1 Frequency Scanning: Antenna Field of the Invention The present
invention relates to a frequency scanning antenna, and 5relates

W@ peifsanioto frequency scanning antennas that are particul aPK/THRRoS{068732

exclusively, suitable for use in detecting and monitoring ground-based

targets. Background of the Invention Frgquency scanning antennas are

used in radar systems in order to scan 10 across a given region for the
presence of objects. As is known, such frequency scanning arrays can

steer a beam in an angular plaag-itt {eRARsE IR dpRiHasignals of varying

frequencies. Particular examples of frequency scanning arrays include the
serpentine waveguide, as described in United States patent number

US4B8R&Pdrdthihadigyelling wave wire antenna, as described in United
States 15patent number US3290688. Alternative mechanisms for

steering a H&SnPIEFIEdERihiElptRsviCed dSFABFg SSAaHIE AR gRag and

sphysigaliy RpR¢EscHISR8R: lcRbRSeshate AN AR N AfeapRraliaRg L@ not

steer radiation as it is transmitted or received. A problem with the

mecHItAY $Ha ARG S Yt infiRa D APATBATL NS S B prRAsc fareets.

20components and associated control and moving parts. This inventory of
parts is costly and can requwe a commensurately large power source.
J ! --

e devices is phased antenna arrays, which

apply varlouseqﬁaﬁ@ shiftsigeSighaltashecahy efteeivaly wWeaiing thdler to scan

received and transmitted beams. These electronic devices are commonly

10, s @SFopse given region for the presence of objects. As is known, such frequency
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scanning arrays can steer a beam in an angular plane in response to input signals
of varying frequencies. Particular examples of frequency scanning arrays
include the serpentine waveguide, as described in United States patent number
US4868574 and the travelling wave wire antenna, as described in United States
patent number US3290688.

Alternative mechanisms for steering a beam include mechanical devices
comprising an antenna that physically moves in space, or phased antenna arrays
that are arranged to steer radiation as it is transmitted or received. A problem
with the mechanical radar systems is that their operation is reliant on physical
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
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
often several arrays of electronics components; this increases the physical size,

complexity and cost of the radar system.



25 sensor and communications systems because they do not involve
physical motion of the antenna and are capable of moving a beam rapidly
WOt ®d&dposition to the next. Whilst radar systems incorporaliad/El2¢06/068732
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 30often several arrays of electronics
components; this increases the physical size, complexity and cost of the

radar systepequenk jESU4RRME SEAYNG R s havepRRANVGAIMANAHMHs that

moving parts that rotate in another plane, as described in US patent

USHSSES 78, 1esterlansrabiesscrRfciils Bondisatidhedtia it inddeaaysr 2

size Rog1eRshHMAHEUBIBR Al SR I REMEGRARICRE SERNHACSHICRA@Mings of
performance-wise, is less accurate than 5the phased antenna systems.

SuniioPRtEaRirehagning AYFRR SR tHE LRGeS dahfihgecurate than

santeipephaariclaiysgiigignt antenna (in terms of level of complexity -
relatively low - and performance - 10 relatively good) is the travelling

wave antenna. Application of such a travelling wave antenna is described

in USBAea09%\wlichwagerbes a single antenna array for transmitting,

and a single antenna array for receiving, signals in a satellite system.

However, &'prEtmIRn G B MantaRRE s ARG R iy Ratiktaely eifigient
relativiedyia(revesesanglel asst thenfreeiencytdsaERalygrey thishdl pditaitinghce -
the scan area over which the antenna can be used; such a single antenna
10 rrafAl@ ety e b BE PR LS AR BRI PPicatioRIEalien aksushefite velling
systemseinyviewm 0fi iheekigid altithde s sTuse agrelativalimedest scain dediatenna
translates to a significant angular -exient at the point of receipt by the )
satefiifd¥. REGHANTY HY'8n Y act BR AT SH S dGhVEHBI S Hratignals in
develapiideasRfie qUenEYesCaitideantanhalsy ughd & falnknacBiviag it only
radio frequency energy.and being capable of steering a radio frequency )
beaM 5 & pRNHR Eﬁ’ﬂg‘iﬂﬁfé]r%ﬁ]ﬁgﬁé‘fe%’%é‘ﬂﬂﬁé“aﬂig ﬁe@gmgtdﬁe%fm%ged, this

1 5antenmaisig htyeaaomarisiagvatiileagictaaeaiay aibeninas; aachan controUatenna
for controlling.input of energy to the two array antennas, wherein the arra
e e A R e e e SR R
antemnasirectiie hisebaglablaeofsgieetngl atvenniadastirsthanglglesingRes to a

of said two array antennas and of steering a beam to a second angle,
oS A LR RN LTS B e 5 STFL htennas

Thus in emhedinagnis@hthespreedtiohetneantigioreairy apiehaas asecloped a
arranged to form an antenna structure d the feed.to a rgls?ﬁggtive

20antel RSPy SOBF e YRR LHERTGES LaBidihANS fhdiVidudlt ey
scanatdasngatnpgble 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



combined to generate an increased overall scan region. In one
arrangement the 3 antenna structure is arranged to steer a beam across

W 201v8dity76f noncontiguous angular regions, and in another tB&GEEE2806/068732
beam across a contiguous angular region. Conveniently the antenna
structure is capable of steering a beam agross a first range of angles (a
first angular region) using one of said two array 5 antennas and of
steering a beam across a second range of angles (second angular region)
usingrgtherefgaidiwaanasanenras: dhedirst andseeonthangylase non-
regions being different, and collectively offering a scan region of an

angGRIHEBRN Yreukyr FEiAthAWcHePLHIE R FTditidEAPARIINS SAAguous

Conygaigdth8ash eaif afiemgnirniRcaNRHRe s RUMAMsTokclBig a beam
inputting said energy thereto, and the controller is arranged to input

enedfYqe e ERdRUE LAlAN aleteiE bAgulas WMalanHE B8RS STsald fivg array

5and seeansh anglesstergspeeiicalyo ack Ryt mgans inauangesn®@angular
input energy to respective array antennas so as to steer the beam across

said"ESIRPUBIRR IR OED AlIGHIUS AR AUEIIAS. thedHstArdrgemdrngular
the iRpidANeRNSiIFRABECIaRiE d61RBHSDf bithenaniesna as@yaod s iAngular
operative association with a frequency generator - such as that described

abo¥3 B! SLeRiTeban dhafqishis @ prih Shdfb i SGiRme  EAE gy at a

plurality of difierefitfieguengiesai ordeltosteaidheddgaite meiarabhethe for
controller is arranged to input engggty in accordance with a 20

10pred@atiinseth Cbisd Ny ole 13ndidhs fivd bellih 'SHaRsSLdFirBPUhgrerey to

secaachantplesthe SREMRRCH CRMPSISHGhEd XA RE difpUting Raehdyatles.
a first end of th fih?t antenna array, inputting ener%%/ to afirst end of the .
secollAErHHEA Ry SHBURMY BIfaR5y 1o Yesshi SRBG I B dodgepective

anteqay aliiayhnal dd R Utingee NREME itna SLSOREi ¢ Bendisting S@E e -contiguous
antenna array. 25In relation to the configuration of the antenna sﬁgﬁe::ture

itsel P AR st AP EAR SRR HH IR P BE BAUF S &1908G R R iRsSBts of
15a lonpétudieahaxisanand ranswpesetiaxi s pemandicsiar tofsedddangitedinador —
axis: a first of said arraé tebnnas being inclined at said firgig angle relative .

to salt ol EPEIEE R D848 ond B BuilPaFFSs MhesHRAL HETRD Thclinelt o
at sdidpeoondangle welatiyeiolisaidf30ifRnsverse)aasiboieavdertihe §iestr the
and ggacmopd array antennas are

Preferably the controller is arranged to input energy in accordance with a

20 predetermined sequence so as to steer the beam across said first and second
angles, the sequence comprising, for example, inputting energy to a first end of
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



symmetrically disposed about the longitudinal axis and each of said array
4 antennas comprises two ends and two side portions. In one

W AMW®STMENt a side portion of said second array antenna subBEAEEBIRP6/068732
abuts a side portion of said first array antenna, while in another
arrangement an end portion of the secong array antenna substantially
abuts that of the first array antenna. The extent of 5 the scan region is
dependent on the physical relationship between the two array antennas,

morgfipgcilicMRRDeANBIR LA FRSREIIVS AUAY antenramakemsathaide
transverse axis. In one arrangement the ané;ular extent of the radar

systBRISRbSRIARARYEH e ARLCTH: StRERAIE SRR Fosklpl8OTHARiAG said

fromehG deareesichd RHIEes ahdthelegHanse #RABISIE IV VeI @ She second
arrangements of the antenna 10 arrays within the antenna structure.

FurtREAN GREcRe SRS ARINS S BB BSRGLAEPE PR I9anchitfecxtent of

smorenthaniyesasiay aspenaas: snarrbyhiitherénaieasingsbeyengartwo array
extent of the radar system. In one arrangement, each of the array

anteHHERMESTAIS S HEXY AU e AR Bl P A BiETRGFIL VS AEEDEUL AR BRkes to

StruGHraGANGHMRISEIA el alith Sénddninkerepnnectaealemaitsadar system is
embodied as a micro circuit strip (commonly called a microstrip) and can

conveRIEHEAHE HsftastioRt SirhRR AR RS AR Da T Sl lgerees.

base,pyhiebrdeturnisisupsRorteshfyt@ng U RIRIIE  arran EBRGNBSHF the antenna
structure can conveniently be characterised by the lengths of respective

105ided g SRS URIAR S Lutth of Wi BIeHdhts TCoMpRisYcG 28 be
sidescaifigived andgsotsenpecdy erengtinanthe deagiy ohaaithaiderdpeingfurther
greater than the length of said ends. Typically the length of the sides is of
the SPGEASPSBAAATRIRNGHER: o AREERAtHEeen said first frequency
and said sqaonddraguapeyand achlengtihof theyendseim ol thengdessoh mesh
one-half of one wa elenﬁ%th at said n%d-poér;t frequency. Each mesh
i)

eleniBHEMLS AELPAIRLE %S wid iNE BrFerra SR BHYR BRI HY of

15meshsidthaidheRitleatarenyogedssive nitesreiasad fop (dueneesire eflled a
the mesh to.each respective end g)%reof. Since impeda
e

ceis inverselsy :
oropBIERATES MGsF MERRY UG Be 5o B A IS B ponding
convanielitlsrean’sct canitdlingune snpgdarde oftbe andgiagearray

elements thus the re.sultin' radiation pattern. 30Further atu. es and
cavantaged B (6 PIEHRBSATEEEOHE Sppaer s HE BRI crets of
descopiianief ficienieteatbddirenmoithedonetial givesrbsympysdig two
203?2\/?@%%%99’ ’tv\{/vohlf(::rpdlsso ?f%%evc\:lgger?ggé%?s?%htg ltg]n%t%cgg rs?l?(? QPQQSQ being greater
than the length of said ends. Typically 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 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



5Figure | is a schematic block diagram showing components of a radar

system according to embodiments of the invention; Figure 2ais a
w@ehesiatiydiagram showing an embodiment of an antenna ai&y/ERR&@0(1$732

the antenna shown in Figure 1; Figure 2b is a schematic diagram

showing, another embodiment of an 10agtenna array utilised in the

antenna shown in Figure I, Figure 3 is a schematic engineering

drawing showing an antenna structure comprising the antenna array of

Figupg 2 yisst iIexihepIadsHI gy SHRPhSROMAG Fighitbrence to FGURRARiSaflying

schematic diagram showing radiation emitted from the 15antenna

struiMEiBEFigure 3 for a given output frequency; Figure 4bis a

schematic diagram showing radiation emitted from the antenna structure

of F|ure 3 for a glven output frequency; Figure 5 is a schematic

SeHYetto fartantenna structure comprising the

santenna ar;am& ngsl e &Mﬁfauaeolealaqr@giaihsmmg?%mﬁdﬂtf tfuke-adar
1; Figure 6 is a schematic diagram showm% radiation emitted from the

ante R QARGRHE Y fe givRedimentof the ieRtitiematic block diagram

showing coppaeentssef &KegRsYaRMAGHYWIAG 5 anyBédlieredt an antenna
embodiment of the invention; and 25 Fggure 8 is a schematic engineering

drav@ﬂ@ys‘?fbl\ﬁﬁ'ﬁjgl%ﬁlﬁlfé‘m%ﬂ/g]ﬁm’éﬂh 1&Hsclare comprising the antenna
arrays of Figigige2al0is2h foneisatin thedadakisysiamn shame enfogaigcht of an

10 antenna array utilised in the antenna shown in Figure 1;

Figure 3 is a schematic engineering drawing showing an antenna
structure comprising the antenna array of Figure 2a use in the radar system
shown in Figure 1;

Figure 4a is a schematic diagram showing radiation emitted from the

15 antenna structure of Figure 3 for a given output frequency;

Figure 4b is a schematic diagram showing radiation emitted from the
antenna structure of Figure 3 for a given 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



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
WO {¢p B0the same part and component in all of the Figures. RAEHEB06068732

certain parts are referenced by means of a number and one or more

suffixes, indicating that the 6 part compriges a sequence of elements

(each suffix indicating an individual element in the sequence). For clarity,

when there is a reference to the sequence per se the suffix is omitted, but

whep thessnipaseeiarepgeatRdndividuakatements withio theisaaisenseitisidual
suffix is included. 5 Detailed Description of the Invention Figure 1

shoWwSRFA0HY (B teHeISRIth W AR HSH et ot tRETRIERiR He sequence

opersie sdNBd AFRISKSHRM & COMPHBIOIRROWEN SRUHGR LD MERNIRIRIements
12, and a computer 14, the power source and computer 10, 14 being

arraRge e 659MsReR hoREF oS dRe Y58 ational control over, the
scontroller 12. The controller 12 comprises a microprocessor and a set of
not shown) for execution thereby, effectively generating
es e lRYeRioy ency source, or signal generator

16, to outpy Rireeneygywat a spesifigddreguenchinothianeHysdmiiit of the
signal, under control of amplifiers 20, drives 15 antenna 22. As will be

descRBEY AT ARTE Gethn YHHERIFCRBREISHIS ASRRMES 18 eniiheggntroller
signats withincarfi@nge 04 fiaepeREEsoGrYSING dbganteniig RRieiiaasaked to
beams in different angular directions, thereby scanning over a region

10pcy GRAMHE PAYAT S)oABm PFREPRISPLGRlaHeT Hes HUBUEs 2 rebingroller

antennac3dprikisha esrives 2 sasiaiad signalsorefieatadddask fiemshown) for

objects, and passes the received radiation through amplifier components
20 tm&a?%ﬁlﬁrﬁeym&ﬁ?%ﬁaw&ﬁ%&% SAPUR: iR Hectii e RF

the REgRrutgesboi@Nda seaindepennectss] 1 thepecRANG@rienna 3decified

The output of the mixer 34 is fed to an Analogue to Digital converter ADC .

36, %&ﬁ&@&l&ﬁgﬂ%@e&%&&%r%ﬁ@r t8"he %&‘P%%afpar‘&]@élf%? @; drives
15whichhaHennds AralyBisofidtheariteekiyetosianaki e sigiad ROERSEeNSBsource

performs a spectral analysis. on the recejved signals, because, the range

bet eﬁ%eé%)isag}%%e : Hblae%?&%?a?’ér’érﬁtﬂBFﬁ%“df%b‘]’%%?é“% Wntataas” ©

frequaneyintermationdifitiensignghlar dirdcwsthDatapgseciedanfromvinen region

:ce)ge%oi%glim%th% qntert]nas 22,32 30transmit and receive radiation in

poRSR Y RSB LigHER b varying

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



frequencies; accordingly the antennas 22 32 are of the frequency

scanning 7 antenna type. In a preferred embodiment, the frequency
W@eahmhgt&ntenna is embodied as a travelling wave antenna S€TGERRE06/068732

comprising at least two array antennas, one such antenna array 200 being

shown in Figure 2a. In one arrangementythe antenna array comprises a

mesh structure 201 and a dielectric 5 base 203 and has input means 207

for inputting energy to the mesh structure 201. The input means 207 can

comprisgreogfal fegds pesitieueshaithngenaldr theplans atihaiaRtarRana is
array 200, but the skilled person will appreciate that alternative feeds

coulBMROGESRI R tHRVAH RS GWAYE ARSI EIBG SPBPRSBR Aldspst two array

strugiea il JHe cRiPriseshaPkialt 0b rectanoianinteicerngsted. In one
elements 209 that are disposed on a surface of the dielectric base 203,

the JIEMEEFRBAEOBHUIRG SEHFEREE B & BYSUrtpraE, #4cand a diclectric

srectayagii 2o larenk 208 AMISER R Sips ttih3%nidp @NehdWReSR Atrddture
I a, 21 1 b, the length L of the sides 213a, 2 | 3b being greater than the

lengis ofttRdEHHESANF 203 £, cRRRPRRG SRAN deFfimy tiiongd orthogonal to

opergHosl Licthe trrvelinehWwarea pnmE )t arBewell ldopens dhaving dptdeass that
investigated by John Kraus and described in US patent US 3,290,688.
SufflEFTBAY thedsireukhbiieds the sides 213 is of the order of one

wavelengthof the meapaasHerdieguencigsgand the lerath2of thewenss 201
211 is of the order one_ half of the wavelength of the mean carrier

10freq SBRAEESSt i HEH P raki A6 S8 #o M HE ARG PO Parehit Lyt are

3,298 38 ahneshfaeniigunatioRsothebiianisstargdildeand plasaroaBbeing
be used. In relation to t{he particular confi%ur tion adopted for,

embBRREI Bt A HY WHER RSt R B THTSUgH (IR tvo sides
strugiupe, 20 3vimdasd 2ads g Ims Ibassingdbio Lyl the saesABha P3H being
are in phase with one another, 25 The current flowing through a )
ro<pBLiG SHE HTILEF ghir MeHn I hBLer b8 RIS KBl e
150f angdiarenielenemnishiownvwas éphieAdd ) aad drefllisnisWon [Wa dd grefiist been

o SRS e s nd g o L PIEEMTR .

sidesaz1iBa; ik3lergthrogsesheveljed @k ased fiororthe ceotie whtbkngth of the

30mesihto cach fepestes o BerRel 1S SPUETESVE ISR one
Iengﬂ]l 8F & ’ &

half of the wavelength of the mean carrier frequencies. It will be appreciated

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



the sides 213a, 213b from the centre of the array towards its ends. In a

preferred arrangement the antenna can be embodied as a micro circuit
W@g907/0574The configuration of the antenna structure 301 accoP§iRdRa08$068732

embodiment of the invention will now be described with reference to

Figures 3 5 and 4. Figure 3 shows a degelopment of the radar system 1

shown in Figure |, including two antennas each embodied in the form of

antenna array 200a, 200b shown in Figures 2a and 2b, and the antenna

struchdre RAb i respopsivanthinpukizandhasaptiolarddameentlingferred
input of energy to respective feeds i, I, of the antenna arrays 200a, 200b.

RefélfitReaiRenidheigurennacime frenpritied atminia SHENHER00a, 200b

are disposeghwithinfiberstisetue 3kl suethihatdacany Buen Jadifling to an
frequency, the antenna structure 301 is capable of transmitting the radio

freq GBIRGYERRIGY KR i YaRPB A hiemaPreliitsitbad 24 Mepfgrence to Figures 3

sRefeying, Aagkto Figuie 3 deocaspaivne stietvd8a3QYseah P&hown in Figure 1,
characterised by a longitudinal axis Al and a transverse axis A2, which

proviBEEdng S ApkRA: SPShheRodiet dn dberbr i e s gThartay 200a, 200b

arraggememt Bisthesplanat antamaatay ayenddQaudlRe 305 KaB PSRN0 input
from Figure 3, the first array antenna 200a is inclined at an angle a

relatfiRtSNSEaHER SR don aRnA iRG thRNSRESREF BARAF SRASY ritsidid - 12 of

2001phis dnelinchahanglmi3 TetaliVRAR e RS YE IS 1a%I8 A\ theftS 6P 1aalErray
be seen from the Figure, a side portion of said second arrair/1 20 antenna

1020084pHa 2t sORBATST SSRPTRSCRITE]) DietirisBEa i e Flftirdor any
the sidepestinngajeclasate’ antthadoirirdicatdng axisapdblsushthahmies the

viewed face on, the antenna arrays. 200b are located in adjace

|ongm§a FibiEREs SN Bvéﬂé‘ﬁp‘ﬁés%?%a%ﬂ]\am&%8ﬂ% jﬁc‘é@%\mn in

Figure 4a tRatéhen2Shagent@tion @frtherespectiveeamiennadatiays3s800aan  be

200b - that is to,say angles a, and 3 - determine the direction_in which

radi&ﬁ&??‘iéeélﬁrﬁ?%éj ﬁi?ﬂgﬂﬁlédh‘ﬁttﬂﬂéé d ?éréﬁiY%@flb&amﬂgtﬂ@“des
15relativeqpesitions fedrtie se spreetive: dotean gty 320 Qaa2@0hediféErart planar

portions of an angular regjon can be scanned for a given output

reqtBe B 0ngura Ul Aas P nERIbH 2 S01 T 4L Ao ggenna

antepow asraysifen twardiffelent eutpititegurneiesfort and forind adsiicond

can be seen that 9 appropriate selection of the values of fouTi and

fot- TR0 UK & Bh isfRined 3basigdditmefingdiathp Eanygee axis

covess 5549_%@15‘%‘46/_ 60 @Q&_&J %ﬂ%@%ﬁ%@%&@%&% QY &a R HEJKT array
angular region than is possible with a single antenna array, or even two

20arra?§tﬂ@§ﬁé’@)5&§1ﬁ6r?eﬂ4ﬁ BBt iﬂ rst array antenna 200a (in the Figure

the side portions are located on the dot indicating axis Al) such that when
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 fourp,, and it can be seen that



5such as that described in US patent US 4,376,938. The

arrangements shown in Figures 2a, 3, 4a and 4b relate to an arrangement
WOoRMIieFY 4@ antenna arrays 200a, 200b comprise a single fe®§T/EP200668732

one end of respective antenna arrays. However, and referring to Figures

2b and 5, each antenna array could comgprise an additional feed at its

other end (1-1.2, 10 h.?). Each antenna 22a, 22b can then be considered

to be capable of emitting radiation in two directions for a given frequency

fop, ipespihadranseebreberyiennsl trergnienia ayay, 20Qaiis derendaitna

on the direction from which energy is fed into the antenna. Turning to
Figutes i eatP beosbt that B rteling etietgy @ fvd inpbittAadd!poifitatigrous
eachananaa AR HRY B Ralawilinanwhieh rRdisHom a0 By ssible with a
transceived is effectively doubled. In the above passages the radar

SysteMEiCiaUERIh o Bh5HIsE'E SBR4T R talishAt HARFfetb)g same plane,

santeqid airueiiesdiie BABUN ueMeEU 0B 1ernFsg to Figure 7, the radar
system | could alternatively comprise a single antenna structure 301 and a

circulator 48PREADZETETER WA the BiBfsctdely 26 cHfibifeddfindR an

that anadsenfmitied aRd reeaheshliamatiReranienoebstompiie 3Qingle feed 1, I,
Figure 8 shows an alternative configuration of the antenna arrays 200a,

2008055 %h AERRE Y RSN B3 whICK B4ith RS Lehterng Qrfdgures 20
200and Bk shlaaaipehoitrayresMRAGIIASLRAON haHTECMERD AUEatdgend (1,
231a of one 25 support structure abutting a corresponding outer edge 23 .
10 oflatothér g radt el sFadhedinfarsidstends b sernh by 4ing
genesalyticosaetes shispgiosin gerthe Supparts e depaBctveiaiemBatransceive-
arrays abut one_another the radar system can he fabricated such that )
rece}i/\%ag%?ﬂffeﬁfw PEPILOPE 3510018 tafSPRRERY 8&%&%??&8&&5%& hich
therehyrggneradingh e piysieadynsmaliemiagao sysiers, 4n 8Qieins cteeptat by
occupied by the antenna structure, compared to that shown in 10 %gure
3. 1t FAre 586?%‘&é‘feta%é%{hg?eéioﬂﬂﬁ’ﬁ?a%&rf‘@‘é}ea%&&ﬂnl%‘?%é Agelon R
15two, whiigia ahsgverdhgualt anbenimaEbys ivedRal el guifblele support
structures. The above embodiments are to be ynderstood as :
illustrative é&a%l%‘%%?tﬁ%sﬁ?\%%t%ﬁ.fﬁﬂ?{hé‘f%‘?ﬂbﬁdﬁ%éﬁ%&%ﬁhé‘) comprise a
inverdipnads eremtisiaged rétisvo deeimurdeacsicoddhad @y Heatever, and turning
described in r;?lat}igtr;{t%%a]én one embodi (fnt may be used alone,.or jn

comBinag8wit BT deSCHELA ERA TS SRBHL TS Rge antenna
comizination Bith ené arditoitafeattiesvaidnyaotbekab e @mbodimentsctively

bination of ther of th diments. Furt ,
S VT A —
with@01 departing

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
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radio frequency beam to a plurality of different angles about the antenna
structure, the antenna structure comprisjipg at least two array antennas
(2004, 200b) and a controller (12) for controlling input of energy to the two
array antennas, characterised in that the array antennas (200a, 200b) are

disppsadanithin ) the.ppiennR Stiaetote 3041 st dhidta fop S RBIECIHRS Iving

frequency, the antenna structure is capable of steering the beam to a first
ang|&VastHEFBRE SV SEALHEB ARIERPAHEMTE AHUCH Bt SHHAY HIUAROA Sty AU res.

second angige QiftareehisoaaittHrshanglecusiasrtisoathenrksaie v AEYs of
antennas. 152.A frequency scanning antenna according to claim 1,

whe RS INENSR AT GRROHBBENS RaPK0IRVER LR &S B It is to be

5acrogsdarlebal iy OhME RGAMKOURWE At P EBIPRS any ond AnbiEEHHEAEYMay be
scanning antenna according to claim 1 or claim 2, 20wherein the antenna

strudi $0F) [ AR BRERL MG RE He S HERodes e inds iy also be

contigua s EbIALtIEAIRTh one or more features of any other of the embodiments,
or any combination of any other of the embodiments. Furthermore, equivalents
and modifications not described above may also be employed without departing

10 from the scope of the invention, which is defined in the accompanying claims.
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(200a, 200b) and of steering the beam across a second range of angles
using the other of said two array antenngis. 12 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. 7.A
frequency scanning antenna according to any one of claim 4 to 5claim 6,

wherein said '{s.t range of angles is different to said second range of
angles. =Afquency scanning antenna according to any one of

claim 2 to claim 7, wherein the angular region is substantially 80 degrees.

10 A e e A a0 T ) e e eiving

5  radio frequency energy 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 (200a, 200b) and a controller (12) for
controlling input of energy to the two array antennas,

characterised in that the array antennas (200a, 200b) are disposed within

10 the antenna structure (301) such that, for a particular frequency, the antenna

structure is capable of steering the beam to a first angle using one of said two

array antennas and of steering the beam to a second angle, different to said first

angle, using the other of said two array antennas.

15 2. A frequency scanning antenna according to claim 1, wherein the
antenna structure (301) is capable of steering the beam across a plurality of non-

contiguous angular regions.

3. A frequency scanning antenna according to claim 1 or claim 2,
20  wherein the antenna structure (301) is capable of steering the beam across a

substantially contiguous angular region.

4. A frequency scanning antenna according to any one of the

preceding claims, wherein the antenna structure (301) is capable of steering the

25  beam across a first range of angles using one of said two array antennas (200a,
200b) and of steering the beam across a second range of angles using the other

of said two array antennas.

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

30  first angular region is defined by said first range of angles.
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controller (12) is arranged to input energy to respective array antennas so
as to steer the beam to said first and secpnd angles. 11. A frequency
scanning antenna according to claim 9 or claim 10 20when dependent on
claim 3, wherein each input means is arranged to input energy to
respective argy anteniasezyOraRiiblsenas iocsterizthedheam acwss 5,
said substantially contiguqus angular regign. 12. A frequency scanning
ntennA CEBAIREP RS RS S Ui L0 A FEPIHABHR S e 2,
wherein, for a given array antenna, the input means is arranged to input
energy to the_array antenna at two Jocations so as to steer the beam,
2cross said nbn-coniBERIL S CRICHISA™ £ R HBg ALY TeHy o
aniennalaecoyaingdm aily ane ahglaimafges30didiencA2iovvhidredtotiierinpel bf
means is connectable to ends of the antenna array. 13 14.A frequency
scanniﬁﬁggfﬁtenna according to any one of claim 9 to

8. A frequency scanning antenna according to any one of claim 2 to

claim 7, wherein the angular region is substantially 80 degrees.

10
9. A frequency scanning antenna according to any one of the
preceding claims, wherein each said array antenna comprises input means for
inputting said energy thereto.
15 10. A frequency scanning antenna according to any one of the

preceding claims, wherein the controller (12) is arranged to input energy to

respective array antennas so as to steer the beam to said first and second angles.

11. A frequency scanning antenna according to claim 9 or claim 10
20  when dependent on claim 3, wherein each input means is arranged to input
energy to respective array antennas (200a, 200b) so as to steer the beam across

said substantially contiguous angular region.

12. A frequency scanning antenna according to claim 9 or claim 10
25  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

beam across said non-contiguous angular region.

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

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



II\/\.1U\4II\.;_y =l I\,Ivy AL LA Plulullt_y Al el wlic II\/\.1U\4II\.II\/\) W A LUV Jlv Wl LT

beam. 5 15. A frequency scanning antenna according to any one of
claim 9 to claim 14, wherein the controllgg is arranged to input energy in
accordance with a predetermined sequence so as to steer the beam
across said first and second angles. 10 16. A frequency scanning

antenna accorgling 1 fetaiendp scvhengiontbenprraatenmioagyse@ugntsem 9 to
includes a in uttln y to a first end of the first antenna arra
% Hé/ a with a

inputtin %?Wré[l e HBUO PR S AL A P PREAFG, anstidt
energysignal@ﬁamﬁndamdhecsﬁe@[gﬁaamt@ﬁ@ﬁﬂig&ﬁdﬂlﬁhmmyregergy ata

15ener as of the second antenna array. 17. A
roquerty SR L g ol PRSI i oy B EeBi th preceding
claims, said antenna structure (301) having a longitudinal axis and a

transverse axj dicular to said longitudinal gxis, wherein a first o
S 20, anray) o SR R S P R N GRe S Shfe © o

transvesiagraids etk i Secant dfesaid aangydantepnasdginelinedradmsaidith a
second angle rela ve to said transverse A fre cy
cannRGF BRI b to 5. hEralh FSE5e Ao St dgeond
antennasgg(@00a, 200b) comprises two ends and two side portions, a side
p 6t|on of said second array antenna substantially abutting a side portion

of said first array antenna.
16. A frequency scanning antenna according to claim 15, wherein the

predetermined sequence includes a inputting energy to a first end of 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

15 energy to a second end of the second antenna array.

17. A frequency scanning antenna according to any one of the

preceding claims, said antenna structure (301) having a longitudinal axis and a
transverse axis perpendicular to said longitudinal axis, wherein a first of said

20  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

transverse axis.

18. A frequency scanning antenna according to claim 17, wherein
25  each of said array antennas (200a, 200b) comprises two ends and two side
portions, a side portion of said second array antenna substantially abutting a side

portion of said first array antenna.

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

the longitudinal axis.
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according to any one of the preceding claims, each said array antenna
comprising a mesh structure (201) and a4dielectric base (203). 5 21. A
frequency scanning antenna according to claim 20, each mesh structure
(201) comprising a plurality of interconnected elements (209) and being
disposed on a surface of a corresponding said dielectric base (203).

1022.A frequency scanning antenna.according to claim 21, wherein each
of said clomenls. (209) ESMAT o SHIINE ABETH, 350588 B 8iy8nEn s the

(211a, kol daspsetive daogths, shenengihefsaid sides(ataa 20BMnd

being grﬁlaﬁtler thzjn th&égygth of said ends (211a, 211b), wherein the
length BFRESHIEE34) 213b) is of the order of one wavelength at a

migl-point between said first 15frequency and said second frequency and

the length of the ends,.(211a, 211b).is of the order gne-half of gne
Q-is &ﬁﬂ(?ﬂ%fiﬁﬁr%a h%ﬁ.‘“enn%?‘)i“?‘% eclll.%iﬁgcrdaﬁ%‘ihér“h

wavelength at said
antenngracees dip@l Yocohapiniag arlaimity of interconnected elements (209) and

being disposed on a surface of a corresponding said dielectric base (203).

10 22. A frequency scanning antenna according to claim 21, wherein
each of said elements (209) comprises two sides (213a, 213b) and two ends
(211a, 211b) of respective lengths, the length of said sides (213a, 213b) being
greater than the length of said ends (211a, 211b), wherein the length of the sides
(213a, 213b) is of the order of one wavelength at a mid-point between said first

15 frequency and said second frequency and the length of the ends (211a, 211b) is

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

23. A frequency scanning antenna according to claim 21 or claim
22, the sides (213a, 213b) of each element having a width, wherein the width of
20  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 (209) in the mesh structure comprises a rectangular

25 element.

25. A frequency scanning antenna according to any one of the
preceding claims, wherein each said array antenna (200a, 200b) comprises a
planar array antenna.

30
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the array antenna. 24. A frequency scanning antenna according to
claim 21 to claim 23, wherein each saidiglement (209) in the mesh
structure comprises a rectangular 25element. 25. A frequency
scanning antenna according to any one of the preceding claims, wherein
each said array. antanfia (09, KAl campiisear@RNAN@riay anteonahe
15 26.A frequency.scanning.antenna.according to any one_of the .
orecou i LTS hor b Ce S A A HCHIA (000 Dby omerses
compriggsr@didaroseipcuit strip.



