@ PAKYPC

CoBpemeHHOe COCToOAHUEe U
TeHAEeHUUU PaanoNOKaLUOHHOMN
CbeMKU U3 KOCMOCa.

BoamorkHoctu MO PHOTOMOD Radar

KoMMepueckunm pupexktTop
UekypurH AnekcaHap
AMutpurnesny

°

CoeMecTHaa MeXKayHApoAHAA HAYYHO-TEXHNYECKASA KOoHbepeHuma

«UNDPPOBAA PEANBHOCTb: KocMUYecKue 1 NpoCTPAHCTBEHHbIE AQHHbIE, TEXHONOIMKM O6PABOTKIN

6-9 ceHTabpsa, 2021 | MpkyTck, Poccus



OCO6eHHOCTU PAANONOKALMOHHOW CbEMKM @ PAICYPC

Mpoekuua OAHa nnn HeCKoNbKoO OAWH NN HECKONBKO Amnnutyga n
HaKNOHHOMW AaNbHOCTY nonapusayuin YaCTOTHbIX KaHaNoB OEEER TG ENE
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O6nactu npuMmeHeHns paHHbIX PCA :

*  KOHTpO/b 32 Ype3Bbl4yaliHbIMU CUTYALUAMM
* MOHUTOPUHT UHOPACTPYKTYPbI

*  O6HapyrKeHue HedTAHbIX NATEH

*  O6Hapy»xeHue Kopabnei

*  KoHTponb nenoBon 06CTaHOBKM

¢ CenbCKOE X03AMCTBO

*  CosgaHue LUMP

*  Kaptorpadus

M mHoroe gpyroe...

BO3MOXXHOCTUN POANONOKALUNOHHOU CbEMKU

PAKYPC

e



@ PAKYPC

HauuoHanbHble cuctembl KA ¢ PCA

Bcero cenyac Ha opbuTte
66 annapaTos:

39 rpaXa4aHCKUX

27 BOEHHbIX

MW [paxkaaHckue KA | BoeHHble KA



CocTofiHMe n NnepcneKTnBbl PAAUONOKALMOHHON CbEMKM @ PAKYPC
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PHOTOMOD Radar. Bozamo)xHoCTH PAKYPC

‘% PHOTOMOD Radar [_[oIx]
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PHOTOMOD Radar o6ecneuunBaet cneayrowme GyHKLUNN:
MMMOPT U MPOCMOTP PAANOJIOKALLMOHHbIX CHUMKOB;

°  reoMeTpuyecKas KoppeKkuus;

°  yJyylWeHWe BMU3yasbHbIX CBOMCTB;

°  aHa/M3 1 BblAE/IEHNE XapPaKTEPUCTUK;

*  ¢dopmupoBaHue LIMP cTepeo 1 MHTeEpHEPOMETPUYECKUM METOLAMMU;

°  OLEHKa CMeLLEeHMN NOBEPXHOCTM MeTo40M AnddepeHLManbHoM MHTepdpepomeTpuu;

°  KnaccMduMKauma Ha OCHOBE NOIAPMMETPUYECKOTrO aHaIN3a;

°  0bOHapy»KeHWe 1 oLEeHKa XapaKTePUCTUK CY[0B;

°  OUEHKa NapaMeTpoB MOPCKOM NOBEPXHOCTHU;

*  0bHapyKeHue pa3nnBoB HeGpTU Ha MOPCKOM NOBEPXHOCTY;

°  OUEHKa NapaMeTpoB ABUKEHUS OO BHEKTOB;

°  0bOHapy)KeHWe N3MEHEHUIN KOTEPEHTHOCTM MO Nape CHUMKOB;

© uTA 6



PHOTOMOD Radar

2800000 D))

MpoaykTbl ypoBHA O (ronorpammebil)

MpoAayKTbl ypoBHA 1 (CHUMKMN)
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TemaTunyeckue NnpPoAYKTbI

K norpeburenam

@ PAKYPC



PAKYPC

Ctpyktypa PHOTOMOD Radar. BHyTpeHHU popMaT — K/H0HEBOM 3N1EMEHT
nHtepderca

PBCTpOBbIe AdaHHble, NpeactaBAE€HHbIE BO BHYTPEHHEM d)opma're

Wmnopt/ npocmoTpa A O6paboTka
JKcnopT 2D /3D

v
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Mpumepbl 06paboTKM AGHHBIX Sentinel-1 PAKYPC

MNocTpoeHne mopenu BbiCOT NOBEPXHOCTM METOAOM ABYXNPOXOA4HOU uHTepdepomeTpum

bpasnnuna
CHumKum Sentinel-1, SLC Stripmap, HV
08.06. 1 14.06.2019



NMpumepbl 06pPA6O0TKU ACGHHDbIX Sentinel-1 PAKYPC

06Hapy)'KEHMe HaABOAHDbIX CyAOB U OLLEHKa UX XaPaKTEPUCTUK

Sentinel-1A, 11.02.2020, lmbpantap, GRD, peknm nHtepdpepomeTpuyeckuii LiMpokosaxsaTHbl IW, nonapusaumna VV
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Capella

Spotlight
Sliding

Spotlight
Stripmap

S5kmx5km 0.5m
5 km x 10 1.0m
KM

KM x 20 1.2m

KM

PAKYPC

[0 500 M,

Spotlight | Sliding Spotlight | Stripmap
HH

MpaBOCTOPOHHMI U TIEBOCTOPOHHMUM

Capella-2: -48.9° to.w to +48.9° c.w

25° - 40° (CTaHAapTHbIM)
15° - 45° (PacLuMpeHHbIit)
5°-45° (Mo 3anpocy)




Capella

@ spot_slc_geo.rdp

dain

Pexxum

Nzo6paxeHue

AHanus

Bektop [Mpwueaska

Bug

PAKYPC

Capella-2 (Sequoia)
Nenkebio, Kanndoprums, CLLA
SpotLight, SpotGEO

PaspelweHune (oueHKa cpeacTsamm
PHOTOMOD Radar):

- 0,3 M No AanbHOCTH

- 0,6 m no asumyTy
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Capella PAKYPC

Bponu, KanndopHus, CLUA.
Capella-2 (Sequoia). Stripmap, SpotSLC.
Pa3peweHue 0,8 m no ganbHocTh, 1,2 m no asumyty. FeokoguposaHue B MO PHOTOMOD Radar




Iceye PAKYPC

ICEYE

[o 500 Mr'L,

Spotlight | Sliding Spotlight | Stripmap
HH

MpaBOCTOPOHHMI U NEBOCTOPOHHMUM

Capella-2: -48.9° to.w to +48.9° c.w

25° - 40° (CTaHAapTHbI1)
15° - 45° (PacluMpeHHbIN)
5° - 45° (Mo 3anpocy)

Spotlight 5kmx5km 0.5
Sliding 5 km x 10 1.8W

Spotlight KM

Stripmap KM x 20 1.2m

KM




Iceye PAKYPC

ICEYE-X4 33 07.04.2020 Ha TeppuTtoputo Mpeunu.
YpoBeHb 06paboTkn — SLC), pexkum — StripMap
Ha3emHoe paspelleHme 3x3 m, pasmep cueHbl 30x50 Km

RIS LN e w8 s e 34



PHOTOMOD Radar. HanpasneHus passutus:

* [lapannenbHbie BbIYUCAEHUA

*  KpoccnnatpopmeHHOCTb

*  MoaynbHoCTb

* MeToa NoCTOAHHbIX OTpaXKaTenen (beta TectMpoBaHue)
*  Metoa manbix 6a30BbIX NMHUN (beTa TecTMpoBaHue)

*  ANroOpUTMbl COBMELLLEEHNA N300parKeHn

*  Mcnonb3oBaHMe HENpPOCETEN ANA NOUCKA OO BHEKTOB

@ PAKYPC



PHOTOMOD Radar. HanpaeneHus pasBuTus @ PAKYPC

ABTOMATUYECKOE COBMELLEHNE PaAMON0KALMOHHbBIX U ONTUYECKUX U300paXKeHNIn»

XapaKTepHble 06BEKTbI A5

COBMELLEHUA:
°  TOYKM

‘ °  OTpe3Ku (KoHTYypblI)
* obnactm

MI(A,B) =H(A) + H(B) — H(A,B),
rae H(A), H(B) — sHTpoOIuH,
H(A, B) — coBMecTHasl SHTPOIHS




PHOTOMOD Radar. HanpaeneHus pasBuTus @ PAKYPC

ABTOMATUYECKOE COBMELLEHNE PaAMON0KALMOHHbBIX U ONTUYECKUX U300paXKeHNIn»




PHOTOMOD Radar. HanpaBneHusa pa3sutus PAKYPC

Npnumep coemeleHma P/IN - P/1IU

Annapart TerraSAR-X
MecTo cbemKku FOAP, KeintayH
[aTbl CbeMKun 6.08.2008, 17.08.2008

PaspelweHune 2 M




PHOTOMOD Radar. HanpasneHus passutus PAKYPC

Npumep cosmeweHna PJZIN - OnTtuka

Annapart Sentinel-1, Sentinel-2
MecTo cbemKun Cyeu, Ervnet
[laTta cbemKkun 27.03.2021, 29.03.2021

Pa3peweHue 10 m




PHOTOMOD Radar. HanpaeneHus pasBuTus @ PAKYPC

Mpumep cTteka P/IA

Annapat Sentinel-1
MecTo cbemKu KepueHcknin nponus
Kon-Bo CHUMKOB 40

[Nepnopn cbemku Mati 2015 — Hosbpb 2017

PaspelweHue 10 m




PHOTOMOD Radar. HanpaBneHusa pa3sutus PAKYPC

O6HapyKeHUe 06BEKTOB ¢ UCNO0Ib30BaHMEM HEMPOCETEBbLIX a/IOPUTMOB

* O6beKTbl Ha P/IN npeacTaBnieHbl B BUAE HABOPOB APKUX TOYEK

* M3meHeHwWe paKypca HabntogeHa meHAT Habaoaaembli pafuonoKaLMoHHbIM nopTpeT (P/1M)

* OrtcyTcTBYIOT B cBO60OAHOM AocTyne Habopbl P/IM pasHbIXx Mogenein camosieTos, KOTOPbIN bl y4UTbIBAN
pasfiMyHble bl HAbAAEHWUA PAAMOIOKATOPA, PAKYPC LLIeIM U KOHKPETHbIe NapameTpbl CbeMKuU

* CyuwecTBytolMe HeMpPOHHbIEe CETU He Y4nTbIBatoT ocobeHHocTn P/TN

TycoH, aBnabasa BBC CLLUA

«JleBuc-MoHTEH».
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O6Hapy)XeHne 06BbEKTOB C MCNO/Ib30BaHUEM HelipoceTeBbIX a/IOPUTMOB

OCo6EeHHOCTU CYLLECTBYHOLLErO reHepaTopa 3Ta/IoHHbIX N306paXkeHU:

CreHepupOBaHHbIN 3TaNoH B-52
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dakTnyeckuii Bug, B-52 Ha peansHom P/

PAKYPC



PHOTOMOD Radar. HanpaBneHusa pa3sutus PAKYPC

O6HapyKeHUe 06BEKTOB ¢ UCNO0Ib30BaHMEM HEMPOCETEBbLIX a/IOPUTMOB

PeanbHble n3obpaxeHua
MN306pakeHuns
PeanbHoe MHTepecytoLero obbekTa e ObbeKTbI-
3TanoH o0b6beKTa n3ob6parkeHune(-a) 1 / UK cuHTETUYEeCKasn nomexu
NoBEPXHOCTU
0b6beKTa BbI6OPKA

KoppensaumoHHbiit aHanms (otbop
3Ta/IOHOB NO MaKCUMyMy
KOPPENALUOHHOM OYHKLMK)

.| PopmwuposaHue
"| o6yuatoweit BbIGOpKU
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PAKYPC

ApxuteKktypa Faster-RCNN-FPN

Input Image
BGR, H W

Backbone Network

Region Proposal Network

H objectness

Py 3ch y
[ 1000 box :

anchor deltas proposals :

3x4ch :

RPNOQutput
StandardRPNHead

class logits:

: g1ch M3
254 channels each : j ; T——>100 boxes

atten : : ROl Heads
bbex predictions FastRCNN

Feature Pyramid Network FPN : goxach @ Outputs (Box Head)

FastRCNN  FastRCNN
ConvFCHead OutputL:

g

GeneralizedRCNN




PHOTOMOD Radar. HanpasneHus passutus PAKYPC

Pe3ynbtatbl 06HapyxkeHus Faster-RCNN-FPN

°  96.2% 06beKTOB OOHAPYHKEHbI U NPaBUIbHO
KnaccuéduumposaHbl (279 13 290)

*  3.8% 06bEKTOB He bbbl obHapyKeHbl (11 13 290)

8 NOXKHbIX cpabaTbiBaHWM



@ PAKYPC

Cnacunb6o 3a BHUMaHue!

6-9 ceHTabpsa, 2021 | Nipkytck, Poccusa
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