aumm  n3obpaxeHus
uenecoobpasHo Mcronb3oBaTb [OCTAaTOMHO MOLWHLIM DSP npoueccop, BbIMOMHAKWMWIA BbIYUCIIEHUSA C
nnaBalroLlen TOYKOW, Hanpumep Takon, kak TMS320C6701, nukoBasi MPOM3BOAUTENBHOCTb KOTOPOro
pocturaet 1 GFLOPS Ha TtakToBoM Yactote 167MI L.

MMorpelHoCTM  OMUCaAHHOW  BLIWE CUCTEMbl  3MIEKTPOHHOM  cTabunusauum  onpepensinicb
MOZENVPOBaHNEM C UCMONb30BaHNEM POTOrpaduii ECTECTBEHHBIX CLLEH MECTHOCTU (NOA0GHbIX puc.1).

Ha puc. 3 nokasaHbl 3aBUCUMOCTM OLIMOOK OLIEHKM MapaMeTpoB cTabunusauum npu
NCMNONb30BaHMKN B Ka4eCTBe AeCTabunmanpyoLmx BO34eNCTBUIA CUHYCOMAAnbHbIX CUTHAIOB:

r«=40- sin(2- 0- 0.5- t); r,=0; 0O =20-sin(2- O- 0.55- ).

Ha puc.3 0603HayeHo:

dx(N) (cnnowHas nMHUS) — rpadouk ropu3oHTaNbHOrO CMELLIEHMS MO 3PEHNs,

dx’(N) (nyHKTMP) - rpadomK OLLEHKN FOPU30OHTANIbHOIO CMELLEHMS NMONSA 3pEeHUS,

Dx(N), Dy(N) - - rpacpmku owmnbKM OLIEHOK MpUpaLLEHMIA KOOPAMHAT 3a BPEMSI CMEHbI nonen ans
FOPM30OHTAaNbHOrO U BEPTMKANbHOIO HanpaBieHUN COOTBETCTBEHHO,

D(N) - rpaduk oLIMBKM OLEHKM yria KpeHa,

N - HoMep nons n306paxeHusl.
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Puc. 3
MpuBeOeHHbIE SKCMEPUMEHTArbHbIE pPe3yrnbTaThl MOKa3biBAKT, YTO 3MIEKTPOHHAsA cTabunusauums
n306paxkeHnn No OpUEHTMPaM MECTHOCTU Ha OCHOBE OMUCAHHBLIX BbIlLE anroOpUTMOB OCYLLECTBMSAETCS C
npueMnembiMn ownbkamm, B YaCTHOCTWU, ANs ycrnoBun puc.3 He Gomnee 1 anemeHTa paspelleHus ans
cmeLleHun n He 6onee 0,3° onsa KpeHa.
Jlutepartypa

1. T. KopH u T. KopH - CnpaBo4yHUK no matematuke - [lep. co BTOporo amepukaHckoro nepepabotaHHOro
nsganus. MNMopa obuien pepakumen W.I. Apamosuya. M., "Hayka" 1973, 832 cTp. c unn.
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Abstract. In work the tools of electronic stabilization of the television images formed by a mobile
system of observation in conditions of lack of the exterior information on attitude of an observation
system are considered.

The moving of television observation systems frequently result in difficulty of a identification of
elements of an observing scene by an operator because of presence of unguided (uncontrolled)
displacements and rotation of a field of vision of the video camera, which an operator perceive as "shaking"
and (or) "rocking" of the images. At presence in an observation system of enough precise transmitters of
unguided displacements r,, r, and careen [] of a field of vision the compensation of their influence on the
image of an observing scene on the television raster is regarding simply realizing by a procedure of a
transformation of coordinates of picture elements.

In conditions, when the transmitters of unguided displacements and careen a field of vision are
absent or are insufficiently precise, the solution of a problem of the stabilization of the image essentially
becomes complicated, as it is necessary to evaluate parameters of the stabilization ry, ry, [ on the basis of
the analysis of sequence of the television images. For the indicated conditions of a solution of a problem of
the stabilization of the images the following approach can be offered.

In one of fields (basic) of television frame Lseq(i, p) pick the images 2N of reference points of
terrain, N=3,4,5..., for example, on the basis of the analysis of criterion (measure):

2 2 Ny M,
SXY(nok)= z z z z MLtieq (iok+,pok-+p)-Leeia (iok-+i+ix, pok-+p-+iy)C]
ix=-2 iy=-2 i=-N, p=-M,

where ok and pok - coordinate of centre of a window with the number nok,

nok=1... NOP, NOP =100 - 150,

(2Ng+1), (2Mp+1) - sizes of windows.

The values of criterion SXY(nok) compare to a threshold and exceeded of a threshold range on
decrease, then shape the list from NK of the numbers of windows - candidates in reference points
possessing the greatest values of criterion SXY (nok). From the obtained list of NK candidates take N of
pairs with maximum distance between reference points both on a horizontal, and on a vertical and overflow
of these distances of a threshold value. On the basis of the correlation analysis of a likeness of the images
2N of reference points of terrain of the flowing and the basic fields of the television image determine
displacements of the images of 2N reference points of terrain.

Using displacements of the images 2N of reference points of terrain for each of N of pairs of
reference points form a system 4 linear equations with four unknowns, which solution discover
displacement rx, ry and careen j of a field of vision.

After a determination of parameters of stabilization the compensating of unguided displacements
and careen of a field of vision, as was mentioned above, is produce by a transformation of coordinates of
picture elements.

The conducted experimental analysis of the introduced algorithm give evidence, that the electronic
stabilization of the images on reference points of terrain is performed with acceptable errors: no more than
1 resolution element for displacements and no more than 0,3° for a careen.




