Frequency Scanning Antenna Field of the Invention The

present invention relates to a frequency scanning
wa@ndogfosa76 and rel ates specifically to frequencRCI/EP2006/068732

scanni ng antennas that are particularly, but not

excl usively, suitable for use Ln detecting and

nmoni toring ground-based targets. Background of the

I nventi on Frequency scanning antennas are used in

radar systems in order to scan across a given region

for the presence of d&bjauensy Scagning Adviena, such

frequency scanning arrays can steer a beamin an

angul ar plane in response to input signals of varying
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conprising an antenna that physically noves in space,

or phased antenna arrays that are arranged to steer

r adipati RBuRBofithe ivehfi@nsm tted or received. A problem
wi t - The mechani cal radar systens is that their

oper at i ofirdquenayl jcamting antohyeasi asa b sesloimpadarsystemndn order to scan

associ ated. contr.ol .a novi arts. This.inventory. of
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phased antenna arrays, which apply various phase
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ISipv PAENENWRSHUSARPUSP- f r om one position to the next.

Whi | st agd@fn sYs LR Radi 5O R gfe@hhgg b%mh?aﬁﬁé GRS devices
provi de an extrenel Yy accurate neasure o t he posi t1on
of tempetisg amapeninl i physivallh eseet pescofor pheetl raotenca arrays

devices is that adequate control of the beam requires
that are arranged to steer radiation as it is transmitted or received. problem

N

with the mechanical radar systems is that their operation is reliant on physical
20 components and associated control and moving parts. This inventory of parts is
costly and can require a commensurately large power source.

One known group of electronic devices is phased antenna arrays, which
apply various phase shifts to signals, thereby effectively steering the received
and transmitted beams. These electronic devices are commonly used in RF

25 sensor and communications systems because they do not involve physical
motion of the antenna and are capable of moving a beam rapidly from one
position to the next. Whilst radar systems incorporating such devices can
provide an extremely accurate measure of the position of targets, a problem with
these types of electronic devices is that adequate control of the beam requires

30 often several arrays of electronics components; this increases the physical size,

complexity and cost of the radar system.



often several arrays of electronics conmponents; this

i ncreases the physical size, conplexity and cost of
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conbined with noving parts that rotate in another
pl ane, as described in US patent US4868574. However, a
problemwi th this conbinationTs that it incurs the
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different to said first angle, using the other of sai
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and being capable of steering a radio frequency beam to a plurality of different

angles about the antenna structure, the antenna structure comprising at least two

array antennas and a controller for controlling input of energy to the two array

antennas, wherein the array antennas are disposed within the antenna structure

25 such that the antenna structure is capable of steering a beam to a first angle

using one of said two array antennas and of steering a beam to a second angle,
different to said first angle, using the other of said two array antennas.

Thus in embodiments of the invention two or more array antennas are

arranged to form an antenna structure, and the feed to a respective antenna array

30 of the antenna structure is coordinated so that individual scan areas can be

combined to generate an increased overall scan region. In one arrangement the



Thus in enbodi nents of the invention two or nore array

antennas are arranged to forman antenna structure,
wWaee70sE7é eed to a respective antenna array of PETEP2006/068732
antenna structure is coordinated so that individua
scan areas can be conbined to generate an increased
overall scan region. In one artangenent theantenna
structure is arranged to steer a beam across a
plurality of non contiguous angular regions, and in
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predet erm ned sequence so as to steer the bean1agros
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for exanple, inputting energy to a first end of the
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of the 39%f&gbl?riﬁ@w}ﬁroﬁ6f RYarrah fRUb A A eRE8Y &Y adcBrdince with a
second end of fhe second antenna array, and inputting

20enepipyicteomincd segretcend agftotdrer sbe baain aagten raidarirsaynd second

angles, the sequence comprising, for example, inputting energy to a first end of

W

the first antenna array, inputting energy to a first end of the second antenna
array, inputting energy to a second end of the second antenna array, and
inputting energy to a second end of the second antenna array.

25 In relation to the configuration of the antenna structure itself, the antenna
structure can conveniently be characterised in terms of a longitudinal axis and a
transverse axis perpendicular to said longitudinal axis: a first of said array
antennas being inclined at said first angle relative to said transverse axis and a
second of said array antennas being inclined at said second angle relative to said

30 transverse axis.  Moreover, the first and second array antennas are

symmetrically disposed about the longitudinal axis and each of said array



In relation to the configuration of the antenna

structure itself, the antenna structure can
w@omwvesident |y be characterised in ternms of a PCI/EP2006/068732

| ongi tudi nal axis and a transverse axis perpendi cul ar

to said longitudinal axis: a fjrst of said array

antennas being inclined at said first angle relative

to said transverse axis and a second of said array

antennas being inclined at said second angle relative
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COopirdt 3@y tanen/N dghidnich dndthes iadta@n @dfidnit @A %nd Ipdrtoieof the second
arrangenent a side portion of said second array

ant 8Ra RERY S Al apit Sag o figelipbrEtonighnds af b extent of
sPI T e Rak g%i%?fstqﬁgéldeﬂpbﬁ fhel ﬂhgeieatﬂaﬁﬁoﬁsrhﬁ B&%&mheftfbo array
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the scan region is dependent on the physical .
" of JEIGRSHIT BetuBeieran ey reanesiy EFREEOT thppgar system is
spegidstanahily 800ed B, B ReSAG ks LRSPRGHIY BarRidg@¥om 60 degrees,
antenna nakes to the transverse axis. In one
ar r apQdagmes, tIRe daguged. aonsixteinvith fvations areegements o the gntenna
substantially.80 deqgrees, but_other angles are
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antenna arrays wthin the antenna structure.
Fur tetarineéha aeubi eeienibofdbe tideunétedan be configured so
as to ingluyde MPIGHIAN LUP &7 Y r%w %H@,ﬁﬁehs LOGREY 2 mesh
further increasin e’ angul ar extent o e radar
sysktemturkrindnelidedtaio pasee nEachanssh saiictulecardompraataginalty of
conprises a nesh structure and a dielectric base. Each

Sires MEEPRIEE S easnts BRpPYise 25 agnigiurirgyt #ip (commonly called a

I nt ﬁﬁ&gﬂﬁﬁﬁ%ﬁ(? ;E{C @mhr%nﬁg:%QQii?&s&ﬁ oft aMyffale 6F ﬁccléhresponding

strip (co alled a crostrip) and can
convaddemclityc rse divisiplo sedromn sapparteddye gbuml plane.

correspongdi n aid dielectric .base, ich in turn is
Suppor § ed iyt GO T dev AR R AT P o D ifheths of
CONYRPERNE sMeb &nd Balsaf ks é18@EnBYeabh 8f b8A8lh®nRfcomprising two
respective sides and ends of the el enents: each of

20sai sidet amdeivwes crdsndriesiendva lwogibi.dibs length pleniénidles being greater

respectjve | enaths, the.lenoth.,of, sajd.sides be
or ot Bar st 19PEA 4Rasagh el 'S oF i oraer of

| enghd walveleh@hsdtdemid-poidk beeeeardey figh frequency and said second
frequency and the length of the ends is of the order of one-half of one
wavelength at said mid-point frequency. Each mesh element has a characteristic
25 width, and in a preferred arrangement the mesh widths of the sides are
progressively decreased from the centre of the mesh to each respective end
thereof. Since impedance is inversely proportional to mesh width, it will be
appreciated that this provides a convenient means of controlling the impedance

of the antenna array elements and thus the resulting radiation pattern.
30 Further features and advantages of the invention will become apparent

from the following description of preferred embodiments of the invention, given



one wavel ength at a m d-point between said first
frequency and said second frequency and the | ength of
W b@7051%6 i s of the order of one-half of one VWeWEERIWGE/O68732
at said md-point frequency. Each nesh el enent has a
characteristic width, and in q%preferred arr angenent
the mesh wi dths of the sides are progressively
decreased fromthe centre of the mesh to each
respective end thereof. Since inpedance is inversely
pr opBryayopfagxamplenegly, witdethis madeywith iséeressrie cthetaegpmpanying
thahﬂ&ﬂ@% provi des a conveni ent neans of controlling
t he I'npedance of the antenna array el enents and thus
the resulting radiation pattern. Further features and
advant ages of the invention will beconme apparent from
t heBrst Dasgripongb Bieiliawiiesof preferred enbodi nents of
the i nyeﬁigu?en'l 1912 VR RN aReY100E d Mlsﬁo@ﬁ yconwah&ns loP a radar
made with Teference to the accoffpanyi ng draw ngs.
Br i efstdde saroirgitig cnerobodiment®oéierigeeniogure 1 is a

schemati ¢. bl ock. di agr am. showi ng .conponent f a radar
syst em alidFGTh & 6 EREG RIS SN Pl FRBRIcBRor an antenna
Fi gbf8y Alided iRt GRRARA bifovel MAtigiR-9howi ng an enbodi ment

of an antenna array utilised in the antenna shown in
Fi gure 1Figuirgdbds 2bschematic dlagreem iskowinggamathes ifoviodgnent of an

anot her enbodi nent. of an antenna.array utilised in the
105 e e SRR TR gy B AR I schommt i ¢

engi neer Fngrdraw nNg ssemitig eAlin@Mn@NBAWSAE UGbWIRY an antenna

conprising the antenna array of Figure 2a use in the

r ad AFUCEYSt M1 HENthie antggg raray: ofFFipyrce 2a is¢ gn ghe radar system

schetrtd & €lb@gram showi ng radiation emtted fromthe

antenna strtcture of Figure 3 for a given out put

frequencyigukd durie addehematic diaenmishewthigagdativs Raidtd) from the

radiation emtted fromthe antenna structure of Figure
153 1 ghtennagitis g o Bighrer iog a ghey cumvg ffraueicys a

schemat i ¢; &RIUBGETL! Dbl AMING 2R Wb WG 1 AAIANEE RRRtted from the

structure conprising the antenna array of Figure 2b

f or antsena structuee plaldignresy/r egiven output frequency;

()

Figure 5 is a schematic engineering drawing showing an antenna
structure comprising the antenna array of Figure 2b for use in the radar system
20 shown in Figure 1;
Figure 6 is a schematic diagram showing radiation emitted from the
antenna structure of Figure 5;
Figure 7 is a schematic block diagram showing components of a radar
system according to a yet different embodiment of the invention; and
25 Figure 8 is a schematic engineering drawing showing an alternative
antenna structure comprising the antenna arrays of Figure 2a or 2b for use in the
radar system shown in Figure 1.
Several parts and components of the invention appear in more than one
Figure; for the sake of clarity the same reference numeral will be used to refer to
30 the same part and component in all of the Figures. In addition, certain parts are

referenced by means of a number and one or more suffixes, indicating that the



shown in Figure 1; Figure 6 is a schematic di agram

showi ng radi ation emtted fromthe antenna structure
W@ROOFs4re 5; Figure 7 is a schematic bl ock di BCF/EP2006/068732

showi ng conponents of a radar system according to a

yet different enbodi nent of tlﬁ i nvention; and Figure

8 is a schematic engineering awi ng show ng an

alternative antenna structure conprising the antenna

arrays of Figure 2a or 2b for use in the radar system.
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Figures. In addition, certain parts are referenced by

meaMathyr thg s¢avshes the sffixde nsfidgdr e suffi xes, indicating
sthat thepart conprises a sequence of elements (each

suffix indicating an individual elenent in the

seqletniled Depoiptohaf iteyinverhion t here is a reference to

the sequence per, se the suffix is omtted, bu en
her o115 I orsGed 1B ntysiEtaP B hois P e Meni the
sequRrBRor Hrrabfthé Xadad sysheh Udethprikal aigodlr RAR& LRt @Rtroller

of the Invention Figuré 1 shows a radar system1
wi t h2.randid eompandsddi fermosves fourpeandheanpuiten! o pé baing artahged to

oot o SAOR R EaR R A GBidPersBu s cqporter

conput &mpkfles 24 nhgiopebcagsban@ada tst RIF OvkehectidAYRhot Qhown) for
and operational control over, the controller 12. The
cone¥esutier thereby ngfifqeiizely a2encrrtigpr eudiol signalsdthat seusepthe RFE
i ns i of. S; f e ti ther ifi
et CEHFET ) BucRern PRt floy TGl REERChy 4 e
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RF energy_at a specified frequency FOUT, and this
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the RF frequernicy source 16 generates signal hin a
r angenwfit beaguendifiesgnt cagehndir¢diongrthemby s@hning over a region

tra smtdﬁeﬁﬁs in diIferent angul ar directions,
t he PRXRPILRAIRRAY 606 a regi on

The radar system 1 also includes a receiving antenna 32, which receives

20 radiated signals reflected back from objects, and passes the received radiation
through amplifier components 20° to mixer 34. The mixer 34 comprises two
inputs: a first connected to the RF source 16; and a second connected to the
receiving antenna 32. The output of the mixer 34 is fed to an Analogue to
Digital converter ADC 36, to produce a digitised signal for input to the signal

25 processor 38, which performs analysis of the received signal. The signal
processor 38 performs a spectral analysis on the received signals, because the
range between the radar system and external (reflecting) objects is contained as
frequency information in the signal.

It will be appreciated from the foregoing that the antennas 22, 32

30 transmit and receive radiation in response to input signals of varying

frequencies; accordingly the antennas 22, 32 are of the frequency scanning



beyond the radar system 1. The radar system 1l al so
i ncludes a receiving antenna 32, which receives

WO 207a58d si gnal s refl ected back from obj ect s, PErEP2006/068732
passes the received radiation through anplifier
conmponents 20" to m xer 34. The m xer 34 conprises two
inputs: a first connected to the RF source 16; and a
second connected to the receiving antenna 32. The
out put of the mxer 34 is fed to an Anal ogue to
Di gPetamchiRgerines pmr@%emb@ilmp@@mfraqwngy tSFamng antenna is
1 9pAbofied ol A0HhehiBe! PR BHOERSEGhnAGe WIER o armay

Fornes anal'y of € receive al’
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recei ved signals because the range between the radar
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appreci ated from or egoi ng t hat tennas 22,
32 £ohn3he inpanchenecZi'Veanr @dipaitse onaxial feebpmsentdoithgaenal to

ant Bines! igthonGra s Ra 8 Sy eearreiae

t yP&lerhftive RERIBUIGast RBPOdi ment, the frequency
scanning antenna is enbodied as a travelling wave

ant enna  $t rthe taraggaosir steiwig it Fipeas 2.t aashamealy structure 201

antennas one ten na rray 200 b shown
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203 and has i nput neans 207 for |nputt|ng energy to

t he S¥RPOHCd PR aQrUd Pdoe. EppleraciyngilapelgmsntdPp qogpprises two sides
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pl ane e antenna array he “ski person
W | breappiesi étdeddiatS & thercnds LV, f2e¢bls Theylhgsibe uli&ﬁli/mg the
In the arran enent shomn in Figure 2a, each nes

55t r gegratien 96 1he Gl lgwaavepfmﬁma. 3 well #@ewana%ﬂlag first been

I nt ﬁfv%@c@&%tbﬁg]oﬁh RIFRA zﬁld%@gcrhkétm @fSepagéﬁ g@e 99(96‘886‘ Suffice to

surface of t di el ectric base I"ectri ¢
baseay2(h3t theilaggtk bpphtht estles 213 ig Dﬁ dwdorﬂbmmfeonemerelength of the

rectangul ar el ement 209 conprises si.d b
and D S TSt e 5 HEB B g HE O Ch S B Orlet one
213@a1f 21 3R REVANH K SRR m%ﬂaearh@le freQRAERs S 10%vill BE appdeiated
211a, 211b. The physics under| glﬂg the
20 from the teaching in US patent US 3,290,688 that mesh configurations other
than rectangular and planar can be used.
In relation to the particular configuration adopted for embodiments of
the invention, when current is fed through the mesh structure 201 via feed 207,
currents passing through the ends 211a, 211b are in phase with one another.
25 The current flowing through a respective side 213a of a given element 209 is
received from an end 211a of an adjacent element (shown as input 217) and
splits into two current flows, each flowing in a different direction and being out
of phase with one another. As is also shown in Figure 2a, the width of the mesh

making up sides 213a, 213b is progressively decreased from the centre of the

30 mesh to each respective end thereof, thereby effectively increasing the length of



operation of the travelling wave antenna are well
known, having first been investigated by John Kraus
w@ee7d88e6 | bed in US patent US 3, 290, 688. Suf f PCEEP2906/068732
say that the length L of the sides 213 is of the order
of one wavel ength of the nean garrier frequencies, and
the length S of the ends 211 is of the order one half
of the wavel ength of the nean carrier frequencies. It
will be appreciated fromthe teaching in US patent US
3, 296,688 2t Bat2 1 4k Slencbacpefin oft the agaytomardstifegnds. In a preferred
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structure 201 via feed 207, currents passing throu
t hec®Radmeny of tho 1RyengpR Wil nﬁﬁ’alé‘fe SRFHPFdoNih Agieepes to gﬁ*avéres 3
cur [
g v T e O SR mo Y0 8] i 1.
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t hereof , t effectiv ncr.easi ng t l en t
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i nput fron1ghe control ler 12 tfor cont | 1’ng 1 nput “of
enel@fa isanclmspachn weelé eadhtivd to daidtratdversankemkha@d thayscond
200a, 200b. Referring also to Figure 4a, the two
pl aRklpangFayakeRnaniYs is orlined gppngle & @ﬂ%ﬁéé@dhwrtlwﬁrse axis
the,str A
fr ehensy ] fsS bk BT oy s ik, BGaeTAOYEE B U8 speond armay
20t r anstenda 2000 dbbe o ddé portioe @l eid Yireneraganwinhi 200a (in the Figure

di fferent angul ar regi ons 40l1la, 401b.
the side portions are located on the dot indicating axis Al) such that when

(9,

viewed face on, the antenna arrays 200b are located in adjacent longitudinal
planes.
It will be appreciated from the schematic shown in Figure 4a that the
25 orientation of the respective antenna arrays 200a, 200b — that is to say angles o
and 3 — determine the direction in which radiation is emitted from the antenna
structure 301. Thus, by varying the relative positions of the respective antenna
arrays 200a, 200b, different portions of an angular region can be scanned for a
given output frequency, four ;.
30 Figure 4b shows radiation emitted 401a — 401d from the antenna arrays

for two different output frequencies four; and fours, and it can be seen that



Referring back to Figure 3, the antenna structure 301

can be characterised by a longitudinal axis Al and a
W@ e@neyerece axi s A2, which provides a conveni ePCT/EP2N®068732
of reference for describing the arrangenent of the
pl anar antenna arrays 200a, ZO&b. As can be seen from
Figure 3, the first array antehna 200a is inclined at
an angle a relative to said transverse axis A2 and the
second planar array antenna 200b is inclined at angle
b r epripPRAe tseleetian of esvadveseofabois: ARd g acsasuliy &b thseantenna
see e Fi ,.a.side p | an. of ' nd. ..
arrgg&%%?;%ﬂaOg@ggﬁgbﬁ@gﬁgg§Pd%!%%%?W%naoﬁbggﬁgﬁgigg%%uous
ar r sagi@ntiesretsy 2@aingi ovet hepr&dtguargzuldn @e sibal@hgnoist possisle with a
are located on the dot indicating axis Al) such that
whe Mg IeARENNR 2EBY off, SHERdWRrATEWA AN RFDSINSH 18,tke same plane,
| ocaietchs i AlakeNn LSRAIhEOS IR Gsnes. 1t wi Tl be
appreci ate romthe schematic shown in Figure 4a that
t he ori eithatarmngahenthehpes pmcFiguescsadd,efnda amdayls 12R@ato an

200b - that is to say angles a d - determne th
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positions of the respective antenna arrays 200a, 200b,

di f fied &rmachenteienarayfcoatd comeisaan additionaldesd Hatsotkanigad (L 2,

for a, given out put, freguen fout,i- Figure 4b shaows .. .
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and it can be seen thatappropriate selection of the )
val belgvisrur fob e antapig eyt sWa ip dspandsnt on theedirgstiemfigm which
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sub cont1 guous regi on; thereby’scanning over
a gfedingrereigutoatwd agiuo fieddngdints fopessi Mtennal drfaya the region R
singl e antenna array, or even two arrays that are
Spositihghebich Rdisensarde pratsived it ied Vel soubleder i bed
in US pagemfe W gzséag%é%he el kRRIETRNsSuiBPYD chbPiprise a
Figures 2a, 3, 4a and 4b relate to an arrangenent in
whi stpatdie tramtenmal @ceiay snt20@astri200d 3¢biosi dveevsi,agl éurning
f eed Ei , | _at ong end of respective. aE,t enna.arrays,
Howt B2 o e PEqT, 1S5 6_ “ﬁ“&ﬁ?léf‘sm?z‘bw_ nEPBPIIEAE fingle antenna
a?h%ﬁt@lllgr%(lﬁy aﬁéd) ol dre iR igewnRhaddid kR ih QR adt efidSively
ot her en [ :
20 combines signals that are transmitted and received from the antenna structure

301.
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Figure 8 shows an alternative configuration of the antenna arrays 200a,
200b within an antenna structure 301, in which each the antenna array 200a,
200b is located on a respective support structure, an outer edge 231a of one

25 support structure abutting a corresponding outer edge 231b of another support
structure so as to form an antenna structure having a generally isosceles shape;
since the supports of respective antenna arrays abut one another the radar system
can be fabricated such that receiving antenna structure 301 abuts transmitting
antenna structure 303, thereby generating a physically smaller radar system, in

30 terms of depth occupied by the antenna structure, compared to that shown in



2 2 ) . Each antenna 22a, 22b can then be consi dered
to be capable of emtting radiation in two directions

wo en7asgreen frequency fout, since the PCT/EP2006/068732
transcei vebehavi our of the antenna array 200a is
dependent on the direction frg61mhich energy is fed
into the antenna. Turning to Figure 6, it can be seen
that by feeding energy to two input feed points for
each antenna array, the region Rwithin which '
r adFiurosd Hamillbe appsssded thadother eomfigerafioey gre @oslednvolving
[N 108 RROVERART A0S TtdNGa LATA mSYRLED duileIARRHTE il Rures.
conpri’se a separate transm nd recerve anten
st ruct ur #hdQBoveddBbodawy are, toaidchindets ool @s ilduskriaguy €afples of
the radar system 1l could alternatjvely conprise a .
si n§iedNEFOAN S ISP RREMSDLE o4 ke WVvenGa ArgeByisagsd. It is to be
Whi . . vt i vely .

T e P Y R Rfent may be
ant esadaalste, uctinreen®iatiofrivgithr eth8r sdaowmss descabtdrandtmaye also be
configuration of the antenna arrays 200a,, 20Qh wi t hin
an 4fdRNETSTRHRR 8 o8§ LT mae %ﬁf”&%s %tzaPélP{ Ytheg Ogﬁlee%bd)dlments’
ar r gy ard0kanbisRRR dfSanly QARL A 1A @AbIBSBRG! IFMRhSHRRO uivalents
structure, an outer édge 23la of one support structure
abuend mgddicetensesy dawiribgd ebavermadigleo DS ¢mplfyedmothher departing
support . structure .so as to, for n antenna structure.

10, quiRg 48 SeEet i Rrebaer bish drdgiedds fE sy gsivios
of respective antenna arrays abut one another the
radar system can be fabricated such that receiving
antenna structure 301 abuts transmitting antenna
structure 303, thereby generating a physically smaller
radar system in terns of depth occupied by the
antenna structure, conpared to that shown inFigure 3.
It will be appreciated that other configurations are
possi bl e, involving two, three or several such antenna
arrays nounted on suitable support structures. The
above enbodi nents are to be understood as illustrative
exanpl es of the invention. Further enbodi ments of the
invention are envisaged. It is to be understood that
any feature described in relation to any one
enbodi nrent may be used al one, or in conbination wth
ot her features described, and may al so be used in
conbi nation with one or nore features of any other of
t he enbodi nents,



or any conbi nati on of any other of the enbodi nents.

Furt hernore, equivalents and nodifications not
waele®ensBBed above may al so be enpl oyed wi t hout REPEP10061¢H8732

fromthe scope of the invention, which is defined in

t he acconpanyi ng cIains.CIainﬁ 1. A frequency scanning

antenna structure for transcei&ing radi o frequency

energy and bei ng capabl e of steering a radio frequency

beamto a plurality of different angles about the

ant El@Sstructure, the antenna structure conprising at

| east two array antennas and a controller for

controlling input of energy to the two array antennas,

wherein the apr ayqasicgnoamiad an@hspesectumi fdri tharkstdving radio

antenna structure such that the antenna sStructure js

capHBAEnsY ey andgbeing sanableooh sterting 2 JAdPTYRERGY Bean to a

of ek n t '

e bRk AR FGEN, SMAMTH Ay Rom FRELED e JRRIM Brfonure
ot hesmpfisis@andlehsiowararay ardnaanasd a 2ontflfer éguamaplling input of
scanniny ant enna_accor di ng %o claimi1l, mhereinﬁ$he th
ant EMHEY & hELYVRABAY ANEYRSHIReTE B UERY HYCHiap gl fisporgkyithin
a PlHér Altbdnd QuchPOGRET HEAY NS 1B Fudi@Bii®REpabke of\steering a
frequency scanni ng antenna according to claim1l or
cl abean2 to wfiest engle ubkiag ane ehsred B ycayuandenngs aabeflstesriog a beam

105l Ar%eBRBRc GFERTT it RR) 2bkinify RRARAE S5id two anay

accendhmg. to any one of the preceding clains, wherein
the antenna structure is capable of steering a beam
across a first range of angles using one of said two

array anpennag i eﬁgy ?:%agﬁﬁlilg rﬁ%te%n?ﬁ%&@ﬁ%&%%lg?}}l;l;%g%in the

range of angles usin otfher of sa
ant emaas stuctdvefl isecpableyofs s@amhd1@ Beune rvsosacC phudilitg dfonon-
claim4, wherein a first angular region is defined by
15sai BOHigUeYs dngHis Iefiolingl es. 6. A frequency scanni ng
antenna according to claim4 or claim5, wherein a
second angul ar region is defined by said second range
of angl e8. 7. A fre@gguenssansganmteigaactedng @cdandi ng doam 2,
any %ne.of claim4 to ) .
wherein the antenna structure is capable of steering a beam across a
substantially contiguous angular region.
20
4. A frequency scanning antenna according to any one of the
preceding claims, wherein the antenna structure is capable of steering a beam
across a first range of angles using one of said two array antennas and of
steering a beam across a second range of angles using the other of said two array

25 antennas.

5. A frequency scanning antenna according to claim 4, wherein a

first angular region is defined by said first range of angles.

30 6. A frequency scanning antenna according to claim 4 or claim 5,

wherein a second angular region is defined by said second range of angles.



claim®6, wherein said first range of angles is

different to said second range of angles. 8. A
WO e@quemtey scanni ng antenna according to any OPET/BP2006/068732
claim2 to claim7, wherein the angular region is
substantially 80 degrees. 9. frequency scanni ng
antenna according to any one & t he precedi ng clains,
wherei n each said array antenna conprises i nput neans
for inputting said energy thereto. 10. A frequency
scanni ng antenna according to any one of the preceding
cl ai ms, %er Cl\l r% %n(%p&tafn%lnggptehﬁa Qgc[na(ﬁ%g) e{n?z n@%lftc%a]j]m4 to
energy to respecttve-array antennas so to’steer e
beadlairo 65 athdrdin ksitl favdragge ohangdeagisedifferkht tohsdid eportdGynge of
scanni ng antenna according to claim9 or claim10 when
depd®Hent on claim3, wherein each i nput neans is
arranged to i nput energy to respective array antennas
so as to steer the beam across said substantially
conti guois andufraquenggscanning AnteAnd aequidne o Syameiofiglaim 2 to
anteﬁna ac ordigg to.claim9 or claipw 0. when
depERHBAL WBFeH BF AnglanfrgiPR issubstgptially, &P ay
antenna, the input nmeans is arranged to input energy
to the array antenna at two | ocations so as to steer
t he beanPacr ods frgghehcposcagoingi Yuouw assguding tpeyiyorne of the

059" afsHFRLEARY, SRAPE, A%, EPRR, FRCTH P, M, PR for

conpfettall Qid@defydterefo. t he antenna array. 14. A
frequency scanni ng antenna according to any one of

claim9 to claim13, wherein the input nmeans is
arranged 1Hn O&erﬁ?:g{lé/n% a?c%ﬁl‘fllngt érﬁ%hn‘@(' L&Oiacﬁhg n[gl any .one of the
generator so as fecelve s gnal's conpri st ng r'adi’o
f r egreeadiyg edlgingy aherainplkher abntiylledf isdiafrhigfednto input energy to
frequencjies so as to steer the beam 15, A frequenc

155 c affitPFAYIVARTTAN ARCRRAS 6P dF FySteS thinfraghie satd fistang sgeqngt angles.
claim 14, wherein the controller is arranged to input
energy in accordance with a predeterm ned sequence so
as to steéér tRAefrbprnryasranssigsaitahntiacsdirdmgdo ségmn® or claim 10

angl
gW

W

S. . . . . .
en dependent on claim 3, wherein each input means is arranged to input
energy to respective array antennas so as to steer the beam across said

20 substantially contiguous angular region.

12. A frequency scanning antenna according to claim 9 or claim 10
when dependent on claim 2, wherein, for a given array antenna, the input means
is arranged to input energy to the array antenna at two locations so as to steer the

25 beam across said non-contiguous angular region.

13. A frequency scanning antenna according to any one of claim 9 to

claim 12, wherein the input means is connectable to ends of the antenna array.

30 14. A frequency scanning antenna according to any one of claim 9 to

claim 13, wherein the input means is arranged in operative association with a



16. A frequency scanni ng antenna according to claim
15, wherein the predeterm ned sequence includes a
WO pansidng energy to a first end of the first BCIE/EBPIVA6/068732
array, inputting energy to a first end of the second
antenna array, inputting enerag to a second end of the
second antenna array, and inputting energy to a second
end of the second antenna array. 17. A freguency
scanni ng antenna according to any one of the preceding
cl abigBal gapigtoane epharesevactanpls deaPringedadiodiiqrentiyreaergy at a
axi [ to said
longlu?zﬂg?f %f 1ff%pe§1\/%reaﬁen%fé k30 B?{(P ?kﬁe;ﬂeg{éll d array
antennas is inclined at said first angle relative to

sai d transverse axi s and a second of said array

ant ennas 1?s i AciFEBCYaTCaBRING ag@e%acca%%t%wme@é cagm 9 to
sSal flabih NSYRESE tﬁ‘%‘b&troll\%m%rfaﬁ&élﬂ%%@ﬁt%ﬁé@g i e RRABNRith a
according to claim1 erei n each of sai'd array

ant eredasrmionprsegence wo asrtdssteendhd \hoars i ateosp eaidi ﬁrss and second
side portion of said second array antenna

sub%?éﬁilally abutting a side portion of said first

array antenna. 19. A frequency scanni ng antenna

according to claim17 or claim 18, wherein the first

and secon@ ar Aafyecannenwasniag enteymmascpidinzg uo;claimskﬁosaé@rein the
about t he | ongitudi nal 20. A fre uenc

105 Bl EeioS oS e RGP PR AR fhdne fir
eac fnteaad aﬁﬁy appafiing mrg%ofﬁptal SisD@nd Cffe@le ®boMChhtefna array,
and a dielectric base A frequency scanni ng

ant EHEINgcNSERN FRyatsscidapid 20 thee sreandrpatensa agrey gl inputting
CO"Bﬁérgg( s} ?ecghdi&?d dtike gécoh&%ﬁi%&%% ted el ements and

bei ng sposed on a surface of ‘a corresponding said
dielectric base. 22. A frequency scanni ng antenna

according to claim21, wherein each of said el enents
I5conpri sed’t woAsiHECIEH ISTERRINE nHECTHR AesQfliRg jtgeany one of the

| en fe|3§d1n% hﬁalh{%n%ﬂa ngteﬁ?a' gtr§étﬁil%s hm ?engtrfﬁ%ﬁhgﬁmf Qﬁ‘ﬂ and a

the 1 engt said ends, wherein the
Si dafsnsvsrsofaxishperpﬂfrdmum‘f toonael Wegehdngt dxiqtwlzremdr poi rf said
bet ween sai d
array antennas is inclined at said first angle relative to said transverse axis and a
second of said array antennas is inclined at said second angle relative to said

20 transverse axis.

18. A frequency scanning antenna according to claim 17, wherein
each of said array antennas comprises two ends and two side portions, a side
portion of said second array antenna substantially abutting a side portion of said

25 first array antenna.

19. A frequency scanning antenna according to claim 17 or claim 18,
wherein the first and second array antennas are symmetrically disposed about
the longitudinal axis.

30



first frequency and said second frequency and the

l ength of the ends is of the order one-half of one

wowelosnge h at said m d-point frequency. 23. APGT/EPIV6I0HS732

radar system according to claim2 1 or claim?22, the

si des of each el enent having z4mﬁdth, wherein the
|

width of the sides is progres

vely decreased fromthe
centre of the nesh to each respective end thereof, so
as to control the inpedance of the array antenna. 24.

A frequeRBy sdaritingicant@nniasaiomdi Agrordng|tai Mmy2 one tqf the
cl ai PQC@(i?ihg \M]a%ﬁlg,! Qacﬁasglﬂi 2 yda lf:ni?ﬂ? o %@siﬁ hg rggs%hsl&ructure and a
strB nmprises a rectangul ar etP rren% .

ctureTconpr

f r eqledseaic =e@nni ng antenna according to any one of the

precedi ng cl ai ms, wherein each said array antenna
conprises a planar array antenna. 26. A frequency

scanni ngoant enng.
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sal array antenna conprises a
m cstouctureawntprisingi gplurality of interconnected elements and being disposed

on a surface of a corresponding said dielectric base.

22. A frequency scanning antenna according to claim 21, wherein
each of said elements comprises two sides and two ends of respective lengths,
the length of said sides being greater than the length of said ends, wherein the
length of the sides is of the order of one wavelength at a mid-point between said
first frequency and said second frequency and the length of the ends is of the

order one-half of one wavelength at said mid-point frequency.

23. A scanning radar system according to claim 21 or claim 22, the
sides of each element having a width, wherein the width of the sides is
progressively decreased from the centre of the mesh to each respective end

thereof, so as to control the impedance of the array antenna.

24. A frequency scanning antenna according to claim 21 to claim 23,
wherein each said element in the mesh structure comprises a rectangular

element.

25. A frequency scanning antenna according to any one of the
preceding claims, wherein each said array antenna comprises a planar array

antenna.

26. A frequency scanning antenna according to any one of the
preceding claims, wherein each said array antenna comprises a micro circuit

strip.



