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Abstract — The South African SAR system (SASAR) has flown a
number of repeatpassinterferometry flights, and this paper reports on
the resultsachieved to date with the system. The flight geometry data
acquisition and processingare described,and examplesof interferograms
are shown. This paper alsoshows simulations of fringe patterns obtained
from an interferogram simulator developedin the UCT Radar Remote
SensingGroup. The simulated fringes obtained from a DEM are com-
paredto thoseobtained from the real SAR data.

I. INTRODUCTION

The resultsof the first interferometricexperimentsof the
SASAR systemwere publishedin [1]. The dataacquisition
campaigntook place over a mountainousforestedregion on
the coastto thewestof CapeTown, from which therewassig-
nificantbackscatterinterferometridringeswereobtainedbut
the coherencesxhibited an along-trackbandednature,which
resultedfrom difficultiesin registeringthe dataowing to local
variationsin azimuth ground samplespacing. Furthermore,
high coherencdringeswereonly obtainedin areasof natural
surfacescoveredby significantvegetation whereadald earth
areasbackscattecomparatiely little enegy, resultingin se-
verelossof coherencé?]. It wasconcludedhatthepoorSNR
obtainedfrom urnvegetatederrainwasa severelylimiting fac-
tor for interferometryin the VHF band,resultingin patchyin-
terferogramavhich would bedifficult to unwrap.

This papemreportsontheprogresgo dateregardingSASAR
repeafpassnterferometry Significantimprovementsvereob-
tained regarding the registration of the single look comple
(SLC)images.Unfortunatelytheresultinginterferogramslid
not agreewell with simulatedfringesthatwereobtainedfrom
adigital elevationmodel(DEM) of the area.Possiblereasons
for thisdiscrepang aswell aspotentialsolutionsarediscussed
in this paper

I1. DATA ACQUISITION AND SAR PROCESSING

The datapresentedn this paperwere acquiredfrom three
passe®ver the Hermanuscoastline(specificallythe Botrivier
lagoonand mountainsto the west) of SouthAfrica (approx-
imate latitude 34.5, longitude19.25). The SASAR system
flew aboarda DakotaDC3 (C47TP)with atime separatiorof
approximately25 minutesbetweenpassesThe vertical base-
lines were 105m, 206mand 311m. The swath extendsfrom
nadir out to approximately28 km, covering a wide rangeof
look anglesfrom vertical to about82°. The SAR imaging
geometryis depicted(to scale)in Fig. 1. A summaryof the

TABLE |

TYPICAL SASAR SYSTEM PARAMETERS.
Flight height 3000to 4000m
Flight speed 80-90m/s
Obserationangle(at h=4000m) from Oto ~85dey
Range(nearfar) 24km
RangeBandwidth 12 MHz
RangeResolution 12m
Processedzimuth Beamwidth 6 deg
Corresponding\zimuth Resolution | 12m
CarrierFrequeng 141MHz

4000m

28000m  |!
| 82 deg

~0deg

27700 m

Fig. 1. Typical SASARimaginggeometry— to scale.

systemparameterss givenin Tablel. An exampleof a pro-
cessedmagecoveringabouthalf of theusableswathis shovn
in Fig. 3.

The raw datawere processedo single look complex im-
agesusingan in-houserange/Doppleprocessomith the res-
olution parametergivenin Tablel. Priorto formationof the
SAR images,eachrangeprofile was filtered using an adap-
tive frequeng-domainnotchfilter to suppressadio frequency
interference (RFI). Motion compensatiorwas appliedto the
datato correctfor deviationsfrom a straightpath. Theinter
ferometricprocessingvasperformedusingmodulesfrom the
GAMMA interferometricsuite [3] aswell asin-housedevel-
opedsoftware.

IIl. IMAGE REGISTRATION

Previous work [1] hasshaowvn that the applicationof a bi-
linear warping function is not sufficient to registerthe SLC
imagesproperly After carefully correlatingthe two images,
a surfaceplot can be obtained,as depictedin Fig. 2a, shov-
ing the azimuth offset requiredto warp image2 onto image
1. From Fig. 2ait canbe seenthat the azimuth offset does
not vary linearly alongan azimuthline, but hasa “step-like”
nature. A bilinear warping function doesnot have suficient
“warpingfreedom”to follow thelocal variation.



Fig. 2. Azimuthoffsetin sampleseforeandafterapplyingwarpingfunction.

A registration algorithm was developed, which is able to
warp the imagewith an arbitrary amountof freedomby per
forming localisedwarping on smallerpatchesof the image.
Correlatingthe two resultingregisteredimagesproducesthe
plot shovn in Fig. 2b, which shows thatthe requiredazimuth
offsetis closeto zeroacrosgheimage.Thiswarpingalgorithm
significantlyimprovedtheregistrationandhencehecoherence
betweerthetwo images.

Originally it wasthoughtthat the discretestepsin the re-
quired azimuth offset were the result of “drop-outs” occur
ring in the datarecordingsystem(i.e. missingrangelines).
However, it is now believed that thesestepsoccurdueto the
platform’s deviation from the nominal flight path, causinga
“bunchingup” of rangelines asthe aircraftmovesaway from
the nominalflight pathanda “stretchingout” of rangelines
whenit flies on, or parallelto, the nominalflight path. Future
work will focuson correctingthisirregularspacingn azimuth
by interpolatingeachazimuthline aspart of the motioncom-
pensatiormodule.

IV. RESULTS

In orderto checkthe predictedperformancea model-based
interferometricsimulator[4] wasemployed, in orderto gen-
eratenoisy interferogramsand coherencemapsfor the pro-
posedflight geometries.An exampleof the simulatoroutput
is shown in Fig. 4, which depictsthe noisy interferogramand
theflattenednterferogranof the Hermanus/Botsiier areafor
thecaseof a 100mverticalbaseline.

Fig. 5 shaws the real interferogramandflattenedinterfero-
gramof the sameareathat was obtainedfrom processinghe
SASARdatausingthe 105mverticalbaseline.Unfortunately
thereis noimmediatelyvisible agreemenbetweertherealand
simulatedinterferograms.Thereare a numberof reasondor
this discrepang:

« Motion compensationvasperformedto mid-range.Dueto
SASAR’s large changein look anglefrom nearto far swath,
the phaseerror at the nearand far rangeis significant. This
phaseerror becomesvery problematicbecausehe deviation

of theaircraft's flight pathfrom a straightline canbeasmuch
as100mfrom the nominal straightflight path. A solutionto
this problemmight beto performthe motioncompensatioon
blocks of rangedata,therebyminimising the phaseerrors. It
might alsobe worthwhileto write atime-domainSAR proces-
sorwhich circumventsthesemotioncompensatioproblems.
« It is suspectedhat the position datacontainserrorsin the
orderof a few wavelengthsdueto inaccurateGPShardware
and/oraccelerometersn boardtheaircraft. It is thereforeim-
portantto investin the bestpossiblepositionmeasuringhard-
ware.

« It hasalreadybeenmentionedhatit is believedthatthe az-
imuth datais irregularly spacedlt shouldbe possibleto inter-
polatetheazimuthdatato anequallyspacedyrid. It wouldalso
bebeneficiako slave thePRFto thegroundspeedwhichis not
the casewith the currentSASAR system),andto time-stamp
thedata.

« Non-parallelflight pathsalso affect the interferogram,al-
thoughthis problemis not asseriousasthe previousones. A
stableplatform suchasa Boeingwould helpto minimisemo-
tion errors.

V. CONCLUSIONS

Our latestattemptsat extractinginterferometrianformation
from repeatpassdataacquiredwith the SASAR systemhave
againshown that high coherencdringes can be obtainedus-
ing repeatpassinterferometryat VHF band. Unfortunately
the obtainedinterferogramsxhibit little correlationwith the
topographywhich meansthe extractionof reliable heightin-
formationis notfeasiblewithoutimproving thecurrentsystem.
It is believedthatthemostsignificantinterferometricerrorsare
causedy inaccuratenotioncompensation.

Theoriginal systemdesignhadincludedthe ability to slave
PRFto groundspeedaswell astime-stampall recordeddata
to acommontime base.This wasunfortunatelyomittedin the
implementation but we will make strongrepresentationfor
thisto bere-instated.
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Fig.5. Interferogramandflattenedinterferogramof Hermanus/Botvier areaof SouthAfrica.



