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0.B. 3oaoryxun, T.B. KoBazenko
Ob OJHOM IIOAXOAE K BbIBOPY IIPUSHAKOB OJ A
CETMEHTAIIUHU TEKCTYPHBIX OBJIACTEN
H30BPAXKEHHUNT B HHOOPMAIIMOHHBIX CUCTEMAX
AI9POKOCMHUYECKOI'O MOHHUHTOPHHT A

AHHOmayus. B cmamse paccmampusatomcs Modenu onucaxus u obpabomku
Yugpposbix mekcmypHbix U300paxeHul. lposedeH 0630p coBpeMeHH020 Co-
CMOSAHUS MexHOJI02UU aBMOMAMU3UPOBAHHOU 06pabomku u306paxeHuli 8
cucmemax 8030YLWHO20 MOHUMOPUHa. PaccmompeHbl 08a OCHOBHbIX N00X00a
K 8bI60pY NPU3HAKOB CezMeHmMayuu u3obpaxeHul: cmamucmuyeckuli u me-
mo0 Ha 0cHoBe OUCKpemHO20 0pPMO20HAILHO20 Npeobpa3osarus. [posedeH-
HbIl aHanu3 no3gossiem 060CHOBAHHO OCYLWECMBAAMb BbI60P NPU3IHAKOB O/
cezMeHmMayuu u3o6paxeHuli 8 3agucUMOCMuU om C80UCMB UCXOOHO20 U306pa-
JKeHus 8 yensx onepamusHoli 06pabomKu BU3YANbHbIX OGHHbIX B CUCMeMax
a3POKOCMUYECKO20 MOHUMOPUHA.

BBenenue. JlucTaHIMOHHOE B30HAWPOBaHWME SeMJIU O00ecIeunBaeT
YVHUKAaJbHBIE BO3MOXKHOCTH OIEPATHBHOrO cOopa JaHHBIX B IJI00aJIbLHOM
MacIiTabe ¢ BbICOKUM IIPOCTPAHCTBEHHBLIM, CHEKTPAJbHBIM ¥ BPEMEHHBIM
paspellienueM, UYTO U OHpenesseT OoJibinne MH(MOPMAIMOHHBIE BO3MOMKHO-
CTU BTUX CUCTEM U IIOTEHIIUMAJBbHYIO d3KOHOMUYECKYIO 3(h(heKTuBHOCTH [1].
O0paboTka M300paKeHUN B3€MHOI NOBEPXHOCTH II03BOJIAeT 3(P(peKTUBHO
periath Hay4YHbIe M NPHUKJATHBIE 3aJaum B oOJslacTu Kaprorpaduu, mcce-
JMIOBaHUS IIPUPOIHOI cpeabl, OKEAaHOJIOTHH, IIOMCKAa ¥ OCBOEHUS ITOJEe3HBIX
MCKOIIaeMbIX, CeJIbCKOTO 1 JIECHOTO XO3SMCTBA M MHOTUX APYruX o0JacTaAX
[2]. ABTOMaTuUuecKuii aHaJAW3 N300pa'KeHU HAOJJIONEHUS IITUPOKO IIpPU-
MeHsIeTCS B CHCTeMaX AMCTAHIIMOHHOTO 30HANPOBAHUSA IIPU aHAJIN3€ MECT-
HOCTH, B JIECHOM XO3sICTBe, HAIIPUMepP, IJsI aBTOMATHUYECKOrO IToAcYeTa
ILJIOIAAN BBIPYOOK, IJisT HAOJIOZEeHWS 3a CO3peBaHMEeM yposKasi, IIpU pas-
BelKe, B CHCTeMaxX IIPOTUBOIIOKAPHON 0e30macHOCTU, IIPOBEIEeHUU BO3-
OYITHOTO MOHUTOPUHTA OKPYIKaloIeil cpeabl.

HcnonbsoBanue u300pa’keHU a’pOKOCMHUYECKOr0 MOHUTOPWHTA B

Pa3iInuYHBIX C(l)ean AeATeJIBHOCTHN 4YeJIOBEKA CTaBHUT 3aJadul HE€ TOJIBKO IIO
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CO3JAaHUIO CPEACTB U CIIOCO0OB MX IIOJYYEHHS, HO U pa3paboTKe U IpHUMe-
HEHHUI0O HOBBLIX METOJOB M AaJITOPUTMOB [JsI KOMIIBIOTEPHON 00padoTKuU
ns3o0pakeHuil, IpuBeJeHNa UX K BULY, YIOOHOMY aad aHaausa. OgHON u3
3ajma4, o0ecIeunBaIOIUX M3BJIeUeHNe M3 M300paKeHU BO3QYIIHOIO MO-
HUTOPUHTA II0JIe3HON WMH(pOPMAIIUU, SABJIAETCSI 3aJadya CerMeHTAIluu WJIN
BBIJIEJIEHUS OMHOPOJHBIX O0JiacTel HNPHUPOAHBLIX 00BeKTOB. Tekcrypa (OT
jgar. texture — TKaHb, CTPOEHME) — YYACTOK IIOBEPXHOCTH, COCTOAIINI 13
9JIEMEHTAPHBLIX YYaCTKOB, XapaKTePUIYIOIUXCA OIpPeaeJJeHHLIMU IIPU3HA-
KaMM ¥ CBA3AHHBIX APYr C APYIOM HEKOTOPOI CBA3BLIO, IIapaMeTpPbl KOTO-
PO MOCTOSHHBI U OIPENeJIAIOT XapaKkTep JaHHOU TEeKCTYpPHI [3, 4].

Opsoii M3 HamboJjee CJIOMKHBIX M aKTYaJbHBIX IIP00JeM KOMIIbIO-
TepHO#I 00paboTKU M300paKeHUN ABJIAETCA PellleHre 3aJauy CerMeHTaIuu
TaKNX TEKCTYPHBIX oOJiacTeil m300paskKeHus, KaK IPUPOIHbIe 00BEKThI, B
YACTHOCTU 00JIaCTell PaCTUTEILHOCTH, KOTOPhIe, KAK IPABMUJIO, 3aHUMAIOT
3HAUYMNTEJNIbHYIO YacTh aspodoTocHUMKA (puc. 1).

Pucynox 1 - 3o0pakeHusa BO3AYIIHOTO MOHUTOPMHTA,
cojJiep:Kaliiie IPUPOIHbIE 00HEKTHI

TexcTypHBIE 00JIACTH TPUPOAHBIX OOBEKTOB OTHOCATCA K KJIAcCCy
HEPeTyJSAPHBIX TEKCTYp (puc. 2 u 3).
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Pucynok 2 - M3o0pakenue IecuaHnoil MOBEePXHOCTH: a) — n300parkeHne
MecUYaHO¥ ITOBEPXHOCTHU; 0) — OMHAPU3UPOBAaHHOE M300parKeHre IIecuaHon
IIOBEPXHOCTH; B) — TeKCTypa M300PaKeHUA ITeCUaHON MOBEPXHOCTU

Pucynor 3 - MIso0parkeHre TpaBAHOU MOBEPXHOCTH: a) — M300pakeHme
TPaBAHON MOBePXHOCTHU; 0) — OMHAPU3UPOBAHHOE M300pasKeHre TPaBAHON
IIOBEPXHOCTH; B) — TEKCTypa M300paKeHus TPABAHON IIOBEPXHOCTHU

AHaJIN3 COBPEMEHHOI0 COCTOTHUS aBTOMATH3HPOBAHHON 00pPa0OTKH M30-
OpaskeHHMil B CHCTEMAaX BO3AYyIIHOTO MOHUTOPHHTA

K ocHOBHBIM 3amauaM aHaJIM3a TEKCTYPHBIX 00JacTeidl OTHOCSTCS:
BBIOOp M (hOpMUPOBAHME IIPU3HAKOB, ONHCHIBAIOIINX TEKCTYPHLIE Pa3Jiu-
Yns; BBIJeJIEHNEe M CerMeHTalllsl TeKCTYPHBIX obJjacTel; KJaaccupuKaiusa
TEeKCTYPHBIX obOJlacTell; maeHTU(pUKAIILA 00beKTa 0 TeKcType. A BoIge-
JIEHUSA TEeKCTYPHBIX O0JIacTell pelllaeTcs 3ajadya CErMEHTAI[UW TEeKCTYPHI,
KOTOpas COCTOUT B pasbmeHUM H300paskeHus Ha 00JIaCTU C ITOCTOSTHHOM
TEKCTYPO#, T.e. BbIJeJeHne 0o0JiacTell, B Ipenesiax KOTOPhIX 3HAUEHUS TeX
WJIW WHBIX TEKCTYPHBIX IIPU3HAKOB OTHOCUTEJNBHO mocTOosAHHBI [4]. Cer-
MeHTaIlus TEeKCTYyPhl — 3TO 3ajada, KOTOpas COCTOUT B pPa30MeHUU Uu30-
Opa'KeHUsA Ha yYacTKU C IOCTOAHHOUN TeKCcTypoi. CermMeHTAIusa SIBJIAETCSA
Hamnbojiee KPUTHUUYECKOU TPOIEAypOil IIpollecca aBTOMATH3AIlMM aHaJausa
n300paKeHnil, IMTOCKOJIbKY ee pe3yjbTaThl BIUAIOT B OajJbHEHIIIeM Ha Bce
IOCJIeAYIONIEe AeMCTBUSA, CBsA3aHHBIE C aHAJM30M M300pakKeHUs: TIpe.-
CTaBJIeHNE BLIJeJIEHHBIX O0BEKTOB M MX TEKCTOBOE OIIMCaHNe, M3MepeHU’e
IIPUBHAKOB, a TaKiKe APyrue 3agaum 00Jjiee BBICOKOTO YPOBHI.

B macrosIiee BpeMs CYIIeCTBYeT OOJIBIIONM ONIBIT ABTOMAaTH3UPO-
BaHHOII 00pabOTKU 1 aHaJamsa IMU(PPOBLIX M300pakeHuii. YacTs, aBTOMAaTH-
3UPOBAHHLIX METOJOB peajin30BaHA U YCIEIIHO IIPUMEHSeTCA B IIpoIlecce
MHTEePaKTHUBHOTO AeINn(PUPOBAHUSA a3POKOCMUUECKON wuH@opmanuu. AB-
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TOMATHU3AIUA 00PAabOTKM TEeKCTYPHBIX H300paKeHUN SBJIAETCS CJIOMKHBIM
METOAUYECKUM U TPYAOEMKHNM BLIUNCJIUTEILHBIM IIPOIECCOM, YTO IIPEIIAT-
CTByeT pa3paboTKe YHUBEPCAJIbHOTO METOJa MX paclio3HaBaHUA.

B Teopuio um mpakKTuky oOpabdOTKH 1 pAacHO3HABAHUSA TEKCTYPHBIX
n300pakeHnii 3HAUMTENLHBLIM BKJaL BHecau Haralick, Gonzalez,
Rosenfeld, Shapiro, Hawkins, Zhang J. u np. Tem He mMeHee, B HacTod-
Iee BpeMs He CO3JaHO TeOPEeTHUYECKUX OCHOB U aJITOPUTMUYECKUX pelle-
HHU#T B o0JsiacTu 00pPabOTKM TEKCTYPHBIX M300paKkeHmil, KOTOpbIe Obl yIOB-
JIETBOPAJUN TPeOOBAHMAM MIPaAKTHUKU. VHBIMH CJIOBaMH’, IO JIIOOOM BHJ
TEKCTYPHOTO M300paKeHus MOYKHO momo0paTh MeTOJ pacllo3HaBaHUA, KO-
TOPBIlI, IPM KAaAUYeCTBEHHOM HACTPOIWKe OyJeT BBIZAaBaTh IPAKTUYECKU
CTONIPOIIEHTHBIA Pe3yJabTaT, TOTAa KaK Ha APYroM BUIe TEKCTYPHOrO M30-
OpakeHHUs 3TOT MeTon paboraTrh He Oyzxer [5]. IIpuMensemMble B HACTOAIIIEE
BpeMs TeXHOJOTUM 00paboTKU aspo(dhOTOCHMMKOB He 00eCcHedrBaIOT IOJIY-
YeHUA PE3yJbTATOB WH3BJEUEHUSA INOJIE3HOU WHMOpMAIUU C 3aJaHHBIMU
TpeOOBAHUSAMU TOYHOCTH U JOCTOBEPHOCTH, CONPSKEHBLI C JOMOJHUTEJb-
HBIMU PacxoJaMu, OTJINYAITCA HU3KON HPOU3BOIUTESHbHOCTHIO, 1 KpOMe
TOTO HE COOTBETCTBYET COBPEMEHHOMY YPOBHIO MH(POPMAIMOHHBLIX TEXHO-
goruii. B mepBy ouepenb 3TO CBA3aHO CO CJOYKHOCTHIO pa3paboOTKW yHU-
BEPCAJBHBIX aJITOPUTMOB aBTOMATHUYECKOI'0 aHa/M3a aspodOoTOCHUMKOB
[6]. TakuMm oOpasom, HECMOTPA Ha IIOBCEMECTHOE IIPHCYTCTBHUE B M300pa-
JKeHUSAX U BaKHOCTh TEKCTYPbI, (DOPMAJIBHOTO IIOAXO0Ma K ONHCAHUIO TEK-
CTYpPbl W CTPOTOTO ee OIIpelesieHUsI IIOKa He CYIIecTBYeT, M MeTOIbl pas-
JUYEeHUSA TeKCTYP, KaK IIPaBUJIO, padpadaThIBaIOTCA OTAEJIBHO IJA KarKIo-
ro KOHKpeTHOro caydas [5-8]. VI3 mpoBeneHHOTO BBIIIe aHANM3a MOXKHO
cliesJlaTh BBIBOJI: 3ajlauya aBTOMATHU3MPOBAHHOTO BBIJEJeHHUs obJiacTeil pac-
TUTEJIbLHOCTHU, OJM3KUX II0 3HAUEHHAM IIBETA U CTPYKType, Ha aspodoTo-
n300paKeHuAX SBJAETCS BaKHOW YaCThI0O B PeIIeHUM 3aJayu aBTOMATHU-
YeCKOIl MHTepIpeTaluy JaHHBIX, IOJyUYaeMBbIX M3 CHCTEM a’pPOKOCMHIUe-
CKOTO MOHUTOPUHTA 3eMJIU.

00630p cymecTByHOIMMX METOT0B
aHa/IM3a TEKCTYPHBIX 00JIacTed M300pasKeHuu

Hawu6osiee pacnpocTpaHeHbI MeTOALI CerMeHTallii, OCHOBAaHHBLIe Ha
ompeneJeHUN OJHOPOAHBIX SAPKOCTeil (IIBETOB) MJM OJHOPOMHOCTEH THIIA
TeKcTyp. MeToabl TEKCTYPHOM cerMeHTaInu paspabaThIBAIOTCS Ha OCHOBeE
IBYX OCHOBHBIX IOAXOJOB: aHAJMu3 objacTeil m aHaAIM3 rpaHull. B 3aBucu-

MOCTH OT MCIIOJIb3YEeMBIX ITPU3HAKOB TEKCTYPHBIX O0JiacTeill m30o0pasKeHuu
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MEeTObI CeTMEHTAIIMM Ha OCHOBe aHaJin3a o0JlacTel OesAT Ha CTaTHUCTHYe-
CKH1e, CTPYKTYpHBIE, (PpaKTajlbHble, CIeKTpaJbHble 1 KOMOMHNPOBAHHBIE

MeToabl (puc.4).

MeTopl aHaMI3a TEKCTYPHBIX 00JacTeH H300paKeHHIT

S I - A R R R A -

CrarncTi- CTpyKTypHEIE DpakTaibHBIE CrekTpanbHbIE KombuaMpO-
YECKHE BaHHBIE
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Pucyuok 4 - MeToabl aHaJIn3a TeKCTYPHBIX o0JiacTell m300pakeHnn

CraTucTuuecKmii TEKCTYPHBIM aHAJIM3 OCHOBAH HAa BBLIYNCJIEHUU
MAaTPHUI] CMEXHOCTHU, KOTOPhle YUUTHIBAIOT KAK YPOBHU SAPKOCTU OTCUETOB,
TaK X OTHOCUTEJIbHOE PAaCIIOJIO}KeHNEe OTCUETOB C ONpeleJeHHON APKOCTBHIO
Ha uaobpakenuu. OTcUeThl ABYMEPHOW MAaTPUIBLI CMEXKHOCTU IJIS H30-
Opa'KeHUs ITOKa3bIBAIOT OI€HKY BEPOSATHOCTU COBMECTHOIO IIOSABJIEHUS Ha
n300pake Ny Ha PacCTOAHUS APYr OT ApPyra, 3aJaBaeMOM OIIpelesIeHHBIM
BEKTOPOM CMEIeHUSA OTCUETOB, C COOTBETCTBEHHBIMM 3HAUYEHUAMU YPOB-
Hell ApKOCTU. AHAJIOTMYHO, OTCUETHI TPEXMEPHOUW MATPHUIBI ITOKA3BIBAIOT
OIIEHKY BEPOSTHOCTH COBMECTHOIO MOABJEHMUA Ha M300pa’KeHUMW Ha 3ajaH-
HOM PAaCCTOSAHUSA APYT OT JApyra TPOMKHU OTCUETOB C COOTBETCTBEHHBIMU
3HAYEHUSMU YPOBHEN SIPKOCTH.

C ucmoab3oBaHUMEM MATPUIl CMEXKHOCTU BBIYHUCIISAIOTCA TEKCTYPHBIE
Ipu3HaK1, TaKue KaK YIJIOBONI MOMEHT, KOppeadalus, KOHTpacT, WHep-
IIus, DHTPONUSA, 3aTeHeHUe, U Ap. MaTpuiia cMe;XHOCTH o0ecIlleurBaeT WH-
BapMaHTHOCTh IIPU3HAKOB K IIOBOPOTY, CABUIY UM MAaCHITAaOMPOBAHUIO.
IIpusHakm, BLIUMCJIEHHBIE Ha OCHOBE ABYyMepHO# Mmarpunbl — 2D mpusHa-
KM, UX TpéxMepHble aHajoru — 3D mpusuaku. Takum obpasoM, OIS Kark-
JIOTO M300pa’KeHUA MOYKHO BBIUUCJUTH BEKTOD IPU3HAKOB — CTATHUCTUYE-
CKYI0 CUTHATypy TeKcTypbl. HemocTraTkaMu MeTONOB CerMeHTAI[UM MO CTa-
TACTUYECKUM TNPU3HAKaAM ABJIAIOTCH:

— BBICOKAadA JeTAJIbHOCTH CEeTMEHTAIlMM, YTO IMMPUBOAUT K HEOOXOIM-
MOCTH MCHOJb30BAaHUSA aJITOPUTMOB YMEHBbIIeHUA AeTaJlbHOCTHU; B3azaua
CHUKEHUSA AeTaJbHOCTU CEerMeHTaIlUM COCTOUT B CHUYKEHUM 4YUcCJia UCXO[-
HBIX CEerMeHTOB ITyTeM UX CJAUuAHUuA. B pesysbTaTe Ha CerMeHTUPOBAHHOM
n300paKeHNN AOJIXKHO OCTAThCSA HeOOJbIIIOoe UMCJIO0 KPYIHBIX CEerMeHTOB,

pa3gesIeHHbIX XOPOIIIO 3aMEeTHBIMU I'PaHUIIaMM,
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— BBICOKAfA BBIUUCJIUTEJbHAS CIOMKHOCTD;
— 0OoJbIIoe padHooOpas3ue CTaTUCTUYECKUX IIPU3HAKOB TEKCTYP BBI-

3LIBAET HEOOXOAUMMOCTb NPEeABAPUTEJLHOTO HCCJIEeIOBAaHWA HamOoJiee WH-

(opMaTHUBHBIX MPU3HAKOB B 3aBUCUMOCTH OT THUIIA TEKCTYPHI.

CTpyKTypHBIE METOALI aHaJM3a TEKCTYPHBIX o0OJiacTeil m3o0Opaske-
Huii. CTPYKTYpHBIE METOAbI aHAJNIN3a TeKCTYPHBLIX objacTeil m3o0pasKeHun
OCHOBAHBI Ha TOM, UTO TEKCTypPa COCTOUT N3 PEryJAPHO HJH IIOUTH Pery-
JISAPHO IIOBTOPSIONIENCS COBOKYIITHOCTH XOPOIIIO Pa3fesisieMbIX IIPUMUTHUBOB
(MHUKPOTEKCTYPhI), KOTOPBHIE PACIOJIOMKEHBI COTJIACHO HEKOTOPOMY IIPaBUIY
pasMeInieHusa U HepapXuuyecKu OObeIUHAIOTCS B IPOCTPAHCTBEHHBIE YIIO-
pPASOUYEHHBIE CTPYKTYPHI (MAKPOTEKCTYPHI).

Ina ommcaHUsI TEKCTYPhl CTPYKTYPHBIMH METOZaMU HEO00XOIMMO
ompeneanuTh NPUMHUTHUBBI U mpaBuja ux o0benmHenus [8]. BoamoxkHO
IpUMeHeHle ABYX OCHOBHBIX IMOAXOJOB K aHAJIM3y TEKCTyphbl. IIpu mepBoM
IOAXOJ€e BBIUHCJAIT CTATUCTUUYECKHE NPHU3HAKKU H3BJIEUYEHHBIX 3JEMEHTOB
TEKCTYPhl M HCIOJBL3YVIOT WX KaK dJIeMeHTapHble TEKCTYPHBIe ITPU3HAKU.
IIpu BTOpPOM mOAXOJAE HEOOXOAMMO BBIJEJUTH MNPUHIIUII PACIIOJJIOKEHUA
IPUMUTHUBOB, KOTOPBIN ONMCHLIBAET TEKCTYPYy. llociaemHui momxom MOMKeT
BKJIIOUATh B ce0A reoMeTPUYECKHUIl MU CHHTAKCUYECKHE METOAbl aHaJIM3a
TeKCTYpPbl, HANOpPUMEp aHaJAu3 AuarpaMm IOJUIroHOB Boponoro. MeTtosn
aHa/im3a OOBIYHO 3aBHUCUT OT I'€OMETPHUYECKUX CBOWCTB TEKCTYPHBIX dJe-
MeHTOB. J[{OCTOMHCTBO MaHHBIX METOJOB COCTOUT B TOM, UTO CTPYKTYPHBIE
METOAbI XOPOIIIO IMMOAXOAAT AJA aHAJAN3a PEryJaAPHBIX TEKCTYP, COCTOAIIUX
U3 IIPOCTBHIX PEryJApHBIX NPUMUTUBOB. HemocTaTKOM CTPYKTYPHBIX METO-
JIOB ABJISAETCS TO, UYTO OHN HNPUMEHHMBI TOJBKO IJA PEeryJsIPHBIX HMCKYCCT-
BEHHBIX 00pas30B.

IIpu ¢dpaxrambHOM IOAXOAe OOBEKT IIPEJACTABJISIIOT (PaKTaJIOM.
BonbImnHCTBO ecTecTBEHHBIX MOBepXHocTeil (obJjiaka, 3eMHas IIOBepX-
HOCTh) SABJSAIOTCA IIPOCTPAHCTBEHHO-M30TPOIMHBIMU (hpaKTaiaMu, U JIBY-
MepHBIe II0JI MHTeHCHUBHOCTEH OT TAKWX IIOBEPXHOCTEH TaKiKe SBJISIOTCA
dpaxranamu. PpaKTarbHbie METOALI aHAJIN3a TEKCTYPHBIX oOJiacTeil m3o-
Opa'KeHUII OCHOBaHBI Ha TOM, YTO TEKCTypa IIPeACTaBJIseT co00i (hpaKTas
— CTPYKTYPY, COCTOSAINAsA U3 YacTeil, KOTOphle B KAKOM-TO CMBICJIE IT0/00-
HBI esiomy. Takum oOpasoM, HMpu ompenesieHUuN (ppaKkTayia NCIOJIb3yeTCs
CBOMCTBO caMomomobus ppaxkTasa. MHOrme KpuBbie U IIOBEPXHOCTU CTATH-
CTHUYECKU CaMOIIOZOOHBI, TO €CTh KasKJad YacThb MOYKeT CUMUTAThCSI M30-

OpakeHmeM I1eyioro B yMeHbIeHHOM Buzae [9]. OcHoBHO# 0COOEHHOCTHIO
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dpakTadbHBIX XapPaKTEePUCTUK SIBJISETCS TO, UTO M300pasKeHus HCKYCCT-
BEHHBIX W IIPUPOAHBIX O0BEKTOB MMEIOT CHUJBHO pasjuuarolnuecsa (pak-
TaJbHbIE PA3MEPHOCTH.
TpeboBaHMA K aJIrTOPUTMaM OOpPa0OTKU M300paskKeHUi MJIsI OnmepaTuBHOM
00pabdoTKHM BM3YyaJbHBIX JAHHBIX B CHCT€MAaX BO3IYIIHOr0 MOHHTOPHHTA

Ilox cermeHTamnueil TEKCTYpPHBIX oOJiacTeil M300pakeHUsA HOHMMA-
eTcs IIPOIlecC IIPOCTPAHCTBEHHOTO pa3dueHuMA M300paskeHuMsd Ha 00JIacTH,
OOHOPOAHBIE OTHOCUTEJIbHO HEKOTOPOro Habopa XapaKTepPUCTUK UJIU IPHU-
3HakKoB. [Ipolleccy cermeHTamuu IIPeAIIeCTBYeT Ipoiecc (GOPMHPOBAHUSA
IIPOCTPAHCTBA IPU3HAKOB, OCHOBAHHBIN HA WHCCJIEIOBAHUU TEKCTYp U, B
CBOIO OuUepenb, ONMPAIOIIUIICA HaA OIMHCAaHMEe TeKCTyp. Ilog TeKCTypHBIMU
IIpU3HAKaMU, KaK IIPaBUJIO, MOHHMMAIOT XapaKTepHble NPU3HaAKMH, O00IIue
IS TEKCTYpP OJHOTO KJIacca.

OcHOBHO#I BOHOpPOC IIPM BBIOOPE MIPU3HAKOB 3aKJIOUYAETCA B TOM,
4yTOOBI ONPEIEeJUTh KaKKhe U CKOJBbKO IPHU3HAKOB HEOOXOIWMO BBIJEJIUTH
NI HaNE)KHOW cerMeHTaIluM TEKCTYPHBIX objacTeidl ¢ OJIM3KMMU 3HaUe-
HUSMHU I[BeTa M TEeKCTYyphl Ha m3o0pakeHuu. V3BecTHO, UTO UpesMepHOoe
yBeJIMUeHNe HMCXOAHOUW CHUCTEeMBbI IIPU3HAKOB HE HPUHOCUT IIOJIOKUTEJIbHO-
ro sapderTa 13-3a TOro, UTO CTEIEHb IIPEACTABUTEIHLHOCTH BBIOOPKU OJIHO-
ro W TOTO Ke o0beMa O0paTHO MPOIOPIMOHAJbHA Pa3MEpPHOCTH IIPOCTPAaH-
crBa nmpusHakoB. HamboJsiee BasKHBIE TpeOOBaHUA K IIPU3HAKaM, HCIOJIb-
3YEeMBIM [JIA PeIleHusA 3aJadyMl cerMeHTanum objacTell n3o0pakKeHUWil, MO-
I'yT OBITH CPOPMYJIMPOBAHBI CIEAYIOIINM 00pPa3oM.

IIpusuak moJsskeH OBITH MH(POPMATHUBHBLIM, T.e. COIEpP:KaTh MHMOP-
MAaIlMio, CYIIeCTBeHHYIO AJIsI HAHHOTO M300pasKeHus B KOHTEKCTe pellae-
MOM 3aJjaull, 1 CIIOCOOCTBOBATH TOUHOI CerMEHTAalllU O0'BLEKTOB.

IIpusHaK J0JKEeH JOIIyCcKAaTh 00PabOTKY aJTOPUTMOM CEerMeHTaIlU
n3o0pakeHuit, T.e. UMeThb (hopMar, MPUEMJEeMbIll IJd BBIOPAHHOTO aJro-
puUTMa CerMeHTAIlUH.

IIpusHaxk J0JIJKeH BXOAUTH B MHUHHMAJbHBIN HaOOp MIPU3HAKOB
(uu Mozesb M300pPaKeHUsI), OTPAKAIOIIUN crelu(pUKy CerMeHTHUPYEeMOTo
00beKTa B KOHTEKCTe 3aJaul.

BpemenHas CJI0KHOCTH BBIUMCJIEHUS NMPU3HAKA He JOJIXKHA IIPeBBI-
IIaTh BBITOABI OT €r0 MCIOJb30BAHUSA IJis PEIIeHns JaHHOU MPo0JIeMbl.

TakuMm oOpasom, pelleHHe 3aJaul MOCTPOEHUS MHUHNMAaJIbHOTO
MHO’KecTBa Haubojsee WHMOPOPMATHUBHBLIX NPU3HAKOB ABJAETCA OITHUM U3

rIaBHBIX (AaKTOPOB IIPpH paspadoTKe aJropuTMOB U UHGOPMAIIMOHHOM

ISSN 1562-9945 109



2 (115) 2018 «CucreMHbIe TeXHOJOTHH »

TeXHOJOTUN CerMEeHTAaIlN TeKCTYPHBIX obOjacTeii m3oOpakeHuii. TeKkcTyp-
Hble TTPM3HAKU MOKHO pPas3lesiUTh HAa YeThIpe OCHOBHBIX KJiacca: ITpU3HA-
KU, OCHOBAaHHBIE Ha CTATHCTUUYECKHX XapPaKTEPUCTHUKAX TEKCTYPHBIX M30-
OpaskeHNIl; IPU3HAKMN, OCHOBAHHBIE HA M3MEPEHUU CIEKTPAJbLHBIX CBOMCT-
BaX; MOJeJbHbIe NIPU3HAKMN, OCHOBAHHBIE HAa CJHIYYAWHBIX MapPKOBCKUX
(bpaKTaNIbHBIX MOJISAX; FeOMEeTpUUYecKle NPU3HAKW, OCHOBAaHHBLIE HA CTPYK-
TYPHBIX XapaKTepUCTUKAaX.
HccnemoBanue CTAaTHCTUYECKNX NMPU3HAKOB IJISI CETMEHTAIMU TEKCTYP-
HBIX o0OJiacTell ¢ OJIM3KMMHU 3HAYEHUSAMH I[BETa U CTPYKType
CraTucTuuecKue CBOMCTBA TEKCTYPHBIX (PparMeHTOB M300paKeHuit,
BU3yaJIbHO OJIMBKMX II0 CBOMM CBOMCTBaM, IIpOaHAJIU3UPOBaHBI B [9].
I'pynma craTucTuuecKMX TPU3HAKOB 0a3mWpyeTcs Ha WCIOJIb30BAHUUW WHCT-
PYMEHTOB CTATUCTUKU IJd OIIMCAHUS XaPaAKTEPUCTUK CTPYKTYPHI TeK-
cTypHOI obsacTu. IIpu BBRIUMCIEHUN CTATHUCTHYECKUX IIPU3HAKOB IIPEJIIO-
Jaraercs, 4TO HCCJeayeMoe M300parKeHre SBJISeTCS peajm3anueil HeKOTo-
poro moJss caydaiHbIX ymces. CTaTUCTUYECKHIT aHAJIM3 TEKCTYpP OCHOBAH
Ha CTAaTHUCTUYECKWX CBOUCTBAX rucrorpamMm sapkoctu. Kiacc Takux mpu-
3HAKOB CTPOUTCSH II0 CTATUCTUYECKUM MOMEHTAM.

BripakeHue nad HaXOMKIEHUS N-TO MOMEHTAa IJA HAXOXKIEHUS OT-
HOCHUTEJIBHOT'O CTaTUCTUUYECKOTO cpeaHero nmeet Bum (1):

M, = Z(Zi -m)'p(Z), (1)

rame Z. — 9TO ciayuyaliHas BeJHUuYnHa, o0o3Hauallnasg ApKocTb, p(Z) — ruc-
L L

TOrpaMMa paclipefieJIeHus1 YPOBHeNl SAPKOCTH B AaHHOM obJiactu, L — 00o-
3HAYAeT YMCJO PA3JUUYHBIX 3HAYEHUH SIPKOCTU, a M 3a7aeTcA BhIPAKeHU-
eM (2):

m=Y Z,p(Z) 2)

U ABJAETCA cpefHell APKOCThI0 00JacTu.

IIpm moxaroToBKE MAaTEpPHUAJIOB CTAThU OBLIMU ITPOAHAJIM3UPOBAHBI T'HC-
TorpaMMbl 40 1300pakeHNil 3eMHOII TTOBEPXHOCTU YEThIPeX KJIACCOB (TpPaBhbI,
TpyHTa, cHera u mecka). Ha pucyHke 5 mpencTaBieHbl MpUMePHI M300parke-
HUU ¥ aHAJU3UPYEMbIX THMCTOrpaMM. Kak BUIHO M3 PUCYHKA, M300paKeHusd
SABJISAIOTCA OCTATOYHO OJHOPOAHBIMU, YTO IO3BOJISIET CIeJaTh BBIBOJ O TOM,
YTO CBOMCTBO OJHOPOAHOCTU MOYKHO MCIIOJIb30BATh B KaUeCTBe MPU3HAKA JJIA
OTHeJIeHNA TEKCTYphl TpaBbl OT (poHa. Hanmuwme xapakTepHBIX IHNKOB Ha
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THCTOTPaMMax M300pasKeHWi TOBOPUT O TOM, UTO M300paKeHUs OTJINUAIOTCS

HaanmdymeM KOHTYPOB PA3/JIMYHOT'O HaIlIpaBJE€HMA.

Pucynok 5 - I'mctorpaMmbI pacupeneaeHnss APKOCTe TeKCTYPHBIX M30-
OpaKkeHUII OOJHOrO KJacca (TpaBbl),
OJMBKUX IO 3HAUEHUAM IIBETA U CTPYKTYpe

B cBsidu ¢ aTuM, OJis IIEPBUYHON CEerMeHTAIlMU TEeKCTYPHBIX (par-
MEHTOB IIPOAHAJM3NPOBAHBI CTATUCTUUECKNE IPU3HAKU TEKCTYpP, a MMEH-
HO sHTponusA (3), OMHOPOAHOCTEL (4) U cpemHsasd APKOCTb. JHTPOIUSA SIBJIS-
eTCs CTAaTUCTUUYECKOM XapaKTePUCTUKOM CJAydYalHOTro IIpoliecca. DHTPOIUA
BBIpa’KaeT HEPaBHOMEPHOCTDL pacIpeesIeHUs SPKOCTHBIX CBOIMCTB dJI€MEH-
TOB M300pakeHusaA. B KauecTBe TEKCTYPHOTO IMPU3HAKA SHTPONUA KaK Me-

pa cayuaiiHocTu umeet BuUj (3):

L-1

e=-Y p(Z)log, p(Z) 3)

i=0
OIHOPOAHOCTL TPEACTaABJSAET COO0M Mepy PaBHOMEPHOCTH. OJTa Be-
JUUYNHA MaKCUMAaJbHA MOJA TOCTOSHHOM SpPKoCcTHM (MaKcUMaJbHAs OIHO-

ponHOCTS) (4):

U=Y p’z) (4)
i=0

ISSN 1562-9945 111



2 (115) 2018 «CucreMHbIe TeXHOJOTHH »

IIpu pacuerax OBLIM MCIIOJb30BAHBI M300PaAKEHUSA OJMHAKOBBIX
pasMepoB ¢ IIyOMHON IBeTa 8 OUT HA MUKCEJb (IIOJYTOHOBBIE M300pake-
HuaA ¢ 256 rpazanuamMu apkocTu). B rTabauie mpencraBieHbl Pe3yabTaThI
pacueToOB CTATHUCTUUYECKHUX CBOMCTB TEKCTYPHBIX (parMeHTOB u3o0pake-
Huit (1004100 nukceseii), BU3yaJbHO OJM3KUX II0 XapaKTEPUCTHUKAM sAp-
KOCTH U CTPYKTYpE, IJId NATU M300paKeHun.

Tabauma 1
CraTucTuuecKkue CBOMCTBA TEKCTYPHBIX ()pAarMeHTOB M300PaKeHUH, BUIY-
aJbHO OJM3KUX M0 XapaKTePUCTUKAM SAPKOCTH U CTPYKTYPBI

JHTpONUA SAproctb Pasn OIHOPOIHOCTH Pass
Ne Pasu.

D.1 | D.2 D1 | D.2 ’ d.1 D.2
1. 5,06 | 5,17 | 0,11 0,42 | 0,58 | 0,16 | 0,03 | 0,03 0,00
2. | 6,58 | 7,06 | 0,53 0,24 | 0,46 | 0,22 | 0,01 | 0,00 0,01
3. 6,17 | 5,54 | 0,63 0,51 | 0,45 | 0,06 | 0,01 | 0,22 0,21
4. 6,14 | 6,14 | 0,00 0,40 | 0,25 | 0,15 | 0,01 | 0,01 0,00
5. 5,04 | 5,60 | 0,56 0,46 | 0,40 | 0,06 | 0,03 | 0,02 0,01

Anaynmns tabauibkl 1 moxasbIBaeT, 4TO uyeM OO0JbIlle BHU3YaJbHO OT-
JIMYAIOTCS TeKCTYPHBIE (pparMeHThI, TeM Pas3HHuIla MEXKIAY 3HAUEHUSIMU KUX
cBoyicTB Ooanire. Tak, Hampumep, ecau ¢pparmeHT 1 m ¢pparmeHT 2 m30-
Opakenus 1 HaxogATCA B OJHOM IIBETOBOM AHala3oHe, TO 3HAUeHHE HX
sHTponuu oraudaioTca Ha 0,11, B oTaimume OoT (pparMeHTOB M300paKeHUA
2, IIBEeT KOTOPBIX 3aMETHO Pa3JUYaeTcs, WM 3HAUEeHUsS DHTPOIUU OTJIMYA-
forca Ha 0,56. AHajlornuHasa cuUTyalus HaOJOIaeTcs M B PasHUIIE MEXXKIY
APKOCTHI0O M OJHOPOAHOCTLIO (PparMeHTOB. UeMm Oojee oTamuaroTcs ¢par-
MEHTBI, TeM 0ojiee OTJIMUAIOTCSI U UX cBoiicTBa. OueBMIHO, pasHHUIIA B
3HAUEHUAX CTATHUCTUUYECKUX NPU3HAKOB (PpParMeHTOB TEeKCTYPbI, OJU3KUX
II0 I[BETYy U CTPYKTYype, He SABJSETCS CYIIECTBEHHO OOJBIION BeJIUUYNHON
(Bappupyercsa B aumamaszore ot 0,0005 mo 0,6), KOTOPYI0 MOKHO OBLIO ObI
MCIIOJB30BATh JIJIA UETKOr'0 PasIMueHUs IPaHUI] TeKCTYPHBLIX 00JacTeil.

112 ISSN 1562-9945



2 (115) 2018 «CucreMHBbIe TeXHOJOTHUH »

AHanu3 TEKCTYPHBIX O0JacTeu

Ha OCHOBE JHCKPETHOI0 KOCHHYyCcHOTO nmpeoopasoBanusa (IKII)

B mociennue roabl 3HAUUTENIBHO BO3POC MHTEpPEC K M3YUEHUIO Op-
TOTOHAJNBHBLIX IpeoOpasoBanuii [10]. TeoperuuecKkue ucciemoBaHUSA OPTO-
FOHAJLHBLIX IIPEO0pPa30BaHUUA IIPOBOAATCA B oOJjacTu 00paboTKu m300pa-
JKeHU# U peueBbIX CUTHAJIOB, O0TOOpPA MPU3HAKOB IPU pacIO3HaBaHUU 00-
pasoB. B cBaA3m ¢ aTuM, B cTaThe AJA aHaAJIM3a TEeKCTYPHBIX oOJiacTeil Ha
a’poOTOCHUMKAX MCCJEMOBAHBI METOIbl MTUCKPETHOTO KOCHUHYCHOTO IIpe-
obpasoBanusa (JKII).

N3BecTHO, UTO AMCKPETHOE KOCHHYCHOe ITpeoOpas3oBaHmMe IIpeiCcTaB-
Jaser coboil PasHOBUAHOCTHL IIpeobpasoBaHuA Pypbe U IIPEACTABJISIET U30-
OpakeHUe B BUJE CYMMbI CHUHYCOHMJ C PA3JIMUYHOM aAMIIJIUTYIOA W YaCTO-
Toi. ['paduueckoe wm300paKeHHWE pacCMaTPUBAETCA KaK COBOKYIHOCTbH
IIPOCTPAHCTBEHHBIX BOJH, IIpuyeM ocu X U Y COBIAJalOT C IIMPUHON U
BBICOTOI M300pa’KeHUsI, a II0 OCHU 7Z OTKJIAAbIBAaeTCA 3HAYeHWe IIBeTa COOT-
BETCTBYIOIIETO IUKCeJIsA n3obpakeHusa. [[MCKpeTHOe KOCMHYCHOe mpeobpa-
30BaHNE IIO3BOJIAET IMEePEeXOAUTH OT IIPOCTPAHCTBEHHOI'O ITPECTABJIEHUS
n300paKeHns K ero CIeKTpPaJbHOMY IIPEICTaBJIEHNIO 1 00paTHO.

IIBymMepHOe IHUCKPETHOE KOCHMHYCHOe IIpeoOpasoBaHUE IIEPEBOIUT
n3obpakeHre m3 00JaCTH HIPOCTPAHCTBEHHBLIX IIepeMeHHBIX (M3 IIpeacTaB-
JeHnus1 HabopoM OTCUETOB MJIM IIMKCeJei) B CHeKTPaJbHYyI0 00JiacTh (Ipem-

cTaBJeHHe HaOOPOM YacTOTHBIX cocraBiaiommmux). IIponenypy HAKII moxkHO
3amrcaTh Tak:ke B MaTpudHoii popme (H):

_ * *17CT

rme TC - MaTpuita 0a3UCHBIX (KOCHHYCHBIX) KO03(O(UIIMEHTOB IIpeodpa3oBa-
HUA.

PesysnpraThl pacueToB KOHTPOJBHOTO NpuMepa (aHAJOTMUYHOIO IJaH-
HBIM TabauIilbl 1), TOBOPAT O TOM, YUTO PasHUIlA MEXIY CpPeIHeKBaapaTHud-
HBIM oTKJIoOHeHUeM (CKO) marpurn musobpaskenuii no BuimoaHenua HKII u
mocsie BbinmosHeHus: JIKII cocraBisieT 3HaueHme, KOTOPOE CYIIECTBEHHO IIpe-
BBHIIIIAET PA3HUITY MEKAY CTATUCTUUYECKHMMU CBOWCTBAMU WCCJIEeIyeMbIX
¢dparmenToB. Ha pucyuke 6 dpparmentsr 1 (puc. 60) u 2 (puc. 68), 3 (puc.
6r) u 4 (puc. 6x) ABAAIOTCA OJUBKUMU MO IBETY U CTPYKType. Kak BumgHO
13 PUCYHKa, parMeHTHI 1 1 2, 3 1 4 MeXay co00ii BU3yaJbHO IpPaKTUUe-
cku He oramuarorcsa. Oguaxko pasHuiia CKO wmartpun msobpaskeHuWil ¢par-
MeHTOB 1iocye npumenenus K HuMm I KII cocraBiasger 7,98 u 6,30 coorBeTcT-

BE€HHO.
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2)
6) B) ) a

Pucyunox 6 - Izo0paskeHue, coaepsralinee TeKCTypHbIe (hparMeHTHI,
0JIM3KuMe II0 IIBETY U CTPYKTYpPEe: a) — MCXOMAHOe n300parKkeHue;
0) — TeKCTYpHBIA (hparmMeHT 1; B) — TeKCTypHBIZ pparMeHT 2;

I') — TEKCTYPHBIA (pparMeHT 3; A) — TeKCTYpHBINA (parmenT 4

IIpoBemeHHBIE HSKCIIEPUMEHTHI IMOKA3aJd, UTO C yYBEeJIHWYEHUEM IIPO-
IMeHTa cMelleHus1 (hparMeHTOB yBeamuuBaercs pasHuna CKO maTpul Tek-
CTYPHBIX (DparMeHTOB, UTO €Ille pas IIOATBEPIAUJIO IeJeco00pPasHOCTh MHPU-
MEeHEHHUS INPEeIJ0KeHHOT0 NPU3HAKa [IJd CerMeHTAllMy TEeKCTYPHBIX 00-
JacTeil nm3obparkeHusi, OJIM3KUX IO IIBETY U CTPYKTYpe.

BriBoabI

IKcIepuMeHTaJbHBIE MCCJIeJOBAaHUS Mpollecca CerMeHTalluyd TeK-
CTYPHBIX OOJiacTell IO CTATHCTHYECKUM IIpuU3HaKaM IIOKasajlu, 4YTO pe-
3yJBTATOM CETMEHTAIIUM SABJSIOTCA TOJBKO SApPKHUE 00JacTy M300parkeHusd
C OIMHAKOBOII YHTPONMEl, OJHOPOAHOCTHIO MU SAPKOCTHIO, KOTOPhIe He
00sA3aTeIbHO TIPUHAAJNIEXKAT OJHON U TOHM Ke TeKcType. Mcxoms ms aToro,
MOKHO CJeJaTh BBIBOJ, UTO CErMeHTAaIllis TEeKCTYPHBIX o0JacTeil TOJIBKO
IO CTATHUCTUYECKMM NPH3HAKaAM He JaeT JTOCTOBEPHBLIX pPe3yJbTaTOB WM CO-
OTBETCTBEHHO, HE MOJKeT OBITh OKOHUaTeJdbHOU. Ha ocHOBaHMU WM3JIOXKEH-
HOTO BBIIIE MOJKHO CHeJaTh BBIBOJ: CErMeHTaIlls II0 CTATHCTHUYECKUM
IpU3HAKaM I[eJIecoo0pPa3Ho MCII0Jb30BaTh TOJBKO HAa MEPBOM 3Talle METOAa
— JTale MePBUYHON CerMeHTAIlUN.

IIpumenenue JIKII K marpuiiaM HOJYTOHOBBIX M300pakeHUUN TEK-
CTYPHBIX (pparMeHTOB, OJM3KUX II0 3HAUYEHUAM I[BEeTAa W CTPYKType, IIO-
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3BOJIAET IOJIYUUTh PasHUIly (IOPOr CerMeHTAI[NH), IMO3BOJAIOIIYIO IIPHUMe-
HATHL ee IJA pelleHusd 3aJaull CerMeHTAIlluM TeKCTYPHBIX o00JiacTeil c
OIM3KUMU 3HAUEHUSIMU ITBeTa M TEKCTYPbl. JlaHHBIN ITOPOT OPEAJIOMKEHO
HMCIIOJIL30BATh B KAUeCcTBe IMPU3HAKa AJI CerMeHTalluy TeKCTYPHBIX obJiac-
Teli nm300pakeHus, OJM3KUX IO IIBeTy U CTPyKType. Ilpm HacTpoiike ma-
paMeTpoB CerMeHTaIluM IJd KayKIoW KOHKPeTHOH 3azaum (cerMeHTaIlusd
TeKCTYP PAa3JHUYHBLIX KJAcCOB) HeoOXoamMo 0oJjiee TeTaIbHO MCCJIEI0BATH
CTATHCTUKY pacIlpeaejeHusa 3HAUeHU IIPU3HAKOB.
JUTEPATYPA

1. IIpart V. llndpoBaa obpaborka ma3obpaskenuii: [B 2-x Tomax]. / ¥. IIpaTT.
— M.: Mup, 1982. — T. 1. — 312¢c. — T. 2 — 480c.

2. Abmameiiko C. B. O6paboTka m300pakeHU: TeXHOJOTUS, METONbI, IIpUMe-
Heame / C.B. A6mameiiko, .M. JlarymoBckuii. — MwuHCcK: WH-T TeXHUUYECKON
kubepueruku HAH Bemapycu, 1999. — 300 c.

3. Busuabtrep F0.B. O6paboTka m amaams m300paKeHri B 3aadyaxX MAITHHHO-
ro 3peHusdA: Kypc JeKHnuit u mnpaktudyeckux sauatuit / 10.B. Busuawstep, C.IO.
KenroB u ap. — M.: ®usmarkuura, 2010. — 672 c.

4. Gonzalez R.R. Woods Digital Image Processing. Second Edition / Gon-
zalez R.R. — Prentice Hall, 2002. — 793 p.

5. KoBaneuko, T. B. Meton o6paboTKu Iu(ppoOBLIX TEKCTYPHBIX M300pakeHun
B MH(MOPMAIIMOHHBIX CHCTEMaxX a’dpPOKOCMUYecKOro MoHutopuHra // Teoperuuni
i mpukJamHi acmeKTHM KOMII'IOTEPDHMX HAYK Ta iH(MOpMAaIilHMX TeXHOJIOTii:
Marepianu II mikHapommoi HayKoBo-TpakTuuHOi KoH(epeniiii TACSIT-2017,
12-13 tpaBua 2017 p. / 3a pen. Crapru-BamgypoBoi I.C. — CeBepomgoHEIbK :
CxigHoykpaiHCbKMU HallioHAJAbHUU yHiBepcuter im. B. Hamxa, 2017. — C. 10-13.

6. KoBasmenko, T.B. Mogenu m meroabl oO0paboOTKM HU(MPOBBIX TEKCTYPHBIX
n300pakeHuil B CUCTeMaX aspoOKocMuUYecKoro MoHutopuHra // HaykoBi mpami :
HayxoBo-metoguunuii :xypHaa. — Bum. 275. T.287. Komn’orepHi TexHoJO0TiI. —
Muxoaais : YV im. II. Moruau, 2016. — C. 132-137.

7. IIporacos A.Il. HemapamMeTpuuecKuil airopuTM PacIO3HABaHUSA O0BEKTOB
IMOACTUJIAIOINEH ITOBEPXHOCTH 3€MJIM IO JAHHBIM adPOKOCMHUUYECKON CheMKH / A.
II. IIporacos, A. N. Piomkun // BectHuk TomcKoro rocymapcTBeHHOT'O YHUBEp-
curera: Cubreomadopmaruka, Bein. 275, 2002. — c. 43 — 46.

8. KoBasmenko, T.B. MeTox omiHKM sSIKOCTi cerMeHTaIrii mupoBUX 300paKeHb
B cucTtemMax aepokKocMiuHoro wmoHiTopuHry // IIpobimemm imdopmaliiEnx
rexHoJorizt Ne 01 (21) TpaBens 2017. — Xepcon : XHTY, 2017. — C. 29-34.

9. Howarth P., S. Ruger. Robust texture features for still image retrieval.
In Proc. IEE Vis. Image Signal Processing, vol. 152, No. 6, December 2006.

10. TepeBauuenko A.I'. PacnmosHaBaHue TEKCTYp 30H M3HOCA PEKYIIUX WH-
CTPYMEHTOB Ha OCHOBE aHAJIN3a HEPTEeTHUECKUX CHeKTPoB DPyphe mx maobpaske-
Huii / A.I'. lepeBanuenko, O.FO. Babunynra u ap. // — Opmecca: ACTpOupuHT,
1999. — c. 250- 257

ISSN 1562-9945 115



