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OLHUM N3 BaXKHEMWUX HanpaB/eHUN MOHUTOPUHIA 3eMHOW MOBEPXHOCTU CAYXUT
KocMo(hoToCbeMKa. Mpu aToM, MHpoOpMaLMa N3B/eKaeTCss Ha OCHOBe aHasin3a NosyyYyeHHbIX
CO CNYTHMKOB KOCMOOTOM306pakeHU (M306paKeHWn, NoyYeHHbIX B pe3ysbTaTe CbeM-
KW, BbIMO/IHEHHOW cReynanbHOM annapaTtypoil n3 KocMmoca).

MOHUTOPUHT COCTOAHNSA 3eMHO NOBEPXHOCTU OCYLLECTBASAETCA Ha OCHOBE npouecca
JewndppupoBaHnUsS CHUMKOB U, B YaCTHOCTU, BblesieHUS 06BbEKTOB C TOW WM UHOW TOYKMK
3peHus, COCTaBMALWMNK eAnHbI Knacc. Takue npouefypbl eCTeCTBEHHO Ha3blBaTb pacno-
3HaBaHMeM 06beKTOB. Mpuuem AnA peanm3auunmn 3To npoueaypbl NPUMeHSAeTCs npeaBapu-
TenbHOe 06y4YeHMe, 3aK/0valoL,eecsa B ONNCAHUKN Klacca MCKOMbIX 06BbEKTOB Ha OCHOBE 3a-
[aHNA 3HAYeHWUI NMPU3HAKOB M3 HEKOTOPOro MX MpocTpaHcTBa. Bbibop mpocTpaHcTBa npu-
3HAKOB SBNSAETCHA BadKHelWmMM 3Tanom MNOAFOTOBKWU K PeLleHUto 3ajayun pacno3HaBaHUA
06beKTOB. [lpyroii BaxHbIA acnekT Npouefypbl pacno3HaBaHUsA 3ak/4vaeTcs B BbIbOpe NH-
CTPyMeHTa, C MOMOLLbIO KOTOPOro MPOM3BOAUTCA COMOCTaB/ieHWE 3HA4YeHW MNPU3HAKOB
aHann3npyemoro o6bekTa ¢ UX 3HAYEHUAMMU, NMOYYeHHbIMW Ha 3Tane obydyeHuA. Mpeano-
naraeTtcs, 4To 3Tan 0byyeHMA ocyLlecTBNsAeTCA N0 06beKTy-06pa3y (hparmeHTy n3obpaxe-
HUSA), KOTOPbIA yKa3biBaeTCA onepaTtopom, B TOM Ync/ie HENOCPEACTBEHHO Ha 06paboTaHHOM
n306paxkKeHnn.

O4HNM M3 COBPEMEHHbIX MNOAXOAOB pacno3HaBaHMA 00beKTOB Ha a3poOKOCMMU-
YEeCKUX N306parKeHUsX ABNAeTCA NOCTPOeHMe HEMPOHHbIX ceTe. OA4HOW M3 BefyLLUX
NpOrpaMMHbIX CUCTEM, MCNONb3YLWNUX ANS AeWNPPUPOBAHNA HEWPOHHbIE CETU, AB-
naetca ENVI. Ana aBTOMaTU3MPOBAHHOIO pacno3HaBaHUA 00beKTOB Ha a’3poOKOCMMU-
YeCKMX CHMMKax 3Ta nporpamMmmHas cuctema WUCNONb3yeT creaylouwme TPU rpynnbl
NPM3HaKOB pacrno3HaBaHUsA: reomeTpuyeckue (popma, pasmMmep); APKOCTHble (YPOBEHb
APKOCTU, UBEeT); CTPYKTYpPHble (TeKcTypa, CTPYyKTypa). HegoctatkamMum Takux nogxonos
ABNAKTCA:

* C/TIOXKHOCTb pacno3HaBaHNs B YC/IOBUAX CUMbHBLIX MOMEX Ha N306paXKeHun;

* He060CHOBaHHOE OTHeceHMe 06bEKTOB CHMMKA B O4UH U TOT Xe Kacc (puc.l);

e cnabas ajantauuns CyLLeCcTBYOLLLNX MeTO0B aBTOMaTU3NPOBAHHOTO
pacno3HaBaHUA K U3MEHSAOLWMNMCSH YCNOBUAM CbeMKU 1 06paboTKU N306paKeHU.
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Puc. 1. Pe3ynbTaT pacno3HaBaHUs YacTHbIX AOMOB 6aliecoBCKMM MeToA0M B ENVI

OfHOV N3 NepcrneKTUBHbIX BO3MOXHOCTEN N3MEHEHUSA cuTyal M B o61acTu aBTomMa-
TU3NPOBAHHOIO pacno3HaBaHUA ABNAAKTCA pa3paboTka W BHeAgpeHUe NporpamMHO-
TEXHO/IOTMUYECKUX CPeACTB, KOTOpPble UCMO/b3YOT HOBble MeTOAbl 06paboTkM KocmodoToc-
HVMKOB Ha OCHOBE 4YacTOTHbIX NpeAcTaBAeHUA.

HoBn3Ha naen cocTtonT B UCMOJSIb30BAHMM HOBOr0 MeToAa O6Hapy>XeHuUsa U Bblgese-
HUA 0O6bEKTOB, rAe B KayecTBe rpynnbl MPU3HAKOB pacrno3HaBaHUsA bGepyTcs aHepreTuye-
CKMe XapaKTepucTuku ns3obpaxeHunsa (40N 3HePrumn pacrio3HaBaeMblX 06bEKTOB) M Ha UX
OCHOBE CTPOUTCA HEAPOHHAs CeThb.

OcHOBHasA uenb paboTbl cOCTOUT B pa3paboTKke, UccnegoBaHUM U NporpaMMHOl pea-
nm3aumm HempoceTeBOW TEXHOMOIMWU pacno3HaBaHUA 006bLEKTOB Ha a3pOKOCMUYECKUX N30-
6pa>keHMAX Ha OCHOBeaHanmM3a pacrnpejesneHUs UX 3HEPrui no 4YacToTHbLIM MHTepBanam.

MocTaBneHHas LeNb JOCTUTAETCS PelleHNneM CNeay L X KOHKPEeTHbIX 3a4auy:

1. TocTpoeHVe HEPOHHOW ceTu A/ BblAeNeHUS U UAeHTUPUKauMM 06bEKTOB Ha
KOCMWYECKNX CHUMKax, rpynnamu MpPU3HAKOB pacrno3HaBaHWUsA ANS KOTOPOro SIBASKTCA
[ONTN 3HEPTUN KaXA0ro 06beKTa N306paXKeHus;

2. MporpammMmHas peanm3aymns paspaboTaHHbIX aNrOPUTMOB;

3. OueHnBaHne paboTocnoco6HOCTN pa3paboTaHHbIX anropuTMOB Ha OCHOBE
BbIYMC/INTENbHBLIX 3KCAEPUMEHTOB C peasibHbIMU U306paKeHUAMN.

MN306paxkeHe MOXHO onpefennTb Kak aBymepHyto qyHkuuio fik, rge i=i,2,...M n
k=i,2,...,N - KoopauHaTbl B NpocTpaHcTBe (KOHKPETHO, Ha NJIOCKOCTKN), U 3HadveHne f Ko-
Topoili B No60oi Touke, 3agaBaeMoil napoii koopaunHat (I,k), Ha3bIBaeTcs MHTEHCUBHOCTbIO
n3obpaxxeHns B 3To To4uke [1,2,6].

YacToTHbIM NpeactaBneHmem yHkuuu fik HasbiBaeTcs cnegytoulee BblpakeHue [3-5]:

)

3pecb ejui n ejvk - 6asncHbie pyHKUMN (DYHKLMM npeacTtaBnstTca B 6asnce dy-
pbe), apryMeHTbl U UV - KPYroBble 4acTOThl, OTpaXkawou,me NePpUOANYHOCTb (LLUKINYHOCTb)
n3MeHeHU ncxogHol pyHkumn fik c nameHeHnem aprymeHToB | u k.

B KkauecTBe BECOBOW (PpyHKLMU F(U,v) MOXHO MCMNONb30BaTb TpaHcopmaHTy Pypbe:
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M N
F(uv)=X Z Me (- (2)
i=1 "3

Ha ocHoBe paBeHCTBa [lapceBans 3HEPrUI0 M306PaKEHUS MOXKHO MpeAcTaBUTb B
BUAE CYMMBbI:

M N B Ry

1 rz = ﬂ72\]:\11E (u\@dm;lrﬁzﬁﬁ\éa . 3)

i=l "=l
rge 3HadeHue aonu sHeprum P,Qr,m aBymepHoro curHana fik B gBymepHOW 4acToTHOW 0 6-
nactun Qik:

Pam = JJF (u'v>2dudyv . 4)
(u,veai”

B kauecTtBe o6nactm fik paccmaTpuBaeTcs cnefylow,as LeHTParibHO-CUMMETPUYHas

06/11acTb 4YaCcTOTHOW naockocTn [4]:

ar :{ar <u"v)|(ue\al,a2]ve \4,B2])U (ue [@l,a2]ve \-P2-PI]U

(UE\ a2,-all,vel[-B “A U (Ue\ a2,-a 11V€[B,BZ»}, (5)

rpe 0<al,a2, R, <n

B |

-a2 [} a2 u

Ecnu B npaByk 4acTb npeAactaBsieHus (4) noactaBuThb onpefeneHue (2), To nocne
npeobpasoBaHNn MOXXHO MNONYYUTb COOTHOLWIEeHME [5]

P =T_C(Ar -¢ -Bm o T)
M N (6)

f..

i=l "=l

rge anemeHTbl matpuy A=(aiii2) n B=(bkik2) BbiuncnsawTca cnegyowmm ob6pasom:
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Sin(a2(ii - i2))- Sin(al(il- i2))

o i1™* n

_ n(il- i2)

" az2-al
I_I il =12,

S -2y (e(n1-"2)  wpg,
by, - ne -2

B: - A "

"1 = 2.
n

7
3pecb ® - ncxonHoe nlobpaxeHue, tree - caes MaTpuLbl. "
B03MOXXHOCTb MpOBefeHUS aHanM3a M306paXKeHNn Ha OCHOBe YacTOTHbIX NpeacTaB-
NeHnn onpefensieTca TeMm, UTO B rpayMyeckuUx AaHHbIX, 3a4acTytl, HabngaeTca KBasune-
pnoaNYHOCTL OTOBparkaeMblx npoleccoB. Ha n3obpaxeHUM MOTFyT NMpPUCYTCTBOBaTb MOBTO-
palouwmecsa 06beKTbl, KOTOpble 3ajaldT HEKOTOPYH NeprmoaMYHOCTb M3MEHEHUS SAPKOCTU
n3obpaxkeHuns.

Ha nepsom ware Ha n3obpaxeHUn BblgenseTcss onpefesieHHbI 06beKT M30b6paxe-
HUSA, KOTOPbI/ 6yAeT CAY>XUTb 3TA/IOHOM A/19 pacrno3HaBaHUs APYrMX Nof06HbIX 06bEKTOB.

Ha BTOpOM LWare CTpOUTCS HEWpPOHHas ceTb. TOMOMOrMS CeTU MMEEeT CrieayoL,nii
BUA:

34ecb Ha BXOAHOW cnoii noAalTcss UCXOoAHble AaHHble (3HAYeHUSs MHTEHCUBHOCTEN
nuKcenen naobpakeHus). B CKpbITOM C/10€ BbIUUCAAETCS 3HEPTeTUUECKNIA CNeKTP, a Ha ero
BbIXOe CYMMa NMpPou3BefeHN i 3HaudeHWli foseil aHEPTrUM N BECOBbLIX KO ULMEHTOB. Ha
cnoe pacno3HaBaHUsl BblUMCAsieTcs olWM6GKa pacno3HaBaHUs (OTHOCUTeNbHAA cpefHeKBaj-
paTmyeckasi NOrpewHOCTb) OTHOCUTENBHO XXENaeMoro oTKAMKa.

ANTOpUTM 06YUYEHUS UMeeT CreayoLWnii Bua.

9. MocTynsaeHne Ha BXOAHOM C/ON UCXOAHbIX AaHHbIX.

10.MHUUMann3ayna BecoBbiX KOINPULNEHTOB:

W" =1/(1+M *N),i=1...M;j =1,....,N;" =1,....M *N
11. While (nmetoTcsa BxogHble gaHHble) do:

a) nojavya Ha BXO/, CETU HOBbIX 3HAYEHWNI UHTEHCUBHOCTU U306paXKeHUs;
b) BblUMCNEeHNE SHEPTeTUUYECKOro CNeKTpa U 3HAYeHUN BbIXOA0B CETU:

p = tree (Arr-¢ -Bm ¢ 1) ES;
m M N . 8
Iof
i=1 "=1
fotigd
MepBblii CXpbITbw cn®i: yij = 1 wij" (Pj" - pp)2,

=1
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1
Y1j = 1+ e yij"
BTopoii ckpbITblid croi: y. = | wZ"YUW,
=1
1
Y2j =
1+ e~y

C) M3mMeHeHVe BECOBbIX KOB(*)CbI/ILI,VIEHTOB ANA KaXXAoro CKpbiTOro cnos:

LL||" Wiij + M(p." - pcpY >
Wi + 3 ViijYzj > )

roe n 3 - KO3 (PUUNEHTbI CKOPOCTU 0ByUYeHUS.
d) BbluncneHme oTHOCUTENIbHOW CpefHeKBaAPaTMUeCKOM MOrpelHoCTu:
Rl R2
(] - Y2ij)
h= i=i=!
Rl R2 (10)
I 1 (P"
i=1 j=1
roe Pj" -

»Kenaemblii OTKIUK.

e) Ecnn h 6onblie 3agaHHOro nopora, To NepeiTn K wary b.
f) MHaye - HacTynaeT KOHel,.

Pe3ynbTaTbl pacno3HaBaHUs:

OWwmn6KM pacno3HaBaHUsA NepBOro U BTOPOTo poaa:

Er = —°~A*100% = 14,28% Er2=-°2-*100% = 0%
1 N, N

non
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roe LW 2 - KonmM4yecTBO 06HEKTOB, OLLUMBOYHO OTHECEHHbIX K MHTepecyemMoMy Ksiaccy pacno-
3HaBaHWA; ~ 01 - KOJMIMYECTBO 0O6bEKTOB Ha CHMMKe, KOTOpPble OTHOCATCHA K KJjlaccy pacno-
3HaBaHMA; N d - Konu4yecTBo 06bEKTOB, NPUHAaANEXALUX K K/lacCy pacno3HaBaHUS, HO He
OTHECEHHbIX K HEMY.

Pa6oTa BbinosiHeHaA Npu nogaep>kke ® LM «Hay4yHble 1 HAay4YHO-Megarornyeckume
Kagpbl Ans  WHHOBaUWMOHHOW Poccum» Ha 2009-2013 rogbl, TroCc. KOHTpakT
Ne 14.740.11.0390.
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NEURAL NETWORK METHOD FOR RECOGNITION OF OBJECTS
IN THE PICTURE IS OF THE EARTH'S SURFACE

E.G.ZHYLYAKOV
A U LIKHOSHERSTNYY In the article discusses a new method for recognition of objects or
" images the earth's surface by constructing a neural network, which calcu-
s lated the proportion of energy allocated objects.
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tation, the proportion of energy pattern recognition.
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