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Abstract — Efficient thinning techniquesbasedon nonlin-
ear multiplicati ve processingof antennaarrays are evaluated
for high-resolutiondigital beamforming (DBF) radar. Operat-
ing mechanismsof suchthinned arrays are intr oducedbriefly
together with a review of the scarce literatur e on this sub-
ject. Measurementsimplementedat 77 GHz with a synthetic
aperture (SA) antennasetupare consultedto compare corven-
tional and thinned array configurations with respectto imag-
ing performance. Nonlinear processingsystemsshow very at-
tracti ve featuresallowing thinning rates on the order of 80 %
with minor degradationsin image quality.

|. INTRODUCTION

Antennaarraysfor high-resolutiorradarapplicationse-
quirelarge aperturesn orderto form anarrov beam.Con-
ventionalfilled arrayswith uniform interelementspacing
in therange0.5A..A (free spacewavelengths)exhibit good
performancewith respectto gain and sidelobelevel, but
containmary elementgo accomplistthis. With largeraper
ture lengthsthe compleity of the feed networks rapidly
grows beyondtechnicallyreasonablémits. In the majority
of caseghe aperturelengthis dictatedby the beamwidth
specification,but the high gain of a filled array may be
dispensedvith. A renavedinterestin thinningtechniques
arisesfrom thegrowing field of digital beamforming DBF)
arrays,sinceeachantennalements equippedwith a ded-
icatedbut costly recever module. Substantiateductionof
the numberof elementsmakes DBF potentially interest-
ing for high volume consumemarketssuchasautomotve
radar

Array thinning in a regular or periodic manner(regu-
lar overspacingxausegrating lobesto appear Sincethe
early 1960 thinning techniqueshave beendevelopedap-
plying variousalgorithmsto aperiodicelementplacement.
Lo statedthattherewould be no fundamentabdwantageof
deterministicalgorithmsover randomplacemen{1]. Opti-
mizationproceduresvereemployedto yield improvedside-
lobe performance. Later, geneticsearchalgorithmswere
proposedfor selectingoptimum elementlocations. One
commonproblemof thesetechniquesds that they become
profitableand allow high thinning ratesonly for large ar-
rays— ontheorderof 1000\ andgreater

Nonlinear or multiplicative signal processinghas been

usedin radioastronomyfor along time andto greatadvan-
tage. Blommendaal[2] andKsiensk [3] examinedmulti-
plicative interferometettypesystemdor radar A majorad-
vancewas madeby Davies and Ward [4], who introduced
interdependenamplitudetapersfor two constituentsubar
raysto synthesizea desiredow-sideloberadiationpattern.
Thethinningratesthat canbe achieved are on the orderof
80 %. The experimentspresentedn [4] were conducted
with analogreceiverimplementationandverifiedthebasic
conceptwhile radarmeasurementserenot carriedout.

Fig. 1 demonstratethe basicarraysetupusedby Davies
andWard. The essentiafeatureis the coincidenceof the
gratinglobesin thepatternof thethinnedsubarraywith pat-
ternzerosof thefilled subarrayHence thegratinglobesare
suppressetly the multiplication.
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Fig. 1. Basicarrayarrangementsedin [4]

Even higher thinning rates can be gained with low-
redundang offset array configurations,also proposedin
[4]. This setup, with one half of the thinned subarray
switchedoff, givesthe samedirectionalpatternin the far
field.

Theobjective of this paperis to compareDBF radarmea-
surement®btainedwith corventionalfilled arraysto those
obtainedwith multiplicativereceviing systemsandthusex-
tendingtheconcepintroducedn [4] to modernDBF appli-
cations.A fully digital signalprocessings thereforedevel-
opedwhich,in turn, allows nearfield phasecorrection.The
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measurementweredoneindoorsat 77 GHz.

Il. EXPERIMENT
A. Setup

In orderto circumventthefabricationof severalcomplete
antennaarrays,a specialsyntheticaperture(SA) antenna
assemblywasconstructed This way a large aperturearray
canbe synthesizedvith only onephysicalantennaelement
by samplingthe receved field alongthe desiredaperture.
A linear carriagerail driven by a steppingmotor senes
asa mechanicakupportbasefor the assembly Its usable
lengthis 0.5m. A vectornetwork analyzefHP8510C)was
utilized asradartransmitterandrecever allowing accurate
measurements thetransferfunction. Rectangula¥-band
hornantennasvereusedfor bothtransmitandreceve oper
ation. Theinstrumentsaswell asthe carriagefeedarecon-
trolled by a computerrunning National Instruments’Lab-
VIEW software. Thewhole setupis depictedn Fig. 2.
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Fig.2. Experimentaketup

control

B. Data Processing

In contrastto the analogarray processousedin [4] the
processingmployedheretakesplacein thedigital domain
after detectionof the radarreturnsby the recever. Beam-
forming andscannings implementedn software.

Fig. 3 shavsafunctionalblock diagramof theprocessing
path. After a measurementasbeenmade,the frequengy
sweepdatafile is readanda virtual arrayconsistingof sub-
arraysandelementds created stipulatedby anotherinput
file. The softwarecomputesa rangespectrumfor eachel-
ementby meansof a Fast Fourier Transform(FFT). The
rangebins canthenbe processeduccessiely by applying
complex weighting factorsand summingup the contribu-
tions of all elements.In the caseof a multiplicative sys-
tem the two subarrayresponsesare finally combinedac-
cordingto theactive power rule forming thetime-averaged
power. In this way a 2-D radarimageof the illuminated

scendormsandcanbevisualizedusingcommondataplot-

ters.
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Fig. 3. Signalprocessingath

It shouldbe notedthattheradarimagesproducedby the
processingoftwareareraw data. No post-processing.g.
target detectionor decisionalgorithms,are applied. The
imagedo bepresentedh this papershav theechointensity
normalizedby the mostintensetargetreturn.

To compensatéor theerrorsinducedby sphericaphase-
fronts of nearfield target returnsthe comple< weighting
factorshave to be adjustedby additionalcorrectionterms.
Thesecorrectionphaseglependon the location of the re-
spectve elementvithin theaperturethescanningangleand
thefocal distanceof thetargetsto beimaged[5].

C. Yynthesized Arrays

Threedifferentarray configurationswere processedor
comparison. Their parametersare compiled in Tah I.
All arrays exhibit nearly the same aperturelength and
beamwidth. The first array considereds a corventional
241-elemenfilled arraywith a Chebyshe amplitudetaper
to yield a uniform sidelobelevel of -25 dB. Thethinnedar-
rays (2 and 3) arelow-redundang offset type arrayswith
67 (59 + 8) and45 (29 + 16) elementsrespectiely.

I1l. RESULTS

Fig. 4 shows the processedadarimagesas 2.5-D con-
tour plots. The scenesapturedconstitutea corridorin our
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No. Filled (Sub)array ThinnedSubarray Aperture Beam- Sidelobe Thinning
n.o.e. | el. spacing n.o.e. | el. spacing length width ratio rate
1 241 2mm — — 480mm 0.42 25dB 0%
2 59 2mm 8 60 mm 478mm 042 22dB 72%
3 29 2mm 16 30mm 478mm 042 22dB 81%
TABLE I. Parametersf considereatonfigurationgn.o.e.:numberof elements)

building. Fig. 4 a-c andd-f correspondo two scenarios
of artificial reflectorsdistributedthroughoutheroom. The
positionsof realtargetsaredesignatedn thetopmostplots
aandd, which areobtainedwith thefully filled arrayNo. 1.
Plotsb and e shav the imagesobtainedwith the thinned
arrayNo. 2, andplots c andf thosefrom the thinnedarray
No. 3 (cf. Tah I).

The imagesfrom the thinned configurationsexhibit a
slightly higherbackgroundevel that partly stemsfrom the
higher peak sidelobesof thesearrays. The artifactsfrom
the strongechosat a rangeof 5 m give a good indication
of that. While someweakechosdetectablen theimageof
thefilled arraydropto backgroundevel, mostreal targets
canwell beidentified. Neverthelesghe degradationof the
imageswith higherthinningratesclearlyemeges.

The secondscenariowith five closely spacedreflectors
in one rangebin must be consideredmore critical when
multiplicatively processedpwing to complex multi-target
response$2, 3]. The larger cornerreflectorfeaturestwo
scatteringcentersappearingn all images. The returnsof
the smallerreflectorsdiffer in intensity and exact angular
position,but areevidentin every plot. No degradationdue
to beambroadeningcanbe obseredin comparisorto the
fully filled array

IV. CONCLUSION

In this papemonlinearprocessingchemesppliedto an-
tennaarraythinning were evaluatedwith respecto imag-
ing performance. Arrays of moderatesize, i.e. with an
aperturedengthbelov ~ 500, caneffortlesslybe thinned
by typically 80 % by nonlinearprocessing.Thinningrates
up to 90 % are positively possible. Suchratesare hardly
reachedvith aperiodicarraysanddefinitely never obtained
with randomarrays. Comparedo dataprocessedby con-
ventionalfully filled arrays,the imagesfrom the thinned
arraysshow slightdegradationsn backgroundevel.
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Fig.4. Radarmages:a-c: scenaridl, d-f: scenarid2

0-7803-6540-2/01/$10.00 (C) 2001 IEEE

range [m]

d)

range [m]

e)

range [m]

f)




	IMS 2001
	Return to Main Menu


