10

20

25

-1- Phased array radar antenna having reduced search -~ - - .
time and nethod for use thereof FIELD OF THE#

I NVENTI ON This invention relates to phased ar W/’/m/ MI/”W”/
antennas, particularly for airborne radar. BACK N

OF THE | NVENTION 5 Phased array_gntennas are wett——2
known in the art provide for w de bandw dth, | ow

power | osses, and have the capability of radiating at
multiple frequencies in a given beamdirection. The

use of the invention is thus not intended to be

restricted to any particular type of aircraft. Thus

regar dl essPlased geray radapanteppa hgying redpegd seaxehydmgj ng

of radar systemis BEHQ+&ﬁ9dﬂ$QHQtﬁéQ§F radar with
360-coverage requires a large antenna lo nounted above

the aircraft fuselage, to mnimze airfrane

interference, and requires high power to give the

required | ong-range detection. These two requirenents
WAEEDsOF THE IDA&ENTION certain extent nutually

i nconpatible since a | arge antenna nounted above the

ai r cr dihis myewticagwslaiesuioeshaseharahtadat anfeanpsapaiticdary dot airborne
¥A the high power requirenments of the |ong-range

radar only a large aircraft could be used. 15 US

Patent No. 5,097,267 (Raviv) published March 17, 1992,

j T icant and entitled
%%%%gﬁﬁ%bgﬁw i nﬁgﬁﬁig‘ﬁbj systent discl oses an
ai rbo [ f t. LS : .
Ut ol ML o RE oY 8 The AR S e, bapawiden,
dow aywerldsses,aniddnane titi capats Bty dfiradibéngpati miltipleSrajuendiasih a given

nd ar, at for selectahly varying.the orientation
Brar CROR Leﬁ‘ea‘llﬁea‘if P dRYCTRRAR d ARSI AREREd: (9 BenEestrmted o any

hetiGhRf type Sl airk Py ' oY 1R d i
SR bl e VLA, S M b, o i of
ViR KA. ihwqeire dlonpased radartwith 360Rcdiolve@pé kequires a large antenna
architecture of a single-band radar, AWACS enpl oys a )
FOMAted abave yhe atreraftniyselagee i aninimize girframe iptertsrence, and requires
t \/ a6t onj I n fixed arra
SRR 3 0o RS AL BRI B i hve o
I8 Heat end céitain Sx@BI/mUMmAlly icbmputibld 8ihtd @Q&kgk lanfenhd mbunted above
I > 2% - 2-
|t_l|1e a{rcraft os% a%e causes substantial drag and coupled with the high power

requirements of the long-range radar only a large aircraft could be used.

US Patent No. 5,097,267 (Raviv) published March 17, 1992, assigned to the
present applicant and entitled “Airborne 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
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

described in above-mentioned US Patent No. 5,097,267.
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In the nechanically rotating system the tinme required

to achieve a full 3601 scan is dependent on the tine

taken to steer the nechani cal antenna through a

conplete 360 revolution. Although the steering of a

phased array radar antenna is elgctronic, a conplete

el ectronic scan is nevertheless required to achi eve

full Y - radar. has tracked a o
poi nt :ill@ghi glggéjﬁﬁﬁlgqéga%gp%’%{n’ \;ilmﬁi 9 Flmﬁorteqﬁléed?\gﬂ afigvg-a full 360
tscant ineepaddant ordithe iting: taken Ustdet e MycHagicalldtiténnaRRdSgh a complete
tggg t he Jongfr it takes for a conplete scan, the .
S44] gojutionsAfthpugh the steering ehatnhased arriy radaraantensiaig electronic, a

[ ] tg intercept and, havin o, the
B BREG} Y5l 8 LTI R sy A S0 e one
tiseckadarchesi trigked a puls G e, the 38me GO SAN @Bt by ?‘viisiblldgsto the radar

gesir ble to reduce the tinme for a conplete 360
HORe ﬁl?scqﬁaetné ¥ clrioThig rpcans Abag the lamser ityiakes fopp qomplete scan, the

Ra iBRGOr agﬁi%ttgrﬂéﬁétraggthe]rg@a?, %gt% it B hbieGine B‘e}iﬁ%ﬁ%ﬁpgnd having

antenna el enent” discl oses a ar antenna e

dongsp.sthegmare tipwewilb stapsevameui Hecomred wisibier tayheotadar during a
rallel, dual-polarized, hi r band wavegui des and

SRS N LOBSRUEHIS Tois JRTANY g FAERLK i dor a complete 360°

aggrture of the | ower band 15 wavegui de. The | ower

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

cr oss Uelatemmdo. 48 He4 dranibedts er.hdr) pibhshed\Seipemgich 26 U89 and

Pat ent. No. 4. 743, 907 (Gel |.eki nk) publ.i shed May 10, -
R R g 000 e B O comprsre
fovesg band wabeguilde' ardl SCARS S pard RH AnalSysthdd! Bigher bagd waveguides

| ow-| evel target tracking conprises a first "and
gt shipplesa apgunigsh avithinor  disceotly opdiacent rag  apertuneiof the0lower band

- e c t | oyi.ng one apd.the same trackjn
e & U eB HanRTPHRELAE D TerlihipS BT wtgbtide Fave one
probs-sestional Hirnensdéh ledsHBan a3dvaRlenpthed "El ectronical l'y
scanned antenna" discl oses el ectroni cal Iﬂ!@scanned

ant enHas PatenipNos i4atf3. %9 7p(Gallgkinky nublished gMeyiclp, si988naul entitled

a L0Ns € i.C Ve | urality of
SRR SR S 3P0 Pl 8, BB BBl v
tangtit wradkial | cpmpoisgd & dirstcantdheseabid paar 2ppELas, KOs opSlabifg at their
an_arrangenent uses dual frequency for steering the

PYH g‘iﬁql’) ¥ BEETRLRLANE o and ihe spmefirackaieaatensaan

frequerq r 3l | $¢ ! :
R N R AT ) sy B oL 3558 Gy fenies
Sklecreanieadlyl spanmedegratned disalbaes dedimyitaipscanhibé ahtensds dofprising

desi gned i dar, for target isition
& R ol Rerhetic scamped antenny éctionsgastyRearich hass dplirality of
&Hia‘ﬂiﬁ% Rletdentd e dl @Pitﬁ’ﬂl‘lt? %i'f Plﬁé&_ssﬁﬂjté?ﬂndﬁri&?ﬂl r&u?f‘eﬂ do the antenna

gui ded mi ssiles, targe umination to assils m ng
sectigns. Guch an amarngementmds dugd fregmentyafoy stearitay the radar beam but does

not employ different scan frequencies.

EP 1505 407 (Hermann et al.) discloses a radar whose functions are divided
between two or more structurally-integrated radar subsystems. The first is designed as a
panoramic radar, for target acquisition and tracking. The second (ULI) is designed for
one or more of the following: subsequent steering of guided missiles, target illumination

to assist homing of guided missiles, and supplementary radar.
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-3- EP 0 440 200 (Yanagi sawa) discloses a nethod of

managi ng beans transmtted and received by a plurality

of phased array antennas. In a search node, the phased
array antennas transmt searching pul ses

synchronously in a search node._gn a tracking node,

targets tracked by the phased array antennas are

divid [ i1 f..groups on, the.5 basis, of .
pul se %ﬁﬁe%g%(?%@oﬁyaﬁlgglesfxw%h% ,losreg A 'P%BOCF 85 ppegpe beams transmitted
dhd irebedhed by wnsuratityasfyphassi Diay antofihid$n @bedrétdfiotiéldhe phased array
pul ses to be sen t he phased array antennas are

f
é&?eemsa?faélamwe?r&fgﬁnﬂ&%r%ﬁw onthe it & pepeehsmpds- dn gitragking mode,
ot SrabIRIIPRC e Yald a%%nﬂlgkaﬁret&\ﬁag’ﬂia; Elglgzgﬁg de groups on the

reception operations do not occur sinu
tbatis el ypudseatepetiigont hate.sThan, tfan deusspastisgaliditied lgeouphagetsmission

A nnas. .10 ER 1 012 624 (Thonmssen) di scl ose
S S RAMASRRR P ErgePalian e PAGTAGaY dhienngy o catculated by
biag eahges lodl Yheatat gibelSyEHE 0 the\tedp@cide £Basd sd WRt transmission and
antenna faces, in which each respective antenna face

FECCRR PREIAERNS ép nateraks sBwMimsowty, Jhereby leaahlinggide ssimultaneous
QAT RRNTA0H grpagg_[ ¥i,qus radar transnissions by the
a

respective anten ace. The nmethod includes
det er #Pnli O, 62slas Ethopmssen)) i stischifses equantthadd r dotar scheduling  radar

LR e R T ——

aWHiENERh ragRétiVeointenshad is @nki¥u@aeh ré@HR! echoes of possible targets
transm ssion included in the Irst of request ecf r%dgar

CPHEPRPANYBE dAsPrergrs adar tramemissions!Hyi thy pespestive dngenna face. The

g h, t hat .the, antenna ..faces are uyse -
B e DB, P e 5, ransmisons,
actedolivg pasRsd Sncludlify ikl RS FNRIRE iraAdhREDAs FHCBach of the
i s about to receive echges corresponding to 20

BBSRRAfages for gabstantigHy cpchuradan transemsins ippladedbin badist of requested
ﬂﬁﬁsrﬁi@%ign : {tﬂér W&thl%‘&lhln l é)r%gcitsg zs glﬁ?alggreﬁ:ﬂ;slu{rzrlgéléalé rt]he antenna

aadi tion, ar ransm ssions

faces subsisadt substayitialiyutsitahlianesysi hirambnzigon By @n9dmerdkd face is
é)Thonagsel_r%'Sdi scl oses an _arrangenent for controlling )
rrysited pwhens rathsroptenngy fage dy Abet &1 regetvenaehoesicopeswading to
| r : r 1.SSkons .are..
gﬁsgfoég?a\é%&tg,oﬁgﬁrﬁéaégttggﬁlﬁéﬁslgggﬁ oﬁac%%{g%bﬁe[r]ga@e 284 A 3udantially the
sanag simes dhomlditian, ehd@ctrammissiten ufot ehaldnepad ifates @e substantially

r d'lcti o(ggar.r genment is provided to predict the
E'\’fgf?:lﬁrsy% 7 of the noving platformand the

ant enpp f goes 6 E’flﬁfrﬁis@&lf)ydﬁaog%t Eﬁmﬂrdngfrﬂéﬁti %}egmtrltg@g?g radar

realizes the smallest off-broadside angle of the
trarsnyipdiens . a IBtEN5E7 adBhag Blisposedebnad moving plavfoes. dhe radar

A S0P RS B L S T TR, To et
RESqLAE FHOSRIoH] 4 ble@RSioh WRaRehft fsYprovided to predict the angular position
of the moving platform and the antenna faces. Preferably an antenna is assigned that
realizes the smallest off-broadside angle of the radar transmission.

US 3,587,054 (Byrne ef al.) discloses a computer-controlled phased-array radar
system whose strategy for scheduling operations for performance utilizes two priority
hierarchies. Each operation is represented by a format that includes a desired high rate

of performance parameter and a lower acceptable rate of performance parameter. With a



10

20

25

30

hi erarchi es. Each operation is represented by a fornmat
that includes a desired high rate of perfornmance
paranmeter and a | ower acceptable rate of performance
paranmeter. Wth a -3a- light |oad, operations are
schedul ed for performance at thejy. respective desired
rates on the basis of a |low order priority hierarchy.

"[\%h{ A r gatfoﬂg ?g’dulgcp %rriéﬁg%%qngg%% %i{rﬁgsqegcr]e (96511'6(9 rates on

eS|re es are
dloc bpisadfl € lavavader tpnotlf}ehlbﬁsdt@ Aefthaldad gﬁkﬁéasﬁﬁ Ic@kta‘tﬁéns not being

hi erarchy.. 5 US, 3,858, 206 (Schei dl er et di scl oses
SOOI st SSRGS BcHOR 51 h e Ioer AsicBiaplogaiss on the basi

JPh G s idRdpt ed within the periphery of an
ai rc?ggl?{ﬁtrloﬂgvél d %er odynam ¢ nodi fications and

pl aced’§ b%&ﬁﬂ@\(&cmes ar wé) |disshees anvarbage. rablae system utilizing

er.ably include a unted array, an aft .
RS U S8 EBR' 1S e by TBS Dbl (i, B to avoid
rﬁ@l@ﬂ?l@ﬁn@rrﬁl@&lfﬁ:@tﬁorfse&ﬁﬁ‘fata'cé@|t(Y dchiel @ BoDeaPBvelilthnce coverage. The
different azinmuth 10 sectors relative to the aircraft.

Breys prefeigbly Sndudma ifersdnointet] potye agl afrmoustetl aviagiga port mounted
ed thereto for steering a b .
AT e BT oAb B RsPec R "B By paibent avimuty
aedtems nelatitd weths hﬁél@ftaﬁa@@tatyﬁﬁ compARIANGfidigdle eleffelis\HRVing phase
Si gnal rocessor through switchin evi ces.
Aﬂ‘g@ﬁn sgupé theselp afos Plepring; 4 fb@arenwnbmngue seEespending tsector. The
PritlalP radat hAERS MmN bl BfBirer SalbmAR?, 00V EISRE &P processor

face p ase array antenria, W
filrongh HreitchgngrdorcedeAntennds ame pparatad iat giffetent tiResmdedréing to a time
de the occurrence of crosstalk anong the

|
Gﬁ?‘f%é‘?’gﬁ Eo8i®nna faces, caused by the steep edges of
tr anS@P@SQQ)SBFd ?Hb%@% ul'ﬁ?é% lcléﬁsanaa edngﬁ‘n!nﬁly\?ﬂh Qgght %{rtrgma face

nmodul e with ay se ecte roma term ne
ibping pveaMided wttb afphrrelmye)f &R weetnledi T preehide alm enrnaefi@ad Trosstalk

aiohg s RS) Ao et e B s deatefdies OF vagrtfed RE pulses,
Al RIRRraddIHRADer TAR %odﬁﬁ’eo@% Q4erko s@l@&e%?&@r@? %’%H%ﬁrmined time

descri be Ericsson's ERI EYE phased array anten
dueryhlks ﬂ@eréﬂetlﬁmbeé‘qm dlﬁfpmnt antennagfaedistis dne dichiaved bsotlme synchro-

[ QVi a to cannin ctor .of 36
ket Ba Ak Py st BRI 358 Bl Bpbalent antenna
Gposite 25 sides of a dorsal unit and are adapted to

operate in_different fr(&guency bands. The dorsal unit
i s moerfi0ee> e 16 oandoXPROGD Ah2fe éllescmbﬁdila‘fssomﬂcﬂbh’ﬁé@%mhssed array

Wth%ﬁé@%w?sﬁ&ﬁ%%sgdéﬂS é?{%lggsl pos*twggcggggl to\r’Eafck os) IJ")&%nge a total
beanfiiplseptoRo PIGIB eThatwPht@Ha BRaot adjacent but are disposed on opposite
sides of a dorsal unit and are adapted to operate in different frequency bands. The dorsal
unit is mounted on top of a commuter aircraft and presents a much lower aerodynamic
profile than the well-known AWACS.

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

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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conprising at least two cyclically sel ectabl e antenna
coupl ets each conprising a pair of 30 adjacent

ant ennas adapted for sinultaneous operation at
different frequencies. It is an object of the present
to provide a nore conpact phasedgparray radar antenna
that permts a conplete 360 coverage to be achieved.

- 3b- ol | i eul j o of the jnvention,to
pr ovi gelss% B%Ugﬂ%h gsjééa?éfr ?%Iyl%géntﬁlg? tgrﬁrgwrﬁ]g Sppfhf Rhased array radar
anmenabthet fsamenable\foit isewelt cdtdessieh a@&ir&iaftﬁxf/lﬂfsé eﬁ%‘@ﬁﬁ/e a much
engds ve a ch, .requced footprint than their sides.
é‘?ﬁﬁﬁ&%o&mﬂ DRFIERFFON 5 This object is realized in
accordance with a broad aspect of the invention by a
Eﬂmm% r}gﬁir antenna conprising at |east first

it NYENEIONat |1 east first and second
ant ennas. heing adapted for sinmultaneous, operatjion at
di ff e?@%ﬁ? J%gw@ﬁ%@q ?Crcg‘idsaﬁ‘f‘?d%@éoe‘?{aa‘? P ab?rti%éé?ventlon by a
phased aitray irddfl antenhf @binpdiSing Ae 1dabt’ Biist M SBAd lafitennas, SEflid at least

I mensjoned for affixing to a nose or tail portion o
tang speomd ppismnagqbeing nadapisdofl sintudtanepus soperation at different

' ' f Xi.00:t0 a side portion of the
géspgdr?g%?ﬂﬁgaég%cé)ge;fieg{ﬁ%}%feﬁé first frequency is
chamepizediimthat: hi gher than the second frequency so as
not 5 to.interfere.with the first frequency and to .
conpeﬁ?a st Agienpg, ds dimensiongd dag aﬁi’%@%r“? i Qe o (gl portion of an
hirérak f@Rlsena relative to the second antenna. In
accordance with a preferred enbodi nent of the
i nventhiegtgcondhantenriasis phimesiewd for affixsredtoas sidy poaitar of the aircraft
antann nfor a vehicle, said phased array antenna
con‘pgl’si %g: first and second radar side antennas

adapt gf¢ fire frétfubhesi 13 @oﬁ@s;bﬁ&iﬁg@tﬂig'&r heAqhe Ycofld fréfuency so as not
vehicle; first and second radar end antennas ada teg

toointezferd with ghe farst Bepsocy srel tordmpenisatenfor theahiieH redudi fdotprint of
of .t hi cl e havin much reduced footprint
PR e g o G Ta R

rela E3%%ehicle: and a radar

cont r i ad¢Btdan@Sith @hréfRfred BBbdiREnt 8f thBSnvehlish, tAQHE is provided a
second radar end 25 antennas and to the first and

Blaasetharravaradar asitenaa don eevehicle.fsaid phpsadariaygntenea £omptising:
fsle?g?ﬂrosF Ergcg g{?ﬁg‘ﬁ] rg%l a;sl%g %ﬁtgﬁ%&ﬁ?a@%ﬁtgg g(%'lrs'cllf}‘lx%/r\lﬁgttg rgsr}])gctive sides of a
vehicle;

first and second radar end antennas adapted for affixing to respective ends of the
vehicle, said ends of the vehicle having a much reduced footprint relative to the sides of
the vehicle; and

a radar control unit adapted for coupling to the first and second radar end
antennas and to the first and second radar side antennas for operating the first or second
radar end antenna simultancously with the first or second radar side antenna at
respective first and second different frequencies, the first frequency being corres-
pondingly higher than the second frequency so as not to interfere with the first
frequency and to compensate for the much reduced footprint of the first antenna relative

to the second antenna.
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respective first and second different frequencies, the

first frequency being corres- pondingly higher than

the second frequency so as not to interfere with the

first frequency and to conpensate for the nuch

reduced footprint of the first aptenna relative 30 to

the second antenna. -3c- The first and second radar

si de e first and second..radar end

2t enri 1 R0 EpE Aedndialiel §h A0EPRSEEY 18R] gff Sgpond radar end
apRhh&ahhpBe ad86Bd 3o RHRGEIB0BI Tay typicadl appl@atieNNAich a phased array
permts full 360 coverage to be achieved in less tine

tridken aptepiropathita Ml 60 codarage it bnarhicorp imigsntjmerthan aphased array

I nal h fr o v th h d
AR sFuchER R ORAEHENTY s bR ol gV oG pbesed aray

eafakr aiiRfnd Bccdedihg V@ tHelinkerton! BB alsd BaRmPIYed QY QLRGP Kl or less
the sane tine as hitherto-proposed phased array radar

a cpYerage indhe savpmpiae as hitherto-mieposed\nhasddomrayl redar antenna in
o{eis T4 S@a%lgﬁthod for radar scanning using at | east
two phased array antennas fixed to respective

sur f adds iaventiovedidcc t@mpidse@s n@thpl vt BRlak QuAMageusid® at Teast two
different directjons, said nethod conprising )
Phassd aHAL susNgasdped 49 resgechive suriaces pip velficle sgjag to provide coverage

LIRSS DALl SAEPE BSAREHNG BB, SR, st oo
aaidenteandsot diffdrentirespettovedimiomd secortddrdqupmries; on of an
ajrcraft fuselage; 15 dinensioning the second antenna
fb?ra&?‘frfz)?flr?é"t o a side portion of the aircraft

fusel @ﬁﬁénsﬂﬁﬂndgsﬁib TRt dhgenhl Sorf dffiRihg fté 8 HYSNEVall Poftion of an aircraft
frequency band that is correspondingly higher ™ than

feselagecond frequency so as not to interfere with the

first f n and to, conpepsa for the,nmuch. .
r educéigl:1 ?ng’g({%ﬁ?%v e spoyq, anty %Fasfor aaﬁﬁ’élﬂﬁ 0 Petidy iP\‘?g“ino“i fhg aircraft
feehpd; and0 antenna. BRI EF DESCRI PTI ON OF THE DRAW NGS

I'n order to understand the invention and to see how it

may beelegting by fositfreqyenyr inca frequengy pard thet isgeorrespondingly higher
ogj ' escrib

Sl mbndt B, 8 555 PRl O L ruency and v

aompenaryfon ghel rraish Rguced foorpiigthof tBS firsttantdhna Seltive to the second
pictorial representation showing an aircraft fitted

WA phased array radar antenna according to an
exenpl ary enbodi nent the invention;

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may be carried out in
practice, a preferred embodiment will now be described, by way of non-limiting
example only, with reference to the accompanying drawings, 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 block diagramshow ng functionally a

phased array radar antenna system according to an

exenpl ary enbodi nent the invention; Fig. 3 is a flow

di agram showi ng operation of the phased array radar

antenna system shown functionalhy in Fig. 2; and 5

Figs. 4 to 6 are pictorial representations show ng how

dual fg ni . I ar

ant enti s EHISACHRLA (Rl URTEHR b hat@ Bray rader antemna
eydterdiapending 06 an txenplayenibodimerDBEAhERIoRESCRI PTI ON OF

EXEMPL ARY, EMBOQDI MENTS Fig. .1 is a_ pictorial
repr e?gﬁt:‘afsi %ﬂ‘?%vh'\%\ﬂﬂ‘ﬁ@ shovdng GP%fPFOIlG% the Pl@de%‘trhy radar antenna
@m@:ﬁdho&@ﬁﬁfcﬁaﬂalryam%@phl%nas- A first radar side

antenna 11 is adapted for affixing to one side of the
ai r cr &igs. e dl argwiciotialaepresantations dzowisg diewadita firquei?y scanning

[ [ )..is adapted for. affi.xing.to an .

57 L3l el g P aplend PO Bl e afopaie 19l oo emphaptments of
¢hedneerttionna 13 is adapted for affixing to a nose of
the aircraft (constituting a front end thereof) and a
second radar end antenna 14 is adapted for affixing to
DRPAILDD DESCRIPEIONOK EXEVPLAR YEMBOIMENTSENd
thereof). Fig. 2 is a block diagram show ng
functi brgalll i @piehakde@eseatativadhowimgt #nsiacraf YISt 8RR With phased
accordi ng .to an enpl.ary, enbodi ment the jnvention. )
FREY et IS EPLIALA Sifc iR dd it ARAPISSH{CY aifixing to one side of
aftedicedh fgtlagOMY & B&oh® rdddfsilib bstenANh BRERAGH FRISY i
si de antenﬁ%és).ll,_ 12 and _t?)1 the fi rstéand 5%0%25 's adapted for
pEtraRg than sppeviisaside of thetaironft dpsalagel by firteadd ¢ridr sttenna 13 is

ecend radar, side ant enna si.mul t gneously. with. the
R B R o2 O R SR e b g and o
8dvdné elan endlhdtb@iceny isnAnptadl Foradffixink 16 Aiebf 1M aircraft (tconstituting
frequencies. The radar control unit 15 is coupled to
a refr epd therepd). f or  di spl ayi ng processed data. Fig. 3 is

aflo I 3gram show ng operat i f the phased arra

r adar mg%[ 2%rs1aa blg(tf;]%gybaﬁ?afb 3 %%Wﬁqﬂﬂé%’@ln@ﬁy ﬁ.pq*?ﬁ‘ﬁg?"?yd ar antenna

Stent Rlea@eding @ChHh @xefplyy QRfodirdd b CiBe&RIone ThéSsystem 20

adjl acent cPaI rs of antennas at different frequencies.

mludssy a gadas eaniseleuni Lt pdapted for caeplingda the fiehwad sepondivedar side
f n ' e e first si ntenna ..

%‘?g%'asfq ?f is% Qh? w;gltﬁeﬁrl}rgty&?i S{?g(h%:\rﬁé%uesnldyanvﬁntnﬁs ? %eﬁf {Oir Sperating the

firstl oarnseeondaralldr side w@cans simsicmensyy withi he MKOVE &%nd radar end
coverag[e of 180 as shown pictorially in Fig, 4. A )
APEHRAALFEeRecHYe bt endgwcands diffesy menrmguteelly ingerfering frequencies.

FRCHUECBY L SL A0, SRS LRt e
end akigedna alflowtdiddremsshowitg dpeeatioansfythe phased array radar antenna

system 20 shown in Fig. 2. Thus, full 360° coverage is 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 simultaneously 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 ﬁrét
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°
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Since two antennas are operated sinultaneously, the
time to achieve a conplete 360 -5- scan is
approximately half the tine required using a single
frequency radar system where each antenna nust be
operated discretely. By keeping.the same scan ting,
the single frequency radar range perfornance can be

3R & el B O Sl BT TR DR ChSiBaey R sstem,

tvﬁreree&d:hEan&’iﬁlenﬂm bt Jopedded Hilerefely. SBy képanteneYsaet an time, the
h_the end antennas operate must be
fe LeBRBSh AT FngR derformance igan be aghigved: while sedycipgtthe antenna
‘M‘rh&ﬁﬁn@estﬂcgeth@@kﬁnﬁﬁémﬁpqu aye a%@ aalsnuEg ﬁ@i@e&%gttﬁ?n the end
for the much reduced footprint o he end —ant ennas n
antpnedset},ehﬂ thertfdi frequency heitl |wl8¢h ftheeqmrblangennas Spdvatadmust be
and the fre band. .Fi
AP bP PR Hicher L0 BERond eapSie i hich e R amennas operae
anhe mﬁec&”npﬁiﬁﬁtetfhﬁthe uchi deuckatiespast dflthaRad hdtehR. In a preferred
rated at g Band and the nose and tail antennas 13
aw§ @menéﬁlée {éé ggusicnis Sbagand the sqegnd 'éréqvemﬁms Iﬁbend
angul a
ST AR e PSR TS da pefyg, in

$i@e anwindas. 1 1ByndsiQcine opaated at LiBan$aBare mosel amd t’aarhnteﬁa@dﬂ 3and 14
a SUffledQ#§ performance relative to the L Band r adar

gEsRera Prad 1 i seer it teraneglas covasage; ofthe sidg agtegpas 11 and

e inaspRekibdaaly ¥\k’]1%e tH-2 98 ﬁfécrlo§§ afd taYYan‘f'e!?mEl@ €3 ﬁhdj $4. By sucél means,

antennas 11 and 12, on the one hand, and t nose an

thei $-Band e&dﬁaeanltsacztrmsxiﬂc;lemrpetrt‘wnmdeerelahwnb thal.eBand radar despite
ra d. st be sufficiently distinctive to prevent

B F e tendBnte.

In practice, this may require

that tiholldemtéeiRGiotsd BECHD FreGRihcRY &f WARRIRDsifE eq&%ﬁgx 1 and 12,
bands al t hough frequenci es at opposite extrenes of

ppdhe oagbiendyandaile nasy and tgt!afame@m@mﬂwndu K, ioncthe agher2lgand, are
vent

? Iel gﬂls dé% 2y |161e8{lgnﬁ{s 1tllf)tn tP (P[ﬁVgPt t‘dlgr ldlteir refee. lcr)l practice, this
&1alyCIt‘eQIfui‘e tiearthy fivaueicls 6@dpy ndMvveppitg WeliherR9 bands although
understood that the invention is also applicable to

Heausncigs @f eprostg exiemes pf g frequencyshasdanay basuffieisntpdistinct as
B%hﬁ%aﬂg%%nqﬁ%rfg pplied to ships, for exanple, and

hicles saylng this, it is nevertheless

not edAlthatigh the idGenpiah thas be&t d@dMEﬁﬂi R padticuldi@egard to an aircraft
ntion over hi t hert 0- proposed earlx war ni ng radar
l{)t WRRINg Bdarsyptepn i Wiklste ynderstaod thgtithe iveytiquais gisegpplicable to

Bﬁhgla(/elﬁé’l%t fvgé’t‘nﬁ‘l% th@art JEeHEeHd e SB?‘%X’#‘%‘?% . Trﬁ%ﬁ[)% applied to

systemt hat ow"aer odynam c
shps foi ermmplé s1di stheraodhicdese dn savymm thig it engdefthéless noted that the

t t ft t de ant as 11 and 12, which
PETRRIE SIS 4ot MHG ISk A B PORTHEOPaRS) gly Gyarming radar

5yendy 1€ st it BQ YA aREhRGaH) Warfifg 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
aerodynamics of the aircraft. Likewise, the two end antennas 13 and 14, being
configured to operate at a higher frequency have a low footprint 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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30 aerodynam cs of the aircraft. Likew se, the two end
antennas 13 and 14, being configured to operate at a
hi gher frequency have a I ow footprint that allows them
to be nounted in suitably shaped radonmes at the front
and rear ends of the aircraft thgt is -6- specially
desi gned so as to provide a snooth aerodynam c

3 I chapi . 1.C cl | of .the rad S .
R, s B BN acOR IROEMCS O RiniC Yip ) TR mechanical
aonstmodon of theahd@ndsaatwithén te skilbof thentéresd inGhe adlévant art and is
such consid rﬁti,ons are less inportant for maritinme
e ‘dc?a’t“i“’oﬁ the 1ayqntighg frlegrlya such: Gpusidesstinggi ave lessofmportant for
hhgitnvgptitQdnias been described enploying four
antennas, it wll be appreciated that the principles
of thélihaygihtd drertiewjar lsmbagdipidne dofimthee igesntioal hys theeb hdescribed

t nor e..anfennas_that, are operated . .
SRl W R A BB R 0 i P TRE o e mpetion may
be exppliatinesre geapkradlyamptiR, uieVof ROt &NRRTe MANASS that are operated
conf i gure each _to provide cover alqg‘?e_ of non-aqverl appi ng

sipplabequshys at differentsnon-mytaly iptsrisring feanvsaciesy Fps' example, two

j usl| repy halving the tine. t o
SR8 b A UIEREL o LR IS BBnb g s,
fhustativeingabdth angandd to BelopifdedSimul@ieduslyCtBBlebg WaBfhg the time to
each to provi de coverage of non-overl appi ng 120

aehievsr i3l 36A0 soveangeo hikiyisen as shovaninasgt b thise aptennasdil, F2 and F3

| t |y at respective non-nutuall interferin
el BORRRo ol [ PRI feFbe &F htPoveHappiey oF eptbes, thus
3BGvingV teagfteyasato e bp&hd QhuRtandousi§haulrépali’ Bn-mutuall
not ed?t hat while the i nggnti on has i;)ecsj desfcnpiébtg% with e
puerfaring| faequeagjas therebyf redhici8g Oha tirer tageehieve tful| 3689 soverage by a
E#k)l ﬁ O coverage required. For exanple, Fig. 6 shows
T®htennas L | and S1 adapted to be operated sinul-
t aneopsthbuld alsdSBEGldte @ WHIE W idvehRbRHA8T bR described with
frequencies so as to provide in 20 conbination partia
partieulag ecgafd 1@dull TH0f heveragentott dleviyss i fult 80T @dverage required.

over a is. achieved by operatjng two or npre i
ERR BF .o ivu P Shoei5,10) PR bAGH(S IneRPH (9aPbr pperated simul-
tanb&Usiyeat s BA GIonLRSuall ) iftefb SRy | FeBRGAC 39 Ry té]gﬁ'ovide in
present invention. It wll" also be understood by those
sdhbihatibni partink cavdragenef 180fc Tondenextemt ihat eaehakddyiced coverage is
applicable for both manned and unmanned aircraft. 25
a0t ver P RneaHIng (9% omPEenas S @Rpoush, at ditferent non-mutually

oyl i t [ with the
PRI, B LG g n DR WA 1 L
be unHeviltabsocbet lrsderstdoal byatlase skylsddeimtROamcleam g idgerition is equally

glpp?icéllﬂ\e/ ?cprtt;o%{]manned and unmanned aircraft.

The invention also contemplates a vehicle, particularly an aircraft that is
constructed with the radar system according to the invention.

It will also 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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may include a suitably programred conputer. Likew se,
the invention contenplates a conputer program being

readabl e by a conputer for executing the nethod of the MCSLLP

30 invention. The invention further contenplates a
machi ne-readabl e nenory tangi bl y7 enbodyi ng a program
of instructions executable by the nmachine for
%]bg'spg the nmethod of the invention. MCSLLP 7
. 1. A phased array radar antenna system
qonpri Qi S enn
at | east B??fgtdﬁd;aggigﬁ%n%?ye%ﬁgga g“é)ir%g{gc%n% .ﬁ%‘uﬁ‘zslqu‘“d second

poenedsnudid saidoags firspendis¢aond antaingd beiagtconfigpredt fov &imultaneous
first and.second frequencies; wherein 5 the first
an rétﬁ%naglgrl 4y rSSPCﬁCH%%wgfsg?ﬂéiéef:@?‘?%?%eﬂ?lﬁﬁ Y84 hose or

tail portion of an aircraft fuselage; the second

antenna array is dinensjoned for affixing to a side

port | $t PHennagriay i fimengivapd fa;alBixag 10 ampee 61 tadtportion of an
hir QAR eRGYgksS correspondingly higher than the second
frequency so as not to interfere with the first

f r equiecsecand antenmzo apan sadienehsiontd éorr afiningotof Deidproftion of the
of tﬁﬁ L?igr_st dantenna array relative to the second
MTRRARCHEPBIY 2. The phased array radar antenna

syst efedliStofétjubBcyl i§ cohrddpdhdinglFHIRer $hadndh@becoh§ ﬂ%ﬁuén\é? $o as not
cyclically selectable antenna array coupl ets eac

totgarfese withahe dirst feskquentiyzandrto compensateefon shearedagest footprint of the
f siul Qus ogperation at the first or
g gs?(%tgg?arag—gag e ﬁ%y.vé %ﬁtﬁﬁ'ﬁeecoﬂﬁggtganaaﬂaé'y radar antenna

system according to claim1, further conprising a

2adar Thephased umiay hdar apamatsysgnt Aeotdifg to la@UEWYnprising at
'E\t S- bandl.a d for —operating the second frequency at )
cagf{1q cyglicaity selopiable anignpa grravenpupleineash sampyising @ pair of adjacent
ARERaHYs aQaRBY fR Mk ancb dﬁreﬂion atzglegﬂgtro‘?'sgcotna?re uency.
first antenna array Is nount I'n a radonme having 3

snoot h aerodynam c contour. 5. A phased array radar

3nt ennbhes yphased @ompr rafan gangdnnh esystent vaccardisnna akimmy$, further

&t g flieal o BF cRerar e aht ThsteEpmienty @t f-bag and for
epeilat iR skcbh@ Begmic§ ai 1 \Wagd ei n:

4. The phased array radar antenna system according to any one of claims 1,
wherein the first antenna array is mounted in a radome having a smooth aerodynamic

contour.

S. A phased array radar antenna system comprising at least two antenna arrays,
said at least two antenna arrays being configured for simultaneous operation at different

respective first and second frequencies; wherein:

the first and second frequencies are sufficiently non-mutually interfering to
allow the first and second antenna arrays to scan at least two objects simultaneously in

different sectors.
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25 the first and second frequencies are sufficiently
non-mutually interfering to allowthe first and

second antenna arrays to scan at |east two objects MCSLLP
simultaneously in different sectors. MCSLLP 8 6. The
phased array radar antenna systegnaccording to claim

5, conprising at least two cyclically sel ectable

nt enng, array .coupl et.s each conprising,a pair .of . .
§dj ace_ﬁﬂpe p%ﬁ%égn% yaﬁdgg,gr?tgrgﬁf ?YSF?%GCCPg ing oy, flginn dogRmprising at
et talol ayoliedllyt R clableSdntédha 860 BELP1 68 EABG¥nprisihg al P of adjacent
phased array radar antenna system according to claim5

BRERRR HEWE | (ufigared for smuligngatis prprajipnat ihe fitst or sesand frequency.
phased array antenna conprising: first and second

radar $heehARlARAR 1Ak AKRnkP eslt&?‘ E@éé)réiﬁg é@t:fakrﬁ iSn&irté% g?nﬁgured

respective sides of a vehic Irst and second T
&rdneuntiog va agiehip)es said phasyd medy Aotensd damprising: o

respecki n of..the vehicle, said_.end f e .
Vet ol 5o S350 Pt 8 ¥FShbi s SBr BRIt ofine togespective
siddesf o¥echidie vehicl e; and a radar control unit (15)
configyred for coupling to the first and second radar _
end anaéﬁﬁ ABd s¢q0R¢ $adas ¢nd gntepre prgystconfigured fomaffiximgap respective

) fle Akt ' . | L r.second
EAH L SRR 8 QRSN ARIALE s RN c e
sideseftbedehicldaandsi de antenna array at respective
first and, second di.f ent_frequencies, the fjrst
fr equeﬁé%ﬂaiﬁo’&té‘iﬂdﬁmc&sg é%'gtﬂﬁ‘ﬂ?dnéﬂ‘foﬂli’lﬁ}ge‘io the disttand second radar

SREAMEhfa BAYE RS toSRe At BRU sdcBnd RlgT §igd tgﬁrfarhéxta ggpr operating the

first frequency and to conpensate for the redu
fist opsdcand widar el dnitergin agnay eimmudtanequaly witke Hat firseortsecdrideradar side

d t . 8. .Th d aryay radar
ARPARG Rl & BR G rrt e FoaR b RR e rled S8 e fisg freauency
Being w}resmhain'%@ KighdritBa €8¢ ste@bxﬁn?écﬂ&ﬁcdi Qfad hdtSh interfere with the
frequency at S-band and the second 20 frequency at

firsh Arequeryy apdetopdoampensaig ferythe aeduced foaspriat of e dirst antenna array
j toclaim7, wherein the vehicle is an

geﬁérig{egéﬂggﬁgor{%aéﬂ%n?g{ra%nd second radar side antenna

arrays are configured for fixing to a fuselage of the

8i r cr aThe pHBed gy pldas@tediarsgtemardasrdaipt 6 RMAmSH SHHRMWin the radar
according.to claim9, wherein the 25 aircraft is
w4 is configured to operate the first frequency at S-band and the second

frequency at L-band.

9. The phased array radar antenna system according to claim 7, wherein the
vehicle is an aircraft and the first and second radar side antenna arrays are configured

for fixing to a fuselage of the aircratft.

10. The phased array radar antenna system according to claim 9, wherein the

aircraft is unmanned.

11. The phased array radar antenna system according to any one of claims 5,
wherein the first antenna array is mounted in a radome having a smooth aerodynamic

contour.
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11. The phased array radar antenna system according to
any one of clains 5, wherein the first antenna array
is nmounted in a radone having a snooth aerodynam c
contour. MCSLLP 9 12. Dual band early warning radar
system conprising a phased arraygradar antenna system
that includes at |least first and second antenna

rays~.Sald at least. first and second antenna arrays
381 ny” DIREYE R PG HiRt SA SO BRerSE pghosty anay rad antenna
dysiérerthat includspac tdavefifst raall ROshdS@aemth irkHEUSsEI feast first and
wherein: 5 the first antepna array i s di nmensioned for

s9ond; ey ArrAvs deHe canfigyed tloprsimultaneouy operatfon at different
frc%é?@étﬁfg%rsttaﬂﬁ sé&g.ﬁ%gﬁa{c%?@?é’ékﬁy | s dimensioned for
arfixing to a side portion of the aircraft fusel age;

and the first frequency is correspondi ngly higher than

t he séwoimdt dnteacamay is dinsensivoed farGffixing o emose er wiltgortion of an
t@e E%ﬂsi frequency and to conpensate for the reduced
fOSFPrIit®eSt the first antenna array relative to the
second antenna array. 13. A nethod for radar scanning

usi ngthat secend ntente phayg évldiatengipned fenaffix gl @Ys sidei peetion of the
to r& eftiye surfaces of a vehicle so as to provide

euvé §§§Eﬁﬁ’ﬂF#ferent directions, said method

conprising sinultaneously operating at | east two of

sai d iR @8t REfRNSY fs%ﬁeﬂionﬂin@fyq{igﬁﬁr the@StRE S&do¥@ flelglisey so as not
d et hod

and second frequencies; sai conpri si ng:

¢ nsersire miithgthe miestffrequencyrandrinaompensatd for thd fddutadgfootprint of the
tail rtion.of an. ajrcraft fusel age; 20

gil S?re%ﬂtgﬁ%anig%a xiéﬁagvggoctgﬁaecgmlgﬂhgmf GTOaf £ i xi ng to a side

portion of the aircraft fuselage; and selecting the

fiBrst v eqtheddr radad starpifigendig bakdstt that phaSed array antenna arrays
orrespondi ngly higher_ than the second frequency so
BEed 30 TNV SHERGS O A YREIS | Paras Fequetids candage in different
ateqf e £ ' fir .

ARPRRRS S Eb SR shARRERly Shehlifly Bkt two of said
antesna afrdys Hbediffetehodespectivedifitg tid ceeomh figquéneiespsaid method
with.at |east four phased array antenna arrays fixed
FYPREPECti ve sides and ends of the aircraft fusel age,

t he net hod

dimensioning the first antenna array for affixing to a nose or tail portion of an
aircraft fuselage;

dimensioning the second antenna for affixing to a side portion of the aircraft
fuselage; and

selecting the first frequency in a frequency band that is correspondingly higher
than the second frequency so as not to interfere with the first frequency and to
compensate for the reduced footprint of the first antenna array relative to the second

antenna array.

14. The method according to claim 13, for use with at least four phased array
antenna arrays fixed to respective sides and ends of the aircraft fuselage, the method

comprising:

MCSLLP



10

15

20

25

conprising: MCSLLP 10 cyclically selecting successive
antenna array couplets each conprising a pair of

adj acent antenna arrays; and simultaneously operating MCSLLP
the adj acent antenna arrays in the selected coupl et at
the first and second frequenci eggso that the antenna
array affixed to the nose or tail 5 portion of the

i“sr C[rﬁt:}t?cl ?]h)é S Vf’géélgl Q gcreggl? d %Iﬁa%fglcgﬁﬁsé%g ucixwé[}/rlsmgapalr of
hijasdnt nteguieatedysj #ndS- band and the second frequency is
L- band., 16. A nethod for_ radar scanni ng using at |east
two phaisetiansqusly ensratingdhe pdiacent antennaparrays in qoted couplet at
[ .
3 5 eoURLENSE0 350 BEBIAEEEPAREATSE e s or i
pomightod thequskaft spbryatsiopgrastd dt desfirst frequeficysai d ant enna
arrays at different respective first and second

equencies;, the nme ng the.
?lgr st %nee&oodj %ccPrrdte gon%lf’“é% Wb‘?ﬂg’t’ll tgf’ ity “I{Fq%ency is S-band and
ﬂ&n;emﬁdlf&iduyncthLl lbﬁrﬁrferl ng frequency bands to all ow
the first and second antenna arrays to scan at | east

bj ect neousl| n different sectors. 17.
Hhe moAnBET BT G SBRTETRE B oM WocPEh oBhy paiksna armays
FQHd 1DNR§REHA sBMaced fea%h?cﬁé aBéﬁ 055 %p&\f?dé %89&8& Y different

surfaces of the ve e, the net
diredtions| kaid smbthod | cognmwhrge smlultanemisb/n naeranngxyat cleaqnl t®tos of said

G BBl o R B o EORaRGRL Y

adsmp\ﬁﬁngn the selected couplet at the first or second
frequency. 18. A vehicle having nmounted thereon a dual
band early warning radar system conprising a phased

array L ante S temt i ncl.udes at.J east

firey aRhe2 MY, B3 S ShoaBBtied 3R, SuriefdR, non-murually
{ritérsdring b ReRS hnadl t C AIlGw el ¥ BartitdeBonC ANEARAWRYs ftcp§can at least
si mul t aneous operation at different respective first

arriokjeets pianulteaepyshcin differomieseetors: the first antenna
array is dinmensioned for affixing to a fore or aft

pRr ti opnOtndiis acyc%?cjliﬁé Qo c%(ﬁ%Lﬁ'g) for use with at least four phased array

antenna arrays fixed to respective surfaces of the vehicle, the method comprising:
cyclically selecting successive antenna array couplets each comprising a pair of
adjacent antenna arrays; and
simultaneously operating the adjacent antenna arrays in the selected couplet at

the first or second frequency.

18. A vehicle having mounted thereon a dual band early warning radar system
comprising a phased array radar antenna system that includes at least first and second
antenna arrays, said at least first and second antenna arrays being configured for

simultaneous operation at different respective first and second frequencies; wherein:

the first antenna array is dimensioned for affixing to a fore or aft portion of the

vehicle;
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11 the second antenna array is di nensioned for

affixing to a side portion of the vehicle; and the MCSLLP
first frequency is correspondingly higher than the

second frequency so as not to interfere with the

first frequency and to conpensatig for the reduced

footprint of the 5 first antenna array relative to

the sgco 19  The,vwehicl e according f.o

ol ai o g iR Qrehs aensiflfs 5 e EE osaibrton of e
yelppler 4fndig said first and second radar side antenna

arrays on opposite sides thereof, a nose portion

suppor.t i he first radar end antenna array, 10 a

tail H&?rff‘]ﬁgb&e%{ﬁﬂﬁb}sﬁoﬁﬁsﬁ%émg cugherthanathe serond fregneney so as not
26 [rdffer@MEthathe FHST fr&RBAEYCAndUR] donfheAROS B (M4 Hgl'u@e Rfdtprint of the
fusel age and coupled to'the first and second radar

&indl apeneharzayatelatys tathd seeondlastehing arayand second r adar

side antenna arrays for operating the first or second
199ar  $eANLR ARG W AlAUDIBAGOHSLC N Eiinbigyd ! 7St

or. second radar SIdé antenna arﬁ%y at respe {1 Ve

first and second different frequencies, the 15 first

f r equeriuseldgeisnppartng ¢ Gind iand kgcohd ginar sidbantehhearsgc@nchpposite
fregyency so as not to interfere with the first

FV%ﬁﬁ%ﬁ@ and to conmpensate for the reduced footprint

of the first antenna array relative to the second

ant enaaogy pation Sépporitii thé Fifst afdar aCatdind@rkp, cl ai m 41,
conprising: respective radones covering the first and
second r.adar. end antenna arrays so as to provide a

snoot A [EPYHYM sFRROTHREFhe srond Fadapend aryenng EaR®RNgr r ay

radar antenna system according to claim 29, wherein

t he 145 &l 4 gt f L [ LS. qg%u C

r adar Xgﬁdé&ac%tn tepéln g&;?lrl%ggé&a%gﬁ@gﬁ: Pﬁ%"?é@:ﬁ %ng r ?e? i t%gqﬂ £ of1rSt and
ac00od eadar endhanterparariays and totthe fiest and sdcbnd Rflar side antenna arrays for

operating the first or second radar end antenna array simultaneously with the first or
second radar side antenna array at respective first and second different frequencies, the
first frequency being correspondingly higher than the second frequency so as not to
interfere with the first frequency and to compensate for the reduced footprint of the first

antenna array relative to the second antenna array.

20. The aircraft according to claim 41, comprising: respective radomes covering
the first and second radar end antenna arrays so as to provide a smooth aerodynamic

contour.

21,
The phased array radar antenna system according to claim 29, wherein the

vehicle is an aircraft and the first and second radar end antenna arrays are configured for

fixing to a nose or tail portion of the aircraft.



