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AnHoTtanmsi. PaccmMaTtpuBaeTcs MeTox 00paboTKH M(PPOBOTo N300paskeHuns1, oOecreynBaomnil 3P PpEeKTHBHYTO
nepenady, IepepacrpeneieHHe W XpaHEHHe Bupeorpaguyeckod  HHpOpMAnUM  adPOKOCMHYECKOTO
9KOJIOTHYECKOTO MOHHUTOpHHTA. TpeboBanue MmoBbimeHus 3(h(HEKTHBHOCTH MOHHTOPHHTA TIPH HEOOXOIUMOCTH
BBITIOJTHEHUS PETYJSIPHOTO KOHTPOJII M3MEHEHHH B TOJIE M300paKCHHWH HAO0JII0IaeMOTo O00BEeKTa OCOOCHHO
aKTyaJbHO TIPH OIMHMCAHWH MPOCTPAHCTBEHHO COBMEIICHHBIX HAOOPOB M300paXCHHH, ITONyYEHHBIX IOCTC
MHOTO30HAJIbHOW, MHOTOBPEMEHHONW W MHOTIOMOJSPU3ALMOHHOW CheMKH. BO MHOTHX NPHIOKEHHUAX
JMUCTAHIIMOHHOTO 30HAWPOBaHUS dA(H(PEKTHBHOCTL 00pabOTKM OTpakaeT CTENeHb CHIDKEHUS O00BEeMOB
repenaBaeMol,  ONMHMCHIBAEMOW,  aHATM3UPYEeMOH W XpaHuUMoW  Buaeorpaduyeckol  WHPOpMAaInu.
[IpexncTaBnsieTcs: BEIMUCINTENBHBIN Mpoliecc 00paboTKN HU(PPOBBIX CHUIMKOB Ha OCHOBE KOOPJIMHATHOMW CXEMBI
ChEMKH. MeTo1 MOXKET NPUMEHSTHCS ISl BBITOJHEHUS MPOLEAYPHl ACMIN(PPALIMA CHUMKOB C IEbI0 PELICHHS
3a7a4M KiaccupuKanuy 00bEeKTOB MHTEpeca, aHaIn3a H300pakeHUi. B kauecTBe nemndpoBOYHBIX NPU3HAKOB
UCIIOJIb30BAJINCH TAKHE XapaKTEPUCTHKHU OMHAPHBIX 0OBEKTOB, KaK MPOCTPAHCTBEHHAsI IPAHKULA U KOHTYp. DTH
NIPU3HAKH TO3BOJIAIOT OMHUCaTh (OpPMY OOBEKTa, €ro TeOMETPHYECKUE ITapaMeTphl, OCYIIECTBUTH ITOHMCK
n300paXeHUH ¢ OTpeeNICHHBIMI IPOCTPAHCTBEHHBIMH CTPYKTypamMu. Metos 00paboTKH pean3yercsi myTeM
BEITOTHEHHUST 3(PPEKTUBHBIX aJTOPUTMOB KOIMPOBAHUS H300pakeHHUs] Ha AWCKPETHOH CETKE IOCPEICTBOM
LEMHOTO KOJa W CIIEKTPAJFHOTO KOJMPOBAaHHSA HAa OCHOBE OBICTPOTO IHUCKPETHOTO MpeoOpa3oBaHUS XapTiIH.
Pesynprar 00paboTKH CBOAUTCA K MUHAMU3AIINH KOJMYECTBA TAKUX 0A30BBIX BBEIYUCIUTEIHHBIX ONEpaIui, KaKk
YMHOXEHHUE, CI0KEHHUE, IEPEChIIKa, a TAK)Ke K YMEHBIICHHIO BPEMEHHONW M eMKOCTHOM CI0KHOCTH IPOTPAMMEL,
CHIDKEHHIO M30BITOYHOCTH HWCXOAHBIX MJaHHBIX. llpuBomurcs mpuMep d3(PQPEKTHBHOTO IPEnCTaBICHUS
1 ONUCAHUS CETMEHTHPOBAHHOTO M300pakeHHs1 O0O0BeKTa. lIpemioeHHBI METOH TO3BOJISICT PACIIUPUTH
TEXHUYECKHE BO3MOXKHOCTH Ooiiee 3(deKkTHBHON mnepenauyn U o0pabOTKM M300paskeHWil 1JIsl pelIeHus 3anad
B 00JIaCTH JUCTAaHIIMOHHOTO 30HJUPOBAHHSI.

KiaroueBble ciioBa: OKOJIOI'Ud, aJIrOPUTM, 3(1)(1)€KTI/IBHOCTI), HSOGpa)KCHI/Ie, CHCKTpP, SHTPOIINA, npeo6pa3OBaHHe,
I/I36I>ITO‘IHOCTI>, JJIMHA KoJa.
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Abstract. The paper considers a digital image processing method that provides efficient transmission,
redistribution and storage of aerospace environmental monitoring videographic information. The requirement
to increase the monitoring efficiency, if necessary, to carry out regular monitoring of changes in the image field
of the observed object is especially relevant when describing spatially aligned sets of images obtained after
multi-zone, multi-time and multi-polarization shooting. In many remote sensing applications, the processing
efficiency reflects the degree of reduction in the volume of transmitted, described, analyzed and stored
videographic information. The computational processing of digital images based on the coordinate survey
scheme is presented. The method can be used to perform the procedure for decoding images in order to solve the
problem of classifying objects of interest, analyzing images. Such characteristics of binary objects as a spatial
boundary and a contour were used as deciphering signs. These features make it possible to describe the shape of
an object, its geometric parameters and search for images with specific spatial structures. The processing method
is realized by executing efficient algorithms for coding an image on a discrete grid by means of a chain code and
spectral coding based on the fast discrete Hartley transform. The result of processing comes down to minimizing
the number of such basic computational operations as multiplication, addition, transferring, as well as reducing
the time and capacitive complexity of the program, and reducing the redundancy of the initial data. An example
of an effective representation and description of a segmented image of an object is given. The proposed method
makes it possible to expand the technical capabilities of more efficient transmission and processing of images
for solving problems in the field of remote sensing.
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BBenenne

CoBpeMeHHOE peIICHUE 3aJjad 3KOJIOTMYECKOTO KOHTPOJSI OKPYXKAIOIIEro MPOCTPaHCTBA,
N3yYeHHE Ka4eCTBEHHOI'O COCTOSIHUS MOYBEHHBIX 3€MENBbHBIX PECYPCOB U MX KOJIMYECTBCHHBIN YUeT,
XMMUYECKUH aHaJln3 BOJHOM Cpelpl peK, 03ep, OONOT W Mp. OCHOBHIBAETCS HAa LIMPOKOM
WCTIOJNIb30BAaHAN adPOKOCMHUYECKOTO HAONIOJICHHUsST KaKk B BWAMMOM JHAla30HE CIEKTpa, Tak |
B MYJbTUCHEKTPAIBHBIX  JIMAlla30HaX  JJIGKTPOMATHUTHOTO  HM3IyYeHHs.  Bcece30HHSBIH
a’POKOCMHYECKHH MOHUTOPHHT JIECHBIX MAcCHBOB, 00NacTed ¢ 3ajexamu TOPQSHHUKOB, KPYIMHBIX
HKOJIOTHYECKH OINACHBIX MPOMBIIIICHHBIX OOBEKTOB C IENBbI0 KaKk MOXHO Ooliee paHHETOo
0OHapy>XCHHSI 0YaroB BO3TOpaHHUS TPEOYyeT IMOCTOSHHOTO OOHOBIECHUS JaHHBIX HAOIIOICHHUS.
[Ipu monyyeHnun (OTOCHUMKOB, PETHUCTPALUN HM300pKEHUH MOCIe MYyJIbTUCIEKTPAILHOTO
CKaHMPOBAaHUs AaKTyaJbHBIMH 3aJadaMyd SIBISIIOTCA: oOecneueHne dQQEeKTHBHOW Mepenau,
TepepacnpeniecNicHlss W XpaHeHUS BUAcorpaduIecKor WHPOpMAINH, XpaHsImeHcs B 0a3e MaHHBIX
n3o0pakeHni; ObIcTpast 00paboTKa U o0CiTy>KuBaHHE (MOMCK) U(POBBIX JaHHBIX, OTOOPAKAIOIINX
n3o0paxkenusi uHTepeca. lloBeimieHHe 3PQPEKTUBHOCTH a’pPOKOCMUYECKUX METOJOB KOHTPOJIS
HaIpsIMYIO CBS3aHO C MCCIICIOBAaHUEM, pa3paOb0TKON M HCITOJIB30BAaHUEM HOBBIX Ooiiee () (heKTHBHBIX
anroputMoB 1udpoBoii 00paboTku u3o0pakenuit (LJOU), yMmeHbIIaOmUX O00bEM JaHHBIX,
MOJUICKAIINX Nepeaade M0 UMEIOIIUMCS KaHajlaM C 3alaHHOM MPOIYCKHOM cocoOHOCThIO. B craThe
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MpenaraeTcsi K paCCMOTPEHUIO BBIUUCIIUTEIBHBIA aITOPUTM, TTO3BOJISIOINN pemats 3anaun [[OU,
CBS3aHHBIC C AHAJIU30M XapaKTEPHBIX MPH3HAKOB Habaromaemoro 2D-o0bekTa, ero 3 ¢peKTHBHBIM
Mpe/CTaBICeHUEM U ONHCaHWeM. PaccMaTpuBaeMblii aJTOpUTM OOpaOOTKM TpeaHa3HA4YeH JIIs
pEIICHUs peabHBIX 33/1a4 00pabOTKH TaHHBIX, MOMYYSHHBIX MTOCIIE ITara CeTMEHTAIUH.

TeopeTHyeckue NPUHIMIBI

PaccmatpuBaetcs moaxon K 00paOOTKE CErMEHTHPOBAHHBIX W300PaKCHHUU, BKITFOYAFOIITHI
B ce0sl JiBa IMOCIICOBATEIBHBIX BBIYMCIUTEILHBIX Tporiecca (3Tama). Ha mepBoM 3tame 1mudppoBoii
o0pabotku 2D-maHHBIX OCYyIIECTBISCTCS UX J(PGPEKTUBHOEC KOJAMPOBAHWE B IPOCTPAHCTBEHHOU
obsactu. Ha BTOpoM aTame ocyiiectsiseTcs 3pHeKTHBHOE KOaupoBaHue (Mpeodpa3oBaHue) KOJOBBIX
TIOCIIEIOBATEIPHOCTE B CHEKTpalTbHOW oOmacTh. Pe3ynmbTaToM HMHTETPHPOBAHHOTO IIpoIecca
2-KpaTHOTO KOJAMPOBAHUS SIBISIOTCS JTaHHBIC, CHIDKAIOIIEEe M30BITOYHOCTh UCXOMHOTO M300paXKEHMUSI.
CrnenctBueM JTOTO SIBIISIETCS YMPOIIEHHE aHaln3a W300pakeHHS W BBIBICHHE €ro OCHOBHBIX
OTIIMYUTENbHBIX PHU3HAKOB.

B xauectBe maHHBIX W3 M300paKeHW paccMaTpuBaIUCh 2D-OWHApHBIC (SIPKOCTh THKCEIS
paBHA €UHMIIC) OJHOPOAHEIC B BU3yalIbHOM TUTAHE O0BEKTHI: TPAHUIBI g(x,y) HEKOTOPOW 00yacTu

n3obpaxenus f(x,y)e”Z 2 e (x,y) — 3HAYEHHs KOOPIHMHAT JeKapToBa Mpom3BeneHus Z~ . Bee
MUKCeNN n300paxkeHus g(x,y) HAXOIATCS Ha Kparo obiacTé oObekTa HabmromeHus. B atom ciaydae
rpaHula g MNPEACTaBIACTCA IOCAEI0BATEILHOCTRIO LEIBIX YHCET g =((Xg, Vg ) (X5 V] )sees (Xt Vi1 ) »
rae n 0003HavaeT JUIMHy rpanuubl. [lukcenn (x;,y;) U (x.,,y;,;) ABIAIOTCA CMEXHBIMU. OnMCcanue

MMOoCJICAOBATCIbHOCTU & Tpe6yeT HCIOJB30BaTh L = 2n OCJIbIX ACCATHUYHBIX YMCCII. IIJ'ISI nepeaayun
(XpaHCHI/IH) MOCJICAOBATCIBHOCTH g B JABOMYHOM BUJAC HJIMHA IOCJICAOBATCIBHOCTH BO3PACTACT OO

BenuuuHbl L'= Lk, Toe k — pa3MepHOCTh KOJa, OIMpPENENsieT YUCI0 MHPOPMAIIMOHHBIX CUMBOJIOB.
Peanpnpie 3HaueHus k HaxonsaTcss B auanasoHe 8§ + 10 . TpeOoBaHHE BBICOKOH JTOCTOBEPHOCTH
nepeayv  JAHHBIX 10  pajJuoKaHallaM CHCTeM a’pOKOCMHYECKOTO HaOJIOACHUS IPUBOJIUT
K HEOOXOMMOCTH TIPUMEHEHHs TIOMEXOYCTONYMBOroO Koauposanus [N, k,d ]-KomoM co CKOPOCTHIO

R= N rae N — 3Ha4HOCTb Kofa, d =2t +1 — MUHMMAalIbHOE PACcCTOSHHE KOAA, ¢ — KOPPEKTHPYIOIIast

crrocoOHOCTh Kona [1]. Mi3BecTHBIE BRICOKOCKOPOCTHBIC ITOMEXOYCTOWYUBEIE KOJBI CO CPAaBHUTEIHLHO
Majold KOPPEKTUPYIOUIeH crnocoOHOCThI0 ¢ =1+ 4 TPUBOAAT K YBEIWYCHUIO JJIUHBI KOIOBOM
MOCIIEZI0BATEIFHOCTH JI0 3HAYCHHUS

L"=2nRN. (D

Bennuuny L" (1) CymIeCTBEHHO MOXHO  YMEHBIINTh, MPUMEHSS  KOJAUPOBAHUE
MOCJICZ0BATEIBHOCTH g IEHHbIM KojoM [2]. HauOounbiias 3¢(GeKTUBHOCTh MPEACTABICHUS JTaHHBIX
STHUM KOJIOM JIOCTHTaeTCsl JUIs M300pakeHUl, KOrJa B3aUMOCBS3b MEXAY COCCJIHUMH ITHKCEIaMHU

OTBEYAET CMEKHOCTH U HET COCeJIel MUKCENI0B, MIPUHAIeKAINX o0macTu f(x, y) eZ?. 910 yCJIOBHE

BBIIIOJIHACTCA, KOTrJa o0ecreynBaeTCsl BBICOKAS TOYHOCTH BEIMIOJIHEHHOM CErMCHTaIN [3] Ecmu
HCIOJIB30BaTh AJITOPUTM KOJUPOBAHUSA 8-CBSI3HBIM KOJAOM, HUCXOOHasA g 2D-HOCJ’IC,I[0B3T€IIBHOCTI:

npeobpaszyeTcs B OTHOMEPHOE KOJIOBOE CJIOBO g anmuHoi L" = n . Kaxaomy IecaTHIHOMY CUMBOITY

OJTHOMEPHOH TOCIIeIOBATEIBHOCTH g COOTBETCTBYET JBOMYHOEC MH(OPMAIMOHHOE 3HaueHue k = 3.
Taxum 00pa3oM, yke Ha MEPBOM 3Tale KOJUPOBAHUS YMEHBILAETCS pa3Mep BXoAa 00paboTKH MOYTH

B TpM pasa. B CpaBHEHHMH C MAaTpUUHBIM TIpejcTaBieHHeM 2D-06beKTa HA MHOXKECTBE 72
dopmupyetcs 1D-BeKTOp, KOTOPBIH SBISETCS MOJHBIM IPEICTABICHUEM I'PAHUIBI 00JIaCTH HHTEpeca

win ee GOpPMBI.
Ha ocHoBe WH()OPMAIMOHHOTO TIOAXOJA IOCIEIOBATEIBHOCTE g€  ONpeNelluM  Kak
hopmupyemyro Ha BBIXOJIE TIACKPETHOTO HACTOYHHKA 0e3 TTaMSITH [4]

G =(g5,8gf 20 1) g €{0,1,...,7} . Kaxnplit i-ii 0OANHOYHBIA CUMBOJ HCTOYHHMKA G° MOSIBISETCS
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Ha BBIXOZIC C BEPOSATHOCTBIO p;. CTaTHCTHYECKHE XapaKTePHCTUKM HCTOYHMKA G 3a1aloTcs
MHOXecTBOM P ={pg, p;,..., p7} . IMes KoHKpeTHOe H300paxkeHHEe, (HOPMUPYEMOE HUCTOUHUKOM,

MO>XXHO OLCHHUTH €TI0 I/IH(l)OpMa]_II/IOHHOC COACPIKAHUC TOCPCACTBOM BbIYUCICHHUA 3SHTPOIIUN H.
CpaBHI/IBaSI BBIYHUCJICHHOC 3HAUCHHUC SHTPOIUHU C MAKCUMAJIbBHO BO3MOKHBIM HO (KOF,Z[a HCTOYHUK

OIKCKHIBACTCS TOJIHOM HEONPE/ICIIEHHOCTHIO), MOYKHO TOKAa3aTh, YTO PEalIbHBIC MOCIEA0BATEIEHOCTH
g€ 00naarT KOMOBON HM30BITOYHOCTRIO »=1—H /Ho- Jlnst ycTpaHeHUsT KOJOBOW W30BITOYHOCTH

MPUMEHSIOT METOJIbl SHTPOIMITHOTO W yHHBEpCalbHOro KomupoBaHus [S5]. OxHako 3¢ddekTuBHOCTD
9TUX METOI0B OTHOCUTEIBHO HEBBICOKAS.

Hpyroii cmocod mpeacTaBieHUs CIIy4aifHOTO TMpolecca NCTOYHHKA COCTOMT B BBIYMCIICHUH
KOPPEJAILMOHHONH WM KOBapHAIMOHHOW (YHKIMH IOCIEI0BaTeNFHOCTH g© . BbIcokas creneHs
KOPPEJLSILMU MEXIY CUMBOJIAMH II03BOJISICT PeaiM30BaTh BTOPOM 3Tan 3¢ (EKTUBHOTO KOJUPOBAHUS
MOCPEJICTBOM CIIEKTPANbHOIO TpeoOpa3zoBaHusi. B kadecTBe mpeoOpa3oBaHHS paccMaTpUBAETCs
NEeHCTBUTEIRLHOE AUCKpPEeTHOE mpeodpazoBanne Xaptau ([AI1X). B cpaBuenun ¢ komruiekcHbIM {110,
rze TpedyeTcs NCIONb30BaTh 2B NeHCTBUTENBHBIX 3HAYCHNH, TpeoOpa3zoBanue XapTial BHIIOTHIACTCS
Haja B neiicTBUTENbHBIMU 3HadeHusAMH [6]. KpoMe Toro, B cpaBHEHMH C JUCKPETHBIM KOCHHYCHBIM
npeobpaszoBanueM u AI1P, npsimoe u obpatHoe JAI1X coBmaaaroT, 4To TakKe YMEHBLIAET CIOKHOCTD
LIOU. /Iimua npeoOpa3oBaHus ONpeiesieTcs 3HaueHueM NN, .

I[J'ISI COKpalICHU OJIMHBL npeoGpa3OBaHI/m BBITIOJTHUM HeKCHKOI‘pa(bI/ILICCKOC r[peo6pa30BaHHe

no cromdmam Bektopa g¢ B marpuily G©. IIycTh HMHIEKCHI CTPOK M CTOJIONOB MaTpHil G°

0003HAYaIOTCS TPAAUIIMOHHO KaK /1 U 1, @ HOBYIO JUIMHY NMpeoOpa3oBaHus 0003HAUYNM Né. IIpsimoe
muckpetHoe 2D-nipeobpa3zoBanre XapTiau B MaTpudHOH popme umeeT Bu [7]

G°=HG°H, )
rae G¢— Matpuua ko3 QHIEeHToB npeobpasoBanns, G¢ — MaTpHIA KOZOBOI TOCIIEHOBATCILHOCTH
g¢, H — Martpuna nuckpeTHbeIX QyHKIMH XapTiu
2nmy
as( N7 ), (3)

4

rac v — YaCTOTHBIN HHAOCKC (1)YHKI_II/II/I m — HpOCTpaHCTBCHHLIﬁ HHACKC (1)YHKL[I/II/I, m 1V UBMCHAIOTCA

1

B ripezenax ot 0 1o N, —1. O6parnoe 2D-/TIX onpenensercs kak
~C 1 ~cC
G°=——HG'H. 4

2

NC

ITocie mepexoma B CHEKTpajbHYI0 oOnacth (2) BbIMOJHACTCS 0TOOp ((QUIbTparus)
ko3¢ GuIueHToB npeodpa3oBanus. B paboTe paccmaTpuBaiics aarOpuUTM aJanTHBHOW (DHUIBTpAIUH
C UCIIOJIb30BAHUEM IOPOroBOro Kputrepusa. I(HHEeKTUBHOCTh 00paOOTKU OIICHHBAJIACh OTHOILICHHEM

D
K =—/, rne D — 3arpaTel Ha Tepemady H300pakeHHUs oOBekTa 0e3 KomupoBaHus, M — 3aTpaThbl

Ha Tiepefiauy M300paKeHHsT C WCIHOJIB30BAaHMEM KOAMpOBaHMs. Huke TNPHBOAMTCS HpHMeEp
NPUMEHEHHUS PaCCMaTPUBAEMOT'0 METO/a 2-3TAlTHOTO KOAUPOBAHUSL.

Ilpumep. Ha pumc.1 mokazan a’poOTOCHMMOK MOpPCKOro 3anmuBa (Kaap BHIEO
https://vimeo.com/103608554). Tpebyercsi 3¢(eKTUBHO MPENCTaBUTh W OIMUCATh TPAaHUILy 3aUBa

C HYJIEBBIM 3HAYEHHEM CPEIHEKBAIPATHYECKOU OINUOKU &= \/%\/ 1 Z Z (8. (m,n) — g (m,m)* ,
c m

n

rae g,.(m,n) —3HaYeHUs MaTpHIbl G BOCCTAHOBICHHOTO M300paXKEHUs.

ITociie mporeccoB MUQPPOBOTO MPEACTABICHUS U300paKCHUS CETMEHTAIMM W OWHApH3aIiH
TpaHMIIA COCTOUT U3 64 mukcenoB. [ ux ommcanusi TPeOYETCS TOAMHOXKECTBO U3 128 AECATHIHBIX

uyces1, IPUHAUIEKAMUX MHOXKeCTBY Z 2 . KoaupoBaHue HENHBIM KOIOM MOPOKIAET KOJOBOE CIIOBO,
KOTOPOE OTHCHIBACTCS MAaTpHIlEH (5).

24



JloKy1Asiel BIYUP Dokrapy BGUIR
T 19, Ne4(2021) V.19, No. 4 (2021)

Puc. 1. A>podoTOCHUMOK 3aJIHBa
Fig. 1. Aerial view of the bay
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Hcnons3yst BelpaskeHne (2), BBIYUCIAIOTCSA CHEKTpaibHble Koddumments: Xaprimm. Sapo
JIIX obpazyercst quckperHpiME Gyakmusmu (3). Ctpykrypa Matpuibl H umeer Bua

1 1 1 1 1 1 1 1
1 14142 1 0 -1 -14142 -1 O
1 1 -1 -1 1 1 -1 -1
He 1 0 -1 14142 -1 O 1 -1,4142 . ©)
1 -1 1 -1 1 -1 1 -1
1 -14142 1 O -1 1,4142 -1 0
1 -1 -1 1 1 -1 -1 1
1 0 -1 -14142 -1 O 1 1,4142

Pesynprar agantuBHOM QuinbTpaniy k03hdureHToB XapTiu oTpaxkaeTcs MaTpULei

194 -13,38 0 0 0 23,39 —14 —13,48
55,01 0 0 0 0 13,73 -22,24 0
40 -12,56 0 0 0 18,56 —12  —20,66
x |-1299 0 0 0 0 959 -1424 0
G = . (7)
~14  -11,73 0 -17,49 0 13,73 22 0
27,01 -11,73 0 -12,66 0 24,07 -13,73 0
28 0 0 -16,66 0 16,9 0 0
—95,01 12,41 0 0 0 1524 0 0

[oncraBnsst B (4) 3Hauenus matpunsl (7), MOTydaeM BOCCTAHOBJCHHBIC 3HAYCHUS
K03((UINEHTOB B CHEKTpanbHOH obmactu. Ilpy 3TOM BenMuMHA CpeTHEKBAAPATHUECKON OIIMOKU
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Onmu3Kka K HysleBoMmy 3HadeHuto, €=0,125. 3aTpaTsl Ha mepeaady HU300pa)KeHUS C HCIIOJIH30BAHHUEM
KOIUpOBaHHs cocTaBwin BednunHy M =32. D(ppeKTuBHOCTE 00pabOTKH OICHMBACTCS 3HAYCHHEM

k=24
32

C y4eToM BBIMIPHIIIA B 00paOb0TKe HA IIEPBOM dTare KOAUPOBAHMsI, pa3Mep BXoaa 00paboTKH
yMeHbIIMJICS NoYTH B =~ (3+4)~7 pa3. [lpu ucxogHom 3HadeHuUH k =8 OUT Ha MHUKCEN METO.

2-3TaIHOr0 KOJAUPOBAHHUS MO3BOJISCT UMETh 3aTPaThl BeTMUUHOMN 1,14 OMT Ha MUKCEI.

3KCHepI/IMeHTaJI]>HI)Ie HCCIeAOBAHUA

OKcliepUMEHTANbHBIE  HCCIIEIOBAaHMs,  CBS3aHHBIE C  OLEGHKOHM  3(QEeKTHUBHOCTH
paccMOTpeHHOro  MeToja  oOpa0OTKM ~ CEerMEHTUPOBAaHHBIX  W300paXXeHWH,  MPOBOIWINCH
C UCIOJb30BaHuEM onepaiinoHHoi cpeast MATLAB. MoaenupoBaicsi 3aMKHYTBIN MyTh 110 TpaHUIIE
(OuHapHOMY KOHTYpY) B BHJE YIOPSAOUYECHHOH (HEMOBTOPSIOIIEHCS) MOCIeI0BaTEILHOCTH MUKCENEH,
HauWHas C JI000r0 Ha3HAYEHHOT'O OTIPAaBHOTO TMHUKCENs © B BUAE IOCIEIOBATEIHLHOCTH
(HeyTOpsIOUEeHHO), 3HaUeHUs] KOTOPOH MOTYT BCTPEUYaThCsl HECKOJNBKO pa3 IO MYTH TPAHHUIIBL.
Heymopsimoduennasi TocCie0BaTeIbHOCTh THKCENICH OMUCHIBaNa Oojee CIOXKHBIA OOBEKT CO
CBSI3aHHBIMH KOHTYypaMmu. [Ipu yciaoBum coOMoAeHUs TEKyIIero HAIpaBICHUsI OTPE3KOB CBA3aHHBIX
KOHTYpPOB (C BO3BpaToM K OTIPABHOMY IHKCENy) OICHUBAIACH dPPEKTHBHOCTh OIHMCAHWS W JIJIS
Takoro wu300pakeHusi TpaHUIBl. OCHOBHBIE HCCIIENOBAHHMSA TPOBENEHBI JUIA TPAHWI] C ITUIABHOM
XapaKTepUCTUKON (OpMBI M TpaHWIl, HMCIOIUX KaK IUIaBHbIC, TaK M pE3KHE OYepTaHUS.
[IpencraBienue rpaHunbl (GOPMHUPOBATIOCH HA 4-CBSI3HBIX M 8-CBSA3HBIX OTpe3kax. COOTBETCTBEHHO
CTPOWINCH 4-CBSI3HBIE W §-CBSI3HBIE IIETHBIE KOIBL, C IIOMOIIBIO KOTOPBIX OCYHIECTBISIOCH
MIPOCTPAHCTBEHHOE OINUCaHWe TpaHULBl. CHIEKTpalbHOE OMNMCAHME BBIIOJHAIOCH C MOMOIIBIO
TUTIOBBIX CpeAcTB mporpammupoBanns MATLAB.

3aKkiIroueHue

VYcenenrnoe u dGGEKTHBHOE MPUMEHEHUE CHCTEM adPOKOCMUYECKOTO 30HIUPOBAHUS 3eMHOMN
MTOBEPXHOCTH JUIsl PEIICHUsI Pa3HOOOPA3HKIX 3aj7ad B ATOW MPEIMETHON 00JacTi TpeOyeT BHEAPCHUS
COBpPEMEHHBIX OoJiee MPOU3BOAUTENbHBIX MeToZI0B [IOW. B 3TOM HampasineHNy OBUT OMTUCAH TOIXO,
MO3BOJISIIONIMIA C MEHBIIMMHA BPEMEHHBIMH M BBIYUCIUTEIBHBIMH 3aTpaTaMH pemarh 3ajad,
CBSI3aHHBIC C aHAIU30M NPOCTPAHCTBEHHBIX CTPYKTYp OOBEKTOB, MX PEKOHCTPYKIIMH Ha OCHOBE
aHaJlM3a UX CETMEHTHPOBAHHBIX M300paXCHUI TPaHUI], KOHTYPOB U JIMHUHN. [IpoBeIeHHBIC pacyeThl U
SKCTIEPUMEHTAITLHBIE UCCIICIOBAHMS TIO3BOIISIOT CCNATh CICAYIOIINE BEIBOIBI:

— paccMaTpuBaeMblii MeTOJi He TpeOyeT HCIOIb30BaHUS CIOXHBIX CTPYKTYp MJIsl 3alvCh
WCXOJIHBIX JJAHHBIX, OMMCHIBAEMBIX IIEITHBIM K010M. [IpuBbIuHas popma mpeacTaBiieHus: n300paKeHUs
B BHJE MATPHIBI IIEMTHOTO KOJAa IMO3BOJSIET Jerko W A()(EKTUBHO BHIMOIHATE 00pabOTKy Ha
EBKJIMJIOBOH CETKE C MCIIONIh30BAHUEM MHOTHX COBPEMEHHBIX SI3BIKOB MTPOrPAMMHUPOBAHUS;

—HE WMEeT 3HAuYCHHs, COCTOMT JIM W300paKCHHE JIHIIh W3 HECKOJIBKO CTPOK WIH
MPENICTABIISICT CIOKHYIO CIIEHY — 00beM TpeOyeMOi MaMsATH OCTaeTCsI IOCTOSHHBIM U 3aBUCUT TOJIBKO
OT pazMepa U300pakeHus;

— C MHHUMAJBbHBIMU BBIYHCIUTEIHHBIMUA 3aTpaTaMHd MOXHO TIOIy4YaTh KOJIUYCCTBCHHBIC
OIICHKH T'€OMETPUYCCKHX MapaMETPOB, TAaKUX KaK JUIMHA TPAHUIEI (KOHTYpa), ILIOMAab, TICPUMETP
dhopmer;

—Kak M Ui JIIOOBIX HEOTHOPOIHBIX H300paKCHHUM, creneHb 3(PPEKTUBHOCTH 00pabOTKH
3aBHCHT OT CTAaTUCTHYECKUX XapaKTEPUCTHK HCTOYHWKA. VICCenoBaHWs MOKa3alH, YTO HAJIUYHUC
PE3KHX JIOKAJIbHBIX M3MCHEHUI OYepTaHMs IpaHUIlbl (KOHTYpa) cHIbKaeT 3(h(HEeKTUBHOCTh 00pabOTKH
JUISL YCIIOBHSI, IPU KOTOPOM 3HAYCHHE ONIHOKU BOCCTAHOBJICHHUS H300PKEHHSI CTPEMHTCS K HYIIIO.

IToxaxom MOXKET HMCITOJIL30BAaThCS U B MEIUIIMHE, B YAaCTHOCTU — JUIS aHAIU3a U300paKCHUN
PAHEBBIX MOBEPXHOCTEH C LENBIO OICHKH 3(P(PEKTUBHOCTH JICUCHUS, IOMCKA XapaKTEPHBIX KOHTYPOB
B 00JIacTH aHAIM3a MEAUIIMHCKUX H300payKCHHM.
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