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PaccmaTpuBaroTCsT METOABI M alNTOPUTMBI (YHKIIMOHHPOBAHMS OOPTOBOIO MHKPOMOIYIS JUIS
OTIEPaTHBHOTO PACIIO3HABAHMS LIEJIEBBIX KJIACCOB M300paXCHUH 36MHOM TIOBEPXHOCTH B CHCTEMAax
MOHHUTOPHHTA IPUPOTHBIX M TEXHOTCHHBIX 00beKTOB. OCHOBHOM 3a7adeli MUKPOMOIYIIS SBIACTCS
CYIIECTBEHHOE COKpallleHHe o00beMa HaKalUIMBAaeMBIX W/WIM IIEPEAaBacMbIX Ha 3EMIII0
BUJICOJAHHBIX 32 CYET ONEPaTHMBHOIO pEIleHMs 33Jauyd  paclo3HaBaHHWs HW300paKeHUIH
MOACTHIAIONICH IMOBEPXHOCTH, IOCTymaroImux ¢ (oro- u Buieokamep. Pa3zpabareiBaeMblii
MHUKpPOMOJIYJIb MOXET OBITh WCIOJBb30BaH B CHUCTEMaX MOHUTOPHUHIa, MOCTPOCHHBIX HAa OCHOBE
OeCIMIOTHBIX JIeTaTEIbHBIX allapaToB U MaJIbIX KOCMHUECKUX aIlapaToB.

Knouesvie crosa: pacno3HaBaHHe H300paXxeHUH, MOHUTOPHUHT, aBTOMaTHYECKas KIIaCCH(DUKAIHSL.

BBeaenue

W3BecTHO, YTO OCHOBHOW LEJIBbIO MOHHWTOPHHIA HPUPOIHBIX M TEXHOTEHHBIX OOBEKTOB
ABJISIETCS 00ecTeYeHUe JKOJIIOTHUECKH O€30MacHOro M PalyOHAIBHOTO HCIIONB30BaHUS MPUPOIHBIX
pECYpCOB, CBOEBPEMEHHOE OIOBEIIEHUE HACENIEHUS O COCTOSIHUM OKPY’KaIOLIEH cpenbl U CO3/1aHue
MHQOPMAIMOHHON 0a3bl 1 OLICHKH, IPOTHO30B W YNpPaBlICHHUS NPUPOTHO-TEXHUIECKUMHU
koMIiekcamu [1-3]. MOHUTOPHHT  OpraHu3yeTcs KaK KOMIUIEKC MEPOIPUSATUH, peannu3yeMbIX
C TOMOIIBIO  CIENUATM3UPOBaHHBIX MHOOPMAIIMOHHO-U3MEPUTENBHBIX ~CHCTEM  HaOJIOJIeHHS,
pPEerucTpaluy AaHHBIX M JETEKTHPOBAaHUA M3MEHEHMH, KOTOpbhle (DYHKIMOHHMPYIOT Ha TIJI00aIbHOM,
HAaIlMOHAJIBHOM, PETHMOHAJBHOM M JIOKAIBHOM YPOBHSIX C MCIIOJIb30BAHUEM TEXHHUUYECKUX CPEACTB
pa3iauyHBIX BHIOB. B HacTosinee BpeMs IIMPOKOE pPACIPOCTPAHEHHE TOJIY4YarOT CHUCTEMBbI
MOHUTOPHHTA, OCHOBAaHHBIC Ha WCIOJB30BAaHUK OECHHMJIOTHBIX JeTarenbHbeix ammapaToB (BITJIA)
U MaJbIX CHOyTHUKOB [4—6]. TunmuaeiM npumepom npumenenus BIUUIA mna pewenus 3amau
MOHUTOPHUHTA MOTYT CIYXHUTh IIUPOKHHA CIEKTP pabOT JaHHOTO HAIpPaBICHUS, BBITOTHIEMBIX
rpynmnoit Poccniickux kommaaniit ZALA AERO GROUP [7, 8]. 3agagyaMu MOHUTOPHHTA, PEIIaeMBIMU
¢ momompio BIIJIA ¥ ManmbiX CITyTHHKOB, OOBIYHO SIBJISIOTCS 3amadul KOHTpouyisi coctostaus ADC
u I'DC, snekrpocereli, 3eMeIbHbBIX, BOJHBIX W JIECHBIX PECYPCOB, HE(TENIPOBOIOB, Ta30IMPOBOIOB,
JIOPOT, KPYNMHBIX HHPPACTPYKTYpHBIX OOBEKTOB, TOPHBIX BBIPA0OTOK, a TaKKe YPE3BBIYAWHBIX
CUTyalMH pa3iINyYHbIX BUIOB.

B OonbmmHCTBE CHCTEM MOHHMTOPHHIA Ba)KHYIO POJIb MIPAIOT BUACOJAHHBIE, IOIyYaeMble
C TIOMONIBIO OOPTOBBIX BHAEOKamep W (HOTOrpaMMETPHUYECKHX CHCTEM. B 3aBHCHMOCTH OT THIA
HOCHUTENSI W BHAA pemaeMod 3a7aud, coOpaHHBIE BHIEOJAHHBIE MOTYT JHMOO 3allMCBIBATHCS Ha
MOIXOJAIMINNA HOCUTEN, KOTOPBIM BIIOCIEICTBIUM BO3BPAIACTCS HA 3€MIII0 IS IETAIBHOIO aHajIN3a,
00 HETOCPENICTBEHHO TMepeiaBaThcs Ha 3eMIII0 MO paauokanany. OueBuaHO, 4To 00a crocoba
MMEIOT CBOM OPTraHM3alMOHHBIE, TEXHUYECKHE M TEXHOJOTHYECKHE HEJOCTaTKH, KOTOPBIE MOTYT
CYLIECTBEHHO 3aTPyIHSITH pelIeHHE MOCTaBICHHOM 3aJadyd MO0 Mepe pocTta o0beMa BUACOIAHHBIX,
00yCJIOBJIEHHOI'O KaK YBEIMYCHHEM BPEMEHHU HaOIOACHUS, TaK M MOBBILICHUEM MPOCTPAHCTBEHHOTO
paspemnieHus HCroib3yeMoi anmnapaTypsl. OTHUM U3 CIIOCOOOB MPEOJONIEHHS YKa3aHHBIX HETOCTATKOB
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SIBIISICTCS pa3pabOTKa KOMITAKTHBIX CHCTEM PACMO3HABAHHS H300paKECHHUM, MO3BOJSIOMINX OTOUPATH
MOTEHIMATBEHO MOJIE3HYI0 HH(OPMAIIHIO HETTOCPEICTBEHHO Ha OOPTY.

B Hacrosimee BpeMs omeparthBHas o0paboOTka M TMOCIEAYIONIMH aHaIW3 BUICOJNAHHBIX Ha
00pTy KOCMHYECKHX allaparoB SBISIOTCS OJHHM M3 BAXHBIX HAMpaBICHHH HCCIICIOBAHHI
U pa3paboTOK BO BceM MHUpe. Y CIEITHOE PEIIeHIEe YKa3aHHBIX TPOOIEM MO3BOJINT:

1) 3HaYMTENLHO COKPATHUThH 3aTpaThl SHEPIUM HA TIepeiady JaHHBIX HA 3eMIIIO 33 CUCT aHAJIM3a,
0TOOpa H TepeIadH TOJIBKO TEX BHICOAAHHBIX, KOTOPhIC HEOOXOIMMBI /I PEIICHHS IIOCTABICHHOH 3a/1a4H;

2) pa3paboTaTh NPUHIMITHAILHO HOBBIC, 3HEProdhQeKTUBHBIEC anmapaTHO-MPOrPaMMHBIC
KOMITJICKCHl HAa OCHOBE CJICAYIOIICH MHOTOCTYICHYATOW TEXHOJOTUU ChEMKH: (2) MpeaBapUTEIbHAS
Ch€MKa C TIOMOIILI0O MHHHATIOPHOTO CceHcopa, (0) aBTOMAaTHYSCKHH aHalu3 H300paKeHUH
NpeBAPUTEIBHON CHEMKH W TPUHATHE PEHICHUH TOJBKO TPH HEOOXOAUMOCTH, (B) BKITIOYCHHE
OCHOBHOTO yCTpOMCTBa cOOpa JTaHHBIX;

3) MUHUMH3HPOBATh YYACTHE ONEPATOPa, CHU3UTH BIHUSHHUE CyObEKTUBHBIX (DAaKTOPOB M p.;

4) NOBBICUTH CTETICHD 3AIMIIICHHOCTH TEPeIaBacMbIX JAHHBIX 33 CUET MPUMEHEHHS THOKHX,
JUHAMHYECKH U3MEHSACMBIX TEXHOIOTHI 0TOOpa, MM POBAHUS U CXKATHS Ha OOPTY.

AHanmu3 JOCTYMHBIX HCTOYHHKOB IIO3BOJISIET CAENaTh BBIBOA O TOM, YTO HECMOTpsI Ha
AKTUBHBIE HCCIEJOBAHUS U Pa3pabOTKH, MPOBOJAMMBIE KaKk B HAlledl cTpaHe, Tak W B BEIYIIMX
3apyOeKHBIX IIEHTpax, nmpodieMa 3(h(HEeKTUBHOM 00paOdOTKH, aHAJIN3a U PACTIO3HABAHUS BUICOJaHHBIX
Ha OOPTY KOCMHUECKHX aNMapaToB HAXOUTCS JIUIIb HA HAYAILHOW CTAINU €€ PEIICHUS.

Ienbto HacTosIIEH paOOTHI SIBISETCS PACCMOTPEHUE OCHOBHBIX TPEOOBAHHHN, MPEIbABIIEMBIX
K OOpPTOBOMY MHUKPOMOJYIIIO, TEXHOJIOTHUH €0 ()YHKIIMOHUPOBAHUS, & TaKKE METOJIOB U aJrOPUTMOB
pellcHHs 3aJ1a4d PacliO3HABaHUS U300PaXKEHUI C LENbI0 MPeBAPUTEIBHOTO 0TOOpA BHJCOMAHHBIX,
pENICBAaHTHBIX PENIacMOil 3a71a4e MOHUTOPHHTA IPUPOIHBIX U TEXHOTECHHBIX 00BEKTOB.

I/ICXOI{HBIC Tpeﬁona}mﬂ U TEXHOJIOTHUHA ll)yHKl[I/IOHI/IPOBaHI/Iﬂ

Hns obecnieyeHHs: KOHKYPEHTOCIIOCOOHOCTH pa3pabaThIBAEMOT0 MHUKPOMOIYJS OH JIOJDKEH
YAOBJIETBOPSTh JOCTATOYHO >KECTKAM BXOIHBIM TpeOOBaHWsAM. B Tabmmile mpuBefeHBI OCHOBHBIE
TEXHHKO-3KOHOMHUYECKUE TI0Ka3aTel, IOCTHKEHHE KOTOPBIX JIOJDKHO OBITh O00ECIICYCHO IIpU
pa3paboTKe MUKPOMOTYJIS.

OcCHOBHbBIE TEXHUKO-IKOHOMUYECKHE MOKA3aTeIH MHUKpOMOAYJIsd

HaunmeHnoBaHMe 1mokazaTest 3HaucHHE

1 Koaddumment coxpamienns 00beMa reperaBaeMbpIX JaHHBIX 32 CUET
ot0opa BUJICOJAHHBIX, COOTBETICTBYIOIMX pelaeMoii 3aaqe (B
3aBHCHMOCTH OT 4aCTOTBI BCTPEYaeMOCTH IIeJIEBOr0 KJ1acca)

5-15

2 MaxkcumalibHOE KOJIMYECTBO THIIOB M300payKEHHH MOICTHIIAIONICH

HOBEPXHOCTH (KJIACCOB), PACIIO3HABAEMBIX MUKPOMOYJIEM Ha GOPTY:
B TOM YHCJIC PaCriO3HABACMbIX OJHOBPEMEHHO:

o 10
o3

3 Crioco0 3a1aHus LETIEeBhIX KIIACCOB H300payKeHUH Tepe MOJIETOM JIJIst 3arpy3ka o0pasnoB (TIPIMEPOB)
pelreHns 3aa4y 0T00pa peNeBaHTHBIX BUACOIAHHBIX n300paKeHNH KJIACCOB

4 KauecTBo pacno3HaBaHMs 3aJaHHOTO THIIA N300paXKeHUI
MOJCTUIIAIOIIEH TOBEPXHOCTH: He meree 80-95 % (3aBHCHT OT THMIA)
B TOM UHCJIE IPH OJHOBPEMEHHOM PAcliO3HABaHMK HECKOJIBKHUX KiaccoB: | He meHee 90 %

5 Koaddrmment cxxarust 06pa3nos n300paxeHHi KIIACCOB, MOUTEKAIIIX
pacro3HaBaHUIO (COOTHOIIEHHE 00BEMOB H300pasKeHNIT-00pa3IIoB U NX
JECKPUITOPOB) He meree 100

6 Bpewms pacnioznaBanus 1 kagpa He 6osee 300 mc

I DHepronoTpedICHNE B aKTHBHOM PEXHUME 1o 5 Br

8 Macca MukpoMoayJsi (BKJIIOYasi aBapUiHbIA HCTOYHHUK TUTAHHs) 10300

9 T"abaputsl / cymma n3mepeHuit 10 60x120x40 mm / 10 200 MM

Crenyer OTMETUTh, YTO yKa3aHHbIC B TaOiHile maccorabapuTHBIE OTPaHUYEHUs] OTHOCSTCS
HETIOCPEICTBEHHO K CaMOMy MHKpOMOTyIto. [Ipennonaraercsi, 4To KOHEYHBIH BApHaHT MHKPOMOTYJIS
peanu3yeTcs Ha anmnapaTHOH mat¢opMe, OCHOBaHHOW Ha OJTHOM M3 MPOLIECCOPOB apXUTEKTypsl ARM
(Mediatek MT6752, Exynos 7420) nubo Ha mukpokommbioTepax tuma Intel Compute Stick [9]
¢ YeThIpexbsepHbIM MporieccopoM Intel Atom Z3735F. [pu 3ToM He yYUTHIBAIOTCS Pa3Mephl H BeC
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JOTIOJTHUTENBHBIX 3JIEMEHTOB KOHCTPYKLUHUH, KOTOpbIE MOTYT IOHAaJOOHUTHCS, Hampumep, s
oOecrieyeHns: HEOOXOAUMOIO TEIUIOBOTO PEXHMMa (YHKIMOHHUPOBAHUS WM PAJUALMOHHON 3aIlUTHI
MHUKPOMOZYJIS B ClIydae CIlyTHUKOBOI'O 0a3MpOBaHMA U T.II.

PacniozHaBanue LieNeBBIX KIacCOB M300pasKeHUI 3eMHON MOBEPXHOCTH B IIEISIX MOHUTOPHHTA
OCYIIECTBIISIETCS 110 CXEMe paclioO3HaBaHMsI Ha OCHOBE 00Oydaromieil BRIOOpKH. Vcmonb30Banne JaHHOM
CXEMBI TIO3BOJSET oOOecreynTh THOKYI0 HACTpOHKy OOpTOBOTO MOXYyNs Ha paclio3HaBaHHE
KOHKPETHBIX IEJIEBBIX KIAcCOB M300pakeHUH Kak myTeM (JOpMHUpPOBAaHUS 3alaHHUS HETOCPEACTBEHHO
nepea  MOJETOM, TaK W TyTeM 3arpy3kd W3 OHMOJMOTEKHM OAHOTO U3 TOTOBBIX 3aJaHHH,
chopmupoBaHHBIX panee. OOmas TexHOIOTHS (DYHKIIMOHHPOBAHUS MHUKPOMOAYISA M €€ KIIIOUEBEIe
3JIEMEHTHI IIOKa3aHbl Ha puc. 1.
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Puc. 1. Texnomorus q)yHKHI/IOHI/IpOBaHI/Iﬂ MHUKPOMOZIYJIA OIIEPATUBHOTO pAaCIIO3HaBaHUA LEJICBBIX KJIaCCOB

n300pakeHH 3eMHO MOBEPXHOCTH Ha Tale MOATOTOBKH MOJICTHOTO 3a/iaHus (@) U B mpoliecce mojera (6)

Kak BugHo u3 puc. 1, TexHomorus (QyHKIMOHHPOBAHHS MHUKPOMOIYJSI BKIIOYAaeT JBa
OCHOBHBIX 3Tamna: (OPMHPOBAHHE IMOJETHOTO 3aJaHHsl W COOCTBEHHO OTOOp HM300pakeHWH B XOJe
nonera. GopMupoOBaHME 3alaHMs Ha pACIO3HABaHHWE M. OTOOpP HM300paKCHUH 3aJaHHBIX KIIACCOB
BKJIIOYAET TPU OCHOBHBIX IIara, KOTOpPBIE TPEICTaBICHBI HIKE.

Illaz 1. ®opmupoBaHre 00y4aroled BBIOOPKH H300paKEHUM, COCTOSAIICH W3 MPUMEPOB
(06pas1oB) n300pakeHUH 1eJeBbIX KJIACCOB 3eMHOM NoBepxHOCTH. [Ipn 3TOM M300pakeHus1-00pasibl
MOT'YT OBITh BBEJICHBI B CUCTEMY MOJTOTOBKH ITOJICTHOTO 3aaHusl ABYMS Pa3IMYHBIMH CIIOCOOAMH:

— IyTeM BBIOOPA OAXOSIINX U300pakeH!i 1 0a3bl JAHHBIX CUCTEMBI TIOJTOTOBKH 33 JJaHUH;

—yTeM «TpeHupoBouHoro» mpojyeta bIIJIA Hang mnonxozsmed TeppUTOpuel MpH
COOTBETCTBYIOIIUX ITOTOAHBIX YCIOBHAX U TPeOYEMBIX ITapaMeTpax IoJieTa ¢ IOCIeYIOIeil OTMETKOM
TeX KaJpoB IOJYYEHHOW BHJICOMOCIEIOBATENILHOCTH, KOTOpPBIC JOJDKHBI OBITh HCIONB30BaHBI B
KadecTBe 00pa31oB st 00yJaronieii BEIOOPKH H300pasKeHHH.

OueBHIHO, YTO peajM3alys BTOPOrO BapHaHTa 3HAYMTEIBHO 3aTpyJIHEHa JMOO BOBCE
HEBO3MO)KHA MPU HCIIOJNB30BAaHWM B KauecTBE HOCUTENA CIyTHHKA. OJHAKO OMNBIT aBTOPOB
nokaseiBaet [10-12], 4uro B n060M cityuae, /i MAaKCUMH3AIlMH KaueCTBa paclio3HaBaHUs Be3Je T
9TO BO3MOXKHO, OO0Jie€ MPENOYTUTENHLHO BKIIOYaTh B OOYYalONIyI0 BBIOOPKY H300paskeHHS,
HOJyYSHHBIS C TMOMOIIBIO TeX ke (MM OJM3KHX 10 XapaKTePUCTHUKaM) TEXHUYECKHX CPEICTB, YTO
YCTAHOBJIEHHI HA OOPTY JIETATENLHOTO anmapaTa, OCyIIeCTBISIONEr0O MOHUTOPHHT.

Illac 2. BpruuciaeHue IeCKPUNTOPOB H300paxkeHuit. B oOmiem ciydae, BbIOOp THIIA
JECKPUNTOPOB OINpeneNnseTcsl LIMPOKHM CIEKTPOM (PaKTOpOB, Cpeand KOTOPBIX CJIedyeT oco0o
OTMETHUTH TaKUe Kak:

— MPEUMYIIECTBEHHBIE  TUMBI  TOACTWIAIONICH TOBEPXHOCTH OOBEKTOB MOHHTOPHHTA
(«rmagkuey», HU3KOTPAIUCHTHBIE TEKCTYphl THIIA TOJIEH M TYCTBIX KYCTAQpPHHKOB, BBIPQ)KECHHBIC
TEKCTYypbl THUIA XBOWHBIX JIECOB, IPHUIOPOJHAs M JayHas 3acTpoiika, TOpOJCKas 3acTpoiika
C BBICOTHBIMH 3JIJaHHSIMH, BOJIHBIE TIOBEPXHOCTH, KPYITHBIE MIPOMBIILICHHbIE 00BEKTHI U JIp.);

—THI W OCHOBHBIE TEXHUYECKHE XaPaKTEPUCTUKHA HCIOJNB3YEMbIX  BHJICOJAAHHBIX
(oHOKaHaNbHBIC/TAHXPOMATHYECKHE M300paKEHHUS B TpajlallisiX Ceporo, TpeXKaHaJbHbIC I[BETHHIC
RGB wu300paxkenusi, MHOTOKaHaJbHbIE H300paKeHHS, M300paKEHHs C TOBBINICHHBIM, T.e. OoJee
8 muKcenoB Ha KaHa, IPKOCTHBIM Pa3pelieHUEM U T.11.);

— CTENEeHb HEOJHOPOAHOCTH PAa3IMYHbIX YYaCTKOB OJHOTO W TOro >K€ H300pakeHHs,
HEOOXOIUMOCTh MPeJoO0pabOTKH MOCTYMAIOUINX H300paKEHUH C LENbl0 MX (UIBTPALMM, a TaKkKe
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(sBHOH OO HESBHOMN) KCIIpecC-CErMEHTAllMU MyTeM TpyOoi pa3OMBKM HA y4acTKH, CYLICCTBEHHO
pasIn4aroLIMecs 10 UX XapaKTepUCTUKAM);

— TOJIEPAaHTHOCTh IIPHU3HAKOB K IPeoOpa30BaHMSAM THIIA CABHUT, IIOBOPOT, MacIITaOMpOBaHNUE,
MPOEKTHBHBIEC IPEOOPA30BaHUS, HEIMHEWHBIC UCKAKEHNUS, HATTMYHE IITyMOB;

— IPUMEHUMOCTb U NOTeHIMaIbHAast 3¢ (HEKTUBHOCTD UCTIOJIb30BAHMS AJITOPUTMOB MAILIMHHOTO
3pEHMs, OCHOBAHHBIX Ha BBICIIEHUH OCOOBIX TOYCK;

— BBIYMCIIUTENBHBIE 3aTpaThl Ha BBIACICHHE XapaKTEPHBIX MPH3HAKOB H300paKEHHH M HX
COIJIACOBaHHOCTH C MOIIHOCTBHIO OOPTOBOI'O KOMITBIOTEPA;

— JIONyCTUMOCTh HPUMEHEHHsI METOAOB PEIyLUPOBAHUS IPOCTPAHCTBA IIPU3HAKOB THIIA
MeTona TiaaBHbIX KoMrnoHeHT (PCA), WX COTJIaCOBAaHHOCTH C MCIONB3YeMbIMH MeTprkamu Thma L1
HOpMBI 1 EBKIIMAOBA paccTOSHUS U JIP.

Hekotopeile w3 mepeduciieHHBIX  (PaKTOpOB  paccMaTpuBaioTCs — OoJee * MOAPOOHO
U WUTIOCTPUPYIOTCA Pe3yJIbTaTaMHi COOTBETCTBYIOIINX IKCIIEPUMEHTOB HIKE.

Ulae 3. Hactpoiika (TpeHHpPOBKa) BBIOpPAaHHBIX KJIaCCU(PHUKATOPOB H (OPMHPOBAHHE
pelaromux npaBmwi pacrnosHaBanus. CoJep>kKMMoe JaHHOTO Iara CyIIeCTBEHHBIM 00pa3oM 3aBUCHT
OT TUIA HCIIOJIb3YyEMBIX KIACCU(PHUKATOPOB M MOXET BapbUPOBaTh OT MPOCTOrO BHIOOPA MOPOrOBBIX
3HAYCHHWI B ciiydae Meroma Ommxkaimux coceaei (KNN) o monydeHus W mpeABapUTEIIbEHOTO
TECTUPOBAaHHUA TIPOLIEAYPHl PACIO3HABAHHMSA HEMOCPEICTBCHHO Ha ~M300paKeHUsX oO0ydaronien
BEIOOPKH B CITy4ae MCIOIB30BaHMs MeTo/1a cirydaitHbIX ecoB (Random Forests).

Ha stane monera copMupoBaHHOE MOJIETHOE 3aJlaHHUE BBITIONHAECTCS MIyTEM PaclO3HaBaHMUS
1 0TOOpa peNIeBaHTHBIX M300paKEHHI BXOAHOM MOCIENOBATENIFHOCTH C HCIIOIB30BAHUEM MPH3HAKOB
n300pakeHnit M KiaccupuKaTtopa, OOyYeHHOTO Ha 3Tare MOArOTOBKH. ClemayeT OTMETHTh, UYTO
B LIEJISIX CHMIKEHUS BBIUYMCIIUTEIBHON HArpy3ku HE 00s3aTeNbHO OTHPABIATH KaKAbI Kaap BXOJHOTO
MOTOKa Ha BXOJ OJIOKAa pacro3HaBaHWsl. B 3aBUCHUMOCTH OT 3a/auM, XapaKTePHUCTUK MECTHOCTH
Y CKOPOCTH TIOJIeTa, TEMIT 0TOOpa KaJpOB MOKET ObITh CHMKEH JI0 | KaJpa B CEKyH]ly U MEHEe.

Meroauka 3KCrIepUMEHTa

B cooTBeTcTBMM ¢ OCHOBHOW 3ajaycii HacTosIield padOThI, IKCIEPUMEHTHI MPOBOIUIKCH
C IIeJbI0 OTPa0OTKM METOJOB W AITOPUTMOB pEIICHHS 3a/a4d paclio3HaBaHUS W300paKeHUH
Pa3INYHBIX KJIACCOB, a TAKXKE JAJIs1 KOJIMUECTBEHHOW OLICHKH KauecTBa pacno3HaBaHusa. OO0mas cxema
9KCTIIEPUMEHTOB COOTBETCTBYET TEXHOJIOTUH PELICHHUS 3a/1a4H, IPEICTABICHHOM BBILIE.

VYuuThIBask MPEABIYIINNA ONBIT PEUICHUs 3a/1a4 BBIICICHUS NMPU3HAKOB W PACIO3HABAHHS
n300paXeHnH, B KayecTBE IECKPHUIITOPOB M300paKEHUH HCIOIb30BAINCH MHOTOCOPTHBIE MaTPHULIBI
COBMECTHOM BCTpeuaeMOCTH, IPeAoKeHHbIe B padote [13], a Taxke UX BapHaHTHI, HOAXOISIINE AJIS
OMKCaHUs CTPYKTYphI 1BETHBIX RGB wu3o0Opaxenuii [14]. Kpome Toro, mapajmieinbHO, Ha TeX XKe
TecTax MPOBOAMIACH OlLeHKa 3()()EKTUBHOCTH MOIMYJSPHBIX B TIOCIEAHEE BpeMs JECKPUITOPOB Ha
OCHOBE JIOKaJIbHBIX OMHApHBIX M1ab10HO0B [15], n3sectHbix kak LBP (Local Binary Patterns).

B kauecTBe HCXOIHBIX TaHHBIX HCIIOJIB30BAIUCH KOCMHUYECKHE CHUMKH 3€MHOM ITOBEPXHOCTH,
HOJIy4CHHBIE ¢ HCHOJb30BAHUEM OTKPBITBIX Kaprorpadudeckux pecypcoB Yandex u ArcGIS,
clelaHHble B pailoHe pasMepoM 9%12 kM, pacnosoKEHHOM B OKpPECTHOCTSIX MmuHcKa. Paspemenue
CHHMKOB coOCTaBmwiIo mopsiaka 1 m/mukc. M3o0paxkenust ObTM pa3OMTBI HAa YETHIPE XapaKTEPHBIX
KJIacca MOACTHIIAIOIIEH MMTOBEPXHOCTH (CM. puC. 2).

Jts olleHKH KavecTBa KiaccuuKanyu ObUIa TOJATOTOBIIEHA COAIAHCHPOBAHHAS BHIOOPKA U3
YeThIpeX KIJIAacCOB, BKIIOYAIOUIAsi OKOJO 5 THICAY M300paKeHUH KaXIOro Kiacca pa3MepoM
140%140 mnwukcenoB (cMm. pwuc.2). ComepkaHue H300paKCHHH MPEACTABISUIOCH C  IIOMOIIBIO
JIECKPUINITOPOB, TIEPEUNCIICHHBIX HIDKE.

1. MaTpu1ipl COBMECTHOM BCTPEUAaEMOCTH LIBETOB Map MHUKCeNoB. L[BeTa KBaHTOBAIUCH IIyTEM
pasouenuss Ha 8, 16 um 32 wmHTepBana (ycnmoBHble oOo3HaueHws: P2¢(8), p2q(16), p2q(32)).
JlecKkpHunTOphI BEIYHUCISUIMCH C YI€TOM TPeOOBaHMS MHBAPHAHTHOCTH K BPALIEHHIO.

2. JlokanbHble OuHapHble malioHb! [15]. Mcnonp3oBaiicss MHBapUAHTHBIA K BPALICHUIO TUI
JIBUI-neckpunropa. Pannyc konbLa 11 BEIYUCICHHUS JECKPUNTOPa OBbLT BHIOpaH paBHBIM 3 MHKCEA.
Beruncisiiics yaumopdusiit (1bp-riu2) u neyaumopdusiii (Ibp-ri) Bapuantst JIBI-neckpuntopos.
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Puc. 2. TIpuMeps! y4acTKOB pa3IMYHBIX KIACCOB, IPECTABIISIONINE TaHHbIC, HaOmronaemMbie ¢ 6opta BITJIA:
@ — YYaCTKH C JIECOM; 6 — YIaCTKH C HCKYCCTBEHHBIMH OOBEKTAMH U COOPYKCHUSAMU; 6 — YIACTKH C BOJHBIMU
pecypcamu; e — obpadaTeiBacMbIe U HeoOpabaThiBaeMbIe oML, DU3HUECKUE pa3Mephl YYACTKOB
c00TBeTCTBYIOT BhIcoTe moJieta bITJIA na Beicotax 100-300 M

B kauectBe kimaccuduraropos [16] Obutn BEIOpaHEL: TorucTHUecKas perpeccus (Logit), meton
onopHbIX BekTopoB ¢ RBF 6aszucom (SVM-RBF) un meron 6nmmxkaiimero cocena (KNN) ¢ mapamerpom
k, paBubiM 5. [TapameTpbl JECKPHIITOPOB M KIACCU(PHUKATOPOB MOJAOHPATUCh HA TPEIBAPUTEIBHOM
JTamne NOArOTOBKU JaHHBIX. Pe3yabTaThl OLICHKH KauecTBa paclo3HaBaHUs PUBEICHBI Ha puUC. 3.
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Puc. 3. KauecTtBo pacro3HaBaHus ¢ UCIIOJb30BAHNUEM PA3JIMYHBIX TUIIOB JECKPUIITOPOB, KJIaCCI/I(l)I/IKaTOPOB
" TUIIOB HO)ICTHHa}OLHeﬁ TTOBEPXHOCTHU

JIONOMHUTENFHO OB PacCMOTpPEH ciydail, Korja u300pakeHHst oOydarolneil BBIOOPKU
U m300pakeHus, mony4daembie Ha Oopty BIIJIA, cymectBeHHO pasnuyarotrcs. JlaHHoe ycioBue
MOJEIIMPOBAJIOCH MYTEM HCIIOIb30BAHUS KOCMHYECKHX CHHMKOB M3 ABYX Pa3jIMYHBIX HCTOYHHUKOB
(Yandex u ArcGIS). Tako# moaxon mo3BoisisieT 3()(GEKTHBHO MMUTHUPOBATH PAa3HUILy B YCIOBHIX
HaOmoaeHnst (BpeMsl rona, MOTOAHO-KIMMAaTHYeCKHe YCIOBHS M 1p.). B aTom cimywae mydmime
pe3yNbTaThl paclo3HaBaHus ObLTH MOTYYeHbI ¢ momotibio kiaccugpukaropa KNN (cm. puc. 4).
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Puc. 4. KauecTBo pacno3HaBaHUs KJIACCOB MOACTUIIAIONICH MOBEPXHOCTU MPU CYIIECTBEHHO Pa3IMYarOIINXCs
YCIOBHAX HAOOICHNS NOACTUIAONICH TOBEPXHOCTH

Pe3ysbTaThl 1 UX 00CYy:KIEHUE

Kak BumHOo w3 puc. 3, xnaccupukarop KNN maer Oonee crabuipHOE W TpenckazyeMoe
Ka4ecTBO PACIMO3HABAHHS, YTO MOXKHO OOBSCHHTH HENMHEHHBIM pacHlpeleieHHeM IeCKPUNTOPOB
KJIACCOB B MPU3HAKOBOM INpocTpaHCTBe. [IpuM 3TOM HECKpHIITOPHI Ha OCHOBE MAaTpHIl COBMECTHOM
BCTPEYaEeMOCTH 00ECIIeYNBAIOT HECKOJIBKO Jy4lllee KaueCcTBO PacHo3HaBaHMs 1o cpaBHeHuto ¢ JIBIII
pY HEM3MEHHBIX YCIOBUIX HabmoaeHus (puc. 3).

[Ipu cyniecTBEHHO OTIMYAIOIIMXCS YCIOBHSIX HAOJIOACHUS BO BPEMSI ChEMKH M300paskeHHH,
UCIIOJIb3YEMbIX Ha 3Tale MOArOTOBKU MOJETHOIO 33JaHUsl U NMPH ChEMKE HEMOCPEICTBEHHO ¢ Oopra
BIUIA, neckpuntopsl Thna JIBII narot mydmiee kauecTBO pacno3HaBanus (puc. 4). 3aMeTuM, 4TO BO
BTOPOM CiIydae KadeCcTBO PpACIIO3HABAHUS BOJHBIX HOBEPXHOCTEW SBISETCS OUYEHb HHU3KUM. OTO
MOXHO 00BsICHUTH TeM, uTo JIBIII XOpoIo omMchIBaIOT BBICOKOIPAJMEHTHBIE TEKCTYPHBIC YYaCTKH
n300paXeHnH, HO TUIOXO OMUCHIBAIOT OJHOPOIHbIE YUACTKH U300paKEHHUH.

3aKiIouyenne

B npezncraBnenHolt pabote mpeiokeHa o0mas TEXHOJIOTHS, a TakKe dPPEKTHBHBIE METO/IbI
W aIrOpuTMbl, IMO3BOJLSIIONIME pelaTh 3afadd OIEPATUBHOIO PpACHO3HABaHUS H300paKeHUH
PA3IMYHBIX KJIACCOB 3€MHOI MOBEPXHOCTH. YKa3aHHBIC CPEJCTBA M PEalN3yIollee UX MPOrpaMMHOE
obecriedyeHue MOTYT CIYXKHThb OCHOBOW TIOCTPOCHHsSI OOPTOBOIO MHKPOMOIYJS OIEPaTHBHOTO
pacro3HaBaHUs BUJCOAAHHBIX B CHCTEMAaX MOHUTOPHHIA IPUPOAHBIX U TEXHOI'€HHBIX OOBEKTOB.

AN ONBOARD IMAGE RECOGNITION MODULE FOR MONITORING SYSTEMS:
METHODS AND ALGORITHMS

V.A. KOVALEV, A A. KALINOVSKY, A.A. DMITRUK

Abstract

The methods and algorithms of a compact on-board image recognition module to be used as a
part of monitoring systems is presented. The main goal of the module is significantly reduction in the
amount of image and video data, which should be stored on board and/or transmitted to a surface
station. This is achieved by way of real-time recognition of frames of input video sequence and pre-
selection of those similar to the given target image classes. It is supposed the module can be used as
a part of remote monitoring systems based on drones and small-size satellites.
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