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Abstract- Increasedinterest in high resolution ocean wind
measurements,as well as excellentpast performance, has led
to the developmentof enhancedresolutionapplications of Sea-
Winds on QuikSCAT scatterometer data. An essentialrequire-
ment of this developmentis the validation of the cell location
accuracy - the latitude and longitude of each measuement.
This paper discusseswo methods of validating measurement
location accuracy One method entails analysis of normalized
backscatter coefficientsover specificland / oceanboundaries.
This method has proven accurate for nominal resolution; it is
refined for increasingresolution. Another technique employs
the QuikSCAT Calibration Ground Station (CGS). Telemetry-
reported cell location is compared to the known location of the
CGS. Calibration of measurement location using these tech-
niques reveals the limits of SeaWnds pointing accuracy and
precision.

|. INTRODUCTION

SINCE its launch in June of 1999, SeaWhds on
QuikSCAT has successfullyand accuratelymeasured
marinewinds. Sincethattime enhancedesolutionimag-
ing andotherapplicationshave soughtto take advantageof
its favorable geometryand resolution. Though SeaWwnds’
performancéiasmet,andin mostcasesxceededits design
specificationsthereliability of theadvancedapplicationsare
heavily dependeniponimprovedvalidationof thedatasac-
curag/ beyond specification.For this reasonjt becomesn-
creasinglynecessaryo definethe performancef SeaWhds
in increasinglyaccuratgerms.

As intuition would suggest,in order to obtain accurate
measurementBom a satellite, the location of the obsena-
tion mustbe accuratelyknown. If the groundlocationof a
measuremens in error, the obsenedvaluecannotbe prop-

erly relatedto groundtopographyor other measurements.

For nominalQuikSCAT egg resolutionsof 25 km by 25 km,
satellitecalculatiorerrorshaveto beseverein orderto signif-
icantly mislocatemeasurements 25 km error corresponds
toal.1> attitudeerroror a3.5secondime error.

The majority of QuikSCAT applicationsusecolocated°
measurementgynderscoringhe necessityof having accu-
rate calculationsof groundlocation. Currentadvanceddata
applications,suchas enhancedesolutionimaging, are at-
temptingto improve the resolutionof QuikSCAT, requiring
the evaluationof locationvariance.To accomplishthis goal
the accurag of the location of eachmeasuremeninustbe
calibratedo levelsthatexceedthedesignspecificatiorvalue.

This paperfocuseson two methodsof evaluatingthe ac-
curagy of cell location. The first method entails the use
of normalizedbackscattercoeficients, (¢°), over specific
land / oceanboundaries. The secondmethodincorporates
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datarecordedby the QUIkSCAT CalibrationGroundStation
(CGS)to betterdetermingheaccurayg of themeasurements.
After presentinghefindingsof thesetwo methodswe sum-
marizetheresultsandconclude.

Il. LAND / OCEAN BOUNDARIES

Boundarieshetweenland and oceanprovide an effective
methodfor determiningheaccurag of cell locationbecause
of their large contrastin ¢° value, rangingup to 30 dB or
more. Large locationerrorswould give rise to spuriousis-
landsandlakesin o° images.

One methodof determiningcell locationis to compare
enhancedesolutions® imagesderived from the SeaWhds
datato a mapandanalyzethe coastline. This methodis ap-
propriatefor large scalelocationmisalignmentthoughthis
methodis limited to errorsof morethanof afew kilometers.
Another approachrecognizeghat QuikSCAT obtainsfour
independenmeasurementfr a given groundlocation, us-
ing bothouterandinnerbeam,asthey approactandasthey
recede. Utilizing this geometry comparisonsetweenap-
proachingandrecedingmeasurementsanbe madeto evalu-
ate geometry-basetbcation errors. Additionally, and typ-
ically more profitably, comparisonsetweenmeasurement
combinationsof individual beams,azimuthangles,and or-
bit typescanbe made. Employmentof this methodis ben-
eficial becausét enablesvaluationover the changingorbit
geometry

Thesetypesof analysesare performedover several se-
lectedsites.For this paperanareacoveringsoutherrFlorida,
the Bahamasand a sectionof Cubais selectedo illustrate
theresults.Imagesaregeneratedisinga combinationof 28
daysof QuikSCAT L1B datafrom JD 001-028,2000, and
have beenenhancedisingthe ScatterometelmageRecon-
struction(SIR) algorithm. The useof multiple daysof data
emphasizethelong termstability of theinstrument.Images
usingonly 2 or 3 daysof datatypically shov similar, albeit
noisier, results.

Fig. 1 shows a SIR enhancedmageof the areaof inter-
est. The coastlinehasbeensuperimpose@n the imagefor
reference. Overall the imageis consistentwith the coast-
line. However, somediscrepanciearenotedsuchasAndros
Island, the largestisland in the Bahamaswherethe image
seemdo be blurred, especiallyon the westside. This blur-
ring is primarily dueto the alongscanspatialresponsdunc-
tion. Eachpixel in the imagesis approximately2.25km x
2.25km, yet the slice resolutionof SeaWhdsis 6 km x 25
km. However, the blurring on the islandis expectedto be
uniform aroundtheisland. This asymmetricablurring sug-
gestsa smallazimuthallocationerrorin the SeaWhds mea-
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Fig. 1. SIR-enhance@® imageof southernFlorida, the
Bahamasnd Cuba,ascendingrbits only, V-pol. Superim-
posedcoastline added.

Fig. 3. SIR enhancedmageof an aft looking descending
passsubtractedrom afore looking ascendingpass;H-pol

Fig. 2.

SIR enhancedmageof an descendingpasssub-
tractedfrom anascendingassH-pol.

surementsthoughit may be an unexpectedartifact of the
imageprocessing.

To further evaluatethe featuresof the data,a more de-
tailedanalysisentailsexaminationof the differencebetween
anascendingassanda descendingass.Fig. 2 shovsao®
imageof the differencebetweenhe two passesagainwith
the coastline superimposedn theimage. This imagedoes
not containthe blurring of Androslisland. However, a close
look atthe Floridapeninsulashovs ablackstripeonthewest
side,anda white stripeon the eastside, suggesting slight
azimuthmisalignmenbf 7 km from eastto west.

Anothertype of analysispossibleis to breakthe passes
down even further, using only fore or aft looking azimuth
angles.Fig. 3 shavs the sameregion, only subtractinga de-
scendingpassaft looking measurementsom anascending
pass,fore looking measurementsThis imageappearsa bit
smootherandis lackingthe black stripeon the westside of
the Florida peninsulaHowever, the white stripeon the East
side of the peninsulais presentthoughit is only 10 km in
width, correspondingo a5 km azimuthoffset.

Fig. 3 canbe comparedo Fig. 4, which is anascending,
aft looking and descendindore looking differenceimage.
This image containsthe dark strip on the west side of the
Floridapeninsulaput is missingthe white stripeon the East
sideof the peninsula.

Fig. 4. SIR enhancedmageof afore looking descending
passsubtractedrom anaft looking ascendingassH-pol.

Overall, the imagesshov that QuikSCAT measurements
arewell locatedwithin the 10 km designrequirementHow-
ever, the minor differencedn the beambasedimagespose
someinterestinggquestions.The datasuggestghatlocation
measurementare slightly biasedin an eastto westdirec-
tion. This mightberelatedto anazimuthanglebias. Though
a possibility suchasattitudeerror exists, the locationerrors
may alsobedueto theinherentlimitations of thealongscan
resolutionenhancement.Conclusionsof measuremenéac-
curag from this dataare difficult to determinebeyond the
resolutionpresentedFurtheranalysisis in progress.

I1l. CGS COMPARISON

While land/ oceanboundaryimagesallow locationaccu-
ragy to be validatedwithin 5 - 10 kilometers, it is desired
to improveduponthis level of accurag. Anothermethodof
determiningthe location of QUikSCAI measurements to
employ the useof the QuikSCAT CalibrationGround Sta-
tion (CGS).The CGSpassvely recevesandrecordsthe mi-
crowave transmission®f QuUikSCAT. Fig. 5 shavs atypical
segmentof datafrom the CGS.

The CGS easily and accuratelycapturesthe power and
time of arrival of eachtransmittedpulse. From Fig. 5 the
gain of the SeaWhds antenngpatternis apparentwhich is
thecauseof thevariationin recevedpower. Thiscutthrough
the antenngatternis the key to determiningthe location of

509



eceived Power (dB)
. |

01
Time (s)

Fig. 5. A typical CGSdataset, power versustime. The
figureshows the pulsesasthey wereobsenedatthe CGS.
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Fig.6. Contourplot of reconstructedntenngattern.This
plot shavsthelocationof the CGSto bedirectlyin thecenter
of theilluminatedarea.

the measurementsFirst, a numberof CGS capturesfrom
thesameQuikSCAT passareassembledalongwith thetime
of arrival andreceived power of eachpulse. Secondlytim-
ing information from QuikSCAT telemetrydatais usedto
comparepulsesrecordedat the CGSwith recordedteleme-
try data. From the telemetrydata, the calculatediocations
areextracted.Usingthelocationfor eachpulsefrom teleme-
try dataalongwith therecevedpowerfrom CGSdata,a plot
of the antennapatternof the instrument,as seenfrom the
ground,is constructedseeFig. 6. This reconstructedn-
tennapatterncanbedirectly comparedo theknown antenna
patternof the SeaWhdsinstrumentshowvn in Fig. 7. Since
thelocationof eachpulseis calculatedusingthe boresite of
the antennathe centerof the reconstructeaf the antenna
pattern,shouldbe locatedexactly at the CGS.Any discrep-
anciesconstitutea mislocationby theinstrument.

This experiment was repeatedfor several QuUikSCAT
passesFor eachpassthe centerof the antenngpatternwas
recorded. Fig. 8 shows the recordedcenterof the antenna
patternfor eachdataset. Thefigure showvs thatthe majority
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Fig. 7. Actual transmitantenngatternfor SeaWnds. The
dashecturvesareincludedfor referenceo Fig. 6.
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Fig. 8. Determinedocationerrorof QuikSCAT for several
passesEachpoint symbolizeshe meanlocationerrorfor a
givenpass.The CGSis locatedatthe point (0,0).

of the measurementarewithin a few kilometers,thougha
few erroneougassedlid occur Theseerrorscould be due
to a myriad of factors,too numerougo mention. However,

they areattributedto computationaérrors.Usingthesemea-
surementsthe meandistanceerror is found to be 1.86 km.

Discardingthetwo significantlydeviant points,the meanlo-

cationerroris 0.70km, whichis consideredegligible.

V. SUMMARY

Throughthe useof two independensourcesaccuratecell
locationis confirmed.Usingland/ oceanboundaryimages,
cell locationsareshowvn to be accurateto within a few kilo-
meters,limited by the resolutionof the images. Using the
QuikSCAT CGS and antennapatternreconstructiontech-
nigues.thecell locationis foundto be accuratepn average,
to within 1.8km. Thesefindingsopenthedoorfor advanced
dataapplicationswhich requiretheimprovedlocationaccu-
ragy of the measurement€ontinuedanalysisof this datato
monitorlong termstability is planned.



