11111111121211112121 *159159* 1 Phased array-radar— . __.__
ant enna havi ng reduced search tinme and netho

t her eof FIELD OF THE | NVENTION This inventi onlm,g m ”m”
to phased array radar antennas, particularly

ai rborne radar. BACKGROUND OF THE | NVENTI-GN-5Phas&#iso*
array antennas are well known in the art provide for

wi de bandwi dt h, | ow power |osses, and have the '
capability of radiating at nulti pI e frequencies in a

gi ven beamdirection. The use of the invention is thus
not intended to be restricted to any particular type

of aircraft. Thus regardl ess of the size or type of
aircraft, Bbasedlarray xadar amtann%;mleawbwpéqwﬂéamqong
range radar with 360- a | arge antenna
10 nounted above the g?ﬁeﬁgﬁﬁ?%&gp{fg@“ to mgnl m ze
airframe interference, and requires high power to give
the required | ong-range detection. These two

requirements have so far been to a certain extent

' NBI@Nsi nce a | ar ge ant enna nount ed

above he al rc:raf fu eI a causes s tant i .

and co e‘h‘i 9%‘0%@ 5 éﬁﬁ?%“n%tps Sfﬂ%lﬂgor airborne
Ilqag—_range radar only a | arge aircraft could be used.

15US Patent No. 5,097,267 (Raviv) published March 17,

1992, assigned to the present applicant and entitled

"BACKGROUND OF THEENMENTION systent discloses an
airborne early warning radar system conprising an .
5 aut oneRliasel #yaycanienmas lasdwpll koowe é thei art prvide r pride dandwidth,

d i IC .
RIS AR SPIBY <l g RO BRI s
Obeatr @ir¢dios e’ﬂheaﬁieaoff thadavendoh énthas met ixténded tto bbl’restﬁéted to any
aircraft. novvn A (Ai.rbqrne Early War

shB R, typgef @{ﬂr#@ p_aﬁt_he TEN\PICIPE, QL 2 e kind of
D b 5 s S R T8

10 r pibadted gbewet tha radrcrafihfuselagd) do anihinizs yisfrm wmrfemycqmnd requires
e)] ectroni cal.l y..scanned .fi xed arr of the
2%185 SOVFT B’e%}"%/ FPeaTB%%e%H%% TERe 8° {rg requ“emenﬁq‘a"e 50

St Bder?td / certain extent mutually mcompatlble since a large antenna mounted above

the aircraft fuselage causes substantial drag and coupled with the high power
requirements of the long-range radar only a large aircraft could be used.

15 US Patent No. 5,097,267 (Raviv) published March 17, 1992, assigned to the
present applicant and entitled “Adirborne early warning radar system” discloses an
airborne early warning radar system comprising an automatically controlled pilotless
aircraft, a phased array radar antenna disposed in the pilotless aircraft and apparatus for
selectably varying the orientation of the phased array radar antenna relative to the

20 aircraft. ‘ .

All known AEW (Airborne Early Warning) systems, including AWACS,
ERIEYE, CONDOR and WEDGETAIL have been based on the traditional architecture
of a single-band radar. AWACS employs a mechanically rotating antenna, while the
other systems employ an electronically scanned fixed array antenna of the Kind

25 described in above-mentioned US Patent No. 5,097,267.
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1111111112121111211 *@00002* - 2 - In the
mechanically rotating system the tine required to
achieve a full 360 scan is dependent on the tine taken
to steer the nmechani cal antenna through a conplete 360
revol ution. Al though the steering of a phased array
radar antenna is el ectronic, npl ete el ectronic
scan i s neverthel ess reqU|red to achi eve fuII 3600

coverage Once 5 the radar has tracked a, |nt i.n o
space, nithe r%e&h@neélr/rrp A0S 15y i s €o<izee 1q ackife a full 360

r QeRfs &Pﬁl‘lc{ég& o ‘EMJ t&ktn 16 3é&€19the HcBadiBA Aitehutfthrdul ?ﬁ a complete

| onger For a conpl ete scan, e easrer
f3ﬁ0° aevobationo Apthowedhr the etetiieg ofal ahgsed ameye radar htennans electromc a

t|rreto' nt ercept and havj done, so, .t he r i me
ORIPIGIE slsctonif shan ismepisiess r%ﬂrlgr%roeaqheevrrfgﬁégeéroverage Once

S« 29
JHE 0 PRS0l 5 G HSRERUIL )bk e o e i
staimg the currey® cpeleehis manﬂﬂm@mlzegf(ruatﬁ!re? foy mommlbte)scan the

p et £5€ f'eé)[r 7304 @r&g%tga%?the 1af sﬁﬁg ik ﬁ&r@ e Y #H %E%Q Gnd having

enna el enen 0Ses d radar antenna ele
CcDJiiBrSOS Ithe) nfore Qiney “blal‘ed:hpw\tmﬁh itdbecamds atsitle rtaythé)fradar during a
paral | el , dual - pol ari zed, r band egur es and

oﬁubﬁﬁqesntnﬁsaht%lsw@mm Ipis (%ﬁﬂr g r%/reéa?ea rfime,fpr a complete 360°
ture of the | ower band 15 wavegui de. The | ower

band wavegui de and each hi gher band wavegui de have one

cr oss-§@Prteonblb. 4BAE4Y ranibegy et i) pﬁblﬁhvdiﬁerbtemgcrlﬂG 1989 and

d]FWBXt comprlslng a

floeetpadywhapeide atl acieses pardllel] dﬁal-‘bbﬁrﬁedl fidgher band waveguides
| ow | evel tam%et tracki ng}écon‘prl ses a first angtg
@ Atpoles ampuiph AVIMinOr BEHY oplincent A8 AertiieOf the lpwpr band

f
%E\%%ﬁﬂl@y Thé ‘!6w§r“%ln8y\kr£\%ﬁgfd€ &gdegkfggﬁél%%a&:l gﬁiézbélﬁde have one

mross-quMnatmnagm Esgthan 098avgledgthnt i t | ed

"El ect S R
el ectr ﬁi cag?rtﬂ%cgzygﬁ ﬁ@%ﬁeﬁrgﬁ) ggh@@fgﬁﬁg alopllafrgsalanflyennﬂec‘
OfRddue SPInt ypestrizio twaib@uendy bael disdowaaadaf systent for low—level
have a plurality of radi ng el enents and ﬁ)@ﬁhural
oﬁargsh Haeking, ComBRSSS |arﬁz}'§t\/‘i“§uaaf“fc)9n‘é6%ﬂﬁ¥ apparesus, thoth ppegsiing at their

eBY, bu 5?;&&{3‘10?151 g Bh¢ ANOBIEHe HaRinpdihtdnnh. " €quency
for st ering e radar beam but does not | o

d| ff erEStPathof 4,@&@1&%@1ams et. alJipublishpd ler;g 30y 1981 and entitled
SUBOESL Oty o8 GABANP iR EUSERAARNE RN FB0AS Ebfuprising
¥ an east two cyclically

hia conprising a
sae Ipanﬂ&ploe” maqhamyascmmmpl antesne aedtiono epeh of ndich hpwera plirality of

adj.acent antenn ne eration
SEUGFRE eleaiatsEn a@ <ot piie et Q5 SBRbIE ke e antenna

PRAGH Shéh &1 é%i’dn%@m&xt Ws@uﬁ%ﬁ g%@%&lﬁ théYadaPB&#m but does
antenna that permts a conplete 3 coverage to be

andtiempbay, different scan frequencies.

There is no suggestion in the above references to employ a phased array antenna

’:)_

n

comprising at least two cyclically selectable antenna couplets each comprising a pair of
adjacent antennas adapted for simultaneous operation at different frequencies.
It is an object of the present to provide a more compact phased array radar

antenna that permits a complete 360° coverage to be achieved.
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3 SUMMARY OF THE | NVENTI ON This object is
realized in accordance with a broad aspect of the

i nvention by a phased array radar antenna conpri sing
at | east two antennas adapted for sinultaneous
operation at different non-nutually interfering
frequenci es. 5l n accordance thlb a preferred

embodi nent of the invention, there is provided a

sed arra radar an for a vehicle, said phased
e§6@§uéﬁﬁé A K first and second radar ..
O 4 29aRLES, if QoL o108 LESRES Y B5Rn by o
a;rﬁaeemaﬁayadaat a&tﬂenfn@ rcombﬁsmg a’glehﬂ tve spenhasvAlaped forofimultaneous

the 10 vehicle; and radar, control unit adapted
foferatign gt isgrenbnelmu iy interfiling SiegHencieadar si de

ant enn@scadtdarcd wWifkes prefefred aRBodiRRANSE the dventidd there is provided a
antennas for operating the first or second radar srg

aphasgsharayirader entgeeafor § veliielp, seiskpbpsadsrray antsarssrannrising:

end a \

oo AR Ao SaRRSIA A lundd ANl L LIRA0 sces ore
avthinde)as and the first and second radar end antennas

b dapted t 600
o e G s ni e gl enlepnas réipt%%af[aﬁg‘*ﬁﬁmgéﬂ FeSPRSGivRopds of the

fwhﬁclé%@gdcover age to be achieved in less tine than a

phased array radar antenna enployrnguonléga single
sear chp fadag werieg]. uniooaptad, for treuplings { apchdagond radar side

|
RS RO UERREaAP R MR R R/OF R the fit o second
i radarh eids aamteninh neémakaneptshe rwith phe fosteor pévasédadarr enyd antenna at

d t t Th
S ORhr - ReR R o ragar scanni ng

usi ng Bhie Fifsdshd iseeonahasAtsidy h¥nrAStaAEs firitxed defond radar end
respective surfaces of a vehicle so as to provide

caveray eay rbecadepied dp covar 360t ilaristypicali #ppheatipge such a phased array

SR dal B A B BO BT B ol B 168 e e B aray
f FaB UG SomBoY L obiySCRInETE! @fc{:u:fréﬁﬂﬁlo@m the phdsétl array

order to understand the invention and to see ho
“nigganantenaa Aceydipgo the PYeRion feay Ysqbe Fraploy @n%fgtﬁvrrém or less

C
ol 05ROl MO0l A B o i
mhnmhsaﬁ@ﬁmgmnﬂ Is a pictorial representation show ng
an ai r,f aft fitt d with.a phased radar. antenn

Accor dTPRITVERAR Bk RUPEHSPS BrBETPtaoR A HCSARyRE IR & least two

phased array antennas fixed to respective surfaces of a vehicle so as to provide coverage

in different directions, said method comprising simultaneously operating at least two of

said antennas at different non-mutually interfering frequencies.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may be carriedfantl in
practice, a preferred embodiment will now be described, by way of non-limiting
example only, with reference to the accompanying dravrrings, in which:

Fig. 1 is a pictorial representation showing an aircraft fitted with a phased array

radar antenna according to an exemplary embodiment the invention;
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- 4 - Fig. 2 is a bl ock diagram show ng
functionally a phased array radar antenna system
according to an exenpl ary enbodi nent the invention;
Fig. 3 is a flow diagram showi ng operation of the
phased array radar antenna system shown functionally
in Fig. 2; and 5Figs. 4 to 6 arg pictorial
representati ons show ng how dual frequency scanni ng of

ol Arerbi S R R AR <R g, B e O ESEAR B antenna

[SsiErlabddrfiNg G arr s EMplARYmEMBIShMES IS eftich; 1 1S a

pictorial representation showi ng an aircraft 10 fltted

with pHgshés A §ox; Yiagram AgVIng-QRsFtion of Ahg phaged Ay Fadar antenna

%k&%%ﬁ{,@ﬂ?ﬁl %lig%d iReppbedf or affixing to one side of

1
e aircra el?age and a second radar side antenna
12 (siiign dito G:ang plczgna,l serachepiptionsf showarfef how dgaltf@qmncy scanning

PR eb et R0 a0 Sl | B Glenlto e Afie 4 il SfffRiments of

ttheingémttonaf t (constltutl ng a front end thereof) and a
second radar end antenna 14 is adapted for affixing to
atail of the aircraft (constituting 15 a rear end
{IMETATLED DESCRI]FTI;QN DF EXEMPDAR YOEMBQDIMENES g
functionally a phased array radar antenna system 20

accor difigy & & apictoriahpensespntatioroshavdng an rirciafiy khfiftedh with phased

]:ragrr%yé%éa% ?.ﬁengats ﬁ{ytdrgé % dre%g Egéé gg%sga(?lla%tg@ ey al}gmﬁg@c%r?edmde of
aht¢ eincral ﬁisl:lagé. ﬁnchm gecbnd tdder §1der attermad 2 stmovndinrFagl ) 1:eatt¢pted for

ennas 13, 14 rat.i ng. t.he. 20 Sl _ar_se
PG 3 db SoRpunnsds PR RSB A TRbraths 85 Bfttnna 13 i
spamed 52 Skirgne @ﬁ&em&hatauexaﬁqe@ﬁsmm@u £bntodid thereof) and a
second different non-nmutual ly interfering frequencie

meondared@r ed gniena Uthistadaed £or afiingte 3 eﬂapfdhes@#%ﬂ fepnstituting
ardénﬁ%%xwg processed dat a. Fig. 3is a flow

agrams ng operation of the phased array radar

ant enn&ﬁgﬂs@%%kslmgmn ishowing futionallysg phased ag8yp radar antenna .

covera i s achi eved eratin ssive,.25

SHFEoAD BRPRDR S SHRBETA CTPAFEIL I FEGUEN TR Systom 20
BYclvads PfadeXmRbPuni€ U5 bakptedl fok E:Gliplﬁ? e@ tef filsOMEY REend Rdar side
radar control unit 15 operates the first side a t enna

lantepnas 1.2 adde Mkft mdrﬁsmrﬁlrf@%sqnsl affenpast e L # ifprsqperating the
R @PE%H@ reﬁdeS sﬁﬁﬁ%@%}& thﬂ'tﬁe %&Vdrds%éond radar end

coverage o as s owm pictorially in Fig.
santomd aarrmemfvecﬁnsemgsﬁcands diffepent mongnutadlyi mtqrﬁeng frequencies.

d t. t 12
e B ony YRS U Ayl Rin A RRRRY R ept SRR et s dnie
end armg NNgs 4 4lod diaframSeooMtl dpeestivanstythe Phibee aita® radar antenna
ant ennas are oEerat ed sinmultaneously, the tine to

atysiem20 shopmrinFig. 8. Blgw, full 3§02 coverage 1s achieved by operating successive
adjacent pairs of antennas at different frequencies. By way of example, during a first

area of coverage the radar control unit 15 operates the first side antenna 11 at first

frequency simultaheously with the first end antenna 13 at second frequency. This

provides coverage of 180° as shown pictorially in Fig. 4. A second area of coverage also
spanning 180° is then achieved by operating the second side antenna 12 at the -first
frequency simultaneously with the second end antenna 14 at the second frequency.

Since two antennas are operated simultaneously, the time to achieve a complete 360°



scan is approximtely half the tinme required using a
single frequency radar system where each antenna nust
be operated discretely. By keeping the same scan tine,
the single frequency radar range performance can be
achi eved whil e reduci ng the antenna di nensions. Since
‘the side antennas 11, 12 have a¢nuch greater area than
the end 5 antennas 13, 14, the Pirst frequency with

whi ch the end, an s..operat.e nust be. correspondi ngl
P & SREFIFIEIRD LOE AT SRR SGUIre oA h SIBAGC o Raek, Fifl System,
ke Bash SRGA IBust Be dperafed (ERAEIS ABE ke@Ping AR e scan time, the
reduced footprint of the end antennas. 1n_a preferred

frequency radar range perforagneeap hesachiayeh avhilpdequging the antenna

SEMBMShds" SHLE 'lﬁé( sl dmdaaRdi1 Fiﬂﬁa\ée 2 NEN%: gﬂegtelo bied! th¥h fhe end
practical "angul'ar coverage df the antennaS when the 10

5 sintbanamn3nibdsthe ifimnfteqi@ney avithpwhigh ettle and Lankeaneks apetate mwust be

S naine RS P B2 SOTTE gF Spipoes operate

SodR teBbBPerRate fdr M8 GnukB reducad AioiptintBl eleyeridiinfdndN ad a @feferred
the nose and tail antennas 13 @nd 14. E}ﬁ_y such neans

tgebodiment.dhe HEph frequency Sat-bang aad the;sesanddreguency dfkrband-

rel at iF{% 4 o i&oﬁaﬁfigrp 18kl A8 gRhL Sovefagh 38 iEMGREAs when the
di nrensi ons. 151t shou al so be"noted that the

10 fsidecpmésmoaebl and 12hdre hperhted ot lrbandandithesose and tadl antenngn13 and 14
t he on , he n ' n
48 ogReR S nB 4 5P G360 8 A B o s 11 s
S1¥ it iapprexinmagel ¢litwick medt of the noseaneviaih tntenrias 3 and 14. By such means,

interference. In practjce, thijs may reguire that th )
rihe § R Tser g At 4 oD PEHRRRARG 191t an B Tp AR radar despite
alfioidahcliBabases at opposite extrenes of the

frequency band may be sufficiently distinct as 2

0 be

15 nut uallt shoplshalsmbesnated thatghe fipqueacighattwhich the sideiaptenpagd 1 and 12,
been descy j he iyt N rii a N, Qg C :
oS e Ry S e n Bl Bech R o 1BT0R EEAEL hand, are
t dperatedvmndtibesufficiently distipgiivieda ptegentanuwitdiéntexfedencs. &n practice, this
early warning,.radar systens _and the, sane principles
i Bt phriote eeiunfolS SFiny BfniabPg PRGn bs although
VBEJuEAESs at!dppSsdel dxéreinbs Sf the tfregfieri?§\bahd By teSsubfidi@fly distinct as

. that the 25" particul ar advantages of the invention

20 oheanutypliyeen-wigsfesisdsed early warning radar systems.are... .
nost ' ' Lfcraf t Al N : t :
oui ng ot BBl s ofPlcek A D Gl B 1R B8R airrat
odafly rvearming oadan eystaty, riawilcbef wierstood tthat ke inkentionvusalsa applicable to

this is.achieved owng to the plapar construction,of ..

¢ et YeBiclY’ epuy, i eta Vi 79 i, panle PRRCIPIER, B i pptied to
t hipde Fr XA, afld Othef behidlers &h agen®thid, isalekeialidss noted that the
W thout affecting _the 30 aerodynam cs of the aircraft.

25 | paciaculas cadviapiagesnaf dhe) inyeptiom quer) bitherle-praposgdgagy warning radar

systems are most manifest in aircraft early warning radar systems owing to the need to

provide a radar system that offers a low aerodynamic footprint. In the invention, this is
achieved owing to the planar construction of the two side antennas 11 and 12, which
lend themselves to being mounted on the fuselage of the aircraft without affecting the
30 éerodynamics of the aircraft. Likewise, the two end antennas 13 and 14, being
configured to operate at a higher frequency have a low foofprint that allows them to be

mounted in suitably ‘shaped radomes at the front and rear ends of the aircraft that is
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15

configured to operate at a higher frequency have a | ow
footprint that allows themto be nounted in suitably
shaped radonmes at the front and rear ends of the
aircraft that is - 6 - specially designed so as to
provi de a snooth aerodynam c contour. The nechani cal
construction of the radomes is yithin the skill of
those versed in the relevant art and is not a feature

of t i,nvention. Cearly, such consider.ations e .
Seecia e sOr i YK e FEREYIANC SRR o1 mechanical
RBhétheHbR bf BRFGAEHARNE wethin! the skill\FHilidse Weldas iP@e Relevant art and is
descri bed enpl oyi ng four_ antennas, it w_.ll be

A9p e fortire of t thatinyentionr Cleailp| Bh fonsiderationsepei s pgortant for
Be. ARl RS generally to the use of two or nore
anafrennaﬁ)t ﬁé}?{ |

are operated sinultaneously at different
non- mAlthepbly a npeaetidudari mybédimeuteofi e . inventianx dapl keent described

SEASHRRS AR5 % S B o may

et giplied rhorebgereplyatoetheSuseUbft e @uShyret itermay thatl ark ngperated
eve full 360 cov Li kew s

h . . . |
tsﬁ#g%ttﬁlnggu o.g?ci*géferﬁwr R A uegipring. ﬁzqmleﬁsfmgfwle, two
b el oF S Pec U fro R L A e SO BHIPIBPRNOF Goctors,
shaoualtcwirg bethyantannaswpmcdperatednsimultarteoadly sherebycalwing thg time to
freguencj es thereby_reducing. the timge tqQ achieve I

s eBS] S hotsia s el oh i W ! el ivgs B ana
t}ﬁ%;ﬂ@é %g?ﬁ%ﬁ—%d Wil % Pgﬁiden bOor R FRERRprRS §8b08tors, thus
W I cu ot

par ar rega to full “360 coveragée, n
adlloswrsg ithe fantenn®660 dev epasted rsamultaneduslFat wxpactive non-mutually

Fig..6 shows two antenngs .Li .and Si. adapte e

GBbitaRad Benspcien sBaHs! frousiny SEnee ' SHBHE il J6f spverase by o
ipter deying frequencies so as to provide in 20

conbi nation partial coverage of 180. To the extent

t hat dJtichowlddalsedecented sops Whileathsi invention, hapdbeen idaggribed with

i B TR U b, S8 B i

t
EFe el Fig he shEWs 8¢ ahtei@3tlDand S1 adapledWolbe opedated simul-
be understood by those skjlled jn the art that the

y ] Cr
- | tYRNEIY oA FesPeriiYs| IOp-mpRRlly dBiCHCHRE [ERGREACHIN R FSalfgprovide in

20

25

30

3%% nS{Laﬁﬁé’la&ﬁtveragea-g?q8bﬂvﬂ‘hieoadﬁtgfﬁatc %B%&H%g@rage is

articul'arfy an aircrafrt t I's constructe
vachievedby ropeiating w6 ermrmes antelinag sinultaheousiyvas differant non-mutually

It wll also be understood th the radar system 20

i odipoiee TR GR T GIPTHEY B B4 DGR EISE by
progr apel a6 MR whesrstobd kP MoSEskillddEinithe/ &0 tHaPthe invention is equally
contenpl at es a conput er program bei ng readable by a

canphicatds for bpthanerd prdjunprangdeirsefl-of the 30 invention.

The I ny tlﬁ\!%gﬁ&y fa?]%eéon@&gﬁlﬁgp'aabaﬁd@, i hﬁﬂzfﬁﬁ%@aﬂ that is
menory tangi bl'y enbodyi ng a programof instrUctions
eceastmtaidal with yhetrhdar ispstém necofding exbeinventpnt he met hod of

the i " %ﬁlla?s% be understood that the radar system 20 according to the invention

may include a suitably programmed computer. Likewise, the invention contemplates a

computer program being readable by a computer for executing the method of the
invention. The invention further contemplates a machine-readable memory tangibly
embodying a program of instructions executable by the machine for executing the

method of the invention.
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 FeIpseiveriyt and gegond @ﬁﬁamﬁ gorrguplly dnterfering

20

25

7 CLAIM5; 1. A phased array radar antenna conpri sing
at least two antennas (11, 12, 13, 14) adapted for
si mul t aneous operation at different non-nutually
interfering frequencies. 2. The phased array radar
antenna according to claim11, conprising at least two
5 cyclically sel ectable antenna,couplets each
conpr|S|ng a pair of adjacent agtennas (11, 14; 12,
13: ﬁ gpted for simultaneous operation at different

ci es 3. The phased array radar antenna

ccordi,n cl a| m, 2 =| n ur r untl

veh| gh r&fiﬂaﬁl % a& ‘I%aaﬁ?aéLﬁN i gi] 13,14)
fadasted ﬂfﬁdnﬁﬁtﬁﬁétdls lopétatiorsat diffeerit annasutally, 1ntbﬁ}r1@dﬁﬁwdcles
for affj xi ggieto respective 10 si des oé‘l .a vehi cl
Borst A Phed ey & apFRpaAtCdig:to claim Mpm@&alﬁmleast two
fc%h@h_f/ IsleRGbIE %nfeﬁl%’&ﬁ\%le‘( RBRISmPfisihd8 p\aﬁmfcahﬁce@ rz\ﬁ'tennas (11,
a radar control unit adapted for coupling
flds £2, lamdamd&wdsmah@eogs Qi@raézﬁtl ehqliﬁ@reah@eqt@n@% f i r st

" soconn bR S aBRLARMT Ak B AR Bhlobd, biF cpffiured for

trhaunting oh avehisled b0\l saidplaasecarchyaantenna eoraprisimgs pect i ve

1 caue Tl 484 Seqpad tyar SHE g (LY 148 adafoEpiing' ™ respectve

aede9 bk Dehitle; cl ai m 3, wherein the fi rst frequency |s
L-band and the second fre uency is S b
phased figstrang spepad radsn eadh Apennge 61r3dulﬂba¢a«me@| for nfﬁsungrt°4espectlve
@ftﬂeb%ﬁclg dcle 20 is an aircraft and the first
secon ar side antennas are adapted for fixing
t o a f agadangentod] unitelPiadepted for coﬁphnghe tl}rmﬁus’eahdaaecmd radar side

ar ant a ordi ng ,t o, cl
a0 U SIS aolha! et s PeRonel NG el i i or second
rragkar sigy ShRAhs Aiiliambaglyt Rethpies Akt i ¥oiddadar 22d antenna at
ant enna accord| ng to _any one of clains,1 éo 6. . 8. A

GRyCRtiess ed
r ay 4 e
surf acggl gl?l{bgédve Y, e Qz:?tennl dechidtfd 1 Q:laﬁﬁlsi HHe¥eBn the first

so as to provi de coverage
i frequiéricyes Briand andethc |semsd frsquencmtSab@dc onpri si ng

S SHESARL Rt M P BT PR ik

-i8-an aftcrafhendniht Hfivst mdcsecdiidngdatrcsldel aitennds trer adapted vibt fixing to a
| east, four phased array antennas fixed to
rasghgef e aigrataces of the vehicle, the method

CR"Pr i h@Ghased array radar antenna according to claim 5, wherein the aircraft is

unmanned. :
7. Dual band early warning radar system comprising the phased array radar
antenna according to any one of claims 1 to 6.
8. A method for radar scanning using at least two phased array antennas (11, 12,
13, 14) fixed to respective surfaces of a vehicle (10) so as to provide coverage in
different directions, said method comprising simultaneously operating at least two of

said antennas at different non-mutually interfering frequencies.
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cyclically selecting successive antenna coupl ets each
conprising a pair of adjacent antennas; and
5simul taneously operating the adjacent antennas in the
sel ected couplet at different frequencies. 10. A
conput er program conpri sing conputer program code
means for performng the methodgof claim8 or 9 when
said programis run on a conputer. 11. A conputer .
rogr as clainmed j.n ajm enmbodi e a. c ut er
adanrhe et rardint 5 Yal o (G BR YO Halsfh JOD bRE amey
LRBARSFxEA R MRt RARE 2 QRO theWahRIe) the RGBS cﬁ)\ﬁ?rﬁfﬁ%:
conprising the phased array radar antenna (11, 12, 13, | .
14) acexstigalhyg selectingysuerssivg apieangrgouplety egch comprigipg a pair of
?&5 Al dtedmh@angccording to claim 12, conprising: 15a
Hee age supporting said first and second radar side
ant ennsimuitadgoudl? ) operating pihs i adgacentdagennasripothe  wlagtedecouplet at
[ rting the first radar end antenna (13), a

't on_suppo
Bg'elrenggrreﬂ'ileglﬁle%upporti ng the second radar end antenna

104) ., A computer ! BFRREEH | ¥ENPrRURTRINPARE! bogrdnhecdder Sheans for
and second radar end %{n §nnas‘s_o as to .20 provide a
R¢)

RTINS SRR AL Claim Q5 frwhegifaid programys RERR2 UGV
49!t (Abnffhul? BRsistanthd Blafhdd1ff BI04 Rrfiftudr Feadable

first side antennas and to t
fmedsim.and second radar end antennas for operating the

£irst . Ul g -
HER G e R R T
bystah camprising drchdicfaptg rddaf aeprar(t1,612, 13, 14) according to any one

of claims 1 to 6.

13. An aircraft (10) according to claim 12, comprising:

a fuselage supporting said first and second radar side antennas (11, 12) on
opposite sides thereof, |

a nose portion supporting the first radar end antenna (13),

a tail portion supporting the second radar end antenna (14),

respective radomes covering the first and second radar end antennas so as to
provide a smooth aerodynamic contour, and

a radar control unit (15) dispdsed within the fuselage and coupled to the first
and second radar side antennas and to the first and second radar end antennas for
operating the first or second radar side antenna simultaneously with the first or second

radar end antenna at respective first and second different frequencies.



