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Abstract

A dual-beamalong-trackinterferometricsyntheticapertureradarwhich is entirely self-containedvithin an
aircraftpodhasbeendevelopedby theUniversityof Massachusetts studyseasurfaceprocessesm coastategions.
Theradaroperatest5.3 GHz with a bandwidthof upto 25 MHz. Systemhardwards describedInitial test ights
aboardthe NOAA WP-3D researchaircraft were performedto evaluatesystemperformanceover land and water
surfaces.Imagerywere collectedfor fore andaft squintedbeamsthoughno interferometricdatawere collected.

Notablelook-angledependencesreobsenedin the seasurfaceNRCSundervery low wind conditions.
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|. INTRODUCTION

Syntheticapertureradarhaslong beenatool for remotesensingof the oceansurface.In the
late 1980s,along-trackinterferometry(ATI) wasimplementedwvith syntheticapertureadar(1]
andhassincebeenappliedto numerousseasurfacewave andcurrentstudies[2], [3], [4], [5].
Along-trackinterferometryemploystwo radarantennaseparatedn the alongtrack direction
to obtainthe line-of-sight (Doppler) componenif the velocity of scatterersvithin the radar
beam. By correlatingthe measurementsf the two antennasat the appropriateeemporallag,
two samplesof the surfaceechodisplacedn time are available. An extensve review of SAR
interferometrydiscussingoth cross-traclkandalong-tracktechniquess givenin [6].

A logical extensionof along-trackinterferometryis to employtwo squintedbeamso obtain
two componentf velocity [7], [8]. The Dual-Beaminterferometer(DBI) describedn this
letteris a C-bandSAR designedo enableestimatef the oceansurfacecurrentvectorwith a
singlepassof anaircraft. All radarelectronicsanddataacquisitionarecontainedvithin awing-
mountedpod. The pod represents corvenientand economicalplatform for airborneremote
sensing.

In this letter we describethe radarinstrumenthardwareandthe airbornepod interface. We
presentdual-look SAR imageryover both land and water featuresobtainedduring initial en-
gineeringtest ights. The following sectionsdescriberespectrely the instrumenthardware,

engineeringest ight conditionsandsampleémageryobtained.
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[l. SYSTEM DESCRIPTION

A photographof the DBI radarsystemis shovn in gure 1. In its presentcon guration, it
consistsof two pairsof squintedantennasvhich form two squintedinterferometersa pulse-
compressiorradartranscerer, a dataacquisitionand control system,and a velocity/attitude
measuremergystem.

Eachinterferometerconsistof a pair of C-bandmicrostrippatcharrayantennaseparatety
abaselineof 1.1 m. Theantennasredesignatedy location(fore or aft) andorientation(fore
or aft). ThusFF is theforward-locatedforward-squintecantennafA is the foreward-located,
aft-squintedantennaandsoon (seeFig 1). Antennas=F andAF comprisethe forwardlooking
interferometewhile antennaéd\F andAA compriseheaft-lookinginterferometerTheforward
locatedantennasretransmit-receie while the aft antennasecevesonly. As aresult,the ef-
fective along-trackbaselineas half the physicalbaseline.The antennasrevertically polarized
with half-poverbeamwidthf (H-plane)and  (E-plane).Theantennasreorientedwith
boresightowards  incidenceand  squintangles.This orientationwaschoserto provide
gainatlargeincidenceanglesthoughit maybe adjusted.

A block diagramof the transcerer is shavn in gure 2. Within the transmitter a linear
frequeng-modulatedchirp waveformis generatedy a directdigital synthesizerupcorverted
to 5.3 GHz,andtransmittedhroughoneof the fore antennasThe bandwidthof thetransmitted
waveformis programmableup to 25 MHz realizing a rangeresolutionas ne as6 m. While
the DDS operatewith a clock frequeng of only 125MHz, afrequeny aliasof the generated
waveformat 300 MHz centerfrequeny is selectedor upcorversion. A solid-statepower am-
pli er produces’O W outputpower, thoughcableandduplexer lossedimit transmittedoower
to approximately40 W.

A pair of receversconnectedo both fore andaft antennagslemodulatehe receved signals
usinganintermediatdrequeny of 300 MHz. Eachrecever producesn-phaseandquadrature
outputsfor thedataacquisitionsystem.Theradaris periodicallyswitchedbetweerfore andaft
looksin a “ping-pong” fashion,while aninternalcalibrationloop permitsperiodicmonitoring
of thetransmittedchirp signal.

TheradaralsointegratesGPS/INSinformationinto the datastream.Attitude/positioninfor-

mationis provided by a Boeing CMIGITS-II, a digital quartzinertial measuremeninit (DQI)
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with a 5-channell.1 Coarse/AcquisitiofC/A) codeGPSengine.The systemalsoacceptslif-
ferential GPScorrectionsprovided by the U.S. CoastGuardnetworkof 300 kHz beacons.A
VLF beacorreceveris alsoincludedwithin the podto enablereal-timedifferential GPS.

Dataacquisitionis providedby a pair of customboardsdevelopedat the University of Mas-
sachusett]. Theseancorporatdwo 12-bit65MSPSanalogto digital corverterseachfollowed
by real-timecoherentntegrationanddual IDE disk interfacedor datastorage.Up to 16-pulse
coherenintegrationis implementedor eachlook. Theradarswitchesbeamdetweerncoherent
integrationperiods. The coherenintegratoranddisk interfaceareimplementedusinga pair of

eld programmablgatearrays(FPGAs),andtheboardis controlledby amicroprocessowhich
canalsoaccesslatain sharednemoryontheboard.Theboardalsoincludesserialandethernet
communicatiorportsfor real-timemonitoring(Fig 3). The systemcurrentlysupportssustained
dataratesto disk of 6 MB/s perrecever. With 320 GB of onboardstorage the systemcan
acquireupto 14 hoursof databetweerbackups.

The entireradarsystemis housedwithin aninstrumentpodthatis mountedto a x ed pylon
locatedunderthewing of theaircraft. Thepodpayloadareais approximatelyl.5min lengthand
60 cmin diameterandit supportsaloadof upto 120kg. Thepayloadis rigidly attachedo the
uppersectionof the podasshavn in Figurel while the lower sectionsenesasanaerodynamic
radomeconsistingof a wovencompositematerial(SpectraWie)with anomex core.

Thepodobtains400Hz power from the aircraftengineghroughthe matingpylon. All other
communicationandcontrolareperformedvia a2.4 GHzwirelessnterfaceto theoperatoiin the
fuselage An embeddedPCrunningthe Linux operatingsystemsenesastheinterfacebetween
the podinstrumentatiorandthe wirelesslink. Thus,only a laptopcomputeris requiredwithin
the aircraft to control and monitor the instrument. This arrangemensubstantiallysimpli es
the aircraft installation procedureand enablesthe rapid deploymentof this instrument. The
bandwidthimitationsof thewirelesdink currentlyprecludeareal-timeonboardSAR processqr

thoughsuchmaybeimplementedn thefuture.

[11. INITIAL RESULTS

DuringDec2002,initial test ights aboardNOAA's WP-3Dresearclaircraftwereperformed
from the NOAA Aircraft OperationsCenterin Tampa,FL. The pod was mountedon the left

wing of theaircraftinboardof theengines.Test ights were o wn on 13 Dec2002,and17 Dec
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2002. Althoughafew installationconstraintrecludedull systemtesting,datawerecollected
for antennad=F and FA correspondingo foreward and aft looks from the foreward pair of
antennaginadequateventilation during ight resultedin overheatingwithin the pod causing
the datasystemfor the aft antennato fail). A NACA venthassincebeeninstalledto provide
adequateoolingduring ight.

Figure4 showvs a transectacrossCharlotteHarbor, just southof PortCharlotteand WNW of
Ft. Myers, FL. Both forward and aft beamsare shavn from the forward setof antennas.The
swathwidth is approximately7 km resolhed with moderateresolutionof 17 m in range. The
swathcorrespondgo largeincidenceanglesbetween and . Light surfacewinds of ap-
proximately3-4 m/swerereportedduringthe ights. Giventhesdow winds, ight altitudewas
choserto beapproximately600m to enabldargeincidenceanglemeasuremen@ndreasonable
signalto noiseratio.

Theseimageswerefocusedusingan adaptatiorof the extendedchirp scalingalgorithm[10]
implementedyy the Naval Researcliaboratory In theseimagesfyangeandazimuthresolution
are approximatelymatchedat 15 m spatialresolutionwith 66 independentooks. As a result
of the large numberof looks, very little speckleis evidentin theimagery Eachpixel hasa
radiometricuncertaintynormalizedvariance)of lessthan0.1dB. Worstcasepulse-compression
sidelobesn thisimagerywerebelowv -26 dB.

Sinuoussurfaceslick featuresareobsenable over muchof the watersurfacewithin the bay.
Suchfeaturesare commonlyobsenable underlight wind conditionsand are attributedto bi-
ological sourceqseee.g.[11]). Wherepresentthe surface Im modi es the surfacetension
of the water suppressinghe Bragg-resonantapillary wavesthat are responsibleor the mi-
crowave echoeven at theselarge incidenceanglesfor VV polarization. Thus,slicks appearas
dark regionsin the imageryand indicatelocationsof surfacecurrentcorvergencewherethe
slick materialaccumulates.Under strongerwind forcing, slicks tendto be brokenup by the
mechanicaactionof largergravity waves.

After equalizingrangedependencesf landsurfaceechoesye notea generallymoreuniform
echois obsenedin theforwardlook while aweakerandmorerange-dependemichois evident
in the aft look. Althoughthenoise oor ontheaftlookis slightly higher, thereis evidenceof a

wind directionsignaturdan the seasurfaceechoedetweerthelooks. Theorientationof thefore
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look is morealignedwith thewind thanthe aft look, suggestindnow wind directioninformation
mayalsobeextractedfrom the DBI instrument.

V. SUMMARY

In this letterwe have describeda newly constructedlual-beanSAR which operatesvithin a
wing-mountedaircraftpod. Initial test ights aboardNOAA's WP-3Dresearchaircraftdemon-
stratedthe functionality of the system. The comparatie easeby which the systemmay be

installedon this and otheraircraft makethe pod-basedirborneradaran attractve conceptfor
coastakremotesensingapplications.
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TABLE |

DBl PARAMETERS

Parameter Speci cation
CenterFrequeng 5.3GHz
Polarization vV
Bandwith 5-25MHz
Pulsewidth 10
Pulserepetitionfrequeny | 12KHz
Transmittedpower 40W
Recevernoise gure 3dB
Platformheight 1000m
Platformvelocity 100m/s
AntennaBaseline 1.1m

Boresightincidenceangle
Squintangle
Azimuth Beamwidth

ElevationBeamwidth

10
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Fig. 1. Photoof DBI installedon P-3wing pylon. Thelower sectionof the podis removed.
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Fig. 2. Functionalblock diagramof DBI radar
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Fig. 3. Block diagramof FPGA-basedlataacquisitionboarddevelopedat UMass:| andQ analoginputsat upper
left, two Altera FPGAsandARM microprocessoimplementcoherenintegrationandexternalinterfacesdual

IDE diskinterfacesonright.
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Fig. 4. Fore(top)andaft (bottom)views of surfaceslickson CharlotteHarbor An approximatel\20dB difference
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