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B naHHOM JOKyMEHTE COJCpXKHUTCA ONUCaHWe (YHKIMOHAIBHBIX BO3MOMXXHOCTEH
nporpammsel biok obnapyscenus ¢ UCNOJIb30BaHUEM HEUPOHHOU ceTh

Conep:xkanue
Beenenue 27.1-1
Bp130B mporpaMmbl 27.1-1
WuTtepdeiic mporpammbl 27.1-2
BBenenune

[Iporpamma brok obHapysicenus TpeaHa3HadyeHa uis OOHapyxkeHus Habopa OOBEKTOB,
NPUCYTCTBYIOIIUX HAa CEPUM aAMIUIMTYAHBIX WJIH KOMIUICKCHBIX  PaJHOJIOKAIIMOHHBIX
M300paXeHUN U OmpeneNeHus X reorpad@uueckux KOOpPAMHAT, C UCIOIb30BaHUEM OOYYEHHOM
HEUPOHHOU ceTH. 3azady OOHapyXeHHs OOBEKTOB M OIPEICICHHS UX pa3MEpoOB Iporpamma
CIocoOHa pemaTh B aBTOMATHYECKOM PEXKHUME, UCTIOJB3Ys MPH dTOM OOYUYECHHYIO HEHPOHHYIO
cetb. Ilpu pabore ¢ mporpamMMmoil MPUBETCTBYETCS ydacTHUE OIepaTopa, 3aKJIoyarolieecs B
ONTUMM3AIMK TApaMETPOB OOHAPYKEHHS C IeNbI0 YIYYIleHHs KauecTBa aBTOMATHUYECKOM
00paboTKK BXOAHOTO M300pakeHus. Pe3yiapTaTtoM paboThl MpOrpamMMbl SIBISIOTCS U300paskeHuUs
dopmara TIF, Ha KOTOpPBIX HaiJACHHBIE OOBEKTHI BBIACIAIOTCS 3akirodaromeld pamkond. Han
paMKOH Takke yKa3bIBaeTCs KJIacC HAWIEHHOTO OOBEKTa W BEPOSATHOCTH €r0 MPHHAJICKHOCTH
JTAHHOMY KJ1accy.

3anyck nporpamMmsl

Hnst 3amycka mporpamMMbl biox obOHapyosicenus HEOOXOAMMO Ha TJIABHOM TaHEIH
uHTepdeiica HaKaTh JIEBOW KHOIKOM MBIIIN Ha UKOHKY OOHapyicenue 06bekmos.
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B HukHEN 4acTH IJ1aBHOM IaHEIU OTKPOETCs I'PYIIa UKOHOK JUIS 3allyCKa IPUIOKECHUH,
npeHa3HaYeHHBIX JJIs paOoThl ¢ (aiimamu. JIeBol KHONMKOM MBI Ha)KMUTE HA UKOHKY 010K
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HHuTepdeiic nporpamMmsl

JmnanoroBoe okHO brioka 0OHapysiceHuss UMEET BUI:
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BrIfEpuTe Nanky 408 COXPaHEHIAA PEsy AETATOE: M
| Orrpeme

HacTpoiiku
Mardowe
| Hrkpeie 3aKpEme

Brifiepure nanky c uenesbibM M306PaHKEHHANM

I'1aBHOE OKHO

[Tanens HHCTPYMCHTOB JUAJIOTOBOI'O OKHAa COACPIKUT Ha60p KHOIIOK. CDYHKI_[I/II/I OCHOBHBIX
KHOIIOK IMEPCUUCIICHBI HUKCE.

KHnomnka A B paszziene BoiOepure meseBoe m3zoOpakenue. Ilo3Boiser ykazaTb MM
BXOJIHOTO (haiiyia ¥ MyTh K HEMY.

[Tocne ycranoBku ¢uiaxkka ®dparMeHT CTaHET BO3MOXKHBIM BBIOOP (pparMeHTa IEJIEeBOro
u3o0pakenust uis obpaborku. s BeiOGopa (parmenta ykaxute ero Illmpuny u BeicoTy B
COOTBETCTBYIOIIMX TMOJSAX, M 3aTeM JUOO JIeBOW KHOMKOH MBIIIM B OKHE MPEearpocMOTpa
nepemMecTuTe Oelblii MPSMOYTOJIbHUK Ha 00JacTh MHTEpeca, 00 3ajaiiTe KOOpJUHATHI JIEBOTO
BEpXHETO yria ¢pparMeHTa B mojisax X u Y.

Kunonka OTkpbITL B pazznene BbidepuTe mnanky ¢ mejleBbIMH H300pa:KeHUSIMHU.
[To3BomsieT yka3aTh Manky, CoAepKanlyro n300pakeH s, Ha KOTOPBIX IJIAHUPYETCS TPOU3BOINUTH
oOHapyXeHHE.

Knonka J B paznene BbiOepure KoH(purypanmonnsiii ¢aia. Ilo3Bossger ykasarb
KOH(UTYpaMOHHBIN (aiin o0ydueHHOW HEHPOHHOW CeTH, T.e. €€ COXpaHEHHBIE HACTPOWKH,
apXUTEKTYpy, HapaMeTpbl IPeJ00YYEHHBIX KJI1acCOB 00BEKTOB.
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Knonka J B pasznernc BbiOoepurte ¢aiin BecoB Helipoceru. [lo3Bonser ykazaTh daiin,
CoJIeprKalIfii BecoBbIe KO3 PUIMEHTH 00yICHHON HEHPOHHOM CETH.

Knonka OTkpbITh B paznene BblOepure mamky jsi COXpaHEHUS Pe3yJbTATOB.
[To3BonsieT ykasarh MyTh K Mamke, B KOTOPYIO OyAyT 3amuCBIBaTbCS pE3yNbTaThl 00pabOTKH:
KOOPJMHATHI U TapaMeTpbl 0OHAPYKEHHBIX O0BHEKTOB.

Kunonka Hosblil nmpoekr. [103Boise€T OYMCTUTH BCE IOJSA JUAIOrOB, NPEAHA3HAYEHHBIE
JUTSL OTOOpaKEHUS TapaMeTPOB MPOeKTa 00ydeHUsT HEHPOHHOU CETH.

Knomnka 3arpy3uts np. [Ipennaznauena st OTKPBITHS CYLIECTBYIOIIEro ¢aiiia mpoekra
(c pacmmpenuem *.tSt), B KOTOpOM XpaHSTCS MapaMmeTpbl, HEOOXOAUMBIe s paboThl O10Ka
00y4YeHUs1 HEHPOHHOMU CETH.

Knonka Coxpaunuts np. [Ipegnasnadena st COXpaHeHHs TEKYIUX apaMeTPOB MPOEKTa
B BHJIe (paityia ¢ pacmmpenuem *.tst.

Knonka Coxpanuth kak. llpu HakaTuu Ha KHOMKY OTKPBIBAETCS AMAIOTOBOE OKHO, B
KOTOPOM HEOOXOJMMO YKa3aThb IyTh M UMs (paiina mpoekTa (¢ pacmupenueMm *.tst), B KOTOpbIi
COXpaHSATCS TEKYyIIUe rmapaMeTpbl 00paboTku. Jlamee coxpaHeHUe MapaMeTpoB MPOU3BOIAUTCS B
9TOT (ai.

Knomnka ITomoub. BbI130B OKHA HHTEPAKTUBHOM IIOMOIIH.

Knonka 3akpseiTh. 3aBepuieHue paboThl ¢ MporpaMMmMoi OOHapyXeHHs OOBEKTOB C
MCII0JIb30BaHNEM HEMPOHHOM CETH.

KHonka BbINOJHUTE IVIABHOTO OKHAa MporpamMmbl. HakaTmeM KHONKHM 3aIlycKaeTcs
npoliecc 0OHapy)eHHUsI 00BEKTOB C MCIIOJIb30BaHUEM HEHPOHHOMN CETH.

B npouiecce oOHapyxkeHHs B TOJIE C JIoraMu Oy/A€T MOSBIATHCS MHPOPMAIHSI O KOJIUYECTBE
HallZICHHbIX OOBEKTOB, UX KJIacCe, BEPOSITHOCTU MPUHAJIEKHOCTH K Kiaccy, oOleM BpeMeHU
BBITIOJTHCHHUSA OIICpaInH.

|3.angu:r< NpoLEcta obHapYHEHA

Ubject #53 [ Llass "KL-1357, prob = WU/ 1851 797 U150 Py
Object #54 : Class 'KC-135", prob = 0.061573516577482224
Object #55 : Class 'P-3C', prob = 0.05901 489406824112

— Time spend for detection: 10.523231983184814 seconds —

[To 3aBepmieHuu mporecca OOHAPYKEHHsSI TOSBUTCS CIEIYIOIIEe OKHO C BOIPOCOM O
HE00XO0/IMMOCTH OTOOPAXKEHHUS PE3YJIbTATOB OOHAPYKEHHSL.
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PezyneTatel oBHapy*EHNS >

JBHapy*eHWe BEINOAHEHD,
OToBpasuTe pesyneTaTel OBHAPY#EHWAT

Ok | OTmeHa

B cnayuae ecim B 3TOM OKHe Oblia Hakara KHomka OTMeHa, O0TOOpPa3UTh pPe3yJIbTaThl
MOJKHO TI03JIHEE.

Knonka Otobpa3urs pe3yabTarhl. HaxkaTueM KHOINKHM 3amycKaeTcs IMpolecce
OTOOpaXeHHSI pacTpa BXOIHOTO M300paKeHHsSI C HAHECEHHBIMM HAa HETO0 METKaMU HalJCHHBIX
00BEKTOB U UX KJIACCOB.

OxHoO ¢ 0TOOpakaeMbIMH pPe3yJIbTATAMH O0HAPY:KeHUSI

[Tociie oTkpbITHS pacTpa ¢ TpaHunamMu OO0BEeKTOB B I[laHenmn oOHapyXeHHS CTaHET
BO3MOKHOHM PETyJIHpOBKa UX OTOOpakeHusi mo nByM mapamerpam: Ilopory oGnapy:xenus u
Koyppuunenty nepeceyenuss Haa oobeaunenueM. [ [li1aBHOI OTPMCOBKH TOSIBICHUS
WIM UCYE3HOBEHHUS TpaHHI] OOBEKTOB B MPOIECCE M3MEHEHUs 3TUX MapaMeTpPOB YCTAaHOBUTE
COOTBETCTBYIOIIUHN (IaKOK.
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OxkHo «/lonmoTHUTEIbHbIE HACTPONKN»
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Knonka Hacrtpoiiku. /nanor JonmoJaHUTeIbHbIE HACTPOMKH COJEPKHUT psll Hauboee
3HAYMMBIX TTAPaMETPOB, BIUSIONINX HA KAYeCTBO OOHAPYKCHHSI U KIIacCU(PUKAIUNA OOBEKTOB.

JononHuTensHBIE HACTROHKK - X
Ds1paembIe pasHEpE! N0 WMPUHE

Hra knacca: hd W BBICOTE ANA Ka#A0ro KNacca: Wk ruure
MapareTpel pastepos: 3arpy3uHK AaHHER:

P MHMMaNEHEIN pastep b ak.CaNEHBIN pastiep ; K.onuyecTe0 NOTOKOE 41A

WI0EPaAKEHMH 01A OGUYEHKS; WI0EPaAKEHMN 4NA 06UYEHK, WzofpaskeHui B noTore: ZArpY3sKM LAHHEIR:

|snn |1znu 1 0

P MHMMaNEHEIN pastep b ak.CaNEHBIN pastiep

WI0EPAAEHMN ANA TECTHPOBAHMA,  M30OPSHEHMA 00A TECTUPOEIHKA:

|snn |1znu

Mopor oSHapUYKeHHA NpM MoporoekId Ko gL MeHT
TecTHposatuy [0-1]: 10U gns RPM:

Paznep GaTya Ha MsoOpakeHHe: hE 0.3 07

CETE Npeano#eHus pErHoHOE: CeTh BELENEHHMA PEMHOHDE:!

K.cm pUUMEHT NEpaceyeHHs
1024 1024 Haa, ofbeauHEHKER [0-1];

T

K.OAMYECTED AYUWMY NPELNDKEHME CETHU-MEHEPATORA PEMMOHOE:

Mepea NpukeHeEHMer NS Mocne npurdeHeHUs M5 b Ak CUMANEHOE KONMYECTED OFLEKTOE HA ME00DEHEHMM
NEH OGY4EHHM; NP OEYYEHKM; 100
|30IJD |3E|IJE| |

Mepen npuveHerien NS Mocae nprvensHia NS DI

MNP TECTHPOESHHH: MNP TECTUPOESHHK " CPU ¥
1000 [1000

Mo yraonyaHKD | 3akpeme

Cnucku co 3HaueHusiMu UIMeH KJjiacca M COOTBETCTBYIOIIMM UM OQsKHMIaeMbIM pa3Mepam
N0 IHPHHE U BHICOTE Il KAXKI0ro Kiaacca OyayT 3aMoIHEHBI TOJBKO B TOM CIIy4ae, eCii OHU
ObUTM TIpEIBAPUTEIBHO CO3JaHBI M COXpaHEHbl B KOH(urypannoHHoM @Qaitie. Knomka
Hckarouuth mnpenHa3HayeHa [Js HCKIIOYEHMs] yKa3aHHOro Kiacca O00bEeKTa M3 Ipoliecca
OoOHapyXeHHUs.

B GonpmmHCTBE ciyyaeB M300pakeHUE CIMILIKOM BEJIHMKO, YTOOBI IIEIMKOM I0JaBaTh €ro
Ha BXOJ HEHMPOHHOU ceTu. B CBsA3M ¢ 93TUM H300paKeHUE JENAT Ha MaKeThl, KOTOPbIe HA3bIBAIOT
Oatuamu. B pasnene Pazmep 6aTua Ha m3o0pakeHHe MMEETCS BO3MOXHOCTh KOPPEKTHPOBKU
ero 3HaueHuit 11 Cern nmpemnoxkernusi peruoHoB (RPN) u Cern Bbinesienus pernonos (Roi-
Heads).

B pasznene KosuuecTBo Jyqyiimx npeasio:KeHUil ceTM—TeHepaTopa pernoHOB HMEEeTCs
BO3MOXXHOCTh KOPPEKTUPOBKHU KOJIMUYECTBA PETUOHOB, BBIACISAEMbIX MEPE U MOCIEe MPUMEHEHUS
HeMakcumaibHoro noiasiaenus (NMS — non-maximum suppression) mpu TectupoBaHuu. Miest
anroputMa NMS 3akioyaercss B OTCeBE TyOIMPYIOMIMXCS NMPSMOYTOJIbHUKOB U COXpPaHEHUU
TOJILKO HanOoJsiee BEPOSATHBIX U TOYHBIX OTPAHUYMBAIONINX PAMOK JJISt KQXKJI0T0 0OHAPYKEHHOTO
00BEeKTA.

[Tapamerp Ilepen npumenenmem NMS npu TeCcTHPOBAHMH OIPEACIAET, KaKoe
KOJIMYECTBO PETMOHOB OyIeT OTOOpaHO MpHU TECTHPOBaHUU ceTH nepen npumenenueM NMS c
LIEJIBIO YCTPAHEHUS] MHOXKECTBEHHBIX CpaOaThIBaHUM HA OTHOM OOBEKTE.
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[Tapametp Iocsie npumenenuss NMS npu TeCTUPOBAaHUHU OIPENEISIET, KAKOE KOJIUYECTBO
pPETrHOHOB OyAeT OTOOpaHO MpH TECTUPOBAHMM CETH Tocie mnpuMmeHeHuss NMS ¢ 1mensio
yCTpaHEHUS] MHO)KECTBEHHBIX CpadaThIBAaHUN Ha OTHOM OOBEKTE.

B pazgene 3arpy3uMk JaHHBIX B 3aBHCHMOCTH OT HWMEIOIIUXCS BBIYMCIUTEIBHBIX
pecypcoB ykaxure KoamdecTBO NOTOKOB isi 3arpy3kM AaHHbIX (3HaueHue O s
YCIIOJIb30BaHUSI OJTHOTO TIOTOKA).

B pazgene 3arpy3uMk JaHHBIX B 3aBHCHMOCTH OT HWMEIOIIUXCS BBIYUCIHTEIBHBIX
PECYpPCOB YKQKHUTE, KaKO€ KOJMYECTBO HM300pakeHHU OyHeT 3arpyXarbCsi Ka)IbIM MOTOKOM
(mone U300paxenuii B moToke:, 3HadeHue 1 it 00pabOTKU OHOTO U300PAKEHHS).

[Tone Iopor odHapy:xenusi npu TecrupoBanun (0-1) mo3BosieT 3aaTh HUWKHUI TOPOT
BEPOSTHOCTH MPUHAUIEKHOCTH 00BEKTa KJlaccy, P KOTOPOM OrpaHMYUBAroOllas paMka Oyaer
oToOpakaTbCsl Ha BBIXOJHOM H300pakeHuH. OObBEKTbI, 00JaJalolIMe BEPOSATHOCTHIO
INPUHAAICKHOCTH KJIACCy HIKE YKa3aHHOM IpaHUIlbl, He OylyT MOMEYEHbl OrpaHMYMBaroOILeiH
paMKoii. 3HaueHue opora 0OHapY>KEHUsI IPU TECTUPOBAHUM JIOJKHO OBITh 33/1aHO B JMara3oHe
or 0 no 1.

[Tone Ko3pdpuuuent nepeceuenuss Haa od0beaumHeHuem (0-1) mo3BossieT 3amaTh
3Ha4YeHHE COOTBETCTBYOIEH MeTpuku. Koadduument nepeceuenns nan ooseaunenuem (IoU) -
METpUKa JOCTOBEPHOCTH IOJIOXKEHHUSI OIrpaHUYMBAIOIIEH PAMKH, OIpeaeisieMas KaK OTHOLLIEHUE
IUIOINAAM IIepeceyeH sl IpeCcKa3aHHOM U UCTUHHON paMoOK K IUIOIAaAu uX oobeauHenus. Eciu
pamku coBceM He nepecekarorces, [oU = 0. Ecin onn uneansHo coBnagaroT, loU = 1. 3naueHune
Ko dureHTa JoIKHO OBITh 3a/1aH0 B npezenax ot 0 go 1.

Hnsa Ceru npennoxenus pernoHoB (RPN) wnmeercs BO3MOXKHOCTH KOPPEKTHPOBKH
noporosoro kodddurmenta IOU (intersection over union - mepecevyeHre HaJ OObCIUHEHUEM).
ITapamerp Iloporosbiii ko3ppuunent IOU ans RPN onpenenser HWKHIOI W BEPXHIOKO
TPaHULbl, IPU KOTOPBIX OOBEKT Kiaccuduuupyercs auO0 Kak “HpecTaBIISIONIMI HHTEpec”
(ecmu IoU > 3amanHoro 3Hauenwus), qubo kak “don” (ecnum loU < 3amaHHOrO 3HAYEHUS).
3HaveHue BeIOMpaeTcs B quanazone ot 0 go 1.

B none MakcuMallbHOe KOJIHYECTBO OOBEKTOB HAa H300paKeHHM YKAKUTE
MaKCHUMaJIbHOE YUCIO0 O0BEKTOB, KOTOPOE MOXKET OBbITh HalJeHO Ha u3o0paxeHuu. Ilapamerp
ofpeieNsgeT BEPXHIOI0 IPaHMIly KOJMUYECTBa MPOTrHO3UPYEMBIX 0OBEKTOB. 3HAUCHHE BHIOUpaeTCs
UCXO0/1s U3 TUIOIIAIH, 3aHUMAaeMOil MUHUMAJIbHBIM IO pa3MEPHOCTH 00BEKTOM, U TEOPETUUYECKOM
IUIOTHOCTHU PACTIONOKEHHSI 0ObEKTOB Ha N300pakeHUH.

B pasnene Pemxum paGorbl BeIOEpHUTE, Ha KaKOM YCTPOMCTBE OYIET BBINOIHATHCS
oOHapyxeHHe 00bekToB. OHO MOXKeT NpoBOAUThCA Kak Ha mnpoueccope (CPU), Tak u Ha
Bugeokapre ¢ wucnonb3oBanueM CUDA (apxuTekTypa mapajUlebHBIX BBIYMCICHUN IS
Buzgeokapt NVidia).

Haxatue xnonku Ilo YMOJTYaHHUIO BEPHET BCE JOINOJIHUTECIBHBIC HaCTpOﬁKH K 3HAa4YCHUAM
10 YMOJIHaHHUIO.
Haxxatre xHOIIKH 3aKprTb IIO3BOJIUT 3aKPLITh OKHO C JOMMOJTHUTCIbHBIMHA HaCTpOfIKaMH.
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