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B nacmosiwyee epems omcymemeyom sKChepumMenmyl no UCCie008aHUI0 OMPANCAMENbHBIX CEOUCME
3EMHbIX NOBEPXHOCTET C NOMOUbIO KOCMUYECKUX ONUHHOBOTHOBBIX NOIAPUMEMPUYECKUX
Paouoiokamopos ¢ cunmesuposaunou anepmypou na HVu VH nonapuzayusx. OOHO8peMerHO ¢ 3mum,
aemopam npedcmasieHHol pabomul He U3BECTHbL AHANU3bI NPUHYUNA 83AUMHOCIU KPOCC
ROAAPUZAUUOHHBIX PAOUOLOKAYUOHHBIX uzoOpaxcenutl nalHVu VH. B 0annoii pabome npeonpunsma
nonvimKka ucnoavzosams camoaemuvie PJIM na HV u VH nonsapusayusx 6 POouanasone 0ns usyuenus
npunyuna é3aumuocmu. Mcnoavsosanucs pe3yivsmamsl 00HOBPEMEHHOU CbeMKU HA 8CeX NOAAPUSAYUAX 8
Pouanazone semnoii nosepxnocmu ¢ 6opma camonema. J{ns oyenxu e3aumnocmu uzobpasicenuti ha HV u
VHbvi1a npednosicena memoouka, OCHOBAHHAS HA KOppeasyuonHol oopabomxe PJIU.
Ipeosapumenvhvlil ananusz IKCNEPUMEHMATLHBIX OAHHBIX NOKA3A, YMO eeauyuna ezaumuocmu PJITH
usobpasicenuti va HVu VH norapuzayuii 3aeucum om mexHuyecKux Xapakmepucmux annapamypbi,
VCI08ULL NPOBEOeHUsl IKCHePUMEHMA, a maKdice 81u0d NOOCMUIAiowell NOBePXHOCHU.

Kniouesvie cnosa: paduonokamop ¢ cunme3upoganHoll anepmypo, 63aumMHOCING pAOUOLOKAYUOHHBIX
uzobpaxcenus na HVu VH noaspusayusx, mexuuyeckue Xapakmepucmuxu padapa, CKOpocms HOCUMES.

Preliminary analysis of experimental HV and VH images from polarimetric aircraft
synthetic aperture radar of P-band
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Currently, there are no experiments to study the reflective properties of Earth's surfaces using space-
based long-wave polarimetric radars with a synthesized aperture at HV and VH polarizations. At the
same time, the authors are not aware of experiments on the experimental study of the principle of
reciprocity of cross-polarizing radar images on HV and VH. In this paper, an attempt is made to use
aircraft radar on HV and VH polarizations in the P and L ranges to study the principle of reciprocity. We
used the results of simultaneous shooting at all polarizations in the P range of the earth's surface from
the aircraft. To assess the reciprocity of images on HV and VH, a technique was proposed based on the
correlation properties of RLI. A preliminary analysis of the experimental data shows that the magnitude
of the reciprocity of the radar images on the HV and VH polarizations significantly depends on the
technical characteristics of the equipment and the conditions of the experiment.

Keywords: synthesized aperture radar, reciprocity of radar images on HV and VH polarizations,
technical characteristics of the radar.

BBenenue

KocMmuueckue NOJIAPUMETPHUICCKUC PAIHUOJIOKAIUOHHBIC CTAHIIUU C CHHTCSHPOB&HHOﬁ
aneptypoii (PCA) mumpoko NMpUMEHSIOTCS JJIS JUCTAHIIMOHHOTO M3YyYEHHUS 3€MHBIX TTOKPOBOB.
HGCMOTpﬂ Ha TO, 4TO I[HHHHOBOHHOBBIﬁ ,[[GLII/IMeTpOBBIﬁ Auana3oH TMEPCICKTUBCH IJId TAaKOI'O
NPUMEHEHHUS, MPU PACCMOTPEHUH €ro HCIIOJIb30BAHMS BO3HHUKAIOT BOIPOCHL, CBSI3aHHBIE C
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BausHUEM woHochepbl 3emmu [1, 2]. Ilemp »3Tux paboT CBsA3aHA C BO3MOXKHOCTBIO
ucnosb3oBanus PJIM PCA s u3aMepeHuss HHTErpaJibHOM KOHIIEHTPALMU 3JIEKTPOHOB HA Tpacce
cnyTHHK-3eminsi [2], a Takke KanmuOpoBku mnoispumerpuueckux PCA  IIMHHOBOJIHOBOTO
nuamnaszona [1].
MHorouncieHHble paboThl, KaCalOMIUEecs 3TO MPOoOIeMBbl, IPEANOIATratoT, YTO

A) CobmroaeTcsi MPUHIUI B3aUMHOCTH OTPAXKEHUSI 3JICKTPOMArHUTHBIX BOJIH OT 3€MHOM
NOBEPXHOCTU JUIsl KpOCC MOJSPU3ALMOHHBIX KOMIIOHEHT B MATpHUILE OTPaKEHUS OT 3EMIIH,
HEB3Mpasi Ha TUII TOBEPXHOCTHU

L, L

B) Usmepenne maTpuibl 0OpaTHOTO OTPaKEHUS S OCYIIECTBISETCS IS HEMOABUKHOTO
HOCHTEJIA,
B) MenkomaciirabHble HEOJTHOPOJHOCTH HOHOC(EPHI B IEPUO]T H3MEPEHHS HE MEHSAIOTCS.
B ocHoOBy permieHust 3Toro Bompoca aBTOpbl OEpyT Yrojl MOBOPOTA MJIOCKOCTH MOJISPU3AINN
IJIOCKO TIOJIIPU30BAHHOW BOJIHBI HA Tpacce CHYTHHUK-3eMisI-CyTHUK. Clep XKuBaromuM
(GakTOpOM TNPOBEPKH TMPABWIBHOCTH TEOPETUUYECKHX HWCCIEAOBAHUN SBISETCS TO, YTO JI0
HAaCTOAIICIO BPEMCHH HE 651.]10 HHU OJHOTO KOCMHYECCKOI'O BKCHepI/IMeHTa, BBIITIOJIHCHHOTO C
OMOIIbI0 JUTMHHOBOJIHOBOU PCA.

AHaJHM3 CaMOJIETHBIX Kpocc noysipu3annoHusix PJIN

Buumarensnoe paccmorpenue PJIM mokaseiBaer, uto Ha HV u VH nonsgpuzanusx B
dopmare amMIIUTYAbl OHUM HE WICHTUYHBI. B KauecTBe mpumepa, Ha puc.l Ui cpaBHEHUS
MpeACTaBiIeHBl OAHU U Te ke (parmenTsl PJIM P nuama3ona, CHATBIE OJHOBPEMEHHO B OJHOM
3axone Ha HV u VH.

parmenT Ne3

Puc.1. ®parments! PJIU B P nnana3zone cHATHI 0AHOBpPeMeHHO B oHOM 3axoae Ha HVu VH ¢
HHTEPBAJIOM, PABHBIM NEPHOAY NOBTOPEHUS 30HAUPYIOIHMX HMITYJIbCOB.

@®parmentsl Ha HV u VH, npexncraBnenHsle Ha puc.l,nonydaroTcss yepe3 MUHTEpBaJl BPEMEHU,
COOTBETCTBYIOUIMNA TEPUOAY MOBTOPEHHUS 30HIMUPYIOIMX CUTHAIOB Ha H m V momspuzanmsx
(cMerieHrne HOCUTENs 32 3TO BpeMsl COCTaBISUIO MOpsaka 2-x meTpoB). Eciau pazmuuus B PJIN
MEJIKUX 3JIEMEHTOB MOXKHO ObLTO Obl OTHECTH K BiusiHUIO nepemenieHuss PCA 3a stot nepuos,
TO WU3MEHEHHUE OYepPTaHWN HEOJHOPOTHOCTEH HE YKJIAQJbIBAETCS B Takoe OObsICHEeHHEe. Takum
00pazoM, MPOBOJIUTH COIMOCTABJICHUE B3aMMHOCTH KPOCC MOJSPHU3aNMOHHBIX KommoHeHT PJIN
0 MUKCEJISIM HE UMEET CMBICTIA.
DyieMeHThI MaTpulbIL 1 3KCIIEpUMEHTaIbHO U3MepeHHbIe 3HaueHus PJIN
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S, S
SIBIIIIOTCS KOMINUIEKCHBIMU BenumunmHamu. Ha JaHHOM OTaIl€ UCCI€A0BaHHUA Mbl IIPCAINIOIOXNIIN,
YTO MNPUHOUIT B3aUMHOCTH KOMIUICKCHBIX PAAWOJOKAIMOHHBIX H306pa)1(eHI/Iﬁ S, 1 S, MOXHO

pacnpocTtpanuTh kak Ha PJIM B ¢popmate ammiutyasl (A), Tak u B opmate ¢assl (@) .JlanHoe

MPEANOJI0KEHHE BBIIBUHYTO C LI YIIPOCTUTh PACCMOTPEHUE MOJIYyYaeMbIX PE3yIbTaTOB s
JTy4IIero moHuMaHus. PeanbHO TpeOyeTcsi MPOBOAMTH aHAIW3 ITHX KOMIIOHEHT B (hopmate

KOMIUIEKCHBIX 3Ha4eHui A, e u A,e'” . KooppuimenT Koppensuun Takke OKashIBacTCs

KOMIUTIEKCHBIM. COnocTaBiI€HUE TOXKE MPUAETCS MPOBOJAUTh HA OCHOBAHUM PEAIbHOW U MHUMOU
yacTen.

[Ipexxne dyem mepexonuTh K aHamu3y, ObBUIO PEIIEHO HCCienoBaTh moiydaembie PJIM B
dbopmare mHTEHCMBHOCTH M ¢a3pl. Kpatko o mapamerpax u3zoOpaxkeHuii B P amamazone. B
Pnuanazone: pasmep mnukcenss 8 METpPOB Kak MO JAJbHOCTH, TaK U MO a3UMYTY; 4acToTa
MOBTOPEHMSI U3JIYYCHHUSI MEHsIACh TAKMM 00pa3oMm, 4ToOsl nzoopakennss HVu VHnonspuzamnmii
3a CYET JBMIKEHHS CaMOJIETa MOIYyYaluCh Yepes /[, ¢ = 2M (M3MEHEHHE pa3mMepa MEPEKPHITHA

30H O0JIy4eHHs COCTaBIISIO ~25%).

MeToauka uccjieI0OBAaHUSA PAJUOJOKANMOHHBIX U300paKeH Uil

B kaudectBe McXonmHBIX AaHHBIX Opamuck PJIM B ¢dopmaTe MHTEHCHMBHOCTH WM (ha3bl,
COBMEIIeHHBIE 10 ofaHOoTo nukcens. Ha ¢parmentax PJIN B ¢popmare MHTEHCUBHOCTH B JIFOOOM
MecTe BBIOMpacs y4yacTOK IPOU3BOJIBHON BEIMYUHBI U (POPMBI CM.pHC.2.

Wsobpaxcerma kp3d_hv u kp3d_vh

Puc.2 ®parmentsi PJIU P nnana3ona B (popMmaTte HHTEHCUBHOCTH uisi HV u VHnoasipusanmii ¢
BbIICJICHHBIM Y4aCTKOM.

B pe3ynbrare MOKHO BHIYUCIIUTH

a) 3HaueHue K03 UITMEHTA KOPPESIUU N300pakeHni B BbIeJIeHHOM yuacTke PJIU;

0) [lepemerienne BbIICTICHHONW 00JACTH HA OJJHOM M3 M300paKEHUU 1O AaTbHOCTH (X) WIH
1o a3uMyTYy(y) MO3BOJISIIO MOTYIUTh (PYHKIIMH KOPPETISIUH 110 X WUJH Y;

B) Omnpenenenue kod(pdUIIMEHTa KOPPEISAIMA TPU OJHOBPEMEHHOM IE€pEeMEIICHUN
BBIOpaHHOTO Yy4acTka mo oOowMm PJIM mo3BoisieT BBIIBUTH (IIIOKTyauu KO3 GUIIMESHTA
xkoppensimnt HV u VH u3o0paskeHuii 1O [aidbHOCTH M a3UMYTy. JTa oOmepanus HO3BOJSET
BBISICHUTh BO3MOXKHO€ BJIHMSHUE BHJAA MOJCTUIAIONIEH MOBEPXHOCTH HAa B3aUMHOCTH KpOcCC
MOJISIPU3AIMOHHBIX U300paXKEHHIA.

Uccnenosanus B3aumHocTu PJIM Ha Kpocc monsipu3alusx OCHOBBIBAIMCh HA METOAAX
KOPPEJSIIIMOHHON 00pabOTKM CHUTHAjIoB. Takoil MOAXOJ TO3BOJIMI UCKIIOYUTH BIIHSHHE
texuudeckux paznumunii PCA tpakrtoB Ha H m V monspusamnusx npu oamHaKoBON o0OpaboOTke

310



rojorpapuueckux naHHeIXHV un VH nonsgpuszaumit. B pesynbprate Ha B3aUMHOCTH KpPOCC
MO PU3AIMOHHBIX KOMIIOHEHT PJIN MoryT okasaTh BIUsSIHUE:

1) [Bwxenue Hocutens - wu3oOpaxenus Ha HV u VHnomspuzanmusx momydarorcs
HEOJHOBPEMEHHO, a €O BPEMEHHBIM CIBUIOM, PAaBHBIM IIEPUOAY IIOCBUIKM HMITYJIBCOB.
Nzobpaxkenuss Ha HV m VH nomspuzanusax momydyaroTcst OT pPa3iINYHBIX y4YacTKOB 3€MHOM
IIOBEPXHOCTH, CIIBUHYTBIX HAa PACCTOSIHUE, COOTBETCTBYIOLIEE MIEPEMELICHAIO HOCUTEIIS 3a BpeMs
OHOTO nepuoaa u3nydeHus umnynbcoB PCA. MoKHO NpeamnosoKuTh, 4TO MaKCHMAalIbHOE
3Ha4YeHue Ko3((UIMEHTa KOPPENsALMM YMEHBUIMTCS Ha BEIMYMHY HW3MEHEHMs IUIOIIAJeH
nepekpbITHs. [l Hamero ciydyasi OLEHKHU IT0Ka3bIBaOT, YTO 3TO MOXET OKa3aThCs B pailioHe 15-
20%.

2) OrcyTcTBHE TBEPIOTO JAOKa3aTelbCTBA B3aMMHOCTH wu300pakennid Ha HV um VH
nojsipu3anuax. JlaHHOe IPEeAnonoXeHWe MOXKHO IPOBEPUTH IO HM3MEPEHHAM 3HAYCHHU
ko3 duureHTa Koppeasiuuu OT pa3HbIX o00BbekToB. Hambosiee yOeauTenbHO 3TO MOMKHO
BBIIOJIHUTh 10  H3MEPEHUsIM  KOI(PPULIUEHTOB KOPpEJSILUU OT Pa3HbIX OOBEKTOB,
PacIOIOKEHHBIX Ha PA3HBIX PACCTOSHUSAX MO JATBHOCTH, UL OJHOTO M TOTO XK€ (parMeHTa
n3o0pakenuss. Kak orTMeuanoch panee, comoctaBieHne wuzobOpaxennidi Ha HV umw VH
NOJSIPU3ALMAX B aMIUIUTYAHOM (QopMare Mo OYeHb MalIOMy BBIOpAaHHOMY Y4YacTKy Oyzer
NPUBOAUTE K OonbuM ¢uiykTyanusm. IloaTomy pa3mep 1o yCpeJHEHHIO COOTBETCTBOBAJI OKHY
Ha n300paxenusx, cocrosuemy u3 1000 — 3000 nukceneii.

PesyabTaTsl Hcciie10BaHU M

Kak orMedanoch BbIllIe, aHAJIW3 BBIMOJNHSUICS JUISI PE3YJIBTATOB PATHOIOKAIMOHHBIX
n3o0paxeHnii B ¢opmare uHTeHCHMBHOcTH W (a3pl. Ha puc.3 (B kadecTBe mpumepa)
MPEACTaBICHBl (PYHKIIMA KOPPEISAIMHA TO JallbHOCTH (X) u300pakeHuid B  Qopmare
uHTeHCUBHOCTU M (pa3wl At HVu VH nonsipuzanumii (okHO anst ycpennenust nmpuMepHo 3000
MTUKCENEH).

i aa fas QT S Ao

A daate |

a 0 B
Puc.3. ®yHKUHMH KOPPEJSIMHU 10 AAJbHOCTHAIA n300pakenuii HV u VH noasipuszanuii mo ogHoii
CTpoKe B (popMaTe HHTEHCUBHOCTH (), B yBeJIH4eHHOM MaciuTade (0) u B popmare Ppa3bl (B)(0OKHO
st yepeagnenus ~3000 nmukcesei).

@®opmMa U MHTEHCHUBHOCTH IOJYYEHHBIX 3aBUCUMOCTEH MEHSIETCSI OT TUIA TMOBEPXHOCTH.
MakcumanpHOe 3HaueHHe Kod(p@HUIMEeHTa Koppensuud B (opmare HMHTEHCHUBHOCTH He
npesbimano ~0,83, a B ¢dopmare ¢aspr abcomorHoro 3Hadenuss >0,3. CormacHo Tabmuie
Yennoxka[ 3 |Jxoppemnsius o daze mexay PJIM na HVu VHnonsipuzanusx orcyTcTByerT.

Tak Kak MpUHUMAEMbIE CUTHAJIbI SBJISIIOTCA KOMIUIEKCHBIMU 10 CBOEH MPUPOJIE, TO OLEHKY
B3aMMHOCTH KpOCC TOJSPU3ALHOHHBIX KOMIOHEHT MOKHO TPOBECTH HEMOCPEACTBEHHO B
dbopMaTe KOMIUIEKCHBIX BenwuuH 1o [Tupcony. OyHKIMS KOPPETSIUN SBISETCS KOMIUIEKCHON
BenuurMHOM. OHAa COCTOUT W3 PEATbHOW W MHHUMOW KOMIIOHEHT (B KauyecTBE NIPHMEpPa CM.
puc.4a.). AHanOru4HO TOMY, Kak ctpoutcs PJIM B popmare aMIutuTyabl, BEIYUCTSICTCS (PYHKITHS
KOPPEJSILIMK KPOCC MOISPU3ALMOHHBIX KOMIIOHEHT B (popMaTe aMILTUTY/IbI CM. puc.40.
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Puc.4. ®parmMeHTHI peajibHOI 1 MHUMOIi YacTeii (a) 1 aMIUTUTY1a KOPPeJISIIIUOHHO (PYHKIMUTIO
JaJTbHOCTH KPOCC MOJSIPU3alMOHHBIX H300paxennil Ha HV u VH noasipmzanusx.
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Puc.5. 3aBucumocts k03¢ (puIIeHTa KOPPeJSIUH 10 JATbHOCTH Ui aMiiuTyasl PJIA
H300paKeHusI M AJ11 AMILUIMTY/AbI KOMILJIEKCHOTO H300paskKeHusl, COOTBETCTBYIOLIUX AIBYM
MO0JIOJKEHUSIM camMoJIeTa.

Ha puc. 5 npencraBimensl 3aBUCUMOCTh Kodbdumumenta koppemsiuuu PJIM B dopmare
AMIUIMTYABI W, IJid CpPaBHCHUSA, 3aBUCHUMOCTb aMIUIMTYAbl KOMIUICKCHOI'O KOE)(b(I)I/ILII/IGHTa
KOppeJSAIUKA OT JainbHOCTH s n3oOpaxennit Ha HV u VH nonspuzanusx npu aByx (a u 0)
MOJIOKEHUSAX camolieTa. HecMOoTpsi Ha KadeCcTBEHHOE COBIAJIEHUE, KOJIMYECTBEHHO OHU
pa3IMyaroTCs.

3akiaro4enue

IIpensapurensusle uccnenosanus B3aumHoct PJIM ma xpocc HV u VH mnonspusanmsx
NIOKa3aJli, YTO U300paKEHUs He UICHTUYHBI. Pa3HOCTh 00BSCHSETCS:

1) Bo-mepBbiX, ABMKEHHEM camonera. B pesynbrate Kod((HUIMEHTH KOPPEISLIUN HE
JOCTUTAIOT BEJINYUHBI €AMHHUIIBI;

2) Bo-BTOpBIX, KOAPPHUIHUEHT KOPPEISALUN 3aBUCUT OT TUIA MOJCTHIIAIOIIEH TOBEPXHOCTH.
[Tony4yeHHble pe3ynbTaThl TPEOYIOT JONOIHUTENBHBIX UCCIIEIOBAHU.
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Paboma evinonnena 3a cuem 0100xcemHo20 QUHAHCUPOBAHUSL 8 PAMKAX 20C3A0AHUS NO
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