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Abstract- Good flight planning of the data takesimag-
ing aninvestigator’'ssiteis necessaryfor the processe®AR
data to meetthe investigator's scienceobjectives. AIRSAR
is a flexible instrument that can be operatedin a variety of
modeswith radar settingsthat can be selectedto optimize
the final product to meetthe data user’s needs.In this tu-
torial talk, | will discusssomeconsiderationsinvestigators
should keepin mind when planning their flight requests.
Specifically, | will discussthe advantageof long flight lines,
how to selecta primary heading, the impact of differ ent
radar parameterson the final data quality, and waysto re-
ducethe effectsof systematicerrors.

. FLIGHT LINELENGTH

A flight plan cornveys the information neededy the pilots,
the AIRSAR operatorsandthe radarto collectthe SAR data
requestedy investigators.A flight plan coversfrom take off
until landing. The subset®f flight plansthatcoverimagingof
a specificsite are calledsite plans. Imaging at a site is made
up of datatakesor flight lines. The two termsare usedin-
terchangeablyTheflight planninginformationfor a datatake
includesthe platformlocationsandtheradarparameters.

For eachdatatake, thereis time beforeandafterthedesired
regionis imagedspentaligningthe planeandbuilding thesyn-
theticaperture.Betweeneachdatatake at a site, time is spent
turning. For eachsitethereis alsotransittime overheadvhich
is variablesite to site. Let us definethe datagatheringeffi-
cieng factor 7, asthe ratio of the time mappingto the time
flying. We usetime sincecollectioncostis accessetby flight
hour
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whereuw, istheplatformvelocity, T; is thetargetlengthfor pass
i, 7; is the time for the turn after passi, 7prg is thetime set
uptime beforethemaindatacollection,7pps is thetimeclean
up time after the main datacollection,and N is the number
of datatakesper site. Note that my metric ignoresthe effect
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Target Numberof Efficiency  Timeto
Length(km) DataTakes (Percent) Fly (min)
10 1 29 3
10 2 11 16
10 4 8 41
10 8 7 93
100 1 81 10
100 2 54 31
100 4 47 71
100 8 44 153
200 1 89 19
200 2 70 47
200 4 64 105
200 8 61 219
TABLE |

DATA GATHERING EFFICIENCY CALCULATED ASSUMING A PLATFORM
VELOCITY OF 200 M/S, AN TURN TIME OF 600 S PER PASS, 1.5 MIN OF
TIME OF SETUP BEFORE THE MAIN COLLECTION BEGINS, AND 0.5 MIN OF
CLEAN UP TIME AFTER THE MAIN DATA COLLECTION.

of thetransittime on the overall efficiency, overestimatinghe
true efficiency for all cases.Tablel lists typical valuesof the
datagatheringefficiency.

As Tablel makesclearshortlines arevery inefficient! For
example flying 4 datatakesimaginga 10 km long targettakes
roughly 60% of the time it would take to collect4 datatakes
imagingatarget10timesbigger

These efficiencies have large implications for investiga-
tors. Investigatorsare encouragedo think regionally not lo-
cally sincethe incrementalcostis so low. Wheneer possi-
ble, combinesmall (10 km x 10 km) sitesinto regional sites
(100km x 100km). Communicatevith colleaguesn your re-
gionwhosesciencemight benefitfrom usingSAR data.



II. PRIMARY HEADING

Mostdatatakesin agivensiteplanareparallelto eachother
The orientationof majority of the flight linesis calledthe pri-
mary heading. The criteriafor selectingthe primary heading
dependon your scienceobjectives. Often the primary head-
ing is suggestedby the topographyof the site. Frequentlythe
primary headingis chosento matchthe orientationof a val-
ley or mountainridge imaged.Dependingon the shapeof the
areato be mapped,sometimeghe primary headingis driven
by the desirefor long, efficient lines. At windy locations,the
directionof windsaloft maydictatethe primary headingsince
motion errorsaremore of a problemwhenflying perpendicu-
lar to thewind direction. It is stronglyrecommendethatyou
never plan a datatake alonga cardinaldirection,suchasdue
north. This is becausef the enhancedackscattefrom man
madesurfacesalignedwith theradarimagingdirectioncauses
problemssettingthe gains,biasesin other datasetsyou will
compareyour AIRSAR datato tendto be alignedalong car
dinal directions,and cultural featuressuchaspower linesand
railroadstendto bealignedcardinallymakinginterpretatiorof
the AIRSAR datamoredifficult.

I11. CHOICE OF RADAR PARAMETERS

In additionto specifyingthelocationswheretheaircraftis to
fly, choosingthe radarparameterss an essentiapart of flight
planning. Every parametehasadvantagesanddisadantages.
Tradingoff the parameterso selectthe valuesthatbestmeets
the scienceobjectives for the site is a key part of the flight
planningprocess.

Below is alist of theradamparameterspecifiedor eachdata
take andbroadgeneralizationabouttheimpactof eachparam-
eter For moreinformationabouteachparametethe readeris
advisedto consultthe literature[1]. Additionally, AIRSAR
usersare cautionedagainstchoosinga parametespacethatis
not calibratedaspartof thestandardAIRSAR process.
Altitude above the Terrain A lower altitude leadsto higher
signalto noiseratio (SNR) becausdahe rangeto the targetis
reduced. Becausesmall look anglesare effectedby lay over
andthelargelook anglesby shadav, lower altitudesalsogen-
erallyresultin smallerusableswaths.Flying toolow canresult
is problemswith nadirechoesandreceverringing.

Along Track Pulse Spacing (PRF Ratio) The pulse repetition
frequeny (PRF) of the the AIRSAR systemis varied along
track as the platform velocity changego keepa fixed along
track pulse spacing. The along track pulse spacingis deter

minedby the PRFRatiowhich is definedasthe PRFin Hertz

divided by the aircraft velocity in knots. Smalleralongtrack
pulsespacingsresultin betterazimuthresolution. However,

sincethe write rateto thetapeis fixedfor AIRSAR, morefre-

guentpulsesresultin a smallerrangeswath beingwritten to

tape.

Platform Velocity ForagivenPRFRatio,aslowerplanespeed
will resultin alargerrangeswath beingcollectedandalonger
timeto collectagivenflight line.

Bandwidth The systembandwidthdetermineghe rangereso-
lution of thedatacollected.Largerbandwidthgesultin higher
resolution. However, increasedrangeresolutionalso means
moresamplesarerecordedo coverthe sameamountof range
swath. Consequentlynorebandwidthmeandessrangeswath.
Sngle Antenna Transmit and Ping-Pong In the singleantenna
transmitacrosstrack interferometricmode, the sameantenna
is usedfor transmitfor every pulse,and datais receved on
two antennaseparatetby the physicalbaselineIn ping-pong
acrosgrack interferometricmode,the antennausedfor trans-
mit alternatebetweerthetwo receve antennashut datais still
recevved on both antennasBecausdhe interferometricbase-
line is effectively doubledfor the ping-pongcasethe height
accurag is higherbut the interferograms muchharderto un-
wrap. Therefore,ping-pongis inappropriatein steepterrain.
Ping-pongdatais collectedsuchthat datacan be processed
with two differenteffective baselines However, sinceit takes
two pulsesbefore an identical channelrepeatsthe effective
alongtrackpulsespacingfor the ping-pongdatais half whatit
is for the singleantennaransmitdatafor the samePRFRatio.
To keepthe pulsespacingdown, the PRFRatiois normallyin-
creasedor ping-pongdataresultingin a smallerrangeswath.
Initial Range (Digital Delay) The swath position is deter
minedby the Digital Delay which fixesthe time delaybefore
therangesamplewill becollectedfor therangedline. Theinitial
collectedrange,po, is po = (7p — 7r)(c/2) whererp, is the
digital delay 7 is the electronicdelay andc is the speedof
light. For AIRSAR, theinitial rangeis often setlarge enough
to avoid contaminatingthe early collectedrangeswith nadir
echoesScienceaequirementsgor thelook anglesneededn the
swathdrive thedeterminatiorof this parameter

Pulse Length The advantageof transmittinga longer pulse
lengthis an increasein SNR. The disadwantagesare an in-
creaseén therecordedrangeswath thatcannot be fully range
compresseand additional problemswith nadir echoescon-
taminatingthe nearrangesamplesThe maximumlimit onthe
pulselengthnormally setby the duty cycle of the transmitter
Bit Reduction In the past,eachAIRSAR rangesamplewas8
bits andall 8 bits werewritten to tape. AIRSAR is upgrading
to allow an option of compressinghe numberof bits written
to tapeusinga Block Floating Point Quantizer(BFPQ). The
adwantageof BFPQis thatit allows anincreasedangeswath.
Thedisadwantagds anincreasen thequantizatiomoisesince
thecompressioris lossy

Gain Attenuationor gainis appliedto the signalto setthesig-
nal level sothatit will fully utilize the 8 bit analogto digital
corvertersbut will not saturatethe recevvers. The amountof
gainto applyis determinedy the AIRSAR staf. However, the
recever signaloutputpower is proportionatlto the backscatter
crosssection.To setthegainsappropriatelythe AIRSAR staf
needsnformationfrom theinvestigatomboutthelandcaover of
theprimarytarget.



IV. SYSTEMATIC ERRORS

In additionto the statisticalerrorswhich arelargely deter
minedby theradarparameterselectedor adatatake, theout-
put productsare degradedby systematicerrors. It is impor-
tantto be aware of the mostcommonsystematicerrors,your
scienceobjective’s toleranceto theseerrors,andhow you can
reduceyour sensitvity to theseerrorsthroughclever designof
your plan. In my experiencewith TOPSARdata,thedominant
systematierrorsintrinsic to the dataareplatformpositioner-
rors, errorsdueto motion so excessve thatthe processorcan
not properly compensatéor it, and errorsdueto the unmea-
suredexpansionand contractionof the acrosstrack interfero-
metricbaselineduringflight [2] [3].

Platform position errors result from uncertaintiesin the
planes exactpositionduringadatacollectionandtranslatethe
outputdataby anamountequalto the errorin the planes posi-
tion. Theon-boardHoneywell inertial navigationunit hasapo-
sition uncertaintyof roughly 10 m. The platform positioncan
beimprovedby blendingtheinertial navigationunit’s positions
with independenGPSmeasurementsf the planes location.
Dependingon your accurag requirementandwhatis avail-
able at your site, the GPSmeasurementsan be obtainedby
receving broadcastGPScorrectionsor by collecting RINEX
dataon the planefor postprocessingThe RINEX datais not
routinely collectedandmustbe speciallyrequestedf needed.

The DC-8 is at the mergy of the winds, and errorsdueto
excessve motionof theaircraftaresometimesinavoidable. If
your site is proneto large winds aloft, plan you flight lines
parallelto thedominantwind directionaloft or developacon-
tingeng planrotatedperpendiculato your nominalplan. The
effectson the datacanalsobe reducedby choosinga smaller
alongtrack pulsespacing.Perhapshe mostimportantthing is
to corvey to the on-boardcrew the criteria for whento abort
your datacollection.

Because¢he AIRSAR antennasremountedonthefuselage
of the aircraft, the separatiorbetweenthe antennas/ariesas
thefuselageaxpandsandcontractsdueto changesn pressure
andtemperature.For acrosstrack interferometry this results
in baselineerrorswhich generallytilt the final digital eleva-
tion model (DEM) producedfrom the data. The mostcom-
mon way to mitigate this effect is to plan datatakes perpen-
dicular to the primary datacollection orientationand spaced
alongtrack. Duetothedifficulty in uniquelyidentifyingtargets
viewed perpendicularlyit is recommendedhat crossingdata
takes be placedin areaswith significantterrainor extremely
easyto identify backscattefeaturessuchassuturbanhousing
developments. Baselineerrors can also be compensatedor
by sufficient threedimensionagroundtruth or theappropriate
deploymentof cornerreflectors.
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