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Abstract

A dual-beamalong-trackinterferometricsyntheticapertureradarwhich is entirely self-containedwithin an

aircraftpodhasbeendevelopedby theUniversityof Massachusettsto studyseasurfaceprocessesin coastalregions.

Theradaroperatesat5.3GHz with a bandwidthof upto 25MHz. Systemhardwareis described.Initial test�ights

aboardtheNOAA WP-3D researchaircraft wereperformedto evaluatesystemperformanceover landandwater

surfaces.Imagerywerecollectedfor fore andaft squintedbeams,thoughno interferometricdatawerecollected.

Notablelook-angledependencesareobservedin theseasurfaceNRCSundervery low wind conditions.
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I . INTRODUCTION

Syntheticapertureradarhaslong beena tool for remotesensingof theoceansurface.In the

late1980s,along-trackinterferometry(ATI) wasimplementedwith syntheticapertureradar[1]

andhassincebeenappliedto numerousseasurfacewave andcurrentstudies[2], [3], [4], [5].

Along-trackinterferometryemploystwo radarantennasseparatedin the alongtrack direction

to obtain the line-of-sight (Doppler)componentof the velocity of scattererswithin the radar

beam. By correlatingthe measurementsof the two antennasat the appropriatetemporallag,

two samplesof thesurfaceechodisplacedin time areavailable. An extensive review of SAR

interferometrydiscussingbothcross-trackandalong-tracktechniquesis givenin [6].

A logical extensionof along-trackinterferometryis to employtwo squintedbeamsto obtain

two componentsof velocity [7], [8]. The Dual-BeamInterferometer(DBI) describedin this

letter is a C-bandSAR designedto enableestimatesof theoceansurfacecurrentvectorwith a

singlepassof anaircraft.All radarelectronicsanddataacquisitionarecontainedwithin awing-

mountedpod. The pod representsa convenientandeconomicalplatform for airborneremote

sensing.

In this letter we describethe radarinstrumenthardwareandtheairbornepod interface.We

presentdual-lookSAR imageryover both land andwaterfeaturesobtainedduring initial en-

gineeringtest �ights. The following sectionsdescriberespectively the instrumenthardware,

engineeringtest�ight conditions,andsampleimageryobtained.

December4, 2003 DRAFT



4

I I . SYSTEM DESCRIPTION

A photographof the DBI radarsystemis shown in �gure 1. In its presentcon�guration, it

consistsof two pairsof squintedantennaswhich form two squintedinterferometers,a pulse-

compressionradar transceiver, a dataacquisitionand control system,and a velocity/attitude

measurementsystem.

Eachinterferometerconsistsof apairof C-bandmicrostrippatcharrayantennasseparatedby

a baselineof 1.1 m. Theantennasaredesignatedby location(fore or aft) andorientation(fore

or aft). ThusFF is theforward-located,forward-squintedantenna;FA is the foreward-located,

aft-squintedantenna,andsoon (seeFig 1). AntennasFF andAF comprisetheforwardlooking

interferometerwhile antennasAF andAA comprisetheaft-lookinginterferometer. Theforward

locatedantennasaretransmit-receive while theaft antennasreceivesonly. As a result,theef-

fective along-trackbaselineis half thephysicalbaseline.Theantennasarevertically polarized

with half-powerbeamwidthsof
���

(H-plane)and ���

�

(E-plane).Theantennasareorientedwith

boresighttowards
���

�

incidenceand �

�

�

squintangles.This orientationwaschosento provide

gainat largeincidenceangles,thoughit maybeadjusted.

A block diagramof the transceiver is shown in �gure 2. Within the transmitter, a linear

frequency-modulatedchirp waveform is generatedby a direct digital synthesizer, upconverted

to 5.3GHz,andtransmittedthroughoneof theforeantennas.Thebandwidthof thetransmitted

waveform is programmableup to 25 MHz realizinga rangeresolutionas�ne as6 m. While

theDDS operateswith a clock frequency of only 125MHz, a frequency aliasof thegenerated

waveformat 300MHz centerfrequency is selectedfor upconversion.A solid-statepower am-

pli�er produces70 W outputpower, thoughcableandduplexer losseslimit transmittedpower

to approximately40 W.

A pair of receiversconnectedto both fore andaft antennasdemodulatethe receivedsignals

usinganintermediatefrequency of 300MHz. Eachreceiver producesin-phaseandquadrature

outputsfor thedataacquisitionsystem.Theradaris periodicallyswitchedbetweenfore andaft

looks in a “ping-pong” fashion,while an internalcalibrationloop permitsperiodicmonitoring

of thetransmittedchirpsignal.

TheradaralsointegratesGPS/INSinformationinto thedatastream.Attitude/positioninfor-

mationis providedby a BoeingCMIGITS-II, a digital quartzinertial measurementunit (DQI)
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with a 5-channel,L1 Coarse/Acquisition(C/A) codeGPSengine.Thesystemalsoacceptsdif-

ferentialGPScorrectionsprovided by the U.S. CoastGuardnetworkof 300 kHz beacons.A

VLF beaconreceiver is alsoincludedwithin thepodto enablereal-timedifferentialGPS.

Dataacquisitionis providedby a pair of customboardsdevelopedat theUniversityof Mas-

sachusetts[9]. Theseincorporatetwo 12-bit65MSPSanalogto digital converterseachfollowed

by real-timecoherentintegrationanddual IDE disk interfacesfor datastorage.Up to 16-pulse

coherentintegrationis implementedfor eachlook. Theradarswitchesbeamsbetweencoherent

integrationperiods.Thecoherentintegratoranddisk interfaceareimplementedusinga pair of

�eld programmablegatearrays(FPGAs),andtheboardis controlledby amicroprocessorwhich

canalsoaccessdatain sharedmemoryon theboard.Theboardalsoincludesserialandethernet

communicationportsfor real-timemonitoring(Fig 3). Thesystemcurrentlysupportssustained

dataratesto disk of 6 MB/s per receiver. With 320 GB of onboardstorage,the systemcan

acquireup to 14hoursof databetweenbackups.

Theentireradarsystemis housedwithin aninstrumentpodthat is mountedto a �x edpylon

locatedunderthewing of theaircraft.Thepodpayloadareais approximately1.5min lengthand

60cm in diameter, andit supportsa loadof up to 120kg. Thepayloadis rigidly attachedto the

uppersectionof thepodasshown in Figure1 while thelowersectionservesasanaerodynamic

radomeconsistingof a wovencompositematerial(SpectraVue)with a nomex core.

Thepodobtains400Hz power from theaircraftenginesthroughthematingpylon. All other

communicationsandcontrolareperformedvia a2.4GHzwirelessinterfaceto theoperatorin the

fuselage.An embeddedPCrunningtheLinux operatingsystemservesastheinterfacebetween

thepodinstrumentationandthewirelesslink. Thus,only a laptopcomputeris requiredwithin

the aircraft to control and monitor the instrument. This arrangementsubstantiallysimpli�es

the aircraft installationprocedureand enablesthe rapid deploymentof this instrument. The

bandwidthlimitationsof thewirelesslink currentlyprecludeareal-timeonboardSARprocessor,

thoughsuchmaybeimplementedin thefuture.

I I I . INITIAL RESULTS

DuringDec2002,initial test�ights aboardNOAA'sWP-3Dresearchaircraftwereperformed

from the NOAA Aircraft OperationsCenterin Tampa,FL. The pod wasmountedon the left

wing of theaircraft inboardof theengines.Test�ights were�o wn on13 Dec2002,and17Dec
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2002.Althougha few installationconstraintsprecludedfull systemtesting,datawerecollected

for antennasFF and FA correspondingto foreward and aft looks from the foreward pair of

antennas(inadequateventilation during �ight resultedin overheatingwithin the pod causing

the datasystemfor theaft antennato fail). A NACA vent hassincebeeninstalledto provide

adequatecoolingduring�ight.

Figure4 shows a transectacrossCharlotteHarbor, just southof PortCharlotteandWNW of

Ft. Myers,FL. Both forwardandaft beamsareshown from the forwardsetof antennas.The

swathwidth is approximately7 km resolved with moderateresolutionof 17 m in range. The

swathcorrespondsto large incidenceanglesbetween���

�

and ���

�

. Light surfacewinds of ap-

proximately3-4m/swerereportedduringthe�ights. Giventheselow winds,�ight altitudewas

chosento beapproximately600m to enablelargeincidenceanglemeasurementsandreasonable

signalto noiseratio.

Theseimageswerefocusedusinganadaptationof theextendedchirp scalingalgorithm[10]

implementedby theNaval ResearchLaboratory. In theseimages,rangeandazimuthresolution

areapproximatelymatchedat 15 m spatialresolutionwith 66 independentlooks. As a result

of the large numberof looks, very little speckleis evident in the imagery. Eachpixel hasa

radiometricuncertainty(normalizedvariance)of lessthan0.1dB.Worstcasepulse-compression

sidelobesin this imagerywerebelow -26dB.

Sinuoussurfaceslick featuresareobservableover muchof thewatersurfacewithin thebay.

Suchfeaturesare commonlyobservableunderlight wind conditionsandare attributedto bi-

ological sources(seee.g. [11]). Wherepresent,the surface�lm modi�es the surfacetension

of the water, suppressingthe Bragg-resonantcapillary waves that areresponsiblefor the mi-

crowave echoevenat theselarge incidenceanglesfor VV polarization.Thus,slicks appearas

dark regions in the imageryand indicatelocationsof surfacecurrentconvergencewherethe

slick materialaccumulates.Understrongerwind forcing, slicks tendto be brokenup by the

mechanicalactionof largergravity waves.

After equalizingrangedependencesof landsurfaceechoes,wenoteagenerallymoreuniform

echois observedin theforwardlook while a weakerandmorerange-dependentechois evident

in theaft look. Althoughthenoise�oor on theaft look is slightly higher, thereis evidenceof a

wind directionsignaturein theseasurfaceechoesbetweenthelooks.Theorientationof thefore
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look is morealignedwith thewind thantheaft look,suggestinghow wind directioninformation

mayalsobeextractedfrom theDBI instrument.

IV. SUMMARY

In this letterwe have describeda newly constructeddual-beamSARwhich operateswithin a

wing-mountedaircraftpod. Initial test�ights aboardNOAA's WP-3Dresearchaircraftdemon-

stratedthe functionality of the system. The comparative easeby which the systemmay be

installedon this andotheraircraftmakethepod-basedairborneradaranattractive conceptfor

coastalremotesensingapplications.
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TABLE I

DBI PARAMETERS

Parameter Speci�cation

CenterFrequency 5.3GHz

Polarization VV

Bandwith 5-25MHz

Pulsewidth 10 ���

Pulserepetitionfrequency 12KHz

Transmittedpower 40W

Receivernoise�gure 3 dB

Platformheight 1000m

Platformvelocity 100m/s

AntennaBaseline 1.1m

Boresightincidenceangle
� �

�

Squintangle �

�

�

AzimuthBeamwidth
�

�

ElevationBeamwidth �

� �
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Fig. 1. Photoof DBI installedonP-3wing pylon. Thelowersectionof thepodis removed.
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Fig. 2. Functionalblock diagramof DBI radar.
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Fig. 3. Block diagramof FPGA-baseddataacquisitionboarddevelopedatUMass:I andQ analoginputsatupper

left, two AlteraFPGAsandARM microprocessorimplementcoherentintegrationandexternalinterfaces,dual

IDE disk interfaceson right.
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Fig.4. Fore(top)andaft (bottom)viewsof surfaceslicksonCharlotteHarbor. An approximately20dB difference

in NRCSexistsbetweenaveragelandandseasurfaceechoes.
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