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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) antennasetupareconsultedto compareconven-
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 imagequality.

I . INTRODUCTION

Antennaarraysfor high-resolutionradarapplicationsre-
quirelargeaperturesin orderto form a narrow beam.Con-
ventionalfilled arrayswith uniform interelementspacing
in therange0 � 5λ ��� λ (freespacewavelengths)exhibit good
performancewith respectto gain and sidelobelevel, but
containmany elementsto accomplishthis. With largeraper-
ture lengthsthe complexity of the feed networks rapidly
growsbeyondtechnicallyreasonablelimits. In themajority
of casesthe aperturelength is dictatedby the beamwidth
specification,but the high gain of a filled array may be
dispensedwith. A renewedinterestin thinning techniques
arisesfrom thegrowing field of digital beamforming(DBF)
arrays,sinceeachantennaelementis equippedwith a ded-
icatedbut costly receiver module.Substantialreductionof
the numberof elementsmakes DBF potentially interest-
ing for high volumeconsumermarketssuchasautomotive
radar.

Array thinning in a regular or periodic manner(regu-
lar overspacing)causesgrating lobesto appear. Sincethe
early 1960’s thinning techniqueshave beendevelopedap-
plying variousalgorithmsto aperiodicelementplacement.
Lo statedthat therewould beno fundamentaladvantageof
deterministicalgorithmsover randomplacement[1]. Opti-
mizationprocedureswereemployedto yield improvedside-
lobe performance.Later, geneticsearchalgorithmswere
proposedfor selectingoptimum elementlocations. One
commonproblemof thesetechniquesis that they become
profitableandallow high thinning ratesonly for large ar-
rays– on theorderof 1000λ andgreater.

Nonlinear or multiplicative signal processinghasbeen

usedin radioastronomyfor a long timeandto greatadvan-
tage. Blommendaal[2] andKsiensky [3] examinedmulti-
plicativeinterferometer-typesystemsfor radar. A majorad-
vancewasmadeby Davies andWard [4], who introduced
interdependentamplitudetapersfor two constituentsubar-
raysto synthesizea desiredlow-sideloberadiationpattern.
Thethinningratesthatcanbeachievedareon theorderof
80 %. The experimentspresentedin [4] were conducted
with analogreceiver implementationsandverifiedthebasic
concept,while radarmeasurementswerenot carriedout.

Fig. 1 demonstratesthebasicarraysetupusedby Davies
andWard. The essentialfeatureis the coincidenceof the
gratinglobesin thepatternof thethinnedsubarraywith pat-
ternzerosof thefilled subarray. Hence,thegratinglobesare
suppressedby themultiplication.

filled
subarray

multiplier

low-pass filter

thinned
subarray

Fig. 1. Basicarrayarrangementusedin [4]

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

Theobjectiveof thispaperis to compareDBF radarmea-
surementsobtainedwith conventionalfilled arraysto those
obtainedwith multiplicativereceivingsystems,andthusex-
tendingtheconceptintroducedin [4] to modernDBF appli-
cations.A fully digital signalprocessingis thereforedevel-
opedwhich,in turn,allowsnear-field phasecorrection.The
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measurementsweredoneindoorsat77 GHz.

I I . EXPERIMENT

A. Setup

In orderto circumventthefabricationof severalcomplete
antennaarrays,a specialsyntheticaperture(SA) antenna
assemblywasconstructed.This way a largeaperturearray
canbesynthesizedwith only onephysicalantennaelement
by samplingthe received field alongthe desiredaperture.
A linear carriagerail driven by a steppingmotor serves
asa mechanicalsupportbasefor the assembly. Its usable
lengthis 0.5m. A vectornetwork analyzer(HP8510C)was
utilized asradartransmitterandreceiver allowing accurate
measurementsof thetransferfunction.RectangularW-band
hornantennaswereusedfor bothtransmitandreceiveoper-
ation.Theinstrumentsaswell asthecarriagefeedarecon-
trolled by a computerrunningNational Instruments’Lab-
VIEW software.Thewholesetupis depictedin Fig. 2.
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Fig. 2. Experimentalsetup

B. Data Processing

In contrastto the analogarrayprocessorusedin [4] the
processingemployedheretakesplacein thedigital domain
after detectionof the radarreturnsby the receiver. Beam-
formingandscanningis implementedin software.

Fig.3 showsafunctionalblockdiagramof theprocessing
path. After a measurementhasbeenmade,the frequency
sweepdatafile is readandavirtual arrayconsistingof sub-
arraysandelementsis created,stipulatedby anotherinput
file. Thesoftwarecomputesa rangespectrumfor eachel-
ementby meansof a Fast Fourier Transform(FFT). The
rangebinscanthenbeprocessedsuccessively by applying
complex weighting factorsandsummingup 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

sceneformsandcanbevisualizedusingcommondataplot-
ters.
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Fig. 3. Signalprocessingpath

It shouldbenotedthat theradarimagesproducedby the
processingsoftwareareraw data.No post-processing,e.g.
target detectionor decisionalgorithms,are applied. The
imagesto bepresentedin thispapershow theechointensity,
normalizedby themostintensetargetreturn.

To compensatefor theerrorsinducedby sphericalphase-
fronts of near-field target returnsthe complex weighting
factorshave to be adjustedby additionalcorrectionterms.
Thesecorrectionphasesdependon the locationof the re-
spectiveelementwithin theaperture,thescanningangleand
thefocal distanceof thetargetsto beimaged[5].

C. Synthesized Arrays

Threedifferentarray configurationswere processedfor
comparison. Their parametersare compiled in Tab. I.
All arrays exhibit nearly the sameaperturelength and
beamwidth. The first array consideredis a conventional
241-elementfilled arraywith a Chebyshev amplitudetaper
to yield a uniformsidelobelevel of -25dB. Thethinnedar-
rays(2 and3) are low-redundancy offset type arrayswith
67 (59+ 8) and45 (29 + 16) elements,respectively.

I I I . RESULTS

Fig. 4 shows the processedradarimagesas2.5-D con-
tour plots. Thescenescapturedconstitutea corridor in 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 2 mm — — 480mm 0 � 42
�

25dB 0 %
2 59 2 mm 8 60 mm 478mm 0 � 42

�
22dB 72 %

3 29 2 mm 16 30 mm 478mm 0 � 42
�

22dB 81 %

TABLE I. Parametersof consideredconfigurations(n.o.e.:numberof elements)

building. Fig. 4 a-c and d-f correspondto two scenarios
of artificial reflectorsdistributedthroughouttheroom. The
positionsof realtargetsaredesignatedin thetopmostplots
aandd, whichareobtainedwith thefully filled arrayNo. 1.
Plots b and e show the imagesobtainedwith the thinned
arrayNo. 2, andplotsc andf thosefrom the thinnedarray
No. 3 (cf. Tab. I).

The imagesfrom the thinned configurationsexhibit a
slightly higherbackgroundlevel thatpartly stemsfrom the
higherpeaksidelobesof thesearrays. The artifactsfrom
the strongechosat a rangeof 5 m give a goodindication
of that. While someweakechosdetectablein theimageof
the filled arraydrop to backgroundlevel, mostreal targets
canwell be identified. Neverthelessthedegradationof the
imageswith higherthinningratesclearlyemerges.

The secondscenariowith five closelyspacedreflectors
in one rangebin must be consideredmore critical when
multiplicatively processed,owing to complex multi-target
responses[2, 3]. The larger cornerreflectorfeaturestwo
scatteringcentersappearingin all images. The returnsof
the smallerreflectorsdiffer in intensityandexact angular
position,but areevident in every plot. No degradationdue
to beambroadeningcanbe observed in comparisonto the
fully filled array.

IV. CONCLUSION

In thispapernonlinearprocessingschemesappliedto an-
tennaarraythinning wereevaluatedwith respectto imag-
ing performance. Arrays of moderatesize, i.e. with an
aperturelengthbelow � 500λ, caneffortlesslybe thinned
by typically 80 % by nonlinearprocessing.Thinningrates
up to 90 % arepositively possible. Suchratesarehardly
reachedwith aperiodicarraysanddefinitelyneverobtained
with randomarrays. Comparedto dataprocessedby con-
ventional fully filled arrays,the imagesfrom the thinned
arraysshow slightdegradationsin backgroundlevel.
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Fig. 4. Radarimages:a-c: scenario1, d-f: scenario2
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