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Beenenne
CnyTHVKOBbIE AaHHbIE AUCTaHLMOHHOIO 30HAMPOBAHWA LUMPOKO
Mcnonb3yoTcA B NocneaHee BpeMA AN1A UCCnefoBaHnA 3eMHON
NOBEpPXHOCTU. PaavonokaTopbl ¢ cMHTE30M anepTypbl (PCA) nvetoT
Lenbin pAA NPEeMMyLLEeCTB ANA MPUOXKEHWI: PaanonoKaTop MoxeT
«BUAETb» CKBO3b 06/1a4HbIN NOKPOB U B TEMHOE BPEMA CYTOK,
hopmmpyemble n306pakeHns 06naaaloT BbICOKMM paspeLleHnemM,
MMeeTCA BO3MOXHOCTb NOANOBEPXHOCTHOIO 30HAVPOBAHWA.

CpaBHuTesNbHO HepaBHO Bo3HuKLWwan PCA-nHTepdepomeTpua
(INSAR, oT SAR Interferometry) ABRAETCA COBPEMEHHbLIM CPEACTBOM
aHanMsa AaHHbIX AUCTaHLMOHHOIO 30HAVMPOBAHWA, KOTOPoe
no3BosIAET 0AHOBPEMEHHO OLeHMBATL LMcpoBble Moaenu penbeda
1 OCYLLECTBNATb MOHUTOPWHI AMHAMWUKM 3€MHbIX MOKPOBOB 3a BPEMA
mMexay cbémkamu. CylecTByeT MHOXECTBO npunoxeHni INSAR
B pa3nnyHbIX 0611acTAX: NECHOM XO3ANCTBE, 3eMIENONb30BaHNN,
reonorum, apxeonornm, UCCNeAoBaHNAX CHera 1 NbAa, NeAHUKOB,
3eMMeTPACEHUIA, OMOM3HEN U T.4.

B aT0M cTaTbe Mbl ONMCbIBaEM BO3MOXHble NpunoxeHna INSAR
B HedbTerazosomn oTpacnu. B nepsom pasaene uvtarens HanaéTt
KpaTtkoe pocTynHoe BeeaeHne B PCA-nHTepdepomeTpmio ¢ eé€
TepMI/IHOJ'IOFI/IeI7I 1 OCHOBHbIMU NOHATUAMW. BTOpaFl 4acTb COA4epPXUT
0630p pearnbHO CyLLECTBYHOLLUMX NPUNOXEHNA. OQHO U3 NPUIIOKEHWIA
(MOHUTOPUHT TPybOMPOBOAOB) NPUBEAEHO C MOAPOOHBIM ONMMCaHNEM
B KayecTse npumepa. ABTOpbI nonaratoT, 4To 06Cy>KAeHVe BOMNPOCOB,
BO3HMKAIOLMX MPU MccnepoBaHnn, byneTt nonesHsiM ANnA nyywero
NMOHVMMaHWA HI0aHCOB MeToAa. [locneaHnin pasgen copepXuT
06cy>aeHne CBOMCTB CyLLECTBYHOLMX U nnaHnpyembix PCA B cBA3M ¢
3ajavamu, KOTopble MOryT pellaTbCA NPY UCMOMb30BaHUM UX AaHHbIX.

OcHoBbl PCA-nHTEpthepomeTpun
VHTepdepomeTpryeckan meToanka npeanonaraet Hanuyme napbl
PCA n306paxxeHuii, CHATbIX C ABYX 6NN3KMX NIOKaSIbHO napannenbHbIX
opbuT KocMU4eckoro annapara. CylecTByeT HECKOMNBKO BapuaHToB
opraHusaummn Takux CbEMOK: OAHOMPOXoAHaA NHTepchepomeTpuA,
Korga ogHa aHTeHHa (paboTatowanA Ha nepejady v nNpuém curHana)
HaxoamTcA Ha 6opTy, a BTOpaA (ToNbko AnA npuéma) nomelleHa
Ha KOHLIe ANVHHOWN MaYTbl, TakKuM 06pa3oM, pacCToAHNE Mexay
aHTEeHHaMW O0CTaéTCA NOCTOAHHBLIM, N MPOUCXOANT OAHOBPEMEHHAA
CbEMKa ABYX M306pakeHUiA; B ABYXMPOXOAHOWM CXeMe CbEMKM, Unin
CBbEMKE C NMOBTOPAIOLLMXCA OPOUT, BTOPOE M306paXkeHne cHUMaeTcA
Yepes HeKOTOpoe BPeMA Nocrne NepBOro C TOro Xe CaMoro CNyTHUKA,
nnu, B TaHAeMHbIX MUCCUAX, C APYroro. Bonee Bcero BHUMaHuA B
3TOM 0630pe yaeneHo MMEHHO NHTepdhepoMeTPUM C MOBTOPAIOLLIMXCA
0opbuT, NOCKONbKY TakaA cxema No3BOMAET pacno3HaBaTb AVMHAMUKY
oTpaXkatoLLer NOBEPXHOCTY 3a BPeEMA MeX Ay CbEMKaMmu.
PCA-n306paxeHne MoxeT 6bITb NpeacTaBneHo B BUAE ABYMEPHON
MaTpuLbl KOMMIIEKCHbBIX OTCHETOB, KOOPAVHATLI OTCHETOB
Ha3bIBAIOTCA a3UMyTOM (HanpasneHa BAONb TPAEKTOPUWN HOCUTENA)
1 HaKNOHHOW AaNbHOCTLIO (OPUEHTUPOBaHa NONEpEK Tpacehbl).
[MockonbKy NonoxxeHve AByX NPUEMHbLIX aHTEHH B NPOCTPaHCTBE
HECKOMbKO PasfimiHo, He06X0AUMO BbICOKOTOYHOE COBMELLIEHNE ABYX
N306pakeHuiA.
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Introduction

Satellite-based remote sensing data has become a commonly used
technology for Earth surface studies. Synthetic Aperture Radar (SAR)
has a number of advantages for oil and gas applications: radar can “see”
through cloud cover and in darkness, it produces images of high resolu-
tion and its signal can penetrate deep in to the subsurface layers.

SAR interferometry (INSAR) has become a modern remote sensing
technique [1, 2, 3], which allows users to compile digital terrain models
and monitoring dynamics of the surface covers occurred between the
observations. There are a great number of INSAR applications in different
areas, for example, forestry, land-use, geology, archeology, snow/ice
investigations, glaciers, earthquakes, landslides.

In this article we summarize InSAR applications for the oil and gas
industry. The first section gives a brief, easy-to-understand introduction in
SAR interferometry terms and concepts. The second section describes
real oil-and-gas applications of INSAR. One of the applications (pipeline
monitoring) is given in detail as an illustrative example. The authors
believe that the discussion of questions arisen during the real investiga-
tion is helpful for better comprehension of details of the method. The last
section gives a review of properties of current and future SAR missions
with respect to tasks named in the previous section.

Background of SAR Interferometry

Interferometric technique relates to a pair of SAR images of the same
area on the Earth’s surface taken from two locally parallel trajectories of
the spacecraft close to each other. There are several ways to classify the
observation: single-pass interferometry, when the first antenna (for signal
transmitting and receiving) is onboard, and the second one (receiving
only) is mounted on a long mast, so the distance between the antennas
is constant, and we get two images simultaneously. In the “repeat-pass
interferometric scheme” the second image is acquired by the same
spacecratft or by a different one (in tandem missions). We mainly pay
attention to repeat-pass interferometry as this particular method allows
you to detect the scattered surface dynamics occurring between the SAR
observations.

SAR images can be represented as a two-dimensional matrix of
complex samples with co-ordinates named azimuth (along the spacecraft
trajectory) and slant range (across the trajectory). As the location of the
receivers is slightly different for the two images, accurate co-registration
of the images is necessary.

After the co-registration procedure it is possible to calculate, pixel-by-
pixel, the so-called “complex interferogram” with the following formula:

®; {t__: (1)

z1 and zp are the backscattered signals of the first and the second im-
ages, and the asterisk signifies a complex conjugation. An image of the
phase of that complex value is called “fringe image” or “(SAR) interfero-
gram’. Simple analysis of figue (1) makes clear that this value is equal to
the phase difference for two images. In order to understand the sense
of the phase difference we will examine geometry of interferometric
observations.



Mocne npoueaypbl COBMELLEHUA MOXET BbITb NOCTPOeHa
«KOMIMJIEKCHaA UHTepeporpaMmar, B KaXKAOM 3NeMeHTe
1306padkeHVs BbluUCAEMan no opmyne

=z t_ (1)

rae z1 and zz — (06paTHO) pacceAHHbIV CUrHas NepBoro 1 BTOPOro
n306paxkeHnsa, 38é3404Ka 03Ha4aeT KOMMIIEKCHOE COMpAXEHUe.
MN306paxkeHne ¢asbl Nony4eHHON BENNYMHBI HasbiBaeTcA “fringe
image” unn «(PCA) uHtepdpeporpammoii». 13 (1) cneayert, uto aTa
BeNMYMHa paBHa pa3HocTu a3 AByX U306padkeHuni. [1na Toro 4Tobbl
MOHATL CMbICH, KOTOPLI 3aknioyaeT B cebe aTa pasHOCTb as,
paccMOTPUM reoMeTpuo UHTEPEEPOMETPUHECKON CHEMKMN.

Ha prcyHke 1 npeacTaeneHa AByxXnpoxoaHana cxema
NHTepdepoMeTPUYECKOh CbEMKM. [nA HarnAAHOCTY MacluTab He
cobntonéH. PacctoAHne B mexxay NONoXKeHUAMU CHUMAIOLLEro ceHcopa
B NepBOM npoxoge (nomeyeHo undpoit 1 Ha pUCYHKe) 1 BO BTOPOM
(umcbpa 2) HasbIBaeTcA 6a3oi HTepdepomeTpa. BeicoTa opbuThl Hag
YCPeaHEHHOW 3eMHOM NOBEPXHOCTLIO paBHa H. PacceAHHbIN curHan
BO3BpaLLAeTCcA K MepBoOMYy KOCMUYECKOMY annapary nog yriom K
FOPU3OHTY, ABaXXAbl NPOAAA paccToAHMe r1.

Pa3HocTb thas MoXeT 6bITb BbipaXeHa Yepes pa3HOCTb HaKMOHHbIX
nanbHoCcTen:

J =2l -nli—
[

roe I|I — [AJIMHA BOJHbI, COOTBETCTBYIOLAA HecyLen YacToTe
paavonokaropa. MHOXuUTENb 2 B Ha4ase BbIpaXXeHUs oTpaxkaeT
[OBOVIHOE NPOXOXAEHME NyTN CUTHANIOM (NepefaTynk—pacceBaroLasn
NOBEPXHOCTb—MPUEMHUK) MPY CXEME CbEMOK C MOBTOPAIOLMXCA OPOUT.
AHannsnpyAa pMCyHOK 1, MOXXHO 3aKIOYMTb, YTO Pa3HOCTb HAKMOHHbIX
OanbHOCTEN 3aBMCUT OT pacCcToAHMA OT Habngaemoro yyactka ao
noAcnyTHUKOBOW TOYKU (32BMCMMOCTb OT AaflbHOCTM MO 3MSIMMNCOUAY,
«chasa NMocKon 3emMnn») 1 OT BbICOTbI 3TOMO y4acTKa Haf cpeaHen
NOBEPXHOCTBIO (32BUCMMOCTb OT Tonorpadcum). Nepsyto 3aBUCUMOCTb
06bIKHOBEHHO 6bIBaET NIErko KOMNEHCUPOBaTb, UCNONb3yA
MHpopMaLMIo O MONOXEHNM OpbUT. BTopasa 3aBUCUMOCTb NEXNT B
OCHOBE MOCTPOEHUA LUMchPOBLIX Moaenen penbeda (DEM, Digital
Elevation Model) npu ncnonbsosanuu PCA-uHTepdeporpamm.

B 0603HauyeHnAx pucyHka 1 MecTHaA BbicoTa h MOXET ObITb
BblpaXkeHa kak h = H — rysina.

CyLecTByOT AONONHUTESbHbIE (haKTOpbI, BAMAOLME HA PAa3HOCTb
(has: BO3MOXXHbIE JIOKalbHbIE CMELLEHNA OTpadKatoLLEeNn NOBEPXHOCTMN
3a BpemsA Mexay Cbeémkamu, aTMocepHble HEOAHOPOAHOCTH, a TakxXe
LIYMbI.

Takvm 0b6pasom, Haubonee obLuee BbipaxkeHne AnA ¢asbl
KOMMJIEKCHON MHTepcheporpammMbl BbIrAAUT Criedyowmm 06pas3om:

J =j R rarih +J dmpis +j ihiTy +J i +JI TN ®

B NpoTMBOMONOXHOCTL NEPBOMY M BTOPOMY CliaraembiM B 9TOM
BbIPaXEHWM, YNeH, OTBEeYaIOLLMIA 3a CMeLLeHe, He 3aBUCUT OT
Op6V|TaJ1beIX napamMmeTpoB, a TONTbKO OT AJIHbI BOMNHbI N BEJTMYUHbI
CMeLLeHMA As B HanpaeeHumn niyya o63opa:
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3TO CBOMCTBO MHTEPEPOMETPUHECKON Pa3HOCTH has no3sonAeT
N3MEepATb NOABWXKMN HA PACCTOAHNA, CPaBHUMbIE C ATMHOW BOSHbI
paavonokaropa, T.e., Ha CaHTUMETPbI UMK AaXKe MUNTUMETPbI,
TorAa Kak To4HocTb DEM ncumcnAeTcA B camoMm fy4llem cryyae B
feummeTpax. /3-3a He06X0AMMOCTM BblHMTaHWA Tonorpacunyeckomn
KOMMOHEHTbI U3 NonHow hasbl MHTepdeporpaMmel ANA
nony4YeHnA BENUYUHbI i smp diSp 9TOT MeTOA, Nony4un Ha3BaHne
AvdbdepeHumanbHon nHTepdepomeTpum.

Ha pucyHke 2 npefcTasneH npumep npuMeHeHnsa
AnddepeHumanbHon nHTepepomMeTpum ANA OLEHKN CMELLEHNA
oTpaxaroLlen noBepxHocTu. [aHHble 6bim cHATbl PCA ERS-1 1 ERS-2
¢ uHTepsasiom 1 cyTku B Mae 1996 roga. OavH LUBETHOW («pafy>XHbIin») p p

Figure 1 gives a view of observation for repeat-pass scheme. For the
purpose of better geometric visualization, the figure is not to scale.

The distance between observation positions is called interferometric
baseline. The orbit height above means that the earth’s surface is equal
to H. The backscattering signal gets to the first spacecraft from slant
range ry at angle [ to the horizon.

Geometry of interferometric observations

[eomeTpua NHTEPEHEPOMETPUHECKON CHEMKM.

Phase difference can be expressed via slant range difference:
?
J =llr=-r)— @

wherej is a wavelength of the carrier frequency. The multiplier 2 at

the beginning of the expression means round-trip propagation path
(transmitter-scatterer-receiver) for the repeated-pass observation
scheme. Analysis of Figure 1 concludes that the slant range difference
depends on the distance of the scatterer from the subsatellite point (“flat
earth” dependence) and on the elevation of the scatterer above the
mean Earth surface (topography dependence). The first dependence
can usually be easily compensated, because we know the positions

of both spacecrafts. The second dependence forms the foundation

for calculation of the Digital Elevation Model (DEM) by using SAR
interferograms. In terms of the Fig. 1, local elevation h can be calculated
as h=H-rysina.

There are additional factors that influence on a phase difference
value: possible local displacements of scattering surface in between the
acquisitions of two images, atmospheric disturbances, and noise.

So, the common expression for the phase of the complex interferogram
is as follows:

.IF =j L ardh +J dmpcy +J s +JI i +J warive (3)

In contrast to the first and the second terms, the displacement term
depends not on the orbit parameters, but on the wavelength and on the
range of displacement As in the line-of-sight direction:

%
j s - TDS (4)

This property of the interferometric phase difference allows measuring
displacements in the scale of radar wavelength, i.e., centimeters and
even millimeters, whereas the DEM accuracy is at best decimeters.
Because of the necessity of the topographic phase component
subtraction from the total interferometric phase in order to get i sma disp
term, this method is called differential interferometry.

Figure 2 gives an example of differential interferometry application for
surface displacements evaluation. The data was obtained by ERS-1 and
ERS-2 with a one-day time interval in May 1996. The rate of one rainbow
color cycle on the interferogram corresponds to 2.8 cm of vertical motion,
that means ~15 cm sinking of the scattering surface on the coast of
flooded islands in the Volga river avandelta compared with island center. p )
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LMK COOTBETCTBYET CMELLEHUIO Ha 2.8 CM, YTO o3Ha4vaeT ~15cm
ocefaHunA oTpaxkaroLlen MOBEepPXHOCTU Kpaés 3aToMNNEHHbIX OCTPOBOB B
penbTe Bonrn no cpaBHeHUIO € Nx CepeanHoN.

Mpupoaa aTMocchepHOM 1 LLYMOBOW KOMMOHEHT dhasbl CryyaiiHa.
3aBsucALlan 0T COCTOAHWA aTMocdepbl aTMocepHaA KOMMOHEHTa
MOXeT 6bITb AOCTATO4HO BENWKA, YTOObI NepeKpbITb MHTEpecyoLmne
Hac adppekThl. [INA KoppeKumMmn BAMAHNA aTMOCHEPHbIX
HEeoJHOPOAHOCTEN (B cnyyae eé Heo6XoaAMMOCTH) CyLLeCcTByeT
HECKONbKO METOAOB [4], 04HAKO Yalle BCEro 3ta KOMMNOHEHTA, PpaBHO
Kak v WymoBas, nonaraeTcA npeHebpexxrmo Manoi.

MHTepdepomeTprieckan KOrepeHTHOCTb — 3TO eLUE OAMH NPOAYKT
MHTepchepomeTpunyeckon obpaboTkn. E€ BennunHa BblumnciAeTcA No

copmyne
Eh:;) 5)
9= GH:: } Gr*::)

IAe YrnoBble CKOBKM 03HaYaloT yCpeaHEHUE NO NPOCTPaHCTBEHHOMY
aHcambnto. IHTepchepomeTpuyeckan KOrepeHTHOCTb NpUHUMaeT
OencTBuUTeNbHblE 3HaYeHna n3 otpeska [0,1]. Eé BennunHa
NnoKasbIiBaeT YPOBEHb AEKOPPENALMM ABYX N3006paXKeHWin, n oTpaxaeT
CTeneHb AOCTOBEPHOCTU MHopMaumm o pasHocTh das. B cnyyae
HW3KOW KOrepeHTHOCTY (OKOMOHYJeBbIE 3HAYEHUA) AeKoppenaumna
BenuKa, Npy 3ToM ha3oBanA nHgopmMauma ABNAETCA HEOCTOBEPHON, 1
MHTepdeporpamma BbIrMAAMT Kak Criy4aiHoe pacrnpefeneHne TOHOB.
Bblcokan KorepeHTHOCTb (BMMOTb [0 eAVHWLbI) CBUAETENbCTBYET

0 cnabovi AeKoppenaummn 1, Kak CNeacTBue, O BbICOKOM KavyecTBe
N3MEPEHU, CAENaHHbIX HA OCHOBE MHTepdeporpaMmbl. MaBHbIMU
MCTOYHVKaMW AEKOPPENnALMN ABNAIOTCA: HU3KOE COOTHOLLIEHWE
curHan/wym Ha n3obpakeHnAx, atMocepHble MOMEXM, a TaKxKe
NPOCTPaHCTBEHHAA N BPEMEHHAA AEKOPPENALMA.

MpocTpaHCcTBEHHAA AeKoppenAuMA yBennYmMBaeTcA ¢ pocTom 6asbl
MHTepdepomMeTpa, a TakXXe Npy HapyLIeHU CBOWCTBA NTOKaNbHON
napannenbsHocTv opbuT. BpemeHHas aekoppenAuvA B cry4yae
NoBTOPAIOLWMXCA OPOUT ABNAETCA MaBHbIM (hakTopoM. K MCTOYHMKam
BPEMEHHOW [eKoppenAuuM OTHOCATCA HapyLUeHUe MUKpopenbeda,
N3MEHEHNEe ANANEKTPUHECKMX CBOMNCTB NMOBEPXHOCTU B CBA3W C
NOroAHbLIMM YCNIOBUAMU, CE30HHbIE M3MEHEHUA PacTUTENIbHOMO
NOKpOBa, NoXaphbl, 3aTOMEHVA, 3amep3aHne-oTTanBaHmne cHera 1 nbaa
1 T.4. Yem 6onbLue HTEpBan Mexay CbeémMkKamu, Tem curibHee achdeKT
BPEMEHHOW AEKOPPENALMA 1 XyXe Ka4eCcTBO MHTepcheporpaMmb.

PelueHnem npobnembl NOTEPU KOrepPEHTHOCTY Ha 6onbLuei
4acTu CLEHbl ABMAETCA NCMONb30BaHNe MeToaa NOCTOAHHbIX
oTpaxarenen (B nutepatype permanent scatterers unu persistent
scatterers), koTopas N03BONAET BbIABUTb CTabUNbHbIE OTpaXatowwme
3MEMEHTbI eCTECTBEHHOW MOBEPXHOCTY Cpean 06UIMA eCTECTBEHHbIX
oTpaxarenen, nopoxaatowmx WwymM. Meton ocHoBaH Ha aHanvse
cTatucTukm oTpaxkarenei no pagy PCA nsobpaxkeHuin. AnbTepHaTuBon
3TOMY MeTOAY ABMAETCA NCNOMb30BaHUE NCKYCCTBEHHBIX LiENen,
TaKMX Kak YrosikoBble oTpakaTesiv nn akTuBHble Kanvbpatopbl
(TpaHcnoHAepbl), KOTOpbIE pa3MeLlaloT B MHTEPECYHIOLLEM PaioHe.

Mpunoxenna

1. OcepaHue NOBEPXHOCTU B pe3ysibTaTe OTKa4ku HedTh
M3BneyeHne HepTW 1 ra3a n3 3eMHbIX Heap NPUBOAWT K NOABEHUIO
NyCTOT B FOPHbIX MOPOAAX M HAPYLIEHWNIO PaBHOBECUA HANPAXEHWI

B nnactax. locTeneHHoe cXaTne NonocTh NCnosb30BaHHOMO
MECTOPOX/AEHNA BbI3blBAET OCeAaHne noBepxHoCcTu. [pyrum
MCTOYHVKOM Aechopmanmii NOBEPXHOCTU ABNAETCA LMKnYyeckan
napoBaA CTUMyNAUMA Npu fobblde HedTy. AuddepeHumnansHas
UHTepdepoMeTpua ABNAETCA NHCTPYMEHTOM, MO3BOMAIOLLMM U3MEPUTL
CABMIW, BO3HMKaIOLLME B pe3ynbTaTe 3TUX ABNEHWUIA, C MUINMMETPOBOW
TOYHOCTbIO. TMMNYHBIV MPUMEpP MHTePtEepPOMETPUHECKOTO
nccnenoBaHvA 0cefaHnA 3eMHOV MOBEPXHOCTN NPeacTaBneH

B [5]. TeCTOBbIM y4acTKOM B 3Tol paboTe ABNAIOTCA He)TAHbIE
MecTopoxAaeHuA B benpuaxke u Jloct Xunns (Kanndophwua), rae
rnybuHa 3aneraHmA Hesenmka (okono 700 M NoA NOBEPXHOCTLIO).
BenuunHa namepeHHoro oceganua coctasmna ao 400 mm/roa. b p
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Fragment of ERS-1/2 SAR interferogram for islands near the
north Caspian coast
®parmeHT nHTepdeporpammbl PCA ERA-1/2 ¢
ocTpoBamu 6113 KacnuncKoro nobepexxea.

Atmospheric and noise components of phase are random in nature.
The atmospheric term, which depends on the state of the atmosphere,
may be significant enough to mask the effects of interest. There are
some methods of correcting the atmospheric irregularities, if needed
[4], but in common situations this component and the noise term are
considered negligible.

Interferometric coherence is an additional product of interferometric
processing. It can be calculated by the following formula:

€.22) )
B hsd)

The broken brackets denote spatial average. Interferometric
coherence takes a real value between 0 and 1. This value shows a
level of decorrelation of two images, and it indicates a reliability of
phase difference information. In the case of low coherence (about 0)
decorrelation is strong, so the phase information is unreliable, and
fringe images looks like random distribution. High coherence (up to 1) is
evidence of low decorrelation that results in high quality measurements
based on fringe images. The main sources of decorrelation are: low
signal-to-noise ratio in image(s), atmospheric disturbances, spatial and
temporal decorrelation.

Spatial decorrelation increases with an increase of interferometric
baseline, it also appears in the case of non-parallelism of orbits.
Temporal decorrelation in the repeat-pass scheme is the most important
factor. Such types of scattering surface modification in between the
acquisition as micro-relief modifications, change of dielectric properties
of the scattering surface due to weather conditions, seasonal vegetation
changes, fire, flood, freezing/melting of snow and ice, etc, cause
temporal decorrelation. The longer the time interval between the SAR
acquisitions, the larger the temporal decorrelation and the worse the
interferogram quality.

To overcome the loss of coherence on the majority of the SAR scene,
it is possible to use the Permanent Scatterers (PS) technique, which ) )
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2. BynkaHuyeckana aKkTUBHOCTb

HekoTopble He(hTAHbIE MECTOPOXAEHNA pacnofiaratoTcaA B panoHax
aKTMBHOTO rPA3EBOro ByfKaHW3Ma. TeKTOHUYECKME YCIIOBMA MOTYT
BbI3bIBaTb NOABEM HE(DTU M ra3a K MOBEPXHOCTU. MOHUTOPUHI
«[AbIXaHUA» NOBEPXHOCTU MHTEPepoOMETPUYECKMMM MeTOAaMMN
nosieseH AnA OLeHKM BEPOATHOCTU N3BepxXeHua. Hanpumep, B
AsepbangxaHe (IOxHo-Kacnuiickuin 6acceitH) HedpTAHbIE U ra30Bble
MECTOPOXAEHMNA TECHO CBA3AHbI C rPA3EBbIMU BynKaHamu [6].
AKTMBHOCTb HedTe-rpA3eBOro BynkaHa MOXeT OblTb OLEHEHA, UCXOAA
13 noagbEemMa NoBepxHOCTK No chopmyre (5), KOTOpbI CBUAETENLCTBYET
0 HapacTaHuu JasneHuA B rmybuHe. [laxxe B OTCYTCTBUE BUANMBIX
NPU3HaKOB Havasa n3BepXXeHna aecdopmauma NoBEPXHOCTU

B MONOXUTENbHOM HanpasneHnn (BBepX) npeaynpexxaaeT o
npubnuxatoLenca onacHocTw. MNpn 3TOM BepLUMHA ByNiKaHa MOXeT
[EMOHCTPUPOBaTh OTpULaTENbHYO AechopMaunio B peaynbtaTte
3p031K, OAHAKO MOAHMMAIOLLMECA CKIIOHbI ByfikaHa [40Ka3blBatloT ero
aKTUBHOCTb.

3. DEM pna kapTupoBaHuA 1 NiaHMpoBaHUA Tpyb6onpoBoaoB
HeBo3MOXHO npeacTaBuTb cebe reonornyeckoe KaptTmposaHue 6e3
TOYHbIX JaHHbIX 0 penbede. CoBpeMeHHanA reonormieckan passegka
06beaVHAET AaHHbIe Pa3NMNYHbIX TUMOB, U penbed NoBEPXHOCTH
ABNAETCA OOHVM U3 KITOYEN K UX UHTepnpeTaLmum 1 OLEHKe MOMoXeHua
rOpPM30HTOB 3aJ1eraHusA MONe3HbIX UCKOMaeMblIX, CTPYKTYPHbIX AeTanei
N IUTOMOTUN.

Kak 6b110 cka3aHo Bbille, PCA nHtepdepomeTpua ABnaeTcA
CpeaCcTBOM MOMy4eHUA UMGPOBbIX MOAENEN penbeda BbICOKOTO
paspetueHnA. OHONPOXOAHAA CXeMa CbEMKM ABNAETCA HauIy4Len
ana noctpoeHna DEM [7]. KomnoHeHTa nHTepchepoMeTpuyecKon
asbl Qtopo fomkHa 6bITb OLEHEHA, CINaXeHa B cnyyae
HeobxoAMMOCTW, MOABEPrHyTa ABYMEPHOMY pa3BépTbiBaHMIO (T.€.,
YCTPaHeHUIo 21-HEOAHO3HAYHOCTEN), U NepecymTaHa u3 paavaH B
MeTpbl BbICOTbI. [ocne aTnx aTanoB 06paboTKN reoKoAMpoBaHHOE
n3obpaxkeHne ABNAETCA KapTon BbICOT. CyLLeCcTBYET HECKOIbKO
BO3MOXHOCTEN BU3yanusaumm nosy4eHHon moaenu penbeda. [ise
13 HUX NPEeACTaB/ieHbl HA PUCYHKE 3: LIBETHAA NMOBEPXHOCTb B TPEX
N3MEPEHNAX 1 MONyTOHOBOE U306paXkeHne AnA OQHOMo U TO Xe
NPAMOYTOMbHOIO y4acTKa NOBEPXHOCTU.

Mpymep umndposon Moaenu penbeda

Digital Elevation Model example

Mpw pa3senke pyaHbIX U YINEBOAOPOAHBIX MECTOPOXAEHUIA HacTo
MCNONb3YTCA KOCBEHHbIE MPU3HAKW NPUCYTCTBUA pecypca, Hanpumep,
cneundmn4ecKme reonornyeckne CTpyKTypbl, accoummpyemble ¢
3aneraHvem HedhTu (rasa). Takum ob6pa3om, COBMECTHbIV aHanu3 DEM,
Ha KOTOPOW NPUCYTCTBYIOT Takue Tonorpadomyeckin BolpaxeHHble
Aetanu, n JOMONHUTENBLHON MHopMaLmMn (HanpumMep, ONTUHeCcKue unm
PCA n3obpaxxeHuns) MOXeT ObITb NONe3eH ANA BbIABMEHNA TEepPUTOPUin
C BbICOKMM NOTEHUManoM HedTe-ra3ofobblum.

O6Luee nnaHnpoBaHve TPy6ONpPoOBOAOB Takxke TpebyeT TOYHOro
3HaHWA penbeda, 0Co6eHHO AnA ropHbIX panoHos. DEM nomoratoT
npokKnaabiBaTb MapLUpyThl AOPOr ANA 06Ccny>mBaHvA Tpybonposoaa
B TPYAHOAOCTYMHbIX obnacTaAx. MNpu ncnonbsosaHum DEM MoxHO ) p
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allows the detection of stable natural scattering targets among the
multitude of noisy scatterers. This technique shows an analysis of the
scattering targets statistics in a series of SAR images. An alternative to
the PS technique is the use of artificial targets such as corner reflectors
or active transponders placed across the area of interest.

Applications

1. Subsidence due to oil extraction

Oil and gas extraction from the Earth’s interior results in the appearance
of interstices and in misbalance of pressure in the rock beds.
Progressive collapse of the depleted field causes surface subsidence.
Another source of surface deformation is cyclic steam stimulation for

oil recovery. Differential interferometry is a tool for measuring results of
such phenomena with millimeter accuracy. A representative example of
interferometric study of subsidence is described in figure [5]. The test
site for this study is situated at the Belridge and Lost Hills oil fields in
CA, where fluid was located at shallow depths of about 700 m below the
surface. The rate of the measured subsidence is up to 400 mm/year.

2.Volcanoes activity

Some oil-producing regions are located in the areas of active mud
volcanism. Tectonic conditions may induce the uplifting of oil and gas
toward the surface. Monitoring of surface “breathing” by interferometric
methods is useful for estimation and probability of eruption. For example,
oil and gas fields in Azerbaijan in the South Caspian Basin are intimately
associated with mud volcanism [6]. Mud oil volcanic activity can be
estimated by uplifting of the surface by formula (5), that indicates the
increase of pressure at depth. Even with no visual signs of eruption the
deformation in the positive (up) direction gives notice of danger. The top
of a volcano may show negative deformation due to erosion processes,
but volcano flanks with uplifting prove that it is non-dormant.

3.DEM for mapping and pipeline planning

Geological mapping is impracticable without precise topographical data.
Modern geological surveying combines different types of data, and
surface relief is one of the keys for interpretation and inferring subsurface
mineral horizons, structural features, or lithology.

As stated above, SAR interferometry is a tool for obtaining high-
resolution Digital Elevation Models. One-way is the best interferometric
scheme for DEM generation [7]. Interferometric phase component
Qtopo should be estimated, smoothed (if necessary), unwrapped in two
dimensions (i.e., 2n-ambiguity should be removed), and re-calculate
from radians to meters of height. After this processing chain, a geocoded
image shows an elevation map. There are different techniques to
visualize DEMs. Two of them one can find in Figure 3: coloured 3D-
surface and grayscale images for the same rectangular area.

Mineral and hydrocarbon exploration often uses some indirect signs
of recourse presence, e.g., specific geological structures associated
with oil/gas fields. Thus, joint analysis of DEM with such topographically
expressed features and additional information (SAR or optical images)
can assist in the identification of areas of high potential.

General pipeline planning also requires precise elevation maps,
especially for mountainous regions. DEM aids in the design of routes for
pipeline service companies in regions difficult to assess. Consulting with
DEM, one can quickly determine the direction of outflow in the case of
accidental oil spill.

4.Monitoring of the pipeline conservation zone:
oil / gas leaks and non-authorized/illegal tapping activity
For pipeline monitoring, SAR interferometry provides companies with
a coherent image. In the case of the repeat-pass scheme, one of the
main causes of decorrelation is usually a change of the earth surface
between acquisitions, especially changes in microrelief within pixel size
(about 5-20 meters for different sensors). For example, oil spills smooth
the surface, and with the help of an SAR image one can localize a
possible oil leak. Gas leaks may cause changes in vegetation, which
also influence on the value of interferometric coherence.

Coherence decrease in the conservation zone of a pipeline might
also mark earth excavation and transport movements. Using coherence
maps, one can monitor service works or detect non-authorized activity. p p
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6bICTPO ONpefenuTb HanpaBneHue BblTekaHuA HehTu B pesynbtaTte
CNyYanHbIX yTeyek.

4. MOHUTOPUHI OXpaHHOW 30Hbl TPY60NPOBOAOB:

YTEUYKMN U He3aKOHHOE NPOHMKHOBEHUe

[nAa MmoHWTOpWHra coctoAHnA Tpybonposogos PCA nHtepdgepomeTpus
NpefocTaBnAET TakXKe KapTbl KOrepeHTHOCTW. B criyqae cxembl
CbEMKM C MOBTOPAIOLLMXCA OPOUT OAHWUM U3 IMaBHbIX MCTOYHUKOB
[eKoppenAuun ABNAIOTCA N3MEHEHVA 3eMHOIN NOBEPXHOCTY 3a
BpeMA, npollellee Mexay CbEMKaMm, 0COBEHHO M3MEHEHUA
MuKpopenbeda B Npeaenax pasmepa anemeHTa paspeLueHma (0komno
5-25 M ANnA pasHbIX MHCTPYMEHTOB). Hanpumep, BbiTeKlwaA HedhTb
CrnaxkveBaeT NMOBEPXHOCTb, U NPU MOMOLUM JOMOMHMTENBHOMO aHanus3a
amnAUTYAHOro N306paXkeHNA MOXHO JI0KanmM3oBaTb BO3MOXHYIO
yTeuKy. YTeyka rasa MoXeT Bbl3BaTb U3MEHEHVA B COCTOAHWN
OKpY>KatoLLen paCTUTENIbHOCTU, YTO TaKXKe BIMAET Ha BEIMYUHY
NHTepdepOMETPUHECKON KOrepPEHTHOCTY.

CHWXeHVe KOrepeHTHOCTY B paioHe OXpPaHHOM 30HbI Tpybonposoaa
TaK>xXe MOXEeT 03Ha4aTb NPOBEAEeHNE Tam 3eMNAHbIX paboT unu
nepeaswxeHnA TpaHcnopTa. Mpu NCnonb3oBaHNM KapT KOrepeHTHOCTH
BO3MOXHO OCYLLECTBNATL HAbMNoAeHNe 3a 06CMy>KNBAIOLLMMU
paboTamm nnu onpefenATb HECaHKLMOHMPOBAHHOE NPOHNKHOBEHUE B
OXPaHHYO 30HY.

5. MOHUTOPUHIr cocTOoAHUA TpyH6onpoBoaoB

MoaBMXKKM 3€MHON NOBEPXHOCTU, MMEIOLLME Pa3fINYHYIO NPUPOAY,
MOryT 6bITb ONacHbIMU AnA TPy6ONpoBOAOB, U 3TOT BOMPOC

ABNAETCA NpeaMeToM obcyxxaeHua paga nybnukauun [8]. OgHown

13 NPUYUH ABMKEHWA NOBEPXHOCTW B paioHax C OTCYyTCTBYIOLLEN
CefcMNYeCKOon aKTMBHOCTbBIO ABNAETCA BeYHadA mepsnoTa. 3-3a
CE30HHOro OTTaMBaHNA-3aMep3aHNA BEPXHEro CroA BEYHOW MEepP3MoThl
NosIoXKeHe NOBEPXHOCTU CTAHOBUTCA HeCcTabunbHbIM. MNPUMEHMMOCTb
MHTEPEepOMETPUHECKMX METOAOB K MOHUTOPUHIY COCTOAHMA
TpybonpoBOAOB B 30HE BEYHOW Mep3noThbl obcyxaaetca B [9, 10].

Wccnepyemblin paioH cogep>xnt okono 200 kM Tpy6onpoBoaa,
COCTOALLEro U3 AeBATU HUTeN amameTpom 1.44 M, Mmexxay Ambyprom un
Hebigon. Caman ceBepHanA YacTb TpybonpoBoaa HaxoauTcA B Havbonee
CNOXHOW 30HE U3-3a HU3KOTEMMNepaTypHON BEYHOWM Mep3noThl, a TakXke
oTTauBatoLlen/3abonayvMBaemMon NoYBbl, KOTOpaA U3MEHAETCA Npu
B3auMoAencTBun ¢ Tpybon. TpybonpoBog NpoxoauT nocneaosaTenbHo
Yepes TEPPUTOPUN HU3KOTEMMNEepaTypHON BEYHON Mep3noThl,
YMEPEHHOW BEYHOW MEP3MOThI M OTTanBaloLwme 3eMIM.

C uenblo nccnenoBaHnA COCTOAHNA TpybonpoBoaa B pamkax
npoekTa kateropun 1 EBponeiickoro Kocmmyeckoro AreHTcTsa 6b1no
3akasaHo 11 cueH PCA ERS-1 n ERS-2, cHATbIX B 1993-1998 T, Ha
OCHOBE KOTOPbIX 6bIn CKOMMOHOBaHbI MHTEPdEpPOMETPUYECKUE Mapbl
1 3aTeM NOoCTPOeHbl MHTepdeporpaMmbl.

Mpymep chparmeHTOB UCXOAHOTO M306paXKeHVA U MHTepdeporpaMmmbl
onA napbl oceHb 1997 roga — oceHb 1998 roga, npeacTaBneHHbIN
Ha pUCyHKe 4, NokasbiBaeT CrIoCOOHOCTb MHTEPHEPOMETPUHECKON
CBEMKM K 0OHaPY>XEHMIO AMHAMUKM Tpy6onpoBOAOB.

Pasmep obnactu Ha pucyHke 4 coctaBnAaeT 5 Ha 5 kM. dparmeHTbI
TpybonpoBoaa pasnunyaloTcA Ha amMmnIMTyoHOM U306padkeHNN Kak
OTHOCWTENBHO APKUE BEPTUKaNbHbIE AeTany. TEMHaA OTHOCUTENbHO
OKpy>KatoLLero hoHa BepTMKasibHasa nonoca Ha nitepdeporpavmme
COOTBETCTBYET loKanM3aumm cMelleHna Tpybonposoga. Ha
MHTEepheporpamMme N3MeHeHne APKOCTM OT Henoro K YEpHOMy LBeTy
COOTBETCTBYET U3MEHEHMIO hasbl Ha 27, UM U3MEHEHWIO HAKITOHHOW
[anbHOCTY Ha NonoBuHy paboyen anvHbl BonHbl PCA ERS (okono 2.8 cm).

MbI MO>XXEM UCKMIOYNTB penbed 13 cnmcka BO3MOXHbIX MPUHNH
n3meHeHuns dasbl, MOCKONbKY 6a3a uHTepcepomeTpa Mana
(22 m), a MeECTHOCTb NpenMyLLecTBEHHO MnockaaA. Bnvanve
aTMocdEePHbIX HEOAHOPOAHOCTEN TAKXKE MOXHO UCKITIOHUTD,
NOCKOMbKY MHTEPECyIoLMe HAC AeTanu uHTepgeporpammMbl CAULLKOM
NpAMONMHENHbI. MNpuynHoOM cMeLleHus TpybonpoBoaa B AaHHOM cryyae
MOXHO NPEANONoXNTb MOPO3HOE BbiNy4YnBaHne, KOTOPOe ABNAETCA
TUMWYHBIM ANA Uccnenyemoi obnacTv ¢ BEHHON Mep3noToNn.

AHanus TaHaemMHon nHTepdeporpammbl 24-25 nioHa 1996 roga
BbIABMAET HE CTOMb TUMUYHBIN pe3ynbTat. Ha nsobpaxeHnm Ha
pucyHke 5 Tpybonposoa HaroMmuHaeT 6yksy “Y’ Ha uHtepdeporpamme p p
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5. Pipelines state monitoring

Surface displacements of different nature can be dangerous to pipelines,
and this question is a subject of a number of investigations [8]. One of
the origins of surface movements in non-seismic areas is permafrost.
Seasonal thawing/freezing of the upper layer of permafrost makes

the surface non-stationary. Applicability of interferometric methods for
monitoring pipeline states in the permafrost area is discussed in [9, 10].

The area of interest contains ~200 km long gas pipeline consisting of
9 pipes 1.44 m in diameter between the Yamburg and Nyda settlements.
The northernmost area of the pipeline location is a very complicated
one because of the presence of low-temperature permafrost as well
as thawed/waterlogged soils, whose stste is changing due to thermal
contact with the pipeline. Subsequently, the pipeline runs through low-
temperature permafrost, moderate permafrost and thawed soils.

For the purpose of pipeline investigation eleven ERS-1 and ERS-2
SAR scenes were acquired in 1993-1998 and were ordered under ESA
Cat-1 project, combined in interferometric pairs and interferograms were
synthesized.

An example of image and interferogram fragment for a pair Autumn
1997- Autumn 1998, presented on a Figure. 4, brings out clearly the
possibilities of interferometric observations for the detection of pipelines
dynamics.

Amplitude image and one-year interferogram of pipeline.
AmMnNnuTyaHoe n3obpadkeHne 1 MHTepdeporpamMma ana
npomexxyTka 1 rog.

Area size covered by the image presented on the Figure. 4 is
5 by 5 km. Relatively bright vertical structures on the amplitude
image are associated with gas pipes. Respective darker linear
features on the interferogram correspond to the places of pipe
displacement. Brightness variations here from black to white
correspond to 2r phase difference variations, or slant range
difference variations at ERS half wavelength size (about 2.8 cm).

We can exclude an influence of topography on the phase as
spatial baseline for this pair was short (22 m) and the relief is
predominantly flat. An influence of atmospheric irregularities
may be excluded from consideration because of the extreme
linearity of the features on the interferogram. The displacement
rate here reaches first centimeters level. The reason for the pipes
displacements in this case is a frost heave, which is typical in any
region with widespread permafrost.

Analysis from June 24-25, 1996, on a tandem interferogram gave
us a more unusual result. On the image in Figure. 5 (scene size
is 3.2 by 4.8 km) we can clearly see 5 pipes constituting the letter
“Y” On the interferogram we can clearly see displacements of
pipes during one-day time frame! If the linear details detected on
the interferogram are one-day dynamics, then the reason for the
gas pipe subsidence at a fraction of centimeter here is the melting
of frozen soil under the pipe. Other fragments of the full ERS
scene for this 100x100 km area contain examples of transport road
subsidence. We have to mention that not all of the infrastructure
fragments demonstrate the dynamics because of permafrost
heave/melting. The effect is specific and depends on the soil
structure/type. pp
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e YETKO BUAHO CMeLleHne Tpybonposoaa, MponsoLLeLlee BCero
3a ogHu cyTku! Ecnu nuHeliHble AeTanu uHTepdeporpamMmb
[EeNCTBUTENbHO NPEeACTaBNAIOT COOOM CYyTOYHYIO AVHAMMKY, TO
NPUYMHON 3TOTO MOXHO NPEANONOXUTL OTTauBaHWe NoYBbI Nof,
Tpy6onposoaoM. [pyrue chparMeHTbl 3TOIN Xe MHTepdeporpaMmbl
MoKasbIBaloT ONyckaHue y4acTKoB Aopor. CneayeT OTMETUTb, 4TO
He BCe y4acTKW MHPaCTPYKTYPbl AEMOHCTPUPYIOT AUHAMUKY M3-3a
MOPO3HOTO Ny4YeHUA BEYHOW Mep3noThl nnu oTTamBaHnA. AdeKT B
Ka>kAoM Cnyyae 3aBUCUT OT TWMa U CTPYKTYPbl MOYBbI.

YHVKaIbHbIN LWaHC NPOBEPUTL JOCTOBEPHOCTb 3aK/MHOYEHNI O
HanMyMn JUHaAMUKW ra3onpoBofa Ha OCHOBE MKOHLCKOW TaHAEMHON
napbl M306pakeHnit noABnAeTcA 6naroaapa CyLLeCTBOBaHWIO ApYron
TaHAeMHowW napbl, 1-2 AHBapa 1996 roga. basa uHtepdepomeTpa B
060Mx Napax NpakTUYeCcKn OAMHaKOBa, CefoBaTeNnbHO, NPOABNEHUA
Tonorpacun Ha nHTepdeporpaMmax AoMKHbI COBNaaaTh, a Bce
pasnuuua cnegyeT OTHECTU Ha CHET pasnmyuii B IETHEN U 3UMHEN
OVIHaMMKe 3a MPOMEXYTOK 1 CyTKw.

Ha amnnnTyaHOM n3o6pa>keHnn AnA Toro Xe y4actka (PUCYHOK
6) Tak e BUAHbI TMHUM ra3onpoBoaa. AHanM3 HTepdgeporpammbl
3VMMHEN TaHAEMHOW Napbl He BbIABMAET HUKAKMX JIMHENHbIX
CTPYKTYpP, B NPOTUBOMONOXHOCTb IETHEN UHTepdheporpamme,

Kpome cnabo 3aMeTHOro KOPOTKOro y4acTka. To Xe BEpPHO 1

AnA 60n0T — He 3aMEeTHO HUKAKOro CMELLEHUA MOBEPXHOCTY Ha
3UMHel nHTepdeporpamme. EaMHcTBeHHaA noBTopAtoLanAcA Ha
MHTepdeporpammax getasib — 3TO KPMBONUHENHAA rOPU30OHTaNbHaA
pasBeTBAIOWAACA Monoca, KoTopas ABNAETCA 04EBUAHBIM
npoAsneHnem peneda. B ntore Mbl MOXeM 3aKMIO4UTb, HTO
OTCYTCTBME AMHAMMWKUN Ha 3UMHeR nHTepdeporpamMme B obnactu
rasonpoBoja ABMAETCA pe3ynbTaToM MPOMepP3aHuA NOYBbI 1
cTabununsaumm NOBEPXHOCTY.

PucyHok 6 AMnnnTynHoe nsobpaxkeHue n 3uMHAA nHTepdeporpamMmma
OnA npomexyTka 1 fieHb, NokasbiBaloLlaa OTCYTCTBUE ANHAMUKN

6. OueHKa ABWKEeHUA HedTAHbIX NATEH NpU NOMOLUU
uHTepdepomeTpumn ¢ 6a3oi, OpUEHTMPOBaHHOM BAOJb Tpacchl NonéTa.
B nepeom pasgene 6bina obcy>xaeHa TeopeTnieckan

OCHOBa MHTephepoMeTpuM C MOBTOPAIOLLMXCA OpouT ¢ 6a3on
MHTepdepomMeTpa, OPUEHTUPOBAHHOM NOMepPEK Tpacchl NonéTa.
OpHako nHTepgepomeTpusa ¢ 6a3ol MHTepcepPOMETPa,
OPVIEHTMPOBaHHOM BAOIb TPAcchl (C ABYMA aHTEHHaMK Ha 60pTy
KOCMWUYECKOro annapara, pa3HeCEHHbIMU Mo Xoay ABVXEHUA)
TakXXe ABMNAETCA MOLHbIM MHCTPYMEHTOM. B YyacTHoCTW, 3TOT
MeToZ No3BosiAeT NonyvaTb MHPOPMaLMIO O MOPCKUX TEHEHUAX
[11], koTOpaA oka3biBaeTCA NONE3HOW ANA MOHUTOPUHIa MOPCKMX
HedbTenobbiBatoLWMx NnaTgopm, a Takxe AnA oUeHKU apevicda
HedTAHBIX NATEH, BOSHMKAIOLLMX B pe3ynbTaTe KopabnekpyLueHnn.

JaKnioueHue

B HacToALen cTaTbe bbina nccnenoBaHa npumeHnMocte PCA
MHTEphepoMeTpUmM K Bonpocam, CBA3AHHLIM C MOHUTOPUHIOM
paroHoB HedbTe-ra3of06b14M 1 TPAHCMOPTUPOBKM, 1 6bIN10 BbIABMEHO
6 KOHKPETHbIX 3a4ay. [pumepbl N3 nMTepaTypbl U Halwy pe3ynbTaTbl
nokasblBatoT, 4To INSAR saBnAeTcA MHoroobellatoLLet MeTOANKON.
YcnewHocTb NpUMEHEHNA 3TOM METOAMKM 3aBUCUT OT pAaa hakTopos,
cpeam KOTOpbIX eCTb U cneundrka nnaHMpoBaHnA CbEMoK. CnMcok
TeKyLUMX 1 NnaHupyembix K 3anycky PCA, a Takxxe ux napameTpos,
MOXHO MPOYECTb B Apyrux nybnukaumax (Hanpumep, [8]), 34ech >xe Mbl
yOEnMM BHUMaHue BbI6opy YCIOBUIA CBEMOK C LIENblO CHU3WUTb 3heKT
[EeKOPPENALMN cuUrHana, MOCKOsbKY 3TO BaXKHO ArA NoslyyYeHnA
MHTepgeporpamm, coaep>kallmx nonesHyo NHopmaumio.

Kak 6b1510 0TMEY€EHO Bbille, MPOCTPaHCTBEHHAA AEKOppenAumA
YMEHbLUAETCA NPU COKpaLLeHnn 6a3bl MHTEpPdEPOMETPa, a BpeMeHHanA
[EeKOpPENALMA YMEHbLLIAETCA NPY COKPaLLEHUN UHTEpBana Mexay
CbEMKaMM (LeHON YMeHbLUeHUA adpheKTa MeaneHHOTeKYLLEen
OVHaMVKM NOBEPXHOCTK). [InA 04HOMO M TOro XKe NpoMeXxXyTKa
BPEMEHU AeKoppenAuna TeM MeHbLUe, YeM 6onblue AfvHA BOMHbI
PCA. B atom nnaxe Takne PCA L-gnanasoHa kak JERS-1 unm
PALSAR v nnaHupyemblii k 3anycky TerraSAR-L aenAtoTcA Hanbonee
noaxoAAWMMM, XOTA 6onee BbICOKMIA ypoBEHb 06paTHOro paccemBaHusa
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Amplitude image and 1-day summer interferogram with pipes
displacement.
AMMNUTYAHOE N306pakeHne 1 NeTHAA
nHTepdeporpamma AnA NpoMexyTka 1 AeHb.

A unique chance to check the reliability of the conclusions of the
presence of gas pipe dynamics on the tandem pair from June 24-25
appeared because of availability of another tandem pair from January
1-2, 1996. Spatial baselines in these pairs were almost identical,
consequently the manifestation of topography on the interferograms
should be similar and all the distinctions might be explained by the
surface dynamics on a one-day interval.

On the amplitude image covering just the same area and presented
on Figure. 6, we can still see the pipes mentioned before. Analysis
of interferogram from a winter tandem pair does not reveal any linear
structures contrary to the summer interferogram except the subtle
evidence of pipe displacement in the short section. The same is true for
the swamps, where the displacement on the winter tandem interferogram
are not seen. The only repeatable detail is curvilinear horizontal branchy
feature in the middle of both tandem interferograms, which is a clear
manifestation of topography. We can state at last that the absence of the
dynamics on the winter tandem pair in the area of the pipeline (see the
interferogram in the Figure. 6) is a result of the soil freezing and surface
stabilization.

Amplitude image and 1-day winter interferogram with
any dynamics.

ANVNIMTYOHOE 306pa>KEHVE U 3UMHAA MHTEPheporpaMva
OnA npoMexyTka 1 AeHb, MokasbiBatoLLaA OTCYTCTBUE AUHAMUKN

6. Slicks motion by along-track interferometry

In the first section we discussed repeat-pass interferometry with
baseline transversal to the velocity vector. But along-track single-pass
interferometry (with two antennas onboard the spacecraft located at
distance from each other) is also a powerful tool. It provides information
on current fields [11], which is useful for monitoring off-shore oil-field
states. Another application is the estimation of oil slick drift in the case of
tanker spillage.



OT UCKYCCTBEHHbIX O6BbEKTOB, CBONCTBEHHbIN 60Mee KOPOTKUM
BOJSIHAM, MOXET OKa3aTbCA NpeanoyTuTensHee.

Pestommpyem TpeboBaHmAa kK PCA-cuctemam no OTHOLEHUIO K
nepeyvncneHHbiM 3agadyamM. Ana BblABNEHNA AUHAMUKMN NMOBEPXHOCTH
B pas3nuyHbix 3agadax (1, 2, 5) Hy>kHbl Manble 3Ha4YeHna 6asbl
uHTepcepomeTpa 1 cxema CbEMKM C NOBTOPAIOLUMXCA OPOUT.
MocTpoeHne undpoBbix Mogenen penbeda (3agada 3) nyywe
BbINOMHATbL ANA KOPOTKUX MHTEPBANIOB MEXAY CbEMKaMU Unm
npv OAHOMPOXOAHOW CXeMe (3TO Nny4wmin BapuaHT). Mpn aTom
yeMm 6onblue BenuunHa 6a3bl (B npegenax AonycTuMoro us-sa
[eKoppenAummn nopora), TeMm ny4uwe paspeweHne DEM no BbicoTe.
Ycnex npunoXeHnn, nCnosnb3yoLwWwmx KapTbl KOrepeHTHOCTN
(3apaya 4), 3aBMCUT OT ONMCAHHON BbILWE CTEMNEHN AEKOPPENALMU
curHana. HakoHeu, MOpCKue NpunoxxeHnsa (3agada 6) BO3MOXHbI
NCKNOYNTENbHO NpU UCNonb3oBaHUMU CUCTeM, A0oNyCKakLwnx
uHTepcepomeTpuio ¢ 6a30i, OPUEHTUPOBAHHOW BAONb TPacChl
nonéta, Hanpumvep, TerraSAR-X.

bnarofapHocTb

ABTOpbI BeipaxkatoT 6narogapHocTe EKA 3a paHHble PCA ERS,
npenocTtaBneHHble A1A BbINONHEHUA NPOeKTa KaTteropuun 1 <<OL|eHKa
npumeHumocTy ERS INSAR gaHHbIX AnA MOHUTOPUHIA COCTOAHNA
rasonposoga Ambypr-Heiaa» B pamkax nporpammbl «<AO Exploitation
projects». m

CNUCOK MCNoNb30BaHHON NUTEPaTyPbl
TOT e, YTO U B aHMMACKOM TEKCTe, 3a UCKITIoHEeHeM MybnukaLlmm
Ha PyCCKOM A3blKe, KOTOPOE TaM NePEBEAEHO Ha aHTNMACKMIA:
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Conclusion

In this article we have examined the applicability of SAR interferometry to

the to monitor oil/gas production and transportation. We pointed out 6 types

of concrete problems. Literature examples and our original results show
promising potential of the INSAR technique. The success of the interferometry
application depends on a number of factors, among which is proper planning

of the observations. List of current and planned SAR missions may be found
elsewhere [8], here we will pay some attention to the selection of the observation
conditions, which ensures lower signal decorrelation, because it is important for
obtaining interferograms that carry useful information.

As stated above, spatial decorrelation is lower when the baseline is shorter,
and temporal decorrelation is lower if the time interval between the orbits is lower
(though at the cost of a decrease in the continuous surface dynamics to be
discovered). For the same time interval the temporal decorrelation will be lower if
we use longer wavelength SAR systems. For this reason such L-band missions
such as historical JERS-1 or coming PALSAR and TerraSAR-L may be better
from the point of view of temporal decorrelation, though higher backscatter from
artificial objects at shorter wavelengths in some cases may be preferable.

Let us summarize the requirements of SAR systems with regards to the
applications listed above. Surface dynamics detection (applications 1, 2, 5)
needs smaller baselines and repeat-pass observation scheme. DEM generation
(application 3) can be better performed by using short time interval or by the
one-pass scheme (which will be the best case). The
longer the interferometric baseline (under decorrelation limit), the better height
resolution of DEM. Success of applications that use interferometric coherence
images (number 4) strictly depends on the signal decorrelation discussed
above. Lastly, sea applications (number 6) can not be performed by SAR
systems, but one with the option of along-track interferometry, e.g., TerraSAR-X. |
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