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OUIHKA WIbHOCTI PO3noainy
CMNEKTPAJNbHOI ACKPABOCTI

HA OCHOBI KOMMO3WLIAHOT MOAENI
B 3AOAYAX OUCTAHUIMHUX
30HAYBAHb 3EMIII

3amponoHOBaHO HOBUiT METOJT OLIIHKH IIUTBHOCTEH OJTHO-Ta 6araTOBUMIPHUX PO3MOILTIB
JUTsl BUKOPHCTAHHS B 3a/1a4ax e pyBaHHs JaHUX JUCTAHIIHHOTO 30HAyBaHHs 3eMJIi
Ha OCHOBI MOJieJIi CyMillli JIOKaJbHUX po3noainiB. [Toka3aHo BUCOKY edeKTHBHICTb,
0co0JIMBO B pa3i yCKJIaAHEHUX HEOAHOPITHUX PO3MOALIIB, MPUHHATHICT AJIS OIHCY
6araTOBUMIpHHUX PO3MO/LTIB, 3 KOMIIOHEHTAMH, KOPEIBOBAHUMH Y 3arajlbHO IPHHHSATO-
My po3yMmiHHi. HaBeneHo pe3ynbTaTé MpakTUYHOTO 3aCTOCYBaHHSI.

KurouoBi ci1oBa: MmiNbHICTE PO3MOiNTY, KOMIO3HLIHHA MOEIb, CIEKTPAIbHI KaHAIIH,
JIUCTAHIIHHI 30HTyBaHHS.

Beryn. Oninka ¢yHKIIT HITBHOCTI PO3MOALTY HAIEKUTH A0 TOMINPEHNX
orepailiii B CTaTUCTUYHINA 00pOOIIi TeONOr YHUX JaHUX. SHAYHOK MIPOFO BiJl
SIKOCTI ampoOKCHMallii Ha MMOYaTKOBOMY €Talli aHali3y eKCIepHUMEHTaTIbHIX
JaHWX 3aJISKUTH PE3yNbTaT po3B’A3aHHS 3a/adi. [CTOTHI IepCIIEKTHBY MOXe
JaTy 300pakeHHs MIUTBHOCTI 0araTOBUMIpHOTO PO3MOITY y BHIVISAL CyTep-
TO3UIIIT TPOCTIIIMX PO3MOILTIB.

TepmiH “cymMiln” cTOCOBHO 3a/1a4i alipOKCUMaIlil po3MogiTy BUIaAKOBOT
BEJIMYMHH 32 BUOIPKOIO EKCIIEPUMEHTAbHUX JaHUX MA€ JOCTATHBO MiICTaB
JUTSI BAKOPUCTaHHS B 00p0011i reosiorivHux ganux. CyMilll sIBJIsi€ COO0I0 CyMy
PO3MONLTIB BUMIAJIKOBUX BETWYHH, 3 SIKUX CKJIaJaeThcs BUOipka. [lommpe-
HUM € TIIXiJ, BIIOMHIA B iHO3eMHil iTepatypi, sk Gaussian mixture — cymimn
raycciBChbKHUX po3moiis [ 1, 2]. [nes monsirae y moOymoBi 3arajibHOI IITBHOCT]
pO3MoAUTy BUOIPKH Y BUIIISIII 3BAXKEHOT CYMH HOPMaJIbHUX PO3TIOALIIB, SKH-
MU 3 TICBHUM CTYIIEHEM JI0CTOBIPHOCTI OMUCYIOTHCS CKJIAI0BI YACTUHU BHU-
Oipku:

f(x)=Zk,.N(x| n, I (1)
Tyt
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1 Hxeu) 3 (x— B
N(x|u,2)—mexp[—7( n) = u)] ()

0araToBUMipHUI HOpMATBHUHA PO3NOALT (BUMIPHOCTI 7);

Zk,.:l, A3)

ne k. — Barosi KoedimieHTHy.

MopnentoBanHsi. Po3rissHemo 171 mpuKIiaay OTHOBUMIPHY BHITaKOBY Be-
JIMYUHY X 13 IUTBHICTIO po3noity f{x). 3reHepyeEMO JOCTaTHBO BEJIUKY KUTBKICTh
S peanizaiiii BUTIaKOBOI BETMYMHH X, IIUTHHICTD PO3MOILTY SKOI € CYyMIIIIIIIIO
HOPMaJbHUX PO3MOAUIIB i3 mapamerpamu p, = 125,6,=0,51p, = 130,0,=1,5
Yy 4acTKax, BiANOBiaHO, k, =k, = 0,5 [3]. VaBiMO, IO Ls CyKyNHICTh peatizallii
OTpUMaHa BHACTIZOK MPOBEACHHS JESIKHX CIIOCTEPESKEHb, TOOTO € HabopoM
EeMITIPHYHHX TAaHUX — BUOIPKOIO 3 yciel MHOXKHHN MOMKIMBUX 3HaYeHb X. [Totim
MPUITYCTHMO, sIK LIe 3a3BHYaii OyBae Ha MPaKTHIL, [0 JJaHi OTpUMaHi 3 mapameT-
pUYHOI ciM’T HOpMaITbHUX PO3MOALTIB (2), 30KpeMa:

= ——CX| —_—
g | 2@

BusHauuBIm omiHky [4] st i€l Mozieni, orpuMaeMo: L =127,56, 6 =2,71.
IcTrHHUMI po3moi i OLliHEHa MOJIENb 300parkeHi Ha puc. 1.

[IporecTyBaBIIM Ha aJEKBATHICTH PO3PaxOBaHy MOJCIb PEAIbHUM Jia-
HUM, MOXKHA TTIEPEKOHATHUCS, 1110 HOPMAJIbHA MOJIENb BIIEBHEHO BiTOPTa€Th-

7x) = exp| L GE)

Sx)
0,4 »

122 124 126 128 130 132 134 136 x

Puc. 1. Posniozin BUMagKoBoi BeJMUUHU X @ [ — 3MOAENbOBAHUI SIK TaycCiBCbKa CyMill;
2 — #ioro anpoKcuUMallisi Ha OCHOBI MapaMeTpUyHOi Momeni (2)
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cst naHuMH. B 11iif cutyanii icHye nBa criocobu: abo mykaTH NpUIaTHIILY MO-
nenb, a00 BIAMOBHUTHUCS BiJl MapaMEeTPHYHHUX CiMeH PO3MOMLUTIB Ha KOPUCTh
HeTlapaMeTPHYHUX OIHOK (DYHKIIIi IIITHHOCT.

[Nepmmii BapiaHT 3a3/aMIeriib € MpoOIeMaTHIHUM, OCKUTBKH MEPECiaHO
BIJICYTHE TEOpETHYHE OOIPYHTYBAHHS MOJIEII, IMiJ] AKY IMiIaJaTUMYTh €KC-
NepuMeHTalbHI 1aHi. ToMy He BUKIIMKAE CyMHIBY aKTyaJIbHICTh IOCIIKSHHST
cdepu 3acTOCYBaHHS HeMapaMeTPUYHUX METOAIB PEKOHCTPYKIIl QyHKIi
HIUTBHOCT1 PO3IIOILTY.

[IpononyeThCsl BUKOPHCTAHHS HEMMapaMeTPUYHOT0 METOLy, YMOBHO Ha-
3BaHOrO “KOMIO3ULiitHIM” [5]. Moro cyTh monsrae y BUKOPHCTaHHi ciMeii-
CTBa €JIEMEHTaPHUX HOPMAJILHUX po3nofiniB X, (1) 1us enemenTis BUOGIpKH.
Hapani HazuBaTHMEMO Taki pO3MOALIH JIOKaIbHUMH. B Teonoriunuii mpak-
THIIi, 32JISKHO BiJ XapaKTepy JOCIiIKEHHS, JIOKaJTbHOMY PO3MO/LTY BiIIOBi-
Jaf0Th PO3IOLIN: BMICTY XiMIYHOTO eJleMeHTa (Te0XiMiYHI METO/IN TOIIYKiB
KOPHCHHX KOIAJIMH, EKOreoXiMisl), mapameTpiB ¢izuaHOro mnoss (merpodisuka,
CIIOCTEPEKEHHS (PI3UYHHX MOMIB), KUTbKICHI TOKa3HHUKH IPYHTIB (HXKEHEpHa reo-
JIOT'isT) Ta MiAI3EMHUX BOJ (T1pOreosioris), ICKpaBOCTi efleMeHTa 300paskeHHSI
3eMHOI MOBEPXHi (AMCTAHIIHI 30HyBaHHS 3eMIIi).

BusHaunmo napameTpu X pO3MOALTIB TaK:

p,=MX,, o,=g), 4)
ne MX, — maTemaTH4He COAIBaHHSA BeaUuMHK X, ; g(u.) — QyHKIIIs, IO ONK-
CY€E 3aJIeKHICTh JIOKAILHOTO CEPEeHBOr0 KBaapaTnyHoro BigxuieHHs (CKB)
BiJl MAaTEMaTUIHOTO CIO/IBaHHsI. 3a pe3y/ibTaTaMi eKCIIEPUMEHTIB, Taka MO-
JeNb € HabaraTo rHy4KIilIO HaBiTh 32 BAKOPUCTAHHS JIHITHOTO HaOIMKeHH ST
10 GyHKIii g(p). KoMmo3umidHui po3mnoi, sk HaOMmKeHHs iICTHHHOT (DYHKITT
IIUTLHOCTI PO3MOLTY BUIIAIKOBOI BEIMUNHHU, BUBHAYUTHCS K 3BaKEHA CymMa
eNleMeHTapHUX HOPMAJIbHUX PO3MOILTIB:

n 1<
F ()= 2N w.0,) (5)

1€ § — KUIBKICTh €JIEeMEHTIB BHOIPKH.

Taxuit miaxin 00XoAUTH TPaaULiiHI TPYIHOIII TapaMeTPHYHOrO OLIHIO-
BaHHS 1 € pale3IaTHUM B yMoBaxX Opaky iH(opMallii Ta CKJIaJHOTO BUTTISLY
PO3MOALTIB CIIOCTEPEKESHUX JaHUX. Y pa3i 3aCTOCYBaHHsI aHAJIOTIYHOI Oara-
TOBHMIPHOI MOJIENI 3 SIBISIEThCS TaKa Ba)KJIMBa IepeBara, sik aBTOMaTHIHE
BpaxyBaHHS CTaTHCTUYHUX 3B’ A3KiB, IPHYOMY HaBITh Y HENIHIHHIN (opmi, Tl
SIK 32 BUKOPUCTAHHS KJIACHYHOTO ITiJIXO/Ty, HAIPHKJIa]l, 0araToBUMipHOTO HOP-
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MaJIbHOTO PO3MOALTY, BAHUKAIOTh TPYIHOIII HaBiTh 3 JTiHIHHOIO GopMOoIo ue-
pe3 HeoOX1THICTh 00epTaHHS KOPEIIALIHHOI MATPHIII Ta, BiIIIOBIIHO, HAJPKOPCTKI
BHUMOT'H IIOJI0 PEMPE3EHTaTUBHOCTI BUOIPOK.

VY HaBeseHOMY BUIIIE MPHUKIIAAl 3MOJIETIbOBAHA T'ayCCIBCbKa CyMilll IBOX
PIBHOMMOBIPHUX pO3MOALTIB f{X) BU3HAYEHA Y BUTTIAII

f(x):%[N(x|125,0.5)+N(x|130,1.5)} (6)

[ToOynoBaHa JijIst TOTO CaMOT0 IIPHUKJIAJTY OIlIHKA (PYHKIIT IIUTBHOCTI PO3-
MOALTY Ha OCHOBI 3aIIPOIIOHOBAHOTO KOMITO3HIIIHHOTO po3nonity (Bupasu (1) i
(4)) MmaTMe TaKkuii aHATITHIHUN BUTIISAL;

f(x) %ZNM X, g(X,.)). (7)

Buxozstu 3 mijikoM MpaBAonoaiOHOro MpUITyIeHHs, TPUHARMHI U151 Teo-
JIOTTYHHX 3aCTOCYBaHb, JIiHIHHOCTI PyHKIIT g(1) Ta ymoBH G =0 mipu 1 =0,
OJIepKUMO g(lL) = apl.

3a Bubopom 3 iMOBIpHOCTAMH p, = p, = 0,5 oaHiei i3 cknanoBux X, cyminni
noOynoBaHi rpadiky MTBHOCTI 3MOJIENTLOBAHOTO BHUIIIE po3nofiny (6) i ioro
OLiHOK (7) 3 BUKOPUCTaHHAM g(X) = aX, 3 I0/1aJIbILIOI0 FEHEPAIIi€r0 HOPMAJIb-
HOTO PO3MOJLTY 1Ii€i CKIagoBoi 3 i =X, 6, =ap, npui=1, ..., s (puc. 2).
[Ticnst omep>kaHHS S TAKKUX JIOKAJTbHUX PO3MOLTIB 00YHCIIEHA IUTBHICTh KOM-
MO3HIIIHHOr0 po3noaity 3a (7).

Sk BUIHO 3 puC. 2, OLiHKK QYHKIIT HIUTEHOCTI KOMITO3UIIHHOTO PO3MOIITY
MPaBONOMIOHIII, HDK OIliIHKa, OOYMCIICHA Ha OCHOBI ITApaMeTPUIHOI MOJIEIT.

1 !

122 124 126 128 130 132 134 136X

Puc. 2. IctuHHMil po3nomin BUTAAKOBOI BenuyuHu X (/) Ta 3MOAeNbOBaHI pO3MONIM Ha
OCHOBiI KOMTIO3HUIIiiTHOT Mozei npu g(t) = ap, a = 0,002 (2) Ta a = 0,01 (3)
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S0 BBaXaTH, 110 KOKEH eNIeMEHT BHOIPKU OTpUMaHHH K HaHiMOBIp-
Hillle 3HaYeHHS JIOKATbHOTO HOPMAIILHOTO PO3IO/LTY, TO CTAE IIITKOM OYEeBU/I-
HUM BHOIp caMOro el1eMeHTY BUOIPKH SIK OLIIHKH MaTeMaTHYHOTO CITOJiBaHHS
1pOro posnoniny. s oorpyatoBanoro Bubopy Binmoinaoi oninku CKB mpo-
MOHYEThCA MONEPEAHBO BCTAHOBIIOBATH CTATUCTHYHY 3ajiexHicTh Mixk CKB
1 MaTeMaTHYHUM CIIOAIBaHHSM 3a pe3yJbTaTaMH CIIeliajJbHO BIAIITOBAHOTO
EKCIIEPUMEHTY.

MpakTuuna peanizauis. [IpoimtocTpyemMo 3amponoHoBaHi pillieHHsT Ha
MPUKJIAl JAHUX TUCTAHIIIMHUX 30H1yBaHb. JlaHi KOCMIYHOT 3HHOMKH IepeBaK-
HO TO/IAF0THCS Y BUTJISIII MATPHILI IIUTUX HEBIJI' EMHUX YHCEN, KOOKEH SJICMEHT
SIKOI (TTIKCEN ) XapaKTepU3yEThCs 3HAYCHHSIM IHTEHCUBHOCTI BiZIOMTOT 200 BHII-
pomiHeHoi eHeprii [6]. KokeH nikcen (y moalibliioMy — 00’€KT) XapaKTepH-
3y€ThCsl BEKTOPOM O3HAK X, = X, X, ., xn}ij (puc. 3). Kommnonenramu
BEKTOpa X € 3HaYEHHS IHTEHCUBHOCTI BiIOMTOI 200 BUIIPOMiHEHOI eHeprii, 3a-
PEECTPOBAHOI B 71 CIEKTPAIIBHUX KAHAJIAX, B IKUX IIPOBOAUTHCS 3UOMKA; I, j —
YMOBHI KOOPJIMHATH MIKCETY B MEXKaxX 3HIMKa ((haKTUYHO, 11¢ HOMEPH PsiIKa
Ta CTOBITYHMKA MAaTPHIIi 3HAYeHb, HA TIEPETHHI SIKUX 3HAXOIUTHCS MIKCE).

Jiana3oH MO>KJIMBUX 3Ha4€Hb KOMIIOHEHT BEKTOPa X BU3HAYA€ETHCS PaIio-
METPUYHOIO PO3IUILHOIO 3IaTHICTIO CUCTEMH PeEcTpallii i 3HaXOAUThCS B
Mmexkax [0,2° — 1], ne b — pospsanicts AIIT kanany peectpariii. Tomy goc-

TaTHHO PO3MIISHYTH Jialla30H |x| € [0, (2" - 1)\/; J .

n

i

J
X, = {X, Xy oo, X}y

Puc. 3. @®opmyBaHHsSI HAbOpY NaHWX HA OCHOBI Pe3y/IbTaTiB NMCTAHIIHHOI MYJIBTUCITEKT-
paJIbHO1 3WOMKU
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[punyctumo, mo mixk CKB i MaTeMaTHYHUM CIIO/IIBAHHSM ICHYE 3B’sI-
30K y BUIVISL © = g(W) = al. Y BUNIAJKY MPSMOI 3aJISKHOCTI B 00JIACTI MaJIUX
3Ha4YeHb KOMIIOHEHT BEKTOpa X MOYKJIMBI HEPEery/IsipHi BACOKOAMILTITY/JHI BH-
KHJIM 3Ha4YCeHb (DYHKIIIT IIUTBHOCTI PO3MOALTY, BHACIIOK TOrO M0 G ~ L —> 0 1

“+00 .
OHOYACHO J f (x) =1. TakuM uriHOM, B 00J1aCTi MaJIUX 3HAYEHDL BUIIA KO-
—00

BOI BeMYMHU (HYHKIIS MITHHOCT] PO3MOUTY MOXKE MiCTHTH BEITHKY KUTBKICTh
TOIKOIMOMIOHMX BUKUAIB. HaToMiCTh B 001aCTi BETMKUX 3HAYEHE, BHACIIIOK

o b . +0
THUX CaMHX BJIACTUBOCTEH: G ~ L —> (2 —1)\/11 1 BOJHOYAC, I f(x) =1,
—0

MOJKe BiZIOyBaTHCh HaAMIpHE 3171 DKyBaHHS (DyHKIIT HIITBHOCTI PO3MOILTY BH-
MaaKoBOI BeNmn4uHU (puc. 4, 0). Y BUMaaKy o0epHEHOT 3a1eKHOCTI CUTYaIlis
3MIHIOETBCS HA TIPOTHIISKHY (pHC. 4, 8).

Jlnst BcraHOBNEHHS perpecii ¢ = g(1) MOKHA BUXOAHUTH 3 TAKUX MIPKYBaHb.
[NeBHa piv, yrM OINBIIOO € KUTBKICTH TOBTOPIB C(X) y BUOIpII TaHUX IEBHOTO
3HAUCHHS BUIIA/IKOBOI BEIMYMHU X, TUM OUTBIIIOIO € IIUIbHICTL IMOBIPHOCTI JJ1S
[OT'0 3HAUeHHS. BimoBinHo, THM “ByK4010”” Mae OyTH oOyIoBaHa Ha IIbOMY
3HAYCHHI (DYHKIIIS IUTBHOCTI JIOKAJTBHOTO HOpMaJTbHOrO po3nouty N(X, 6), a or-
e, THM MEHIIIUM Ma€e OyTH 3Ha4eHHS CepeTHbOro KBaJpaTHIHOTO BiIXUITY G.
Taxum uMHOM, B3BIIM 32 OCHOBY OOepHeHHMH 38’130k G, ~ 1/C(X), MoxHa
noOynyBatu KpuTepiit mis BusHadenHs: CKB 15 KokHOTO 3Ha4eHHS BUTIAJTKO-
BOI BENTMUMHH 1HIUBITyallbHO. 30KpeMa TS JaHUX, 300paKeHIX Ha pHc. 4, BU-

KOPUCTaHa EBPUCTHYHA 3aJIEXKHICTh BUIISY G, = 10/ \JC (X i) (puc. 5).

S

0.010
0.008
0.006

0.004

8

a o

Puc. 4. ®parment 8-6iTHOTO 1M(PPOBOTO 300pakKEHHS: ¢ — KOCMIYHUN 3HIMOK YaCTUHU
Teputopii KepueHchKOro MiBOCTpOBa; 6, 6 — OLIHKM (DYHKIIii IITbHOCTI PO3MOMITY SICKpa-
BOCTi 300paxkeHHsI
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Ax), Sx)
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a 9]
Puc. 5. Pesynbrar anmpokcuMaliii (hyHKIIii IIJTBHOCTI PO3MOALUTY eMIipUYHUX TaHUX i3 BU-
KOPMCTaHHAM 3aJleXHOCTi BULIANY g ~ 1/C(X): a — ampokcumauiss JaHMX AWCTAHLIMHUX
30HIyBaHb, HaBEJICHUX Ha puc. 4; 6 — ampokcuMallist (CyliibHa JIiHisl) TaHUX MOJAEIHHOTO
MpUKIaay, HaBeleHOro Ha puc. 1

JlocTiIBIIY anpoKcuMallito, oKa3aHy Ha prc. 5, MOKHA KOHCTaTyBaTH B
LIJIOMY 33JIOBUIbHY BIAMOBIAHICTh IMOOYJOBAHUX 3aJI©KHOCTEH BXIJIHUM Jia-
HUM. YHiBepcalbHIIINN MiAXiz nependadae 3HaXOMKEHHsI TapamMeTpiB QpyHK-
HioHaNbHOI 3anexHocti 6 = Y(C(x), a,, ... , @,) METOOM HalMEHIIMX KBaJ-
partiB micis MPOBEACHHS CHELiaTbHOTO EKCTIEPUMEHTY.

[eperaru 3anporoHOBaHOTO METOLY CTAIOTh HA0AaraTo 3HAYHIMIUMHU JIJIS
OL[IHKH HIUTBHOCTI 0araToBUMIpHOTO po3nofiny. Sk BizoMo, 32 cipoOH BUKO-
pHUCTaHHs MOJIeNi 6araTOBUMipHOTO HOpMabHOTO po3noainy (1) y Bursiai

f(x)z%Zi:N(xhi,Ei) (8)

BUHUKHYTB CEpPHO3H1 004N CITIOBAIbHI TPOOIIeMH 111e Ha eTari ToOyJoBH Oara-
TOBUMIPHHX PO3MOLTIB. 30KpeMa, OTpUMaHHsI CTIHKHUX OI[IHOK KoBapialiitHol
Matpuli X norpedye BUKOHAHHS YMOBH § >> 71 (S — KUIBKICTh €IEMEHTIB BH-
OipKH; 7 — BUMIPHICTB), L0, SIK PABUJIO, JJIsl HABYAIBHUX BUOIPOK HE BUKO-
HyeThes. KoMiosuiriiina Mojies 00XOMUTh 111 TPY/IHOIL: KOYKHA KOMIIOHEHTa
x (j= 1,n) BekTOpa X (i= 1,5 ) BU3HAYAETHCS SIK BUMAIKOBA BEIMUMHA JIes-
KOr0 HOpMaJIbHOro po3nofity N(x, o); (hakTU4YHO 11e 03HAYaE, MO YCi KOMIIO-
HEHTH X, (] = 1,7 ) BeKTOpa X, Y PO3yMiHHIi JIOKAJIbHOTO PO3MOJILLY € HE3aJIeXK-
HuMH. Takuil miaxig gae 3MOry BUKOPUCTOBYBAaTH KOMITO3UIIIHHY MOACNb JUIs
OL[IHKH (QYHKIIIH po3MoiTy 6araTOBUMIpHIX BUTIQJIKOBUX BEJTMUMH O€3 3a11y-
YeHHS poleayp odepTaHHs Kopesmiiaux Marpuib. OTxke, BUpas (8) Moxke
OyTH 3aMiHEeHUH Ha BUPa3

f(x)z%iﬁN(xeij,cy). )

i=1 =1
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Busnauenns oninku (9) Moxke Oytr epekTHBHO peani3oBaHe K 3a J0C-
TaTHHO BHCOKOI BUMIPHOCTI 71, TaK i 32 YMOBH MaJIOi YACENBHOCTI § BUOIPKH.
B npoMy — HaiiliHHIIIA TIepeBara 3alporoHOBaHOI OaraTOBUMIPHOT MOJIEITI.

[IponemMoHCTpY€EMO CyTh BHKJIAZICHOTO METONy Ha TPUKJIaai po3B’s3aH-
H# 3371241 iemnupyBaHHs JaHUX AMCTAHIIHOIO 30H1yBaHHs 3emti. J[iis npak-
TUYHOI peati3allii BAKOPHCTAEMO MYJIBTUCIIEKTPaIbHUN KOCMIYHHUH 3HIMOK,
3pobnenuit 21 ceprnast 2000 p. ciektpopaniomerpom “ETM+” i3 cymyTHuKa
“Landsat-7": band 1 (0,45-0,52 mxm), band 2 (0,52—0,60 mxm), band 3 (0,63—
0,69 mxm), band 4 (0,76-0,9 mxm), band 5 (1,55-1,75 mxm), band 7 (2,08—
2,35 mxm), band 61 (10,4-12,5 mxm), band 62 (10,.4—12,5 mxm). [TpuHiun
(hopMyBaHHS BEKTOpa X ONUCAHUI BUIIIE 1 300paxkeHuii Ha puc. 3. Ha kocmo-
3HIMKY BU/IiJICHa JiISTHKA, B MEKaX SKOi He3aIeKHUMHU METOIaMH MTPOBEACHE

TeMaTH4HEe palOHYBaHHs Ha pi3Hi Kiacu. Ha puc. 6 300paxxeHi ABOBUMIpHi
ricrorpamu i QyHKUIT IIBHOCTI po3nofiiB BekTopa X = {band 5, band 7} s
JIBOX KJIACIB, OTPUMaHI 3riHO 3 (9).

IVU Band 5 60 80 Band 5
T~ 15 S TT—
Band 7 1/3 e Sl 20 Band7 4, P T 100

10

AR

g“vu"’"". V“\\\’\:‘

L
T\ s
AN

a 0
Puc. 6. Tpuknanu oUiHKM IBOBUMIPHOI 1IiJIbHOCTI PO3IOMAITY Ha OCHOBI MOJENi KOMITO3U-
LHilfHOTO po3moAaily
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3a3HaueHu i MiIX1/1 € IEPCIEKTUBHUM JUIS OI[IHFOBAHHS MIUILHOCTEH PO3-
MOALTY, YMOBHHUX 3a KJIacOM, Yy 3aJayax KjacHQikaiii Ha OCHOBI KpHUTEPilO
Batieca. [TutanHs, noB’s13aHi i3 3aCTOCYBaHHSM JaHUX TUCTAHIITHAX 30HIY-
BaHb y KTacuikaniiHuX 3aa4ax, 30KpemMa, B 3a/1a4i JOKaIi3ailii 30H MiaToI-
JICHHA 32 JaHUMH MYJIBTUCIEKTPAIbHOI KOCMIYHOI 3MOMKH, PO3TIISIHYTI Y
cratTi [7].

BucHoBkH. 3arporioHOBaHa MOJIEITb KOMITO3UIIITHOTO PO3MOILUTY 1a€ MOX-
JIMBICTh 3HAXOAUTH ©(DESKTUBHI OLIIHKH CKITaJJHUX OaraToMOIaJIbHIX PO3TIOILTIB,
y TOMY 4uCIIi OaraToBUMIpHUX. Taka CUTYyallis € TUIIOBOO ISl IAHUX JTUC-
TaHUIHHUX 30HAyBaHb 3eMJIi, KO BUMIPHICTH MIPOCTOPY O3HAK (KUIBKICThH
CTIEKTPaJbHUX KaHAaliB, Y AKHX BEICThCS 3HOMKa) MOXKE CATaTH KiJIbKOX CO-
TeHb. BukiasieHuii Buiie HerapaMeTpHIHUH MiIXi/1 JOBIB CBOIO CIIPOMOYKHICTH,
1 MOKHa CIIOZIBATHCS HAa PE3yNbTaTH B 3ajadax TeMaTW4HOl Kiachdikamii
MEBHOI JUITHKY JIOCITIJHKEHb Ha OCHOBI CYITyTHUKOBOI 3HOMKH.
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OueHka IVIOTHOCTH pacnpeeeHus CeKTPaJIbHON IPKOCTH HA OCHOBE KOMIIO-
3HIUOHHOW MOJIeJIH B 3aJa4axX JMCTAHIUUOHHBIX 30HaupoBanuii 3emiaun H.H. XKy-
koB, A.H. Tumiaesa, 11.B. Tumiaes

PE3IOME. [1pennaraercst HOBbIH METO]] OLIEHKH TIOTHOCTEH OJTHO- U MHOTOMEPHBIX
pacrpeneneHuil 1 UCIONB30BaHUs B 3ajauax AemupUpOBaHUs TaHHBIX JUCTaH-
LIMOHHOTO 30HIUPOBaHUsI 3€MJI HA OCHOBE MOJIEJIM CMECH JIOKAIIbHBIX PaclpeIelIeHUI.
[IponemoHCTpUpOBaHbI BHICOKAs YPPEKTHBHOCTH, OCOOEHHO B CIIy4ae OCJIOKHEHHBIX
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HEOJHOPOJHBIX PACIPENEIIEHUMN, IPHEMIIEMOCTD JJIs1 ONIMCAaHHUs MHOTOMEPHBIX pacIpe-
JIeNICHUH, ¢ KOMIIOHEHTaMU, KOPPEIMPOBAHHBIMU B OOLIEIPHHATOM MOHUMaHuu. [Ipu-
BEJICHBI PE3YIbTAaThl IPAKTUYECKOTO UCIOJIb30BAHHUS.

KirodeBble ¢/10Ba: IIIOTHOCTb paclpeeIeH s, KOMIIO3ULIMOHHAS MOJIeITb, CHEKTPallb-
HbI€ KaHaJIbl, JUCTaHLIUOHHBIE 30HAUPOBAHHUS.

Estimation of spectral radiance density distribution based on the compositional
model, remote sensing case study M.N. Zhukov, A.M. Tishaieva, L.V. Tishaiev

SUMMARY. In the paper is suggested new approach for density estimation of univariate
and multivariate distributions, which are used in interpretation of remote sensing data.
The approach is based on mixture of elemental local distributions. It is shown
effectiveness of the method, especially in case of complex inhomogeneous distributions.
Acceptability for describing multivariate distributions with correlated components is
considered. Practical applications examples are given.

Keywords: probability density function, compositional model, spectral bands, remote
sensing.
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