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BBEJEHUE

B nacrosiiiiee Bpems Bce TaKKe aKTyaJIbHBI 32~
JIa9¥ 110 TPUHSTUIO PEIIeHU, KOTOPBIE 3aBUCAT OT
TOr0, HACKOJILKO OOBEKT, PACIIOIOKEHHBIH HA ME/TU-
MWHCKOM H300pazkeHnn, OyIeT MO 1eKaTh KIaCCHh-
durkamyn. K TakuM m300pazkeHusiM MOXKHO CMEJO
OTHECTH 3HJAOCKOTHYecKkne CHuUMKH. CrmocoOHOCTH
PacCro3HaBaHUS — 9TO OCHOBHOE CBOWCTBO BCEX OWO-
JIOTHYIECKUX CyIecTB. HdopMannoHHbIe Ke CHCTe-
MBI 9THM CBOCTBOM He 00JIaJAI0T B MOJIHON Mepe,
IIO3TOMY OCHOBO# asropurma Buosbr-/IkoHca 115
PaCno3HaBaHUs TOJOOHOTO POJA OOBEKTOB SIBJISET-
Cs BBIIEJIEHWE TAaK HA3BIBAEMbBIX JIOKAJBHBIX IIPU-
3HAKOB, TPUCYIIHE KAXKIOMY U300pPasKeHUI0 W, Ja-
Jiee, TOCJEMYIOMEero O0y9eHnuI0 HA HUX aJrOpHT-
Ma. Takake 1is onpejiesieHust JIOKAJIbHBIX TPU3HA-
KOB WCITOJIb3YIOTCS TAaK HA3bIBAEMbIE KACKAIbI Xa-
apa, KOTOpble OYeHb 3(PPeKTUBHO padOTAIOT B 3a-
Jadax pacnosnasanus [1]. CoxpaHeHHe MaJIeHBKIX
Jeraieil m300paykeHusi — UCKIIOYUTETHHO BarXKHAS
COCTABJISIIONIAS TIPU TEHEPAIUU U300pakKeHui Kak
B TpexMepHOil rpaduke, Tak W MPU PACITO3HABA-
HUM u300pakenuit. Pazymeercs, 3HIOCKOTUYECKHE
CHUMKU He SIBJIAIOTCS UCKJIIOYEHUEM, IIOCKOIbKY 00-
paboTKa TaKuX N300parKeHuil BHIMOIHACTCS IPH IO~
Moy Meroia ckoub3suero okna U [2]. Tlockosib-
Ky HCKOMBIH OOBEKT B €r0 M3HAYAIBLHOM COCTOS-
HUW MOYKET UMETh PA3JIMIHBIA MACIITA0, HEOOXOTH-
MO BBITIOJIHUTH TOUCK TOrO O0OBEKTA C TMPU3HAKA-
MU PA3JMIHOTO MACIITA0A. DTO MO3BOJIUT BBITIOJ-
HATHb OJHOTUITHBIE BBIYHCJIEHUS HA PAa3HBIX 00Ja-
CTAX MCKOMOIO M300PaKEHUsI, & TAKYKE HA PABIIHY-
HBIX MACIITabax ero mpu3HakoB. OQHAKO UCTOJIb-
3oBaHue Meroza Buosbl-/[>xoHCA B cOUeTaHUE C Me-
TOZOM CKOJIB3SIIEr0 OKHA WMEET PsiJi HEJIOCTATKOB.
[naBHbIe W3 HUX: JIUTENBHOE BPEMsI ODydYeHusT TPU
06paboTKe 1 H6OIBIITOE KOJTUIECTBO PACIOIOKEHHBIX
JIPYT K APYTY PE3yJIbTaTOB (MIPUYNHA B IPUMEHEHUU
Pa3IMYHBIX MACIITA0OB U METOA CKOJIB3SIIEro OK-
Ha). B kauecTBe MeTOma pacrO3HABAHMS IHIOCKO-
MUYECKUX CHUMKOB HMCIIOJIb3YeTCsl MEeTOJT PACIIO3HA-
Banus Buombl-IIxxomHca.

I. ONUCAHUE AJITOPUTMA

JIaHHBIH AJTOPUTM AHAJIM3UPYET KaXK Iy 00-
JlacTh M300parKeHUsT W HAXOINUT OHO3HAYHOE pe-

IEeHNe O TOM, MPWHAJIEKUT JIU UCKOMBIH OOBEKT
K paccmarpuBaemoit obsjactu. Te obmacTh, KOTO-
pble MPOILIN Yepe3 BeCh KACKAJ, MOYKHO KJIACCH-
dunmpoBaTh TOIHLKO TOT/Ia, KOI/Ia KOPPEKTHO Oy T
knaccnbnunmpoBansl Bce uxX mpereneHTs [3]. Or-
KJIMK TAKOTO pu3HaKa {j(X) MOXKHO BHIYUCIUTH KaK
Pa3HOCTh MHTEHCUBHOCTEN IHKCEeJIell KaK B CBeT-
JIOi, TaK W B TeMHOI obyacTsax. BaskHO oTMeTHTH
TOoT PaKT, ITO OA3OBBIN AJTOPUTM OIEPHUPYET Ta-
KHUM [OHSTUEM, KaK cJabblii kinaccudukarop hj(x).
OHAKO JTaHHBIM METOI MMEET OIUH CYIIeCTBEHHBIN
HEOCTATOK: PE3yJIbTAT PabOTHI JAHHOTO METOIA —
OTPOMHOE KOJIMYECTBO JIAHHBIX, KOTOPOE OGYCIIOB-
JIEHO TIPUMEHEHMEM CKOJIb3SIIero OKHA u crernudu-
KOI €caMOro 3HJO0CKOIUYECKOro cHuMka. Ilosromy
[ETbI0 HACTOSAIIEH PabOTH cTata pa3paboTka Hau-
6ostee 3(pPEKTUBHOTO METOIa, KOTOPHIA 00HeTNHII
Obl OOJIBITIOE KOJMYECTBO PA3OOIIEHHBIX JTAHHBIX,
MOJyIeHHbIX Ha 0a3e anropurma Bmomb-/IxKomca
U aHAJIM33 TOJIYYeHHBIX PEe3yJIbTATOB MPU TOMOIIA
METOI0B KJjacrepusanuu. B opuruHaibHOM MeToje
PEIlieHre O TOM, COIEPIKUTCS JI OCHOBHOH OOBEKT
B PacCMAaTPUBAEMOM CKOJIB3SAIIEM OKHE, TPUHUMA-
eTcs OJHO3HAYHOEe pernenne. JInbo 0ObeKT mpucyT-
crByeT, muOo HeT. /lamHHoe perrenre IpUHIMAETCS HA
ocuoBanuu Gopmyibt (2). Moaudukaius 3axkiroda-
eTCs B IPYTOM «HEYETKOM» TIOIXOJIE, CYTh KOTOPOTO
B TOM, YTO PE3yJIbTAT OYJIET «HEUETKUM»> W HA €ro
OCHOBE MOXKHO OyIeT IPUHATH Apyroe pemenue (pe-
[IEHKE SIBJISETCH HEOJHO3HAYHbBIM ). B IpoBejeHHbIX
omnbITaxX ObLIO OOHAPYKEHO, ITO MpHu 0O6paboOTKe Me-
JUIWHCKAX W300paKEHUl B HEKOTOPBHIX YCIOBUSX
aaroputT™MoM Buosbl-[2KoHCA TPUHUMAJIOCH perTie-
HUE O TOM, 9TO UCKOMOTO O0ObEKTAa, HET HA TEKYIIEM
CKOJIB34IIEM OKHE, B TO BPEMsl KaK B PEATbHOCTH
0OBEKT CYIECTBOBAT.

II. MOIuouUIIMPOBAHHBIN AJITOPUTM

OcHoBHAs Waesi 3aKII0YAETCA B «HETOIHOM>
OLIEHKE HAXOXKIEHUS OObEKTA B PACCMATPHBAEMON
obmactu. nea mpenyioKeHHOTO METOJa 3aKJI0da-
eTcsi B TPOBEPKE M TOATBEPIKIEHUU CJIeAYIONei
TUMOTE3BI: TP YMEHBITIEHHN TIOPOTa CpabaThiBa-
HUS AJITOPUTMA PACMO3HABAHUS W MPUMEHSS JAH-
HBI METOJ KJIACTEPU3AIUN OOBEKTOB CTAHOBUTCH
BO3MOXKHBIM YAYUIIHTE 3P HEKTUBHOCTH €ro pacro-
3HaBaHus. 1 cpaBHEHWs] TPAJMUIIMOHHO WMCIIOJNb-
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3YIOTCSI CTATHCTUYECKUE KPUTEPHUH, B YaCTHOCTH, t-
pacupegesienue (Gosiee U3BECTHOE, KAK PacIpeese-
e Croionenta) [4]. Takxxe B uccienoBanuu uc-
TOJIL3YIOTCST KPUTEPUN OIEHKH W OyJeT Tpessio-
JK€H HOBBIH KpuTepuii Ha 0a3e aJIrOPUTMOB ITAJIOH-
HbiX paHHbIX (Ground Truth) m smemenroB ROC-
amamm3a (the Receiver Operator Characteristic).
Oba ’rux MeToJa HpPeCTaBIAioT COOOH almnapar
JIJIST aHAIN3a KavecTBa MOCTPOEHHBIX Moesei, a
TaK»Ke aKTUBHO MCIOJIB3YIOTCS JJIst TOCTPOEHMS MO-
Jejiefl B MeIUIIMHE W IIPOBEJIEHUS] KJINHUIECKUX
uccnemoBanuii. Takyke mpu 3TOM CJemyer OoTMme-
THTH, YTO [APAMETPbl B AJOPUTME KJIACTEPU3a-
Uy HOAOMPAIOTCS AMIMPUYECKH. TakzKe, [poBes
CEpUI0 IKCIEPUMEHTOB ObLI ChOPMUPOBAH CJIEIYIO-
it rpaduK 3aBUCHMOCTH, 110 KOTOPOMY ObLiia TOY-
HO ONpEJeNeHa ONTHMATbHAS Tapa 3HAYEHU J1ist
aJITOPUTMA KJTACTEPU3AINN TIPU 00PAOOTKE TAHHBIX
MEJIMIUHCKUX U300pazkeHuii (& MMEHHO KOJIMYeCTBO
coceieit, MUHUMAJILHOE PACCTOSTHNE MEKIY COCeIsI-
MH) ¥ IPOMJLIIOCTpUpOBaHa 3asucumoctb Ground
Truth B 3aBuCMMOCTH OT mOpoOra u napamerpa Kja-
crepuzauu (cM. puc. 1).

pachu 3aercwsocTi Ground Truth 8 38RRCMMOCTI OT NOPOTa W NAPAMBTDN KAMCTERAIALAN
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Puc. 1 — I'paduk 3aBucumocru Ground Truth s
3aBUCHMOCTH OT IIOPOTA ¥ MapaMeTpa KJIACTePU3alnun

III. OIIEHKA AJITOPUTMA. BBLIBOJIBI

Takke, yIUTHIBAsT BEPOSITHOCTD JIOXKHOTO CPa-
OaTBIBAHNS, IPEICTABIEHHOrO B Tab. 1, Heobxomu-
MO BbIOpPATH MOAXOAIIME TAPAMETPHI.

Tabnuna 1 — BeposgTHOCTD J102KHOINO cpabaTbiBaHUs B
3aBHCHUMOCTH OT IIOPOTa

ITopor pacnozu. | 0,80 0,85 0,89| 0,95 0,99| 1

Jloxmu.cpabareis | 98 18 14 |5 1

(mport, )

B pmammoit crarbe mccmemoBaHa 3d¢hekTun-
HOCThb HCIIOTB30BaHUs anroputma Bwuosb-/IxKomHca
JUIsl PACHO3HABAHUS MEIMIMHCKUX U300DaKEHMUIA.
OnpeneneHo, 9To MpW WCIOJIH30BAHUU JTOTO Me-
TOJA TIPW PACIO3HABAHUM W O0OpabOTKE MEIMITHH-
CKHUX m300parkeHuil HeoOXOAMMO OOJBINOE KOJTIYe-
CTBO BBIXOJHBIX JIAHHBIX AJITOPUTMA PACIO3HABA-
HUASA U JJIUTETbHOE BpeMsi PabOThI, Tpedyemoe Jiis
oOydenusi. YCTAHOBJIEHO TO, UTO UCIOJIH30BAHNE HO-
BOT'O KPUTEPHUsI OIEHKHU JTAET OJHO3HAYHBIN OTBET O
MPUHAJIEZKHOCTH PACCMATPUBAEMOI 00/TaCTH K HC-
KOMOMY 00bexTy. IlomydeHubIe pe3yabTaTsl yoe u-
TEJIbHO MOKA3AJIU, 9TO IPEJJIOKEHHAsT MOAHMDUKA-
nus aJIropurMa Ha 58 mnporenTos ¢ dexrusaee Ha-
30BOTO asroputma Buomwl-/[:KoHCa CIpaBisieTcs C
ommbKkamu 1 posa u Ha 77 mporeHToB 3¢ deKTuBHEE
crpasisiercs ¢ omubkamu 2 poga (cM. puc. 2).
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Puc. 2 — Onenka s¢pdexruBHOCTH PAOOTH METOIA
KJIACTEPU3ALIHI
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