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Bbyok o0HapykeHust
PykoBoacTBO moJsib3oBaresist

Bepcus noxymenta: 2.2023-11-09

B 1aHHOM JOKyMEHTE COJIEPIKUTCS ONUcCaHKe (HYHKIIMOHAIBHBIX BO3MOXHOCTEH MPOTPAMMBI
ObHapyscenusi 06bEKmMos ¢ UCHONb308AHUEM HEUPOHHOU cemu, BXOJSIIEH B COCTaB MPOrPaAMMHOTO
nakera PHOTOMOD Radar.

Conep:xkanue
Beenenue 27.1-1

3amyck mporpaMMbl OOHApYKEHUsT 0OBEKTOB C HCIOJIB30BaHIUEM HEHPOHHOM CETH 27.1-1
Onucanue nporpaMMmbl 0OHapYKEeHUS 00BEKTOB C HCIOIb30BaHHUEM HEUpOHHOI cetn  27.1-2

BBenenune

IIpocpamma obnapysicenuss 06vbeKmMos8 ¢ UCNONb30BAHUEM HEUPOHHOU cemu TIpeTHA3HAYEeHa
Ui oOHapyXkeHHs Habopa OOBEKTOB, MPHUCYTCTBYIOIMX HA CEPUM aAMIUIUTYAHBIX WIU
KOMILIEKCHBIX PaJHOIOKAIMOHHBIX N300paKEHUI U OIpeesieHUs] UX reorpauuyeckux KOOpAuHar.
3amady oOHapyKeHHs OOBEKTOB M ONpEAENCHHMS MX pa3MepoB IporpamMma ClOCOOHa pelaTh B
aBTOMAaTH4YeCKOM pexume. [lpm pemeHun 3agaud  NIPUBETCTBYETCS Yy4acTHE OIEPATOPa,
3aKJIIOYAlOIeecs] B ONTHUMM3ALMU IapaMETpPOB OOHApYKEHHUS C LEJIbI0 YIYYIIEHUS KauecTBa
aBTOMATHYECKOM 00pabOTKM BXOJIHOr0 M300paxkeHusl. Pe3ynbraToM paboThl IPOrpaMMBbl SBISIOTCS
nzobpaxenuss ¢opmara TIF, Ha KOTOpBIX HaliieHHbIE OOBEKTHI BBIIEIAIOTCSA 3aKIHOYarOIIen
pamkoii. Hag pamkoii Takke yka3bIBaeTcs KJacC HAWIACHHOTO OOBEKTa M BEPOSTHOCTH €ro
MPUHAIIEKHOCTH JTAHHOMY KJaccy.

3anmyck nporpaMMsbl 00HApPYKeHUsI 00bEKTOB ¢ HCI0Jb30BAHHEM HEHPOHHOM CeTH

3amycrute nporpammubiii moaysis PHOTOMOD Radar.

Haxwmure Ha kHomky OOHapyscenue o00vekmoé Ha TIABHON TMaHeNM HWHTepdeiica mnakera
PHOTOMOD Radar.
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ofiHapy®eHuA 3TanoHoOB 3TanoHoB

B HwkHell wacTu rnaBHO# maHenn uHTepderica makera PHOTOMOD Radar naxxmmure Ha
KHOTIKY BoKk oOHapyscenus.
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Onucanue nporpaMmMbl 0O0Hapy:KeHHsI 00bEKTOB ¢ MCIO0JIb30BAHUEM HEHPOHHOM ceTH

JnanoroBoe oKHO [Ipocpammul 0OHApYHCeHUsL 00BEKMOB ¢ UCNONb308AHUEM HEeUPOHHOU cemu
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BrifiepuTe nanky 019 COXPSHEHWA PESYNLET STOB:

BrifiepuTe nanky ¢ WeneseiMH M300PaHEe HUAML:
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SarpyzuTe np.

CoxpaHiTe np.
CoWpaHTE Kak,

HacTpoiiku
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Sakpere

I'1aBHOE OKHO

ITanens HHCTPYMCHTOB JUAJIOrOBOI'0 OKHa COACPIKUT Ha60p KHOIIOK. (I)yHKI_II/II/I OCHOBHBIX

KHOIIOK NMEPCUYUCIICHBI HUKC.

Knonka J B paznene BoiOepure mesieBoe muzoOpaxenue. I[lo3Bonser yka3zarb UM

BXOJTHOTO (haiiyia U myTh K HEMY.

ITocne ycranoBku ¢axka PparMeHT CTaHET BO3MOKHBIM BbIOOp (parMeHTa IIeNeBOro

n3o0pakeHust asi oOpabotku. st BeiOOpa ¢parmenra ykaxure ero Llupuny u BsicoTy B
COOTBETCTBYIOLIMX TMOJSAX, M 3aTeM JHOO JIeBOW KHOMKOW MBIIIM B OKHE HPEIANpOCMOTpa
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nepeMecTuTe Oesblii MpSMOYTOJIbHUK Ha 00JacTh MHTEepeca, MO0 3a1aiiTe KOOPAMHATHI JIEBOTO
BEpXHEro yria ¢parmenTa B momsix X u Y.

Knonka OTKpBITH B pa3zene BoiOepure nanky ¢ neaeBbIMu u3o0pakeHusimu. [lo3Bossier
yKa3aThb TMamKy, COJAEPKAIlyl0 H300paKeHHs, Ha KOTOPBHIX IUIAHUPYETCS TMPOU3BOJIUTH
oOHapyXeHHE.

Knonka J B pazneine BbiOepure koHurypaumonubiii ¢aiia. Ilo3Bonser yka3arb
KOH(UTYpalMOHHBIN (aiil 00y4eHHON HEHPOHHOW CceTH, T.e. €€ COXPAHCHHBIC HACTPOUKH,
aApPXUTEKTYpPY, TapaMeTPhl MPEI0OYICHHBIX KIIACCOB OOBEKTOB.

Knomnka J B paznene BwiGepute ¢aiin BecoB Heiipoceru. [lo3Bomser ykasare aiin,
coJiep Kalinii BeCoBbie KO3 GUIIMEHTH 00YIeHHOW HEUPOHHOM CETH.

Knonka OTkpbITh B pazjeie BolOepure nanky AJs coxpaneHus pe3yabraroB. [lo3Bosser
yKa3aTh MyTh K Mallke, B KOTOPYI OyayT 3alMCHIBATHCS PE3YNbTaThl 00pabOTKU: KOOPAUHATHI U
napaMmeTpbl 0OHAPYKEHHBIX OOBEKTOB.

Knonka Hosblii mpoekT. [103BOsI€T OYUCTUTH BCE MOJS AHAIOTOB, NMPEIHA3HAYCHHBIEC IS
OTOOpaXCHHMSI ITAPAMETPOB TPOCKTA O0yUSHUSI HCHPOHHOW CETH.

Kuonka 3arpy3urpb np. [Ipennaznauena Jjisi OTKpBITHS CylIecTBYIoIero ¢aiina npoekra (¢
pacmupenuemM *.tst), B KOTOpoM XpaHsSTCs mapaMeTpbl, He0OXOoAUMBbIE AJisi paboThl 0JI0Ka 00y4eHUs
HEUPOHHOM CETH.

Kuonka Coxpanuts np. [Ipennasnauena aas COXpaHEeHUs TEKYIIUX MapaMEeTpOB MPOEKTa B
Buje (aiina ¢ pacmmupenuem *.1st.

Kuaonka Coxpanuth kak. [Ipym HaxaTUUM Ha KHONKY OTKPBIBACTCS JHAJIOTOBOE OKHO, B
KOTOpPOM HEO0OXOAMMO yKa3aTh IyTh W uUMs (aiiia mpoekTa (¢ pacimupeHueMm *.tst), B KOTOpbIii
COXpaHSTCA TEKylue napameTpbl 00paboTku. Jlanee coxpaHeHHE MapaMeTpoB NMPOU3BOAMUTCA B
3TOT (aid.

Knonka Ilomomb. BbI130B OKHa HHTEPAKTUBHOM MOMOIIIH.

Kuonka 3akpseiTh. 3aBepuieHue paboOThl C TporpamMMoil oOHapyXeHHs OOBEKTOB C
HCIIOJIb30BAHUEM HEUPOHHOM CETH.

Knonka BbINOJHUTB I1aBHOTO OKHA Mporpammbl. HaxaTrem KHOINKHK 3aIyCKaeTcsl MPOLECC
oOHapyXeHHsI 0ObEKTOB € UCIOJIb30BAaHUEM HEMPOHHOMN CETH.

B npouiecce oOHapykeHuUs B MoJjie ¢ JoraMu OyJeT MOSABIAThCA MH(OpPMALKsS O KOJIUYECTBE
HallIeHHBIX OOBEKTOB, WX KJIAcCe, BEPOSATHOCTH NPHUHAUIEKHOCTH K KJaccy, OOIlIeM BpEeMEHHU
BBITIOJTHEHUS OIIEPALUH.

|3.ar|gu:|< NpPOLECca OBHAPYKEHA

Ubject #53 [ Llass "KL-135", prob = DU/ 1851 797401305Ub ~
Object #54 : Class '"KC-135% prob = 0.061573516577482224
Object #55 : Class '"P-3C', prob = 0.05901489406824112

— Time spend for detection: 10.523231983184814 seconds —

e Pykosoocmso nonvzoeamens PHOTOMOD Radar  Hetipocemegoii mooyiab 0bnapyicenuss 00bekmos



27.1-4

[To 3aBepmieHMH mpolecca OOHAPYXKEHUS IOSBUTCA CIEAYIOLNIEe OKHO C BOIPOCOM O
HE00XO0AMMOCTH OTOOPAKEHHUS PE3YJIbTATOB OOHAPYKEHHSL.

PesyneTatel oBHapy#eHnA >

OBHapy#*eHWe BEINOAHEHD,
OToBPasnTe pe3yneTaTel OBHAPYKEHWAT

0K | OTmeHa

B ciydae ecnu B 3TOM OKHe Oblila Haxara KHonka OTMeHa, 0TOOpa3uTh Pe3yIbTaThl MOKHO
H03/1Hee.

Knonka OTo0pa3uth pe3yabrarbl. HakaTeM KHONKM 3alycKaeTcsl IpoLecc 0ToOpaxeHus
pacTpa BXOJHOIO HM300paXeHUS C HAHECEHHBIMM HAa HEro METKaMM HalJCHHBIX OOBEKTOB M HUX
KJIaCCOB.

OxkHoO ¢ 0TO0pakaeMbIMH pe3y/IbTATAMH O0HAPYKEHHUS

[Tocne oTkpbITHS pacTpa ¢ rpaHuiaMu 00beKTOB B [aHemn oOHApy>KEHHS CTAaHET BO3MOXKHOM
peryaupoBKa UX oToOpakeHus 1o aByMm mapamerpam: Ilopory oonapy:xenuss u Koddppuuuenty
nepeceuenusi Haa oobequHenuem. J[ns Il1aBHOW OTPHCOBKM TOSBIECHUS HIIM HCUE3HOBEHUS
rpaHull OOBEKTOB B TMpPOIECCE H3MEHEHHUs O3TUX MapaMeTpPOB YCTAHOBUTE COOTBETCTBYIOIIUN
(hmaxox.

[® <ic_5096.rdp - O X

dain  Pexum WMzoGpaweHne AHanws Bektop [Mpueaska Bug

e LR ORLPEILBEHLPERL, MW LGOS

Manens oBHapyxeHna
MNopor ofHapyteHua
0.05 } 0999 [oos
K08 P HUMEHT NEPECEYEHMA HAL, OFLELMHEHMER
0.0o | 0933 Ins :‘
¥ MnaeHaA oTpHooBka ak. | JakpeTe |
W

@ Pykosoocmso nonvzoeamens PHOTOMOD Radar  Hetipocemegoii mooyiab 0bnapyicenuss 00bekmos



27.1-5

OxHoO «/lonoJIHUTeIbHbIE HACTPONKN»

Kuaonka Hacrtpoiiku. [uamor JomoJiHUTeIbHbIE HACTPONKHM COJEPKUT psl Haumboiee
3HAYUMBIX MTAPaMETPOB, BIMSIONIMX Ha Ka4eCTBO OOHAPYKEHUS U KJIacCU(PHUKAIIUU OOHEKTOB.

JononHuTensHele HACTRORKK — X
Osupaerele pazrMepel N0 WHPHHE

W knacca: ﬂ W BBICOTE AA Kataora Knacca; Mcknioure
[aparerpel pastepoe: 3arpyzumE 0aHHER:

M UHUMaNEHEI pasmep I akcHmane el pazmep ) K.onudecTeo NoTokos 4nA

WE0OPEKEHWN 017 DEYUEHUA; W20GpaKEHHHA 107 OSYYEHHA; WaodpameHi & noToke: FArPYSKM LaHHB

|auu |1zuu 1 0

MuUHMUMaAEHEIR pastep M ak.curmaneHEIN paztiep

WE0ODSKEHWA LNA TECTMPOBAHWA,  MSOOPIXEHME LA TECTHPOEAHHH:

|auu |1znn

Mopor oGHapyYeHWA Npu MNoporoseid KoadbULMeHT
TECTHPOEaHKH [0-1]: 10U gna RPM:

Pasmep Gat4a Ha M306pakeHHe: 09 0.3 07

CeTk NpenokeHHA pervoHoE: CeTe BLOENEHWA PErHOHOE:

K03 hMUMEHT NepeceyeHUA
1024 1024 Hag, ofeeguHeHWen [0-1]:

p—

K.onmuecteo NYYLWHE NPEAN0KEHWR CETH-MEHEPATOPS PEFWOHOE,

Mepen nputdeHeHHer MMS Mocne nputdeHeHHa MMS b AKCHMENEHOE KOMWYECTED OFEEKTOE HE HEO0GPHEHMM:
P OSYYEHHK: MpH OSYYEHMM: 100
|3nnn |3uuu |

Mepeq npurereHHer NS Mocne npureHeRHA NS FRITIEER T ..

MPM TECTHPOESHMM; NP TECTHROESHKM: " CPU fo
|1 0o |1 aa0

Mo yraon4aHKm | Jakpeme |

Crnucku co 3HaueHuss MU MMeH kJiacca ¥ COOTBETCTBYIOIIMM UM OQkuaaeMbIM pa3zMepam 1o
IIMPHHE M BbICOTE /ISl Ka)KA0I0 KJacca OyayT 3al0oIHEHbl TOJIBKO B TOM CIIy4ae, €ClI OHU ObLTH
IPeBAapUTENILHO CO3JaHbl U COXpaHEHbl B KOHQurypanunoHHoMm ¢aiine. Knonka HcekaounTs
IpeJHa3HaueHa /Ui UCKITIOUEHHsI YKa3aHHOT 0 Kilacca 00beKTa U3 mpoliecca 0OHapyKeHusl.

B GonbmnHCTBE ciyyaeB M300pajkeHUE CIMIIKOM BEJIMKO, YTOOBI LIEIUKOM I0JIaBaTh €ro Ha
BXOJl HEHpoHHOU ceTH. B cBA3M ¢ 3THUM H300pa’keHHE NesIT Ha MaKeThl, KOTOpPhIe Ha3bIBAIOT
O6atuamu. B pasnene Pazmep 0aTtua Ha u3o0pakeHUe MMEETCS] BOBMOXKHOCTh KOPPEKTUPOBKH €r0
3HaueHuit 17151 CeTn mpensio:kenusi peruoHoB (RPN) u Ceru Bbinesenus peruosos (Roi-Heads).

B pasznene KoamuyecTBo JIy4IIUX HNpeNJiOKeHHH CeTH-TeHepaTopa PeruoHOB HMMEeTCs
BO3MOYXHOCTh KOPPEKTUPOBKH KOJIUYECTBA PETMOHOB, BBIIEISAEMBIX MEpEd U TMOCle MPUMEHEHHS
HemakcuMaibHoro nonasieHus (NMS — non-maximum suppression) mpu tectupoBanuu. Mpes
anroputMa NMS 3akmouaeTcst B OTCeBe IyOIUPYIOMIMXCS MPSMOYTOJIHHHUKOB M COXpPaHEHUHU
TOJBKO HanboJee BEPOSTHBIX M TOYHBIX OTPAHMUYMBAIOIIMX PAMOK JIJISl KaXKJI0T0o OOHAPYKEHHOTO
00BEeKTA.

[Tapametp Ilepen npumenenuem NMS npu TeCTUPOBAHHUM OIPEIEISAET, KAKOE KOJTUYECTBO
pEeruoHOB OylAeT OTOOpaHO MpU TECTUpOBaHMHM ceTH Tmepen npumeHeHueM NMS ¢ 1ensio
yCTpaHEHUs MHOKECTBEHHBIX cpabaThIBaHUN HA OTHOM OOBEKTE.
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[Tapametp Ilocsie nmpumenenuss NMS npu TECTUPOBAHUU OINPEIECIAET, KAKOE KOJIUYECTBO
peruoHoB OyeT 0TOOpaHO NIPHU TECTUPOBAHUU CETH MOcie mpuMeHeHuss NMS ¢ 1enbro ycTpaneHus
MHOYECTBEHHBIX cpabaThIBAaHUI HA OJJHOM O0OBEKTE.

B pazzgene 3arpy3uHMk JaHHBIX B 3aBUCHMOCTH OT MMEIOIIMXCS BBIYUCIUTEIBHBIX PECYPCOB
ykaxkute KosmmyecTBo MOTOKOB /U151 3arpy3KH JaHHBIX (3HaueHue 0 7S MCTIOIB30BAHUS OJJHOTO
MMOTOKA).

B pa3znene 3arpy3uHMk AaHHBIX B 3aBUCHMOCTH OT MMEIOIINXCS BBIYHCIUTEIBHBIX PECYPCOB
YK@KHUTE, KaKoe KOJMYECTBO H300pakeHUil OyIeT 3arpykarbCs KaXIbIM IOTOKOM (IToJie
N300pa:kennii B moroke:, 3HaueHue 1 1yis 00paboTKH 01HOTO N300paKEHHS).

[Tone Mopor odnapy:xkenusi npu TecrupoBanum (0-1) mo3BosisieT 3agaTh HIDKHHNA TOPOT
BEPOSITHOCTH MPUHAIISKHOCTH OOBEKTa KIAcCy, IPU KOTOPOM OTpaHUYMBAIONIasi paMKa Oynaer
oToOpakaTbcsi Ha  BBIXOAHOM  H300pakeHMu. OOBEKTHL, O0JIANAIONINE  BEPOSITHOCTHIO
MPUHAJICKHOCTH KJIACCY HIDKE YKa3aHHOW TpaHHIlbl, He OyayT MOMeuYeHbl OrpaHHYMBaIOIIEH
pamKoil. 3HadeHue nmopora 0OHapyKEeHHUS MPU TECTUPOBAHUH JOJKHO OBITH 33JJaHO B IMAIa30HE OT
Omol.

[Tone Koadppuument nepecevenusi Haa oobenumHeHueM (0-1) mo3BosieT 3a1aTh 3HAUCHHE
cooTBeTcTBytomEeld Merpuku. Kosddumment mepeceuenust man oobemunennem (IoU) - merpuka
JIOCTOBEPHOCTH TOJIOKEHUSI OTpaHUYMBAIOLIEH paMKH, OIpenenseMas Kak OTHOLIEHUE IUIOIIAIu
MepEeCceUeHNs] MpeJCKa3aHHOM W MCTMHHOW pPaMOK K IUIOMAAM UX oObenuHenus. Ecim paMku
coBceM He mnepecekatorcs, loU = 0. Eciu onm uaeanbHo coBnagarot, loU = 1. 3HaueHue
K03 uIMeHTa JOHKHO OBITh 3a/1aH0 B npeenax ot 0 1o 1.

Hns  Ceru mpemnoxenuss peruoHoB (RPN) wumeercss BO3MOXHOCTb KOPPEKTHPOBKU
noporoBoro kod¢p¢uuuenta 10U (intersection over union - mepeceveHune Hajg OOBEAUHEHHEM).
ITapamerp Iloporosbiii koddgduument IOU pus RPN ompenenser HMKHIOI U BEPXHIOIO
IpaHUIbl, IPU KOTOPBIX OOBEKT KiIaccuuuupyercs au00 Kak “mpeCcTaBisSIIOIIMN nuHTEpec” (ecau
IoU > 3apmanHoro 3Hauenwsi), mu6o kak “pon” (ecnmu loU < 3amaHHOrO 3HaUeHwWs). 3HAUCHHUE
BbIOMpaeTcs B nuama3one ot 0 1o 1.

B none MakcumMajibHOE KOJINYECTBO 00bEKTOB HA H300paKeHUH YKaXUTE MAaKCHUMaIbHOE
YHUCIO OOBEKTOB, KOTOpPOE MOXKET ObITh HaiiieHo Ha u3o00pakeHuu. [lapamerp ompenenser
BEPXHIOIO TPAHUILy KOJUYECTBA MPOTHO3UPYEMBIX OOBEKTOB. 3HAUCHHME BBIOMpAETCS MCXOJS U3
IUTOINAH, 3aHUMAaeMON MUHHMAJIBHBIM MO pa3MEpHOCTH OOBEKTOM, M TEOPETHUECKOH MIIOTHOCTH
pacroyiokeHust 00bEKTOB Ha U300paKEHUU.

B pasnene Pexum pabdorbl BbeIOEpUTE, HAa KakOM YCTpoOilcTBe OyneT BBINOJIHATHCS
oOHapyxkeHHe o00BekToB. OHO MoOXeT mnpoBoauThcs Kak Ha mporeccope (CPU), tak u Ha
Buzieokapre ¢ ucrnoib3zoBanueM CUDA (apXuTekTypa mapajielbHbIX BBIYUCICHUHN U1 BUACOKAPT
NVidia).

Haxarue kHonku I1o yMOT4aHHMIO BEPHET BCE JOIOJIHUTENBHBIE HACTPOMKHY K 3HAUEHUSM I10
YMOJIYaHHIO.
Haxatne kHONKM 3aKPBITh MO3BOJIUT 3aKPHITh OKHO C JIOTIOJIHUTEIbHBIMI HACTPOUKAMHU.
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