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Po3ni3HaBaHHs TUITIB 3a0pyAHEHb BOJHOTO OaceHy
13 3aCTOCYBaHHSIM KOPEJSIINHOIO aHAI3Y

B craTthe paccMoTpeH MeTon HcclieoBaHus HHPOPMATUBHOCTH TECTOBBIX (UIYp, OCHOBaHHBIN Ha crocoode
COTIOCTABJICHUsI C ATAJOHOM. JIaHHBIA MeETOJ SIBISETCS JOCTaTOYHO 3((EKTHBHBIM Uil OOHAPYKEHHS U
pacIio3HaBaHKA TUIIOB 3arpsi3HEHU BoHOro Oacceiina. Pemenue nannoi 3aauu 000CHOBaHO HEOOXOJUMOCTBIO
aBTOMATH3UPOBATh MPOLIECC KOCMUYECKOr0 MOHUTOPHUHIA BOIHOTO OacceiiHa. AHAIM3 MONy4eHHBIX Pe3yIbTaToB
TMOKa3aJl, 4YTo IPUMEHEHHE JaHHOTO METO/Ia TTO3BOJISIET Paclio3HATh THIT 3aTrPSI3HEHHS C JOCTATOYHO OOJBIION
BEPOSATHOCTHIO. IIpuMeHeHne MeToAa 1aeT BO3MOXKHOCTh MIPOBEACHUS JAIBHEHIITUX MCCIEIOBAHUN C LETIbI0
aBTOMATU3allUK IIPollecca paclio3HaBaHUS TUIIOB 3arPA3HEHMs BOIHOro OacceiHa.

KuioueBble ¢j10Ba: KOCMUYECKHUE CHUMKH, COMTOCTABIICHUE C ATAJIOHOM, B3aUMHAasi KOPPEIISIIHS.

In the article, the method for research of informativenessof test figures, which is based on a way of comparison
to a standard, is considered. This method is rather effective for detection and recognition of types of water pool
pollution. The solution of this task is proved by need to automate the process of space monitoring of the water
pool. The analysis of the obtained results showed that application of this method allows distinguishing the
pollution type with rather high probability. Application of the method of comparison to a standard gives the
chance for carrying out further researches for the purpose of automation of process of recognition of types of
water pool pollution.

Key words: space pictures, comparison to a standard, mutual correlation.

VY cTarTi po3MISIHYTO METOJ| AOCIIKEHHS 1H()OPMATHBHOCTI TECTOBHUX (iryp, sIKMH I'PYHTYETHCS Ha CIIOco0i
3icTaBlIeHHS 3 eTaJoHOM. J[aHWHf METOJ € AOCTaTHBO €()EeKTHBHUM /ISl BUSBJIICHHS 1 PO3II3HABAHHS THUIIIB
3a0pyaHeHb BomHOro OaceliHy. PimenHs nanoi 3amadi oOrpyHTOBaHO HEOOXI/IHICTIO aBTOMATH3YBaTH MPOLEC
KOCMIYHOTO MOHITOPHHTY BOTHOTO OaceiHy. AHajl3 OTpUMaHMX Pe3yJbTaTiB MOKa3aB, [0 3aCTOCYBaHHSI IAHOTO
METOAY JO3BOJIE PO3Mi3HATU TUI 3a0pYyIHEHHS 3 JOCUThH BEIUKOI HMOBIPHICTIO. 3aCTOCYBaHHS METOAY Ja€
MOXKJIMBICTh TIPOBEJCHHS MOJAJBIIMX JOCTIHKEHb 3 METOK aBTOMATH3allil MPOLeCy pO3IMi3HABAHHS THIIIB
3a0pyIHEHHS BOJHOTO OaceiHy.

KarouoBi ciioBa: KocMivHI 3HIMKH, 3iCTaBJICHHS 3 €TAJIOHOM, B3a€MHA KOPEJISIIiA.
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BBenenue

[TpoGnema oxpaHbl OKPYKAOIIECH CPENbl SIBISICTCS OJHON M3 BAXHBIX 3a/1a4 HAYKH,
MHTEpEC K KOTOPOW BO3PACTACT B CBSA3U C TEMIIAMU TEXHUYECKOTO MTPOTpecca BO BCEM MHPE.
Ha AaHHOM JTari€¢ pasBUTHUA OHUBHUJIN3AallMH HCBO3MOKHO M30eKaTh BI)I6pOCOB 3arpsA3HAONINX
BEIIIECTB B aTMOC(EPy U BOY, OJHAKO B CIIydae PasyMHOTO HCIOJIb30BaHMUs IIPUPOTHBIX pe-
CYpCOB MOKHO 00ecTieunTh Oe30macHbIl YPOBEHb BO3/eiicTBIs Ha atmMocdepy [1, ¢. 208-209].
OcHOBHBIMH (haKTOpaMH aHTPOTIOT€HHOTO 3arpsi3HEHUS BOJHOTO OacceiiHa SIBIISIFOTCS: PEYHON
CTOK; OeperoBoii cTok; abpa3usi Oeperos; pa3auBbl HeTH U HEPTEIPOTYKTOB Pa3HOTO TIPO-
UCXOXKJIeHUs. B mepByro ouepe/ib, MHTEHCUBHOMY 3arpsi3HEHHIO NOJBEPraroTcs Mpuopex-
HBIC BOJBI. I[JISI IIOBBIIICHUA Bq)q)eKTI/IBHOCTI/I MOHUTOPHHTA UX 3KOJIOTHYCCKOIr0 COCTOSAHUSA
HE00X0IuMO OBICTPO U 3(PPEKTHUBHO ONMPEAETATH TUI 3arpsA3HEHUH, a TaK)Ke UX TCHE3UC U
crencTBus [2, c. 163-164]. Bo3MOKHOCTh KOHTPOJISI OKPYKAIOLIENH CpeJibl OTKPBUIN CPEACTBa
AUCTAHIWUOHHOT'O 30HANPOBAHUSA, YCTAHABJIMBACMBIC Ha CaMOJICTaX U Op6I/ITaJH>HI)IX CITyT-
HuKax 3emin. KocMuyeckue cpeacTBa AMCTAHIIMOHHOI'O 30HAUPOBAHUSA 3CMJII/I, IIPHU KOHTPOJIC
COCTOAHUSA BOIHBIX 06'I)CKTOB, IMO3BOJIAIOT BBIABUTH UCTOYHUKH U COCTAB 3arpA3HAIOMNINX
BCUICCTB, ONPCACIIMTL CTCIICHL 3arpsA3HCHUA PA3JIMYHBIX YYaCTKOB o0BeKTa U AVUHAMHKY
3arpsi3HEeHus BO BpeMeHuU. 1300pakeHnst 3eMHON TOBEPXHOCTH, MOIYUYEHHBIE C Pa3IUYHbIX
BBICOT, OE3TPaHUYHO PACHIUPSIOT MOJIE 3PEHUS HCCIIE0BATES.

Lesablo uccaeqoBaHus SBISETCS pa3paboTKa METOAA HUCCIEAOBAHUS MHPOPMATUB-
HOCTHU TECTOBBIX (PUTYP, KOTOPHIII OCHOBBIBAETCS HA CIIOCOOE COTIOCTABIICHUS C ATAJOHOM.
O6’I)CKTOM HCCIICA0BaHUA ABJIAIOTCA KOCMUYCCKHUE CHUMKHU 3arpA3HCHHLIX YYaCTKOB BO/I-
HOTro OacceiiHa.

HccnenoBanne nHPOPMATUBHOCTH TECTOBBIX (PUTYpP
C IPUMEHEHHEM METO/Ia COMTOCTABJICHUS C 3TaJJOHOM

IIpu 06paboTKEe KOCMUYECKUX CHUMKOB ONTHUYECKOr0 JMana3oHa JJid 3a/1a4 MOHU-
TOPUHTA OKa3bIBACTCSl HEJJOCTATOYHBIM IPUMEHEHHE TOJILKO €CTECTBEHHBIX JemudpoBoy-
HBIX MPU3HAKOB, K KOTOPHIM IMPUHAJIEKAT CHEKTPAIbHO-IPKOCTHBIE XapaKTEPUCTUKH,
¢opma BBIJICTIEHHOTO TSTHA, €r0 TEKCTypa U JWHAMUKAa U3MEHEHHUs KOHTYPOB IATHA MO
BpeMenH [3, c. 171-173]. Bce 5Tu mpu3HaKu CUCTEMATU3UPOBAHBI U OMTMCAHBI CIIOBECHO [4,
c. 231], u MOATOMY 3aKJIFOYEHHE O MPUPOJIE AHOMAIBHOTO TSITHA HA BOJHON MTOBEPXHOCTH B
OO0JIBIIIEH CTETIEHN 3aBUCHT OT OIIBITA OTIEPaTOPa, KOTOPBIN MPOBOAUT 0OPaOOTKY KOCMHYe-
CKUX CHUMKOB. B cBsi3u ¢ atum 11 6oJiee 3 (peKTUBHOTO ONPEEIICHUS TUTIA 3arPA3HEHUS
M0 MaTeprajaM KOCMHYECKHX ChbeMOK HeoOxoauMa pa3paboTka UCKYCCTBEHHBIX Jemmdpo-
BOYHBIX MPHU3HAKOB, CPOPMUPOBAHHBIX B Mpolecce 00pabOTKH CHUMKOB. JIJisi BBIIEICHUS
HCKYCCTBEHHBIX JICITU(PPOBOYHBIX NMPU3HAKOB HCIOIB3YETCSl €CTECTBEHHBIN ACN(POBOUHBIIN
MpU3HAK — popMa NATHA, BBICICHHOTO HAa BOJHOW OBEPXHOCTH aHOMAJILHOTO SIBJICHUSI.

OnuH U3 OCHOBHBIX CIIOCO00OB OOHapyXeHHs 00BEKTOB HAa M300paKEHUN COCTOWT B
COIOCTaBJIEHUU € ATAIOHOM [5, c. 480]. Ilpu 3TOM 3TajloH MHTEPECYIOIIEr0 HaC 0ObEKTa
CPaBHUBAETCS CO BCEMH HEW3BECTHBIMH OOBEKTAMM, HAXOISIIIUMHCS Ha W300paKeHHH.
Ecmu ¢x0acTBO MEXly HEM3BECTHBIM OOBEKTOM U STAJIOHOM JIOCTAaTOYHO BEJIHKO, TO 3TOT
OOBEKT TIOMEYAETCS] KaK COOTBETCTBYIOIINI ATaTOHHOMY 00BekTy. [lonHOe coBmaaeHue sra-
JIOHA C KaKOK-JIMOO YacThio M300pakeHusi ObIBAET peAKO M3-3a JACHCTBHUS IIYMOB M MCKa-
YKCHWH, BBI3BAHHBIX IIPOCTPAHCTBEHHON TUCKPETU3alMed U KBAHTOBAaHUEM SIPKOCTH, a TAKXKe
BCJIEJICTBHE OTCYTCTBUS allpUOPHON MH(OPMAIIH OTHOCUTEIHHO TOYHOH (POPMBI U CTPYK-
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TypBbI 00bEKTa, KOTOPBIN TpedyeTcst 0OHapy)UTh. [103TOMY 0OBIYHO C TOMOIIBI0 HEKOTOPOIt
KOHKpPETHOW Mepbl paznnuusd D(m,n) MeXIy 3TaJOHOM M M300paK€HUEM B TOUKe (m,n)
YKa3bIBAIOT Ha HAIMYKE BBIJCJICHHOTO 00BEKTa TaM, TJIE 3TO Pa3IMuie MEHBIIE HEKOTOPOTO
yCTaHOBJIEHHOTO nopora L, (m,n). OObIYHO B KauecTBE MEphI pa3inuus Oepercst cpesiHe-
KBaJ[paTHYECcKas OIIMOKa, onpenenseMas Kak

D(m,my=3 ¥ [FG.B)-T(j-mk-m], (1)

rne F(j,k) —aneMeHT MaccuBa M300payKeHHsI, HA KOTOPOM TPOU3BOJUTCS MOMCK, a
T(j,k) —onemeHT sTagoHHOrO MaccuBa. CUMTAETCS, YTO UMEETCSI CXOJICTBO C ITAJIOHOM B
TOYKE C KOOpJAUHATaMu (m,n), eciu

D(m,n) < [, (m,n). (2)
B pabote [5] paBeHCcTBO (2) IpeICTaBICHO B CIIEIYIOMIEM BH/IE:
D(m,n) = D,(m,n)—-2D, (m,n)+ D,(m,n), 3)
rne
Dimm=3 3 [FG.RL. 4)
j

D mm =Y Y FGRT( = mk=n)(5)
Dy(mn) =3 Y[1(j-mk-m]. (6)

Cnaraemoe D;(m,n) — 310 SHEprus 3TaloOHa, KOTOPas MOCTOSHHA U HE 3aBHCHT OT

KoopmHaT. Bropoe ciaraemoe — B3anMmHasi Koppersiist R .. (1, 1) 300paKeHHs U STaJIOHA.

HpI/I COBIIAACHUN 1/1306pa>1<eH1/151 " 3TaJIOHAa B3aMMHasl KOppeAnusa JOJ’KHA OBITh BCJIMKaA,
4TO NPpUBOAUT K MAJIbIM 3HAUCHUAM CpeﬂHeKBaHpaTquCKOﬁ OIIUOKH.

IO — m,k —
Dz(m,n)_; D F(j,l)T(j—m,k—n)

R (m,n) = = u (7)
" D, (m,n) > S [FG.OF
Jk
CuuTtaercsi, YT0 CXOJICTBO C 3TAIOHOM UMEET MECTO, €CITH
R, (m,n) > L,(m,n). (8)

B xauecTtBe nprMepa ObLTO0 PACCMOTPEHO COTIOCTABIIEHHE TECTOBOW (PUTYPHI C 3TaJIOHOM.
B pabote [4] Obutn BbIENeHB! Hanboee MHQOPMATUBHBIE €CTECTBEHHbIE JAeNIH(POBOYHbIE
MIPU3HAKM KAKJO0T0 TUIA 3arpsA3HEHNUs, XapaKTepHbIe sl BOOHOro OacceliHa. Bee oHu cucre-
MaTU3UPOBAHbI U OIMCAHBI CJIOBECHO. B COOTBETCTBHY C 3TUM B Kau€CTBE 3TalOHA ObLI B3AT
npsiMoyrosbHUK. Ha nmepBoM 3tarie Obula mpoBeJeHa BEKTOPU3aLus N300paKeHUsI 110 BbI-
OpanHbIM TOukaM (n = 11, Tae n — KomudecTBO Touek). Jlanee ObuT HaliieH KOAPPHUITHCHT
B3aUMHON Koppensiuuy, paBHbii 0,87. 3HaueHne ko3puieHTa 10CTaTOYHO BEIHMKO, YTO
TOBOPHUT O COBMAJEHUU M300pakeHus U 3TajoHa. HopmupoBaHHas B3auMHasi KOppeasus
MMeEEeT MaKCUMAaJIbHYIO BEJIMUMHY, PaBHYIO €IMHUILIE, TOTJa U TOJIBKO TOTJ1a, Korja u3obpa-
KEHHE B OKHE TOUYHO COBIAJAET C ATAJIOHOM.
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BriBOIBI

B nanHoi#t paboTe npeyioxkeHo NPUMEHEHNE METO/1a COTIOCTABIICHUS C STAJIOHOM JIs
pacrmo3HaBaHUs TUIIOB 3arpsi3HEHUH. J[aHHBI METO SBIISIETCS TOCTATOYHO Y((HEKTUBHBIM
TUTsl OOHAPYXKSHHUS ¥ PACTIO3HABAHMS TUIIOB 3arpsi3HEHHUI BOJJHOTO OacceliHa. Pemenne nanHoM
3aJ1aul 000CHOBAHO HEOOXOIMMOCTBIO aBTOMAaTU3MPOBATh IIPOLIECC KOCMUYECKOTO MOHUTO-
pHUHTra BOJAHOTO OacceifHa. AHaAIN3 MOJIyY€HHBIX Pe3yJIbTAaTOB MMOKa3al, YTO MPUMEHEHUE J1aH-
HOTO METO/1a TO3BOJISIET PACTIO3HATH THIT 3arPS3HEHHS C JIOCTATOYHO OOJIBIION BEPOSITHOCTHIO.
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RESUME
O.A. Rogovaya, Yu.V. Beregovikh, N.A. Volodin

Recognition of Types of Water Basin Pollution
Using the Correlation Analysis

In the article, the method for research of informativeness of test figures, which is
based on a way of comparison to a standard, is considered. This method is rather effective
for detection and recognition of types of water pool pollution. The solution of this task is
proved by need to automate the process of space monitoring of the water pool. To isolate
the artificial interpretive signs, natural interpretive features are used. It’s a form of isolated
spots on the water surface of the anomalous phenomena.

This is a way to detect objects in the image, which is compared with the standard.
This model is compared with all unidentified objects in the image. If the similarity between
the unknown object and the standard is sufficiently large, then the object is flagged as an
appropriate reference object. The complete coincidence of a reference to any part of the picture
is rare because of the noise and distortion caused by the discretization and quantization of
brightness, as well as due to the lack of a priori information on the exact quadratic form
and structure of the object to be detected.

The analysis of the obtain results showed that application of this method allows dis-
tinguishing pollution type with rather high probability. Application of the method of com-
parison to a standard gives the chance for carrying out further researches for the purpose of
automation of process of recognition of types of water pool pollution.
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