
Ａ－３－３ ANADAPTIVEARRAYNITHAPREBEANFORNER

KojiKONIYAMAandKazuakiTAKAO

DepartmentofE1ectricalEn9ineering，KyotoUniversity，Japan

Presenceofcoherentnoisehasbeenaseriousproblemtoalmostalltypes
adaptivearraysystemsincetheirprincipleofoperationabsolutelydepends
thenon-correlatlonbetweenthedesiredsignalandinterferｅｎｃｅｏｒｎｏｉｓｅ．
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ThispaperproposesanadditionofaprebeamformertotheDCAA(Direc-
tionally-constrainedadaptivearray）systemｉｎｏｒｄｅｒｔｏｅｎａｂｌｅｔｈｅｓｙｓｔｅｍｔｏ
ｅｌｉｍinatetheinterferencewhichlscorrelatlvewiththedesiredsignal･As
hasbeendiscussedbefore[1]，ｔｈｅＤＣＡＡｗｏｒｋｓｏｎｔｈｅｇｕｉｄｅｌｉｎｅｔｏｍｉnimizethｅ
ｏｕｔｐｕｔｐｏｗｅｒｗｈｌｌｅｍａｉｎｔａｉｎｉｎｇａｃonstanttransferfunctiontothesignalfrom
thedesireddirection，ｓｏｔｈａｔｉｔｍａｙａｃｈｉｅｖｅｔｈｅｍａｘｉｍｕｍｓignal-to-noise
ratioatitsoutputport．
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theformofcolumnvectors，XandMrespectively，ｔｈｅｎｔｈｅｏｐｔｉｍｕｍｗｅｉｇｈｔｉｓ
ｇｉｖｅｎｂｙ

llbpt＝RxX1C(CTRxR1O-1H（１）
where￣landTshowtheinverseandtransposｅｏｆｔｈｅｍａｔｒｉｘ，respectively，
and

Rxx＝E(x･XT）（２）
denotesthecorrelationmatrixoftheinput，whereEmeanstheexpectatlon・C
andHaretheconstraintmatrixandconstrainedoutputvectorwithrespectto
thespecified(desire｡）dlrection，respectively・Ｔｈｅｙａｒｅ帽1ａｔｅｄｗｉｔｈ

ＣＴＮ＝Ｈ（３）

whenthesystemoperatesonthesamplin9feedback,Noptisasymptoticallyapproachedｗｉｔｈｔｈｅａｌ９ｏｒｉｔｈｍ，

Ｎｊ+1＝P(Nj-u>O)＋Ｆ（４）
wherethesuffixjdenotesthevalueatj-thsamplin9iPandFareprojection
matrixandfundamentalvector，respectively，ｂｏｔｈｏｆｗｈｉｃｈａｒｅｄｅｒｉｖａｂｌｅｆｒｏｍ
ＣａｎｄＨ；Ulsthestepsizewhichcorrespondstothefeedbackloopgain・

Ｔｈｅmalfunctlonresultingfromthecorrelationbetweenthedesiredsignaｌ
ａｎｄinterferencewillbeunderstoodbyFig.2．IIhentheinterferenceNis
coherentwiththedesiredsi9nalS（ｓｕｃｈａｓｉｎｔｈｅｃａｓｅｏｆｒａｄａｒｃｌｕｔｔｅｒｏr
TV-ghost)，ｔｈｅｙａ帽vectoricallyadditiveandfonnsS+Ｎｉｎｔｈｅｆｉｇｕｒｅ，which
resultsinthefalsewei9htofWflsthatisorthogonaltoSHI・Itshouldbe
notedthatNflsstillremainsintheconstraintplane，satisfymgthecon-
straintcondition、Afterall，ＳｉｓｃａｎｃｅｌｌｅｄｂｙＮｗｌｔｈｔｈｅｆａｌｓｅｎＥｎlpulation
ofthevariableweightofthesystemwhojustfollowsthegivenguidelineof
DCAA・ＩｔｓｈｏｕｌｄａｌｓｏｂｅｎｏｔｅｄｔｈａｔｔｈｉｓｐｈｅnomenoniscomonamoIlganytyPe
ofMSN(maximumsi9nal-to-noiseratio）adaptivearray，ｂｕｔｔｈａｔＬＭＳ(1eastｍｅａｎ
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squareerror）adaptivearrayalsosuffersfr℃mmalfunctionthatS+N(notpure
S）tendstofO11owthereferencesi9na１．

ＢａｃｋｔｏＦｉｇ､２，theoptimumwelghtcanbeattainediｆＳｉｓｅｌｉｍｌｎａｔｅｄｆｍｍ

躯;・鰯ＣＩＩ調:'3,瀬:lrN鵬iiso鰯:::1t:｡aＭ:ihi1oW:,:P雛p$111ｉｔ
ｈａｌｆｏｆｔｈｉｓｆｉｇｕｒｅｉｓｔｈｅｓｉｎｇｌｅｃhannelofaconventionaladaptivearray
withtwotapsperchannel（narrowbandoperationisassumed)．Thelefthalfis
theproposedprebeamfoIPmerthatconsistsofapairofantennasandahybrid・
Ｔｗｏａｎｔｅｎｎａｓａｒｅａｌｉｇｎｅｄｓｏｔｈａｔｔｈｅｂａｓｅｌｉｎｅｐｏｉｎｔｓｔｏｔｈｅｄｉｒｅｃｔｉｏｎｏｆthe
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component）ａｓｌｔｓ１ｎｐｕｔ，Ｔｈｅwei9htsofthischannelcopythoseofthe
controlloopandrealizeNbpt・Strictlyspeaking，theoptimumweightthus

::灘:si:fnll;::卿;:;:;::｡【h:hie:i;;e;:P:;．::rt;;v:lr:6Mi:1.1s;鰯b
end-firestructureandsmallspacin9，canminimizetheeffect、

Acomputersimulationexperimentwascarrledoutonthisproposedsystem
offourpairsofantennas･Thedesiredsignalandcoherentinterferenceare
assumedtocomefrome=Ｏｏａｎｄ６０ｏ，respectively，Theirrelativeintensityis
l:10．Fig.4(a）istheinitlalpatternandFi9.4(b）istheoptimumpattern
attainedthroughadaptation・Ｔｈｅｒｅｓｕｌｔｓｈｏｗｓｔｈａｔａｎｕｌｌｗａｓ９ｅｎｅratedinthe
directionoftheinterference．

Theintroductionoftheabovementionedprebeamfonnerbringsaboutfavor-
ableeffectsontheperfonnancｅｏｆｔｈｅａｄａｐｔｉｖｅａｒｒａｙｅｖｅｎｉｆｔｈｅｉｎterference
isnotcoherentwiththedesiredsi9nalasintheconventionalcases・Ｔｈｅ
ｅｌｉｍｉｎａｔｉｏｎｏｆｔｈｅｄｅｓｉｒｅｄｓｉｇｎａｌｃｏｍｐｏｎｅｎｔｆｒｏｍｔｈｅｉｎｐｕｔｔｏｔｈｅｃｏntro11oop
reducesthefluctuationofSNRatstationarystatesincethedeterioration
usedtoresultmainlyfromtheproductofthesampledinstantaneousvaluesof
SandN

TheeliminaｔｉｏｎｏｆＳｉｎルISO､垣whatspreadstotheneighborhoodofthe
desireddirection・ＴｈｉｓｈｅｌｐｓｔｏｓｏｌｖｅａｎｏｔｈｅｒｐｒｏｂｌｅｍｉｎＤＣＡＡ，１．ｅ、、is-esti-
mationofthean91eofarriVal・Ｉｎｓｕｃｈｃａｓｅ，thesystemgenerallytakesthe
forinterferenceandtriestonullifyit・NiththeprebeamfOnner，however，the
inputfmmthenear-bydirectionaboutthedesiredoneisgreatlyredｕｃｅｄｓｏ
ｔｈａｔｔｈｅｍａｌｆｕｎｃｔｌｏｎｃａｎｂｅａvｏｆｄｅｄｆｏｒｑｕｉｔｅａｌａｒｇｅｍａｒｇｉｎｏｆａllowable
errorInestimtion･

Conclusion．Anadaptivearraythusdescribedisｆｏｕｎｄｔｏｂｅｕｓｅｆｕｌｉｎ
（１）thecaseofcoherentinterference，
（２）impmvingthestationaWstateperformance，
（３）inc彪asingthetoleranceformis-estimationofthedirectionofthe

desiredslgnal
lnpracticalcasewhe泥ｔｈｅｓｏｕｒｃｅｏｆｄｅｓｉｒｅｄｓｉｇｎａｌｉｓｍｖｍｇ，eachpalrmust
havesmall-scaledrotatorindiv1dually，andtrackmechanically･Thewhole
arraystructure，however，ｎｅｅｄｎｏｔ鵬ｃｈａｎｉｃａｌｌｙｍｏｖｅＤｂｕｔｉｔｓｂｅａｍｃａｎｂｅ
scannedelectrically・Thereforethetrackingspeedshoulｄｎｏｔｂｅｃｏｍｅｓｏｓｅｒｉｏｕｓ
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Fig.１Adaptivearraysystem

S6desiredslgnalvector

N；interferencevector

Nopt；optimunlwei9htvec
Nfls；falseweightvecto
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Fig.２Ｖectorialexpressionofthesystem
responsetothecoherentinterference
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Fig.４ ＳｉｍｕｌａｔｉｏｎｏｆＤＣＡＡ

(a）initialpattern
(b）optimumpattern
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