Radar System Field of the Invention The present invention relates

to a radar system, and relates specifically to 5scanning radar systems that
WQ R8N 3aITdTarly, but not exclusively, suitable for detecting andPGibiER2ie 63730

ground-based targets. Background of the Invention Radar systems are

used to detect the presence of objects and to measure 10 the location

and movement of objects. In general, radar systems are designed for a

specilic application: to measure distance over a specified range or

distances; over a specified scan regip; Withiha specified level of

accuracy; and in relation to a specified orientation. For radar systems that

are required to scan over large distances, the antennas are required to

gengraig poweivkrlgctromagnetic radiation, requiring the use of a
correspondingly powerful source and specific types of antennas. It is

common fof &tBFEFSRbInEFation Seltetc atapesien i fsilss, seesifinplly to

sthe rgignideriiamsesenRteRASHEN phiecitr i) YEEhde SNERRVRWE diRable for
region the radar systems either employ mechanical devices comprising an

20 &ftesiinednd Mapdiesng gioved-hrgsHeasds electronic devices
comprising elements that are arranged to steer radiation as it is
transmitted or received. A problem with the mechanical radar systems is
that f physical components and associated

control andrA@MIRGsRaTES arthisdaveriar: OfhRas#8sish 60 B0 BRAIS AR €6l Wikeisure

a commensuyrately large power source. 25 One known group of electronic
10gevitissReproR ad L AIBHTASRHAYSONSIEN A BsRsEHoli phasican Gglesigned
signals, ihefrbirieflfgsivelyisieadnetasuiecaivemandi@namipediieamsge of
These electronic devices are commonly used in RF sensaor and
comHUIARCA o NCE PR IBE CSHR EEHEY: B Bt s 15%@819%&8%; and

the antenIRARS ApecapableiohmMANG ariedin sanishy fFlaMaNRquired to scan
30position to the pext. Whilst radar systems incorporatin%) such devices

can PYSUIdA R eXITERRAY aldtrAu SRR UPES o L ERSItOn SFRSFgHts Pawerful
15probdesawithignetic radiation, requiring the use of a correspondingly powerful

source and specific types of antennas.

It is common for such radar systems to sweep across a given region,
scanning the region for the presence of such objects. In order to sweep over the
region the radar systems either employ mechanical devices comprising an

20  antenna that physically moves in space, or electronic devices comprising
elements 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.

25 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

30  position to the next. Whilst radar systems incorporating such devices can

provide an extremely accurate measure of the position of targets, a problem with



2 these types of electronic devices is that adequate control of the beam

requires often several arrays or electronics components; this increases
WIGHSITdl size, complexity and cost of the radar system. ARSIEPo$8730

of such electronic devices is frequency scanning arrays, 5 which, in

response to input signals of varying freqgencies, can steer a beam in an

angular plane. Frequency scanning arrays have been combined with

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

US48685 bkl dvexirshRrelam withthis:aenbinatinméd tiatit s tiRires

size and cost shortcomi?gs or regular mechanical scanning system and

perfOftARRESSHSATY S OleSS HERRIFIEMMRANFRIH RASIH AR RS Phasigal size,

It wiksheyelare he apgreciated dhpthiefarious known radar systems are
one or several of costly, bulky and heavy, which limits their applicability to

uses in whithYRAeREBY BF TSR IISIORE SRy ISRSIASHEEQERUNNIRRISF ATELYS,
sinveRtigeh, in 18sp6aKdanapuityafl PraspeelofthiadIase i veliaNbeam in
there is provided a scanning radar system comprising a frequenc

genéfatiR e 8HiRen i SE4Hifh §ARRMA ATTARY %Ys@é%m‘a%éyavéah moving

processssitaalsoieceivedinem jaaet 59 assitientify 8OgRRIBr US4868574.
frequency associated with the target, 20 wherein the ,frequenc%g?enerator

is arHvyetio e 3Rty SR aPSighH1al datifwet Bavirs 4nd cost

diffegepiehaiastesiStisilRauentunios! fieausne s ganarakar samoprsing aise, is
digital synthesiser arranged to modulate a continuous wave signal of a

givelS SRR Ag RBASY BYISSEGYEES of modulation of patterns
whereby to genigraieraferi®seppicsignalshanic2mmharRbIeHeqUSGYS are
scanning antenna is arranged to cooperate with the frequency generator

o o RAEELR e hoer figion W%M&Htaﬁwm flity to uses
dependentiosithe said generaies kequenaieksue. The inventors of the

present invention have focussed the design effort on low power radar
systems that are capable of detecting and locating objects 30moving

15alonghifenarownthanddattbis end have combined digital synthesiser

techniques, which are capable of precise frequency generation and :
Controcll Witilin ficcordance Fz)vﬁh a f?rst aspect qoL% ng 8resent invention, there is

provided a scanning radar system comprising a frequency generator, a frequency

1

=

scanning antenna, and a receiver arranged to process signals received from a
target so as to identify a Doppler frequency associated with the target,

20 wherein the frequency generator is arranged to generate a plurality of
sets of signals, each set having a different characteristic frequency, the
frequency generator comprising a digital synthesiser arranged to modulate a
continuous wave signal of a given characteristic frequency by a sequence of
modulation of patterns whereby to generate a said set of signals, and

25 wherein the frequency scanning antenna is arranged to cooperate with
the frequency generator so as to transceive radiation over a region having an
angular extent dependent on the said generated frequencies.

The inventors of the present invention have focussed the design effort on
low power radar systems that are capable of detecting and locating objects

30 moving along the ground, and to this end have combined digital synthesiser

techniques, which are capable of precise frequency generation and control, with



passive frequency scanning and Doppler processing techniques. This

enables accurate control of range and or scan rates, and enables
WoRMHEaHOh of range cell size for factors such as slow and faBCHFR3006/068730

detection and Signal to Noise ratio, and thus enables detection of targets

located at distances considerably 5larthey away than is possible with

known systems having similar power requirements. With scanning

radar systems there is inherently a trade off between the rate at which an

aregpis§eanneshantl tNerage oAl ARIBPRS. F¥BENICNJAERIEEATIRE enables

detected during the scan. For relatively last scan rates, a given angular 10

regidRERH DB L Fasse pRMiR S Aty athsaRL s ABtivH g pReof range

regiepjl hiptdernnIbERr Raignalsin maivan sebef senalsnilldsignal to Noise
correspondinglﬁ limited, with the result that the detectable range will be

limit&iBorRdiAhyeIsnablis sdeiratirasotHaTsEInberasTdigh distance icansiderably

50r sighsrisaieiatively highy seaaringithakinrgatsieaifd fuvtner swaMcafbwer
be detected, at the expense or tracking 15 movement of targets within the
ang iR HEEISASAdvantageously these parameters can be accurately and

repeatably vamrediethpy thadigitabawnthesiseinndiiatise addadrequensn the
scanning radar means that the radar system can return to transmit g

! | t
precid@ il AheRd EAHRRST SRhalS FeRRs pREIBIRIgHE&Rr Which targets

tranganitirdddhelied\iiemiycing ARl ¥ it rRRge dBtUiR azeadciaad 20With angular
Doppler modulation that are associated with mechanical scanning radar

105y srESRION Canrhiseangedrseveryl e A hiatEPAdAY Sy SRt e Lo fBmts gon. but
embodiments0bthesinienianeam ketestinalad Wamvtheomepoadingtipimited,

R"™ = (P, GA, (74(4 7)2 S",,"))", where Sila," is the minimum detectaple
sign¥ifadhs ﬁ%é kﬁsl&%}?é@éﬁf@%}é{é@ﬁé&wﬁeﬁ%ﬁ%egvaﬁ@& scan
the antenna Auishthe efigativeinpesivee ofttbe agitenna ansiads thiglkrassining
sectional area of the target. For a target havjng a cross sectional area of _ .
appﬁgﬂﬁﬁaﬁ%w 1@92%@%%%%&% %C&&pr%&fﬁ%@we@mﬁﬁ&ckmg
15targeis aintnas earsnaichwairgentt crogsiBectiopiaharesdoha@peoxdly these
Om2, the maximum rEnge Rmax.is approximately 9 km B%héle for larger. . |
'ihe Waifueita

targ @R HRTHG a“BPosRosAGFORAFRCATHY thePSRLt ™ 0691

scanning duration in a Rgfrticular direlftio increases, the val ef%I Stub Z\/ll(k'fa
decredsd P WERRRINGUSIYF L1405 B et W28 e PABS PANYS'H raEiRG Jrve
that pacgRiusltheaadicisai it ciorbyilkddaaas e ol it uenige syaiemassociated

a0 mPEiglons, target mption apl Doppler sprepd, furher scaning in that .,
systems.

The range Rmax of the scanning radar system according to embodiments

of the invention can be estimated from the radar equation Ry.x = (Pr G Ae

o/((4 ©)* Smin))"*, where Spip is the minimum detectable signal (as a power

25 value), P; is the transmitted power, G is the gain of the antenna, A. is the

effective aperture of the antenna and o is the cross sectional area of the target.

For a target having a cross sectional area of approximately 1m’, the maximum

range Ry.x 1S approximately 5 km; for targets such as cars, which present a cross

sectional area of approx 10m’, the maximum range Ry is approximately 9 km

30 while for larger targets having a cross sectional area of the order 100m?, the

maximum range Rmax 1S approximately 15 km. It will be appreciated that as the



5reduce S",i" or increase Pt any lurther to have a material bearing on
12", Since signal strength is proportion& to distance to the fourth

W@ aNaiei+ source, an advantage of designing a short range PEAARN86&16B8730
is that the power required to transmit radiation within a range of tens of km
requires less power than conventional raglars typically require.
Consequently the weight and 10required output of the power source
components is less than that required by conventional radar systems.

The Jadansyieradmioi be phvsiaalyilesated anctbaaround wnsias Won will
an object that is itself- grounded (such as on a floor or a building or upon a

vehiBfeyassa Feriengiviay &SP ibadintent e rar nvestigh eshest of that

frequaBeyiAGAR PG AN AINASIAIE WSS KQRIEKMIN, (@I Al 9sesHBdections,
and control components, than phased antenna arrays or mechanical

steeleFLMONNEsas RIRRIGH, tAkead, WP veTgRIBRIHR itk difgeintitannot

5COMRRANEHTS Arerplatuedyps il rpREighhIespeciieeiy. tdasse fRCLols.
together enable the radar system to be 20 %Eowered by for example a 12

Volt battery> Aot BAMEHH A SahrRASHARRNAEIY208S P BRVERHRPOWer from
conregtey) Mmthin ihe MebiTiR SHehas AHugaraite kgmedysieh Rl theZfower

or 48 Vot vehicle battery. . . In one arrangement the radar system js

arrafigeded taHEmTdaraRHRRNE ST PathBeion r &l d BhEFRYYEE SgePower
thereipntQ akMEieapros@asing pialsystequiter displaseq@atiayw and weight and
interpretation at the remote processing system instead or at the radar

105y stEFAvHTErQBIPHIrfH et e RSB Sr SRBRAREIENE dEiribirBothiidivanted by

requéted dititialradar system. Advantageously, and as will be appreciated
from the foregoing, since a radar system acc rdrirg to this aspect of this

invention isMSitHER b TSy G PRI REndEAELIRT0 5 rBIBHRY, OF sited

30Hapbigasalbfied s uetyrseadwiiguahtansa atliednve atbisl dvegeor upon a
facedﬁm%?qthe problem of identifying a frequency source that minimises
the al ?'of 5 phase noise in the signal, so as to enable discrimination

15between smalligligetsithatapove anddargerstadiotarydacgats MoskrogrRncy
synthesisers utilise a lixed frequency source (e.g. in the form of a crggtal
(geé%n X

oscifl S8 NSRS - REF ¢ FAralily eflidersssipg and control
integatagontihtg dinpuphtdat ineleittesarrays or mechanical steering antennas. As a

result, the size and weight of the antenna circuit components are relatively small
and light, respectively. These factors together enable the radar system to be
20  powered by for example a 12 Volt battery, a solar panel or a vehicle battery (e.g.
via a convenient connection within the vehicle such as a cigarette lighter) such
as a 12, 24 or 48 Volt vehicle battery.
In one arrangement the radar system is arranged to transmit data
indicative of radiation received and processed thereby to a remote processing
25 system for display, review and interpretation at the remote processing system
instead of at the radar system, thereby further reducing the processing and
control components required by the radar system. Advantageously, and as will
be appreciated from the foregoing, since a radar system according to this aspect
of this invention is neither bulky nor heavy, it readily lends itself to portability.
30 Having selected a frequency scanning antenna, the inventors were faced

with the problem of identifying a frequency source that minimises the amount of



5 frequency dividers and a variable frequency oscillator (conventionally
referred to as Phase Locked Loop Synthesisers). Such variable frequency

W 2eHTABHInherently have a certain amount of phase noise (tPEib&ER2006/068730
referred to as dither) in the output signals, and phase locked loop
synthesisers multiply up the signal receiwed from the signal generator,
including the noise. As a result, a signal 10with a significant amount of
dither, when reflected from a stationary target, can confuse the signal

ProcessigERARONIRNSAN] RPREA aR-BINAMAMIMISn betREefetabY, targets
therefore, the frequency generator is embodied as a signal generator

comHEiRG ¥ fived Lresit IoRRIYalHeS S AdAR KROUTR SoRIBESITRE fdlise a fixed

Cifc%aﬁéﬂ@? COIREY '@éng %Vﬁ{éahiﬁﬁf%ﬂlheﬂﬁbétﬁﬁ@ﬁﬁll@itéé,akﬂﬁ@ﬁ?@lt@rder to
output signals at an output frequency in dependence on control_si%%als

inpuEtheidifo AdNEniRg RS dfftarfjediibgrted atd Bar eBRtbIERjnipgludes
50n thehasisyol sigRAsKRCe Vet Fpnihim sesp s lkgyit RorieAenaISE déferred

modifying operation or the variable frequenc% oscillator, the second circuit

portiShaseligssrispided thaRava ket IitouteihaKisbl st tu sy escillators

thergdrimSigN$JQ beriRpUARR 8Ri b IPNAG MANSrHNeSECRITE @iCtHtas dither)
portion comprising a frequency divider arranged to generate sjag{als of a .

dividadtredfiBHEy At PithANeS T BEltpd SRR DT RGISers (HERSHY i the signal

secqpekpitelikpartinn Gotaprisasrmeansdibngendasesiveneduesdlt, a signal
frequency signals from said o w signal, said reduged frequency
10255yt SHAYEIY ABGURHRY WK YO BWaH L dLoacutRitapag res can

and tughectienisaid givisdideesiapsients ahdnysaicHily the fiequerey
generatorfurtger' clu es?fixe frequency oscillator such sg{%ystal (ol
oscillator of SAR L& Ao J8H Kﬁ?é\%‘%ﬁﬂﬁ’f%ﬁ?%ﬁi&ﬁ%? 06 ifptE"?

to thecliesh@ir ceitnpekies aifirensruiapganenhd Atbebudiogone aosiohthe
lirst circuit porti n§Preferany comprises a lurther frequ%ncy divider and a

phase comBlﬁr S RRENAY gmﬁlﬁgal&n ¥aria le “frequency oscillator

15 arranged to output signals at an output frequency in dependence on control
signals input thereto and tuning means arranged to generate said control signals
on the basis of signals received from the second circuit portion for use in
modifying operation of the variable frequency oscillator,

the second circuit portion being arranged to receive said output signals

20 and to derive therefrom signals to be input to said tuning means, the second
circuit portion comprising a frequency divider arranged to generate signals of a
divided frequency, lower than said output frequency,

wherein the second circuit portion comprises means arranged to derive
reduced frequency signals from said output signal, said reduced frequency

25 signals being of a frequency which is lower than said output frequency and
higher than said divided frequency.

Conveniently the frequency generator further includes a fixed frequency
oscillator such as a crystal oscillator or SAW (Surface Acoustic Wave)
oscillator, which provides input to the first circuit portion. In one arrangement

30 the tuning means of the first circuit portion preferably comprises a further

frequency divider and a phase comparator, and the second circuit portion



comprises a static frequency multiplier and a mixer which cooperate so as

to reduce the frequency of signals that are input to the frequency divider of
WRHRIKEEGHT circuit portion. The further frequency divider assoEETHEPAi0h/068730

the first circuit portion is employed to step-down the fixed oscillator

frequency, so as to 5 control the frequengy resolution of the signal

generator. In relation to the second circuit portion, the frequency divider is

employed to step-down the frequency of signals output from the mixer,

and taepuipytaframthe drstrRp dseepnd MapuUe nakBIVIASKH &8operate so as to

synchronised by a phase comparator, which generates said control .
signEid T the fErATetEhabelenabtsimaAsy iortbitnindreausneyudividre of the

voltageossantipilad IﬂﬁﬁiHﬁ.tOW&%Y%Pﬂ%&[d&ﬁﬁ&ﬁ@f&ﬁﬁ%&iﬁ%ﬂiQﬂth the first
serves to reduce the frequency of signals that are input to the second

freqGBREY BRARR, VAR oMEAAQ HRRrterathsum sk AeitipiRtdieat raqyirkyes to

sby themesond firesirney didslatisncorrespendinglycrreseed. BINCGABASR the
noise is dependent on the amount by which the frequency of 15 a given

signSFSeTA LS Pt anBie fF auensr divideisds isrlesd ifpusteRigAyR the

generaiaendy emigainenisof thenineniiereeomaatedoniputnaéaemeraied and
by conventignal signal generators. In addition, this means that phase

lock&TF R BLTgRAI YR HEFSSHE SHBSHRIESSEcBYdh PR3 The RRATRER - argrich

capakie-pfeperdinghabhighendoop fiequenceprhands RossiiR Winodify the
20conventional arrangements. Essentially, therefore, the inventors

10igentii s S Hshivolaan o sk OSHIRENtS RNER TNt soFRnd circuit
a;]mowﬁbﬁ \e/é?‘?éﬁ QUt%ﬁf@ﬁﬁl&ﬁJq@ah@n oy g@@me ifam b.lidﬁ piedt andhidgscond
the gmount of phase nojse that is transmitted. In preferr rangements,
the 3&%}?@ ré)‘déﬁls%y&élﬁhié%% #Eﬁ 3B1RHY Séfa@@?ﬁﬁﬁawgqmd by
Wavgd 86 Iagien sy gietdeivbighissporatiges todadtaut a frequency

modulated signal of a predetermined pattern, preferably comprising a
sequence ogf‘ﬂﬁ%B ?FSdl?é??cﬁ?g[;Ree 10D R OURY Y% efhtgﬁdg%%lé?ﬂcy of
15the digitataysifhasisemisgspansivésian ipuis I8esagtia¢ensiaé thepresent in the
modulation pattern a predetermined numbher, of times. 30Radar s %ltemsh h
are COMSSEE o e SRy HSURpRY HEGUBNEY Piaf SR adtah that
idengiéydhech dgritudenidd disgaiidnpeddroyementthiteaf. thikentinvehiofshase

have identified a problem with FMCW radar resulting from the fact that a
i s R R A T
namelydbiat afadperatiigh apeiigies witip affangacédraiuendgiepossible with

generate Doppler frequencies for a given target which can, of themselves,
2Oindiccé’t%vgn%gj&g?ﬁreaﬁ%Sﬂ%Starget. The inventors realised that by varying

the period @fssthgidtbgueacyswearpsrhncpropoidion fizdhe graifc agugaaynt of

the normalised D a{er frequency remains %ubstkgnﬂall con tantf
ACoSIROSSSIHEh TN SR S ABHOHA' S e ThOutRI T oHE I sgaiency
havedevelsperd @ptiedusnichscarninguadaf phaiteltesdohatse tiansmitted.

In preferred arrangements, the scanning radar system is a Frequency

25 Modulated Continuous Wave (FMCW) radar system, which is arranged to

output a frequency modulated signal of a predetermined pattern, preferably

comprising a sequence of linear frequency sweeps. In a most convenient

arrangement the digital synthesiser is responsive to inputs so as to repeat the
modulation pattern a predetermined number of times.

30 Radar systems are commonly used to identify the Doppler frequency of

targets so as to identify the magnitude and direction of movement therecof. The



10 controlling frequency modulation or a continuous wave signal, the

continuous wave signal having a characteristic frequency and being
WorRSdUIHEd4bY a sequence of modulation patterns, wherein th@ CAdR2006/068730

controller is arranged to modify a given modulation pattern in dependence

on the characteristic frequency of the signal being modulated. 15In

preferred embodiments of the invention the radar controller is arranged to

modify the duration of individual patterns in the sequence, thereby

modifyigg dhennrdilationdaciteras| B ne @I angsm e pactumagualifnhe fact

pattern of the sequence comprises a linear ramp period and a dwell

peridtftah iR PR AP RISH MRS VP RRS A8 O RSt AR Pt B ERgBRNCY.

periggmefyr asRectye.? G HRACLBHABPAHBINS MBS SEqQUERstREEBD Senerate
modifying the modulation_pattern. In another arrangement each

moddRRIIA pHREYATS thd Ye duhed darsprisdudifdtr PAnipepsibEantidicate
sdesgapvaaEiackARE HgdadprepriEpies ivaisanded By Madihsthe Jurddcst the

of descent periods of respective modulation patterns in the sequence,

therdISRBENFTIHET B HRSORASHOM (Bafte MU ot R Jurmeriatise bR oppler

modfHajiRndattarnieclusiesmacanabiratian or a ramp period, a descent
period and a dwell period, in which case the duratign of either of the

descent or ORI PBASASCARHOMAIARY. BBRekMEAD tssrahdaygtion, the
genegratatdssrespengieltp sapdtsiagicaty esefihio gesRRetiventhdIRions S&e in
as to modulate the characteristic frequency. 30In relation to the frequency

105 carfOgONRE AREHRRCIh RMBIE IS Al 2HEAIOHS TANG SigialniigeRiuous
(in tevmvs Ofijeie! i Gampleyiyradelaivelyrigends and pesfasmangdglated by a

relatively good%}is the travelling wave antenna. The inventolrgiwere then

facetF WRNERHranlH iR Baftssning el BRtais SARIRIRRiSsevaeed to

relativedyhau oyl eaamantlResnthpalteguencylip shanged othishémidiagatheristic
scan.area over which t%i antennagcciuld be used. 5The inventors realised
)

that HRGUSPRYSHE e s RRa Se6HIAIE: arranged to form an antenna
15structure, amd pheferipyiceaiblbdatiegithe reed tonadiRsnedive aatenoandfsdyr is

of the antenna structure, individual scan.areas can be combined to
gendFEABEEH 11cPHALSH e A S T BRIy LS thereby
deveinpedadraguandylstan pageantdAnme arrangement each modulation pattern
of the sequence comprises a linear ramp period and a dwell period, and the radar
controller is arranged to modify the duration of dwell periods of respective
20  modulation patterns in the sequence, thereby modifying the modulation pattern.
In another arrangement each modulation pattern of the sequence comprises a
linear ramp period and a descent period, and the radar controller is arranged to
modify the duration of descent periods of respective modulation patterns in the
sequence, thereby modifying the modulation pattern. In other arrangements the
25 modulation pattern includes a combination of a ramp period, a descent period
and a dwell period, in which case the duration of either of the descent or dwell
periods can be modified.
Conveniently the frequency generator is responsive to inputs indicative
of the respective durations so as to modulate the characteristic frequency.
30 In relation to the frequency scanning antenna, the inventors found that a

particularly efficient antenna (in terms of level of complexity - relatively low -



10 structure for transceiving radio frequency energy and being capable or
steering a radio frequency beam to a plurality of different angles about the
WQaeeHp £ttucture, the antenna structure comprising at least toréiPag06/068730

antennas and a controller for controlling input or energy to the two array
antennas, wherein the array antennas arg disposed within the antenna
structure such that the antenna 15 structure is capable of steering a

beam to a first angle using one of said two array antennas and of steering

a beam tpArsprgne anglaadifferenbiasald filst RR@RilSIRGIRERABRELT The
said two array antennas. In one arrangement the antenna structure is

arraHyEH R steer dhs8aretisil e pies bt R- LNl insuY asgigna only

regioRGafRbiAROIIG{RISIaaHBwW AcRRANLRCHASHE FONUSHIUS JNAWIRM, this
region. Conveniently the antenna structure Is capable of steering a beam

acrod@HiREEH38 BratyRiShifhdhe Agtaata 81t PEYRRS one of said two

sarray antennasiaishafrstealing aheann aciastasesantiange@pglasanged
(second angular region) using the other of said two array antennas: the

first KhtPEBBhAHEH I HSGIEH L BAiHt ibie Ny dipriiRg IR hvatl Lo @ respective

250l] e EReh 26310 SN @h AN ALK, exientgicaten thams thal pebiavBRI&d to
with individual antenna arrays, Conveniently each said array antenna

comBrREaifALinAEATRE RSBy S&I%energy thereto, and the controller

is arrangedAeciidii@nersy iavespestius dupyiantaRtazse ascinsieer thenna
beam to said lirst and second angles. 30More specifically, each input

10m et EHE U ANVGERM S SR EHEPGY T FOSH SR ATy St FrRID Ko hs fsTing 2

steerddio FRalleac0$sAaIdCANYINOLS0ONANFEABHYUALR O Adgulthe antenna
regions. In one arrangement the input means isrfonnectable to ends of

the AREAaGyARIRIE YRS VR it Y rdtfgrigfennas and a

genemiesHEuoh esnthalidgsaphed apomMs, 16ha i raeaivensignalswherein the
comprising radio frequency ener .atf%plurality of different fregllier;@lies in

ordet T8 HST R Sie AiRPOsedpyd fRCERTUMS AR JBY (S tienna

15energpithaedercgntievithseegiageicsrined sequanegBomio geastbaid two

beam across said first and second angles, the seq c rising, for
g %‘l aa nfn%

enc
xS, TSRy 5 A BRI o RSP R F
energygle, adingtthadtacitos second antgnmachlasray, inputting energy to a

second enqno%tr{]eeafr(raa{:rlogne%gggetﬂg aér%[rerr? a as‘prcljlcture is arranged to steer a beam

across a plurality of non-contiguous angular regions, and in another to steer a

20  beam across a contiguous angular region. Conveniently the antenna structure is

capable of steering a beam across a first range of angles (a first angular region)

using one of said two array antennas and of steering a beam across a second

range of angles (second angular region) using the other of said two array

antennas: the first and second angular regions being different, and collectively

25 offering a scan region of an angular extent greater than that achievable with
individual antenna arrays.

Conveniently each said array antenna comprises input means for
inputting said energy thereto, and the controller is arranged to input energy to
respective array antennas so as to steer the beam to said first and second angles.

30 More specifically, each input means is arranged to input energy to respective

array antennas so as to steer the beam across said contiguous or non-contiguous



inputting energy to a second end of the second antenna array. In
relation to the configuration of the antenna structure itself, the antenna

WQUBTAs&4¢an conveniently be characterised in terms of a londi€IEFR086($8730

10

1

2

2

3

and a transverse axis perpendicular to said longitudinal axis: a first or said
array 15 antennas being inclined at said girst angle relative to said
transverse axis and a second of said array antennas being inclined at said
second angle relative to said transverse axis. Moreover, the first and

second amaySRIRNNAS RE symnattcalhcdisResaehab Mt aadensitudinglds of
axis and each of said array antennas comprises two ends and two side

portidsay <SR PoHicHSAsARSSEE fIseriay dhisih 4 diitstehaggnerator —

abut{ipg aasidpaportiQiipé saidfiist-arsay Antennaeiie gxHant bHMFREAD radio

region is dependent on the Physical reIationshiF between the two array

anteRALTIRGRNSRRCHC AP BRI Shyiblecah FEgpSBaiRs dRraydghtéhiper the
smakpsatf. the transverse axis. In one arrangement the angular extent of

the rathr system is substantially 80 degrees, but other angles are 25 .

possible, rarglRGH3HE6 dS PGS KECPYO N E R ACERi eRER Y ith 2

with pratedeaHangequents abths antecuaiaraysnvibibstheaanteNand second
structure. Furthermore the antenna structure can be configured so as to

inclUtiE o BN EAUNE S PRPERRANRE SHERREY HORHERERSERIHG fhirst end of

anguihr e nhehiheiagdarinysienn 30dngne arrangaemens eack@oblideantenna
array antennas comprises a mesh structure and a dielectric base. Each

mest&Yuciieing SBRRRYdE Lpisrafy 6P4 ChiicohatiednfaeAiLay. and
embipgiedascadhior aikediriitad camnrlyepdiedrmigtgstrip) and can
conveniently be disposed on orresponding said djelectric

surface of a ¢
pase. The MHESHLGRAAE AR HEHGRTEAHP BETHATACIEHIAE tyihethe antenna

lengthsabife respesive Rifles B ehendscaktdarelemanis adaapinidsaid axis and a

dements comprising two sjdes and two ends .or respective lengths, the,

lengtBSE8 &HesPSEIRY g%femh%dm{éf}gﬁa#ﬁ&?ééf&e% Ushylisaig, array

sthe lgmginaf totgidesiieofhihaidrdestoighersavetengthiatimamidgeintis and a

between Eai first frequency an said.seconﬂd frecLaenc%q nd the :ﬁ%?th of
§ if

the SRERPIL O HHE B ISR RAFS BRHTED g MER AR I pplRcaid
frequansyesachxiesh slementhasha cliasactaidsticenddth, amglin satennas are
preferred arrangement the tnesh widths of the sides are progressively.
i A B e s e R
Sincanioipadaneepis sewense lyrnaopadion tidneshtividihaitswdd Pertion of said
appreciated that this provid sac%@/e%ient means, or controlli

le

th
mpSHEITS FEDY (UL AHE AL Bict RS e S ATEigRgT rst array
radiaticmpatte. exterfuthier featurgsoand aeivankages ofidhdysi@nticativikhip

bec me ?ﬁ) rert1t from the followin descrig)tifan &gpre@rreﬁgmbo imentst.
or th& hvehtidh, YV S WaS Bt e XamprRP SN WHIAR iS ridtiesith" Tespective
reference dottheaechwpanyingtetawings.a2d. In one arrangement the angular

>

extent of the radar system is substantially 80 degrees, but other angles are
5 possible, ranging from 60 degrees, 100 degrees, 120 degrees, consistent with
various arrangements of the antenna arrays within the antenna structure.
Furthermore the antenna structure can be configured so as to include more than
two array antennas, thereby further increasing the angular extent of the radar
system.
0 In one arrangement, each of the array antennas comprises a mesh

structure and a dielectric base. Each mesh structure can comprise a plurality of



Brief Descripion of the Drawinf4s Figure | is a schematic block
diagram showing components or a radar system according to

Wb ooHEhts of the invention; Figure 2 is a schemati®©GKER2006/068730

10

1

diagram showing an arrangement of 25components of- a frequency
generator shown in Figure I; Figure 3¢s a schematic diagram showing
a modulation pattern for use by the frequency generator of Figure 2;
Figure 4 is a schematic block diagram showing an alternative

arrapgersiiefcrapasantsRbsifracenciseneratel shpnedmmigiiiechlled a
30Figure 5a is a schematic diagram showing an embodiment of an

antePHEONFER) GifsENFIRERIRRIM R SHERASH B uriacE of argifespnding
IS a ggiaematiasiagikam showing another embodiment of an antenna array
utilised in the antenna shown in Figures 1 and 4; Figure 6is a

schematic A PARPSHEWRECCEHRASORSARECBIY Peaeleydaied o idmiFigths of

5an aftgprative aaRodMenk Qffthe NYeRHEN M islénsGlie Bdlifrising two
engineering drawing showing an antenna structure comprising the

antetifss Ay BreRdarel 55BF Sy foleigl sn 'BRHERY AL Yl aidsishsing greater

showinintddefigthloPkfd endEigURiBalis thetOMAYE HRgRRNiISRAMIBDrder of
radiation emitted from the antenna structure or Figure 7 for a given output

p
freqBRcY*1DRAGH B 184! HBMRAHY BigcRAtlaGin SABHIRG adiatidhsccond
emitfRe oy tha @niennanstiu @I of drigure oloiHwAilerentadtably of one

frequencies; A X .
wavelength at said mid-point frequency. Each mesh element has a characteristic
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

5 of the antenna array elements and thus the resulting radiation pattern.

Further features and advantages of the invention will become apparent
from the following description of preferred embodiments of the invention, given

by way of example only, which is made with reference to the accompanying

drawings.

20

Bricf T _r " the Drawine
Figure 1 is a schematic block diagram showing components of a radar
system according to embodiments of the invention;

Figure 2 is a schematic block diagram showing an arrangement of

25 components of a frequency generator shown in Figure 1;

Figure 3 is a schematic diagram showing a modulation pattern for use by
the frequency generator of Figure 2;
Figure 4 is a schematic block diagram showing an alternative

arrangement of components of a frequency generator shown in Figure 1;

30 Figure 5a is a schematic diagram showing an embodiment of an antenna

array utilised in the antenna shown in Figure 1;



Figure 9 is a schematic block diagram showing components of a radar
system according to yet another embodiment of the invention; Figure
wa ey a8sdiematic engineering drawing showing an antenna 1I8StYEER4A6/068730

comprising the antenna arrays of Figure 5a or 5b for use in any of the
radar systems shown in Figures 1, 6 or 9j Figure | 1 is a schematic
diagram showing radiation emitted from the antenna structure o r Figure
10; Figure 12 is a schematic flow diagram showing steps performed by the

20controllershpwBynig4rachAUENg SeaaNINg wiib e fedrl YsbRMMEnt of an
Figure 1; Figure 13 is a schematic diagram showing processing or signals

in retatgMicEaYaHEkrdda hoatistisspatadt Fisusyhnd 4is a
schematic bﬁ%ﬁkedéa@rmmﬁ\ﬁemmapm@ @ofﬁﬁ&[&wm radar system

according to yet angther embodiment of the invention; 25Figure IS is a

schelFRaE i BRHCH AU AR TRIRg EBFHH R B tQ8ar system

saccording tpiguyet differantenehrédinentveshiadnvieniiany andwingFiglréntenna
16 is a schematic engineering drawing shqQwing an alternative antenna

strucHe SsRBREHE 1B hartRis RS BF FigiieBPbr Bhoforida fther of the

eithen@irthpiasasRystem s shewn igriegures | or 6. 30Several parts and
components, of the invention appear in more than one Fjgure; for.the sake

of clarity th&'84FRe’fefd o nEBRATE diaRi B LR TAskaf gy emitted from the

antenna structure of Figure 7 for a given output frequency;
10 Figure 8b is a schematic block diagram showing radiation emitted from
the antenna structure of Figure 7 for two different output frequencies;
Figure 9 is a schematic block diagram showing components of a radar
system according to yet another embodiment of the invention;
Figure 10 is a schematic engineering drawing showing an antenna
15 structure comprising the antenna arrays of Figure 5a or 5b for use in any of the
radar systems shown in Figures 1, 6 or 9;
Figure 11 is a schematic diagram showing radiation emitted from the
antenna structure of Figure 10;
Figure 12 is a schematic flow diagram showing steps performed by the
20 controller shown in Figure 1 during scanning of the radar system of Figure 1;
Figure 13 is a schematic diagram showing processing of signals in
relation to a transmitted modulation pattern;
Figure 14 is a schematic block diagram showing components of a radar
system according to yet another embodiment of the invention;
25 Figure 15 is a schematic block diagram showing components of a radar
system according to a yet different embodiment of the invention; and
Figure 16 is a schematic engineering drawing showing an alternative
antenna structure comprising the antenna arrays of Figure 5a or 5b for use in
either of the radar systems shown in Figures 1 or 6.
30 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



12 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,
WOREHIRTd that the part comprises a sequence of elements (e REHAFEH06/068730

indicating an individual element in the sequence). For clarity, when there

is a reference to the sequence 5per se thg suffix is omitted, but when

there is a reference to individual elements within the sequence the suffix is

included. Detailed Description of the Invention Figure 1 shows a radar

systen daAecUAiRRdte SAPBASHINRNA oF the A IRvEN PRI GORPrisigi @ parts are
power source 10, a controller 12, and a computer 14, the power source

and SRAERH D MopBERic R HARRRSCRRY (RS RICTHS P 6 s dndise Haat the

Contﬁ@i‘@\f@ﬁlﬁh@@@%tgeﬂﬁétﬁ JPQIQ%H@"%aJEQ %ﬁm&“ﬁﬁﬁc@tmg an individual
microprocessor and a set of instructions (not shown) ler execution

therSISeHdBME S gERRISNinG ESTRFdYsihehsthiss b%%%f?ﬁ%l%@ﬁqr%w@ﬂeﬁ ce

5S0Urgss & the §ignRligeRLIRIHLE whAURYE RF: ebRIgH Rt B sRECIHEE clements
frequency Four, and this output signal, under control of switches 18 and

ampltiBHL S5 HHRVERCE E‘zl“(\kﬂﬁlgflﬂqe Figure shows a switch
component 18, it will be appreciated that in this particular arrangement -

WhICh there is only one antenna 22 - the switch 18 is inessential). As WI||

be o Rt e RF frequency 20 source 16

generates 9@@&5 wnﬁhm rartﬁaa@f §§ewnenple&&@u§gngoﬂ&la6&ﬂﬁa@2of the
to transmit beams in different angular directions, thereby scanning over a
10regidhVERUHCP HHAPFLTIAS 2PQu; jource *ﬂear%‘&fﬁf(%fgte% g1 GRS % the
recepangrastiarniaadd, vdnighteecriyes) raéiﬁlgedrﬁlﬁg‘@dstfﬁﬂﬁwm hagketras) and
objects, and passest e recel ed radia onf thrqu gh switch and amplifier
compPeTTanlg st ?P{?{er % SARE e pﬁ%’é@cln% h%u‘fg?‘a”mes a

first soonpesesstotha Rk seur@ieﬂa&rambﬁssemnghcmme@te@iecth@n thereby,
recelang antenna 32. The outp t of ttL(Seot ixer 34 is fed to ?n Analogue to

DigiEl SO AH AT SRISRCRERS Bt Sab SRR by IpERSngouree. or

15signsilpEdceasalt38] syhichperfmsRinglysis ahteeiteChipaisig il 1 had this
303|§nal rocessor 38 perfor saer ctra]Ia§ SIS the received
tHe’ rauap

signaiPEEEs W BERLau GRS Lty antenna 22
(refleatiiig) olejetisiis showainesyvitéh component 18, it w111 be apprec1ated that in

this particular arrangement — in which there is only one antenna 22 — the switch

18 is inessential). As will be described in more detail below, the RF frequency

20 source 16 generates signals within a range of frequencies, causing the antenna

22 to transmit beams in different angular directions, thereby scanning over a
region beyond the radar system 1.

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

radiated signals reflected back from objects, and passes the received radiation

25 through switch and amplifier components 18°, 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 processor 38, which performs analysis of the received signal. The

30  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. Aspects of the receiving and
processing components are described in detail below, but lirst aspects or

WOHRIRBSHEHuency source and antenna will be described. FiguPE€ P EPRHA(E068730

1

1

components of the RF frequency generator 16 according 5 to an
embodiment of the invention, which is pigferably used to generate signals
having a range of- frequencies. Relen-ing to Figure 2, the frequency
generator 16 comprises a frequency source 200, first circuit portion 210

and Qsi%iﬁiéﬂc;"ﬁﬁﬁrﬁwﬁi@@ i840e Thadirshhaiperil BPTHERLN BRMRIIFRSAssing
frequency divider 205, a phase comparator 209, a lilter 211, and a Valtage

ConfMeanSRisi fasovestetinsetaih hialo W ub st duiraii R B A auency

COMEYises il aaianeygividedL8fpstatic multiplier 201 and a mixer 203.
The mixer 203 receives, as input, signals output from the VCO 213 and

signals fror 1&g EPEdeeRnE HRM She o0 e anenge seRsTaLEithafs yHing

sfrequeng)epidalie tne ifteienaaibaiweesshthepiaanencigs @ishehvate signals
inputs (f3). The values RI, R2 characterising the 15 frequency dividers

205 1857 A Lats AL HiRAUSHY tie BRESENDINDAFHIO 2BY eishyeectsator 16

compaifResfeauginec 2R B0 MfrHgnale Lk oM t(enlrQUKIRBEY circuit
dividers 205, 207 (13/R2 and 1, so as tQ output a phase-error signal, of

magPig8 déBerdint th THE HRYRINE AraRaBRrPS IR HHBRY. dfrider 205, a

phasgrey Qosighalkés PpItioiie YCO 2&kBaavelhe frshaistied mdianed ¥ CO
operates s0.20 as to cause the output from the VCO 213 to stabilise in

dependencd oith SRACCBIEE Shan FrlsCamBrsht dalr e Apdfese07:
usedttpitoiagtipedooptastabiise et @3 fretiéancye IS e aik e Mput, signals
signal. In ope arran ent the frequency soyrce 200 is embaodied as
cryst4iBYL R G ARG & SRR Lo ek AT oM BRer 201,
stategldbguerapsokjgatike of thedrsign eqthe RF- requensiaeNFaiOEdsd the
is to minimise the amount or phase noise resept in the ou p;hsignal.

C

Foul MUGHT & AppPECIR IS ddtlier paFt"BHRis She gracterising  the
smultipdigadioy ofithecphass, musaaf tuctefbrenaaloseilisiasaosnphiaser 209 is

comparator,is dependent on the magnitude or, Rl and. R2, sp an objective

o TS GBS B B oS a 18 R RS, Bl SRR ORI Hom the
multipdigadiey afthiersd 20 HspiifatrRtpidt 200 stnastivesunrds padkeaprtiaignal,
values of Rl.a 2 as Jow as possihle. Accordingly the freque
oGS AEeH 0TS Qs BOESD R a e phase-
formar{20igh beinhpurac ged Ve DQERsadhddigueireyiopSthiensigbalperates so

=

2OOUtpal1J;[ ftlg)org]agssemtl aetooru%}%)t tgoarg f&ll%h\?c\@lg??)a%pg&sl illsee g%gdetgeendence on the

phase-error signal. Thus different values of R2 can be used to force the loop to
stabilise at a frequency multiple of the input signal. In one arrangement the
frequency source 200 is embodied as a crystal oscillator and in another

arrangement as a SAW oscillator.

25 As stated above, an objective of the design of the RF frequency

generator 16 is to minimise the amount of phase noise present in the output
signal Four. As will be appreciated from earlier parts of this specification,
multiplication of the phase noise of the reference oscillator and phase

comparator is dependent on the magnitude of R1 and R2, so an objective of the

30 RF frequency generator 16 is to minimise the amount of multiplication of the



lower limit or the desired output frequency or vco 213), while the mixer

203 serves to output signals of frequency equal to the difference between
WorRedirereby effectively stepping down the output of the VCRERER20¢/668730

result, the magnitude of the frequency input to divider 207 is relatively low,

which means 10that for tuning or the oufput of VCO 213, the value or R2

can be far lower than that possible with conventional arrangements.

The advantages of embodiments of the invention can best be seen with

refer@ane iordpaticiar examiiewerdsidariog HSYLINEVOSIINASERS as low as
processed by conventional phase-locked loop circuits and then how

signBfS 8P processed 15by embodiments of the invention, assuming

frequency %&%1%@@7QH@HE’&&QB?'@@H&B@J@H@M%Q%@QMﬁﬁty@ﬁﬂtiplier
213. Qutp.ORi. Caonventional Embodiments of the Invention n=40

b HRh SR KGOS0 | 5SS SrTSEA o RSFR2 SR Areauency of
55.1Ghiz SighhChlapul @61 oscillator 200 to as high a value as possible (e.g. the

lower limit of the desired output frequency of VCO 213), while the mixer 203
serves to output signals of frequency equal to the difference between f, and f,
thereby effectively stepping down the output of the VCO 213. As a result, the
magnitude of the frequency input to divider 207 is relatively low, which means

10 that for tuning of the output of VCO 213, the value of R2 can be far lower than
that possible with conventional arrangements.

The advantages of embodiments of the invention can best be seen with
reference to a particular example, considering firstly how signals are processed
by conventional phase-locked loop circuits and then how signals are processed

15 by embodiments of the invention, assuming frequency source 200 outputs

signals with a frequency of 100MHz:

VCO 213 Output

Conventional 5GHz 1 50
5.1GHz 1 51
5.11GHz 10 511
Embodiments of | SGHz 1 10
the Invention 5.1GHz 1 11
n=40 5.11GHz 10 111
Embodiments of | 5.1GHz 1 1
the Invention
1250 5.11GHz 10 10

20



5.11GHz 15 It can be seen that by stepping up the frequency of

signals input from the frequency source 200 and mixing them with the
W@aeptdBHMe VCO 213, the amount of multiplication applied BRGHEP2006/068730

frequency dividers 205, 207, and thus amplification of phase noise in the

oscillator output, is correspondingly redyged 5 compared to convention&

frequency synthesisers. It is to be noted that the circuit design shown in

Figure 2 offers a 20 - 30dB reduction in noise contribution of the phase

detector compaled §ee@ptwesfi@t@;ﬁifg%&mﬂ@ﬁeﬁdpep JTEOHENRFIEEREm the
a

the order 200MHz. The signals output from the second circuit portion are

thenFRENSYPBIFA G YUtHit BEBSRERiM it JERIGPLEEE Wikith 3. the

one AANIEN M IEPIMIRAEDRSaP JAke By DiBi F3MBHIO SIS 32 @5 Dionalatel thus
Analogue Converter DAC 225 and a low pass filter 227. The third_circuit
portfRPIHIS B ofidliAse Nektsen dBRPST bRE Lot NS FABeSRBNNLY reduced

sFigusenipdR-ganesatt ehiRPERINGRAMESTRGORRPISIHY atlinesy Bequraethat the
ramp, The ramp has a specilied duration and mg%ﬁnitude 15 values of

whicH"SH plsyeamiRetRidh e eurIeHes. eigtite 3 MRS telionlenoise

of orermtehiRave Ny prBe &ddidp et Garden TEatdanICYifauii@perating
duration of which is aé)proximate%&i?s, the magnitude of which, in terms

of ragR BFAEGE Qe de s 4pproximately 20MHz, and is

followed byradlyhaak rauimmuBadh Piepaie thedhipd iteLitPEiomadn i by
the 20 next ramp, 3012. The pattern repeats at a predetermined rate -- in.

10the SHEBBhtRBRAhBIE S SHECBY SRE (tHs WG RE L RS SEp Py ises 2
125psi (s lapeetiio shatmediicatnnspigaalibed fatepir thenspeeifDADNY)SiSnd a
a convenient choice, Such a modulation pattern is. entirely conventional
and B8 FRSUIG Hmiid S e BRI Rathie S TR SRR SR of
apprgeiatafiloticany shikablm Zoovadues couidhae salgaiathdppendninitiing a
the use of the radar system (ﬁég. the nature of the targets to be detected),
t

For UAGH cHPEPTRGIRARy, thaCtiERifasit hoRFSH S dowraiihgag gagnitude,

15repeailthe bfeahidmpdaiiesrnmspacifiediuadiercdkttines, iguRb6 @hows an
512 times, the.number t;%n dependen é)l{ut e desired signal fo noise
' aﬁ% t

ratic AARIGRLIGPS U0 ] AR S S HS6 fos the

30shwirdnioh bigWigich GOmpoR Gl EY @S ses GOM@OBE WA dh CAUI@rms of
alternatively be embodied using analogue components_such as a

sawlt@B8 96 JEAEFARiraktvee or St PrefRBIy EHaNh ofddHi, and is
savaRRMed ysataRadoteshihadiheantpanaile isiRpteasIPsRbAWI0Ior the

20eith%re>?‘]: trg%Sy??Oalik r%rlPepp%([tceirV}/ler”egeee{tig Ceil% g %%’e(?ec‘zgfmined rate — in the present
example a rate of 8KHz (thus a sweep repeat period 307 of 125us (subject to the
modifications described later in the specification)) is a convenient choice. Such
a modulation pattern is entirely conventional and the foregoing details are
included as illustrative; the skilled person will appreciate that any suitable
25 values could be selected, dependent upon the use of the radar system (e.g. the
nature of the targets to be detected). For each carrier frequency, the third circuit
portion 230 is arranged to repeat the linear ramp pattern a specified number of
times, e.g. 256 or 512 times, the number being dependent on the desired signal
to noise ratio and therefore a design choice. Whilst the third circuit portion 230

30 shown in Figure 2 comprises digital synthesiser components, it could

alternatively be embodied using analogue components such as a sawtooth



Turning back to Figure 2, the output fDps of the third circuit portion 230 5

is input to a fourth circuit portion 240, which comprises a phase
W@apiparatd+ 233, a lilter 235, a Voltage Controlled Oscillator Z237T&R2@6/068730

mixer 231. The mixer receives signals output from the second circuit

(having frequency f2) and signals outpuf from the VCO 237 (having

frequency f5) and outputs a signal at a frequency equal to the difference in

frequency between G and 15. The phase 10 comparator 233 outputs a

phaseRegssigRalbragnitude frpendsntan thediffarase between o be
- f5) and fDps to the VCO 237, and the fourth circuit E%?ér_tion 240 operates

so alASEARSRRSYEREt Tl TRk Veei sy sabiliver aEdBFdthdyckrienp or

signalscauseHb iR 3heofpurth circuit portion 240 (having frequency 15 f5)
are then combined, by means of mixer 241, with signals of a reference.

frequency fAUSBHIRPAFE g O RERPHersihthdrawhpasken 230

smultipligsbyoa segandistalicoritipian 28 hiandiaiotdRpHssbteiag diter 233,
243) sQ as to generate a signal having an output frequency F(yg It will be

appredi¥fEd front Mglite2RatIHh e difar § erBfhfoP ¥ TsOperdtie rxer

20 ordpu &ignalsicoupsparminadea salrieicirquenay athedwaeen) and signals
15.5GHz and 17.5GHz, for a crystal oscillator 200 outputting signals. of
freqQuy TEOMILY, HE Qeddhd BxirenttRipRRF28Y it SHIPBRIG 102! at @

Whilsttherignalgeneratodiifeside hetispdioyopaarale freghencieShe phase
within any selected range of frequencies, when used as.a ground-based

10 adlafoPBPagAIng th& YR Tehd FaRGE Ya #ft wh iﬂlﬂgglse%%ﬁap(étﬁ%t-on the
12 4G Htasne evwhand {12 4G Hat A3QH)iHbevik Oarsl(1#gHize- fourth circuit
26.5GHz); or 51e Ka band (26.5GHz 40GHz), and mos prefirar%%/ Withinb'l'
the RATBERE 0 PHBHESAWRRIE SABSET e rBHL-Frthti At 1haigbilise

for eaghdadgpr. frequency the frequency generator 16 generates a

repeating pattern or frequency modulated 30signals of- various carrier
frequencies. ‘i?1gnal9\ﬂﬂF8PFﬁf8FBf£ﬁé%%%&é%é’r‘?f%lﬂ‘?e%ﬂ&%&lgefé%%ncy

15Circuif) padionsn2démBRR A Bieghensy genetator416 arkleripadicd@s reference
shown in Figure 2, the frequency generator. 16 could alternatively be .
oo P EAN alrer BT oIRGB T OF (R it havine been
oscillaiittipliad Bhrawecindigaie dhudisibraSwhial ikselgpieds VidaedtchldnQ43)
S0 as to generate a signal.at frequency |. Judicial selection or, an .
PSP AT BN MY IeS. QUYL TSSOl ban il be
the fippreeiaydyéoeialigd® CathincuwheninimsadighalsgdiristsSineddhgerable to
signals are takeQ5 directly frgm one of the osgillators. H%vséever thi

20 v SHRRYS SR ORISR B ot BN PRI, Bt and
thera 1sSHLO fioreainsyfodllineitliner X{j0simpintiaf thigedsrief fregueangyl 00MHz,

e e Mg e 22 et
distribution Wihiter is: ofighisiripetikoatofradiatoid ithis ¢hetdohesyratendtbeencies
appr\%ﬁﬁtne%r[}rfosrglg%?eip ¥§19§ei”<9f tﬁ%aarelgc?ens{egvﬁgﬁ %gécf’ %s a ground-based radar
25 system, the frequency range can fall within the X band (8GHz — 12.4GHz); the
Ku band (12.4GHz — 18GHz); the K band (18GHz — 26.5GHz); or the Ka band
(26.5GHz — 40GHz), and most preferably within the Ku band, or a portion
within one of the afore-mentioned bands. Thus for each carrier frequency the

frequency generator 16 generates a repeating pattern of frequency modulated

30 signals of various carrier frequencies.



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

frequencies; accordingly the antennas 22, 32 are of the frequency
W@eahmagtahtenna type. In a preferred embodiment, the frequBGEEP2006/068730

scanning antenna is embodied as a travelling wave antenna structure

comprising at least two array antennas, pne such antenna array 500 being

shown in Figure 5a. In one 20 arrangement, the antenna array comprises

a mesh structure 501 and a dielectric base 503 and has input means 507

for inputtingraRto: tetirerra@shiall ok Braferablycthaprienie portions
array 500 also includes a ground plane. The input means 507 can

compHdeZZOafalBEE PodrrsHE o h SGo a8 diE FranBosying digdtng. the
arrayr&fbnyt theskilled persenwvilhpRReRisle that plienaliveaeedsangement
25could be used. In the arrangement shown in Figure 5a, each. mesh

struCRIPEY 1A MPIRIVY & bitvetitf Sracanstiie e foHinattdl EigHigtsone

5509 gratiich dispaised Oria swifaeerof the dielestiehase 5@3arachequency f.
rectangular element 509 comprises two sides 51 3a, 5! 3b and two ends

511 $diqiah splectiay ®f 12 raRR Ll {1598 4TS AW Mg Akt dF thap Hrestal
lengtRcRiaidheRags thildeTcfuchbe Ringsitsrustemyine theifpeppRROhoise,

the travelling wave antenna are well known, 18 having first been

inveSHSEY Si8IBIER B raibe AiRe fRe)Qf tateiict8iersod s ver, this
Suffigs/iatagy thatdbepensty of dbe sistasibl3iseiibe, skdes9ftRnahere is no

wavelength of the mean carrier frequencies, and the length S of the ends

1051 1 1Bt &b rd e HB N AMBT tHEN e g Eth & FESR ¥aidich can be a
frequandemtiowilybbe dppragiataehiraminesteaching il paieniukide of the
3,290,688 that mesh configurations gther than rectangular and planar can
be UEHECT rm%woﬁot&méebsrﬁ@&@ﬁko%&véﬁ@n %easﬂ%aa%r interms of
embgdiritanisod tiedinnentoithivwien ebeggnt is fed through the mesh

structure 501 via feed 507, currents passing. through the ends 51 la, 51
are in phast v‘\?ﬂﬁ g’r?e WRSHE 0GR éﬁﬁ‘r LSRR g Bt Lilgh 2ptennas %9 32

15respeeatiaisidadlircla gudntRienantbgisgeaeivapuiromeanlensf5iia/ing
of a ad'acentelemera;(s%omn as input Silg)dggds ”tii to fwo current .
flows' ‘SERHBWikY A die Rt E RN BN and bethy 8 tt%i- JEENHGIE e
anotheenAs igptsolshawrclisrtdg wethalithenwidid ottheraesbamakingnipnna is
sides 2&?\ 13b isgr&gressiveéy decreased from the centre ofS[Ihe 15
mesH T8 UATh 1o SpB eVt KndVHYE- ABE TR ALBY Bife CHRUMY I Moy thao array
lengiintehiine, sitlessAtBaaritddin fromythe00e btia©f disvarray Fwaedsdts In one
ends. In gﬁpre{&rrﬁd arrangement the antenna caﬁ bte embodi d%%ad. lectri
micrd AP ER e # SHITYUFSHBR P AL SRt RS it ctliré o dictectric
accargiad 08 andimkodimne nichths(nventiapuiiyenchs destrbedsivitiructure

reference.to Figures,6 20 and 7. Fi 6 shows a, development of th i
e e T S oISy e A ERespaB, o
thannosms BOing &sapiddeiguaeidl, fadh pisineadtenhaga2h @ #e iglane of the
embodied in the f r antenna array 500a, 500b shown jn Figures 5a

e St 30 SRR S Ao Al i l R fecas

25conteoliét B2 Ugordcontrolling input of energy to respective feeds li, Il of

2

e

In the arrangement shown in Figure 5a, each mesh structure 501
comprises a plurality of rectangular interconnected elements 509 that are
disposed on a surface of the dielectric base 503; each rectangular element 509
comprises two sides 513a, 513b and two ends 511a, 511b, the length L of the

30 sides 513a, 513b being greater than the length S of the ends 511a, 511b. The

physics underlying the operation of the travelling wave antenna are well known,



25 the antenna arrays 500a, 500b. Referring &so to Figure 8a, the two

planar array antennas 500a, 500b are disposed within the structure 701
W@aesyrae7tor any given radio frequency, the antenna structurBCAGEH2006/068730

capable of transmitting the radio frequency energy within different angular

regions 801a, 80 Ib. Referring backgo Figure 7, the antenna

structure 701 can be 30characterised by a longitudinal axis Al and a

transverse axis A2, which provides a convenient frame of reference for

desqribing theapRAIRMRkefe plaa KAanieandaeraxs 9R0as 59kt US
As can be seen from Figure 7, the first array antenna 500a.is inclined at

an angf& $8latvdies daimr dhidvBrdsngtislaof dhgsiHessecbisP piamaF e gy one

antegaacRAYniMalingehatanale Adqrlative, ththetrarrse Amis MdAS11 is
can also be seen from the Figure, a side partion of said secand array 5

antePn S OBIF BRSO iRy PtonedicPfildie aNeaR £AETh A sBiaqiRsthd will

sFigure thepsidaRartions alkelogatdchenithedptjadiaating 09dbssUchathalesh
when viewed face on, the antenna arrays 500b are located in adjacent

longfRfieHrHigne SthenirBd SRR ARkRIMARE 8 dfeiSic shown in

Figure 8a thattneidh worigptatinnehihetgeRestive antpRR R a)HelRdents of
500b - that is to say angles a, and {3 - determine the direction in which

radidlio BTt HFErH e AMteRA NSRS PESPTIHES Y v HG et 507,

relativerpasipansf theotpspertiveRniennaATBYESRahatdkyidiffereninother.
portions of an angular region can be scanned for a_given output

n .
lofrqu@ﬁcﬁ}}‘FSBFiﬂ%’%ﬁ% AL SRR oHIE MittA B G 81y B e TER, 509 is
the auienea asayaoeiwa ditfesenhoatputiicgdanraiesiuvh, hanghiowiZ) and
and it can.be seen that a propriatgﬁlest?lection of H}}f valuegilgf fouu anog X
focy S PEEUIA MR UIER A St Rt PO St ttHG FaRh A g 4g dpeing out
covesfpsaseskantialy santigtions regiansiberehy Mearnpag tiveridigreaties mesh
angular region than i os?rifl with a 20single antenna array, or even two
B AR Piiio %ﬁé@&ﬁ%fﬁﬁawa’% T H LR EEFELS the
15patemiebhS ¢t éh R3Pective [did aicangehenrts, irasvnvely-iguresbg, the Terfah of
and 8b re ateﬁﬁf a apgement in whi hPthe antenna arrays %OO , 500b
com{iSER SHlgrh feh FOT EGHE B dPraLpE AR SRR rrdgd Preferred
Howaygiganedniaferinginadgu teschib@diaddslOneachcantennamrray could
comprise aﬁ] additiopal feed at its %ther end .
he configuration of the antenna structure 701 according to an
embodiment of the invention will now be described with reference to Figures 6
20  and 7. Figure 6 shows a development of the radar system 1 shown in Figure 1,
including two antennas 22a, 22b rather than one. Turning also to Figure 7, each
of the antennas 22a, 22b is embodied in the form of antenna array 500a, 500b
shown in Figures 5a and 5b, and the antenna structure 701 is responsive to input
from the controller 12 for controlling input of energy to respective feeds I, I, of
25 the antenna arrays 500a, 500b. Referring also to Figure 8a, the two planar array
antennas 500a, 500b are disposed within the structure 701 such that, for any
given radio frequency, the antenna structure 701 is capable of transmitting the
radio frequency energy within different angular regions 801a, 801b.
Referring back to Figure 7, the antenna structure 701 can be
30 characterised by a longitudinal axis A1l and a transverse axis A2, which provides

a convenient frame of reference for describing the arrangement of the planar



L.?). Each antenna 22a, 22b can then be considered to be capable of
emitting radiation in two directions for a given frequency fou-f, since the

WrsdBiiAg4ehaviour of the antenna array 500a is dependentP&i/R2006/068730

5

direction from which energy is fed into the antenna. In Figure 9, this is
indicated by the 30presence of two antepynas for each of antenna parts
22a and 22b. Turning to Figure 11, it can be seen that by feeding energy
to two input feed points for each 20 antenna array, the region R within

whichhiadiation Fasnne, Kansceivedise &t yely gavbledne firdt ¥ihPentenna

appreciated from the foregoing that the frequency four of signals output

fromPils dighaliBehatat A OcSHYIRY By thEaesrtrstaxis2A Pnasdhiitiesond
to copirplling the, uratiodBd I e IR G anMa8 AGSEIPEY @RS MNGse axis

controller 12 is arranged to select a different value for carrier frequency
afterARe Asngrpatissrbhascheaspnepediegiee spetitcppriton b widivaserfdrarray
2 ORGSR EX RIS ZRO RIS NELE B0 AR YR PHhure
one arrangementt e values'ror the carrier frequency can be selected
fromtieelssle uprtbns acedssiind 1otchhedobrinditering gaig. Alorewcin thetwhen
mempL 8 QLG CAMPHELAD iSRRI REINSPRIIRAIA' i Bitudinal
given antenna array 500a, 500Db. Operation of the radar System 1
desdanidess-above will now be descrlbed with reference to Figure 12, which

s a schemgfic oy agrac shOIng HIERIANIRE SHEDN essantaletny e

12. At step SI2.1 the controller 12 energises one or 15 the input feeds |k

100f therizntetem dﬁ&;@ttﬁf@e‘r’m_veeagtem}a?appwpﬁ@t@c@@@igur&mmsdbtﬁef angles a

switch dl at 812 3 th co 1troll%rn 112 refgl gves tgelovalu% nOJ |rst ma?r{tenna
frequen yfa fe gnfro Bie men ione ove),

S12 SrthencoftrblleFhlid slgtmlnemghlhesdﬁﬁ%\leapmkiﬂamambﬂmbngbpétmsehntenna
the carrler u ) uses the th dcir ortion 230 enera

the ram ; grn%g@o %?e&e?er?r?irrtrlé) Snum 3 a“c%“érrﬁée ERm Cra'lﬁlax (gé Elefor a
to regeamedlypmcfchajacted;mf@arrler frequency. Having reached Rmp",,,, the
controller retrieve value of he next cargi fre f2 and s ts the
values RI, g@“ﬁrefkera he%%‘%%rFﬁl t[te? 0§n8£ steg?éqlc% ?llﬁ 0 ]ﬁ Spna arrays
wordeﬂhwcdtduﬁﬁmnofoatgnglfrequsetm‘s répetitiont G the findat camp86dsn that
patt%rn rolsr}Qt% Sgme 1for a}l ) alu%iuof thF 5 carrl r rt]frequerrécs: re Tthe € tenna
steps’ greprepea%eg ad'shown in Figure 19Vdr eachtéay pomft 1111 I 1%

12 2shut0mtwe’a}itemnawttmrgtmé1m tslr[er&byocausﬁngairwlamenmﬁly contiguous

structure 7 rogressive (%scan over the arfgtu ar extent R e
ere S njn cr da %I‘%ﬁ CI an reglon an 1s OSSIb e with a
descrr%tloh as thus tar focussed on the gerteration-and transmission of

20signsilsgfio am e aamtaarys yetened tnafemmiags th#igure® 4116n7J dnathd $@ne plane,

25

aspes%sh as that described in US patent US 4,376,938.

The arrangements shown in Figures 5a, 6, 7, 8a and 8b relate to an
arrangement in which the antenna arrays 500a, 500b comprise a single feed I}, I,
at one end of respective antenna arrays. However, and referring to Figures 5b
and 10, each antenna array could comprise an additional feed at its other end
(I12, I2). Each antenna 22a, 22b can then be considered to be capable of
emitting radiation in two directions for a given frequency foyr, since the
transceive-behaviour of the antenna array 500a is dependent on the direction

from which energy is fed into the antenna. In Figure 9, this is indicated by the

30  presence of two antennas for each of antenna parts 22a and 22b. Turning to

Figure 11, it can be seen that by feeding energy to two input feed points for each



300f with receiving and processing of signals will now be described. As

can be seen from these Figures the radar system 1 preferably also
Wonlites €l6eparate 21 antenna 32 embodied as structure 7FETIEP2006/068730

receiving radiation, which corresponds to the transmitting antenna

structure 701 described above. Referringgto Figure 6 or 9, the signals

received by antenna structure 703 arc input to mixer 34, together with the

output four from the RF frequency generator 16, and, in 5 accordance with

stangiarg iomesynenePRIgian Rhe et Ul Hiem theimbierad isdeddNauoky is

an ADC 36 to produce a digitised Intermediate Frequency (Fir) signal as
input s tHEL R Gcessor 38. Energising of the receiving antenna

structure 73 \iﬁlfpﬂcféoHﬁ}ﬁ@&k{tg@rfﬁ&ﬁtrﬂi&fél’t%gﬂgtrﬂib@ftﬂ@,ﬂ@@é’ﬁﬁ?hfom of
18', and, as for the transmittin% antenna structure 703, this occurs durin

the mlg}i}ls_]_@}lg?ﬂbfggﬁélaew ggneratof] & éﬁ,g}ﬁgﬁ&l&i‘a@gé@%gogroller ?2. In

sconvgiientytie ahediemhase pregisimabiedegimeontiplier dReEbangbave, the
plurality of software components, which run locally on the PLC 38 in

respRRUEPHSilinis  8FaRRSAHG ARG COHGER SRRIOTEr CORTIET gng plter the

whichapepmidianmuasibecthe peaRt elape AIRal FMABBL JANgAdR T a given carrier
15associated with the PLC 38. As described above, the radar system

1 opEPAELRLETIRY T HomdaYHe brinEinesy HRRAHe dAL BT ATARECment the

InteriadiatRHrgeahey frildecagyahioydifferansesibaiwaesking (geRIMeeessible
signal frequency and the transmitted signal frequency. In etnbodiments of

0the it i ERRAN B SSp ettt fIBTA L PO B et R e d - this
and R dr-pprtGitasciiieuiRulethedadanausiemtds sosegseoe of
frequency sweeps 301j. It is a well known principle or radar that targets .
located in thRPAHYBRA DIvAAMRSHed BesHPRR IR e n Bnitesgribed
signalshsigieectie tamsruiierd sighhinseiniadinagiots of taagrasembowing steps
invention comprises a linear frequency sweep. 301i, the reflected signals
also%@grﬂﬂ?i %%ﬁiﬁ%%?‘?%& gn&ts%i?é’e%ﬁ?é}gSt%ofHé‘E@ﬁ’efétﬁ%?géW\HHF of

159eneratapefletedisiginalethataie ideotigal 101thegdransmtigsiaigralsiguration
albeit somewhat atten d), but separated therefrom at a constan )
e O BT o et T R R 2 PO el A o Ly
will be:qupgpieciated. frofiviinehkigioe-tipatadiFaerentitargbtd dvk), T 2nd lncatpdS12.5
at dilTerent di tang%es frogpﬂthe i[?“‘Oradﬁ ystenk% - reflect the Eransmi ted

swegb6§(9f1 Sitrlretsisi s, LG L ki accordingly (to set the carrier

frequency) and causes the third circuit portion 230 to generate the ramp pattern a

20  predetermined number of times Rmpmax (S12.7), to repeatedly modulate the

carrier frequency. Having reached Rmp,,,,, the controller retrieves the value of

the next carrier frequency f; and sets the values R1, R2. Preferably the overall

duration of step S12.7 — in other words the duration of any given set of

repetitions of the linear ramp 301; pattern — is the same for all values of the

25 carrier frequency, f;. These steps are repeated, as shown in Figure 12, for each

feed point I;; I In I to the antenna structure 701, thereby causing the
antenna structure 701 to progressively scan over the angular extent R.

The description has thus far focussed on the generation and transmission

of signals from the radar system 1; referring to Figures 1, 6, 7, 9 and 10, aspects

30 of with receiving and processing of signals will now be described. As can be

seen from these Figures the radar system 1 preferably also includes a separate



to the time of transmission, and that therefore targets Ti, T2 at these

different locations will be associated with different tones Afi, Afi. In
W@ Me&tact that the signals output from the mixer 34 contBT{BPRIH6/068730

the signal processor 38 is arranged to delay the processing of signals until

5 the ramp 301 has travelled to the extepis of the detection region and

back. Thus for example, if the detection region extended to 4 5 km from

the radar system 1, the signal processor 38 would start processing signals

outpiifram the mbsalrhatidRARX7D338rsom b estartaf-ransNissQBonds
of a given ramp 30I. 3 x 108 1OConsidering, for the sake of clarity, one

procsdin HETHHIIE ORI THESSHHAT oLl 8 beuttially RN e 2ure 6

the ppplendrempsancyetiacgety Withinnaraa@itberrangaittgrideamixer 34,
and which reflect the transmitted beam. This is achieved by sampling the

receid@eishadRithaputpyt bwa SredtetBinfifedredipingragatpheld, and, in

ssampdingdaiec sveel 8eRghse RS0 B EBPbIRIA, Rt Ahpse shikteshefthieer 34 is
transmitted signal, which are induced by moving targets, can be captured.

The 9611888 3R wilP SppPetqamsatitarisdietispe iatsmsdigie frgyTacy, i)
sinceignel Roppier keaueqsyds slopenrdensorshe draqpemay©fdbving antenna

transmitted signal: Doppler Frequency = 2v fic [Equation Il Thus, the . ,
outptit¥sihe A csaest MR AT PO dsifg PRHENISh a0t Wit 18"

procasses dpredeterinachpumbden 5 tHNesECTIReSRRNSHO@ At g the linear
sampling rate) by the signal processor 38. Each sample will contain zero,
100ne B perafHY s, each relating to signals reflected from targets.

As will be appregiatadplieusstbe isregogictienineamtvmipBad aprogrammable

transmitted a plurality of times for each carrjer frequency. Accordingly the

25 SIgR %&%@%@s&émﬁ@ Yot R R A K6 mﬂgocally

pluralityhef Frocessing §imeel sols3@dd] sardcgenrefiaifise byneaissarC computer

Ran g FET, ar%eg or return samples, indjividual members of which are
Hedns

assi SR &ive WEIIGP rAISYE g HiE s REPR AT S okl PFEIRLU E, language
15periagsd3@idd Witisttaeroatpgt of the Range FFT, for a given Processing

period 13011, is frequency information distributed 30over so-c¢alled range
Gatos. As 1N KHONh TR0 T T4H5a5LtBe rEBIELBACcoraE 0 Romodyme
principles, which means that the Intermediate Frequency Fir is equal to
differences between the received signal frequency and the transmitted signal
frequency. In embodiments of the invention, as will be appreciated from the
20 foregoing and Figures 2 and 3 in particular, the output of the radar system 1 is a
sequence of frequency sweeps 301;. It is a well known principle of radar that
targets located in the path of a given transmitted beam will reflect the
transmitted signals; since the transmitted signal in embodiments of the present
invention comprises a linear frequency sweep 301;, the reflected signals also
25 comprise a linear frequency sweep. Targets that are stationary will generate
reflected signals that are identical to the transmitted signals (albeit somewhat
attenuated), but separated therefrom at a constant frequency difference referred
to herein as a tone. Referring to Figure 13, it will be appreciated from the
Figure that different targets T1, T2 — located at different distances from the

30  radar system | — reflect the transmitted sweep 301; at different delays in relation



23 successive distances from the radar system 1, such that if return

samples fall within a given range gate, this indicates the presence of a
WoRYEtpEdted at a distance equal to the range gate within whiSHItRB2086Uh6B730

sample falls. Having transformed the received signals into range gates the

signal 5 processor 38 is arranged to takexhe FFT of the return samples

assigned to each given range gate. In the current example it will be

appreciated that each set or range gates corresponds to transmission of a

lineap rapnp R0 br(ferEivesrcaktietfieauener angkthatithesamping daterent
in relation to range gates - the rate at which data railing within a given

rang@@ana el themathesdalqd wihisbeeneyoaes Ohviién the pattern or
transmissiqn Qfi ipesF IRMPR Skt RS (MR IREEHSLI%aScontain

the Pulse Repetition Frequency (PRE)). In the example given above, and

with leeYesreRe S i greecssah idiss noiigaty ety heqursergiperof daapls until

scarmigk fFeap ey o e SeNak REARESSAENS ATIREINGMERNRIAISSA0 BHAY Thus
or data, each row in the array corresponding to a glvenéprocessm period
T

1301Pr e3ah sath o RRtsHtiAHecie P tded SR A ngtdrargiter dapigaystem 1,
gatehe siddi Fi5dcQUPYS GRNRIISER praplilvtesARdIRRASRR AoYRiIRUixer 34

components of signal energy which fall on frequencies spaced linearly at

the ifverse or the duration of a complete signal sample set (in

embodimeniggf the invention, the signal set comprises tones, not

absolute frequerpy vatles) fenecctprent onsiamisie offeeavereraam301i.

assuming thé signal sample set for a given carrier frequency to comprise
10the 512 lingzomadeps @0t . 130 15 trathslaniity doat aprate GirfKpizidthelrg0aie the

512 EFT putput bins spaced at a Daoppler frequengy or,8000/512 =
15, 63511, TP CA SOy of HoBHS I EOPIS AR ey of target
0.1563bmIsnghos thaambdiited fenbin-repteskicts mitiffetentraetocityed beam.

statignary targets will 25appear jn bin 0, while.mqving targets wjll. appear
itk | %% . %\R/ill'gﬁn at a

ina ) eIt on tReir %W&Hl)g(at rgreefzfrlg\e/ Iliﬁg &t

In"depen
appeacdetimitdd samAkis eawmha thaplindhatsignadiprackessak 38 aarnsure

be arranged to store gach set of range gate samples.in a "row" of a.

19 ornd B SSaG Hy BROTHCED Ut H) LA i S L B e targets
storeagdelvapwedraspahdilg jeS30randegppiesifadlthgtwhikiis dgivedent on the
processing J[oeriods O]Jfafg% thus to a particular linear ram ?%01 . Once

! 1D i

all 572 hehrramps 55 PSS pBeficRsAdent on the frequency of the
transmitted signal: Doppler Frequency = 2vf,/c [Equation 1]

Thus, the output of the ADC 36 falling within the processing period
20 1301, will be processed a predetermined number of times (corresponding to the
sampling rate) by the signal processor 38. Each sample will contain zero, one or
a plurality of tones, each relating to signals reflected from targets.
As will be appreciated from the foregoing, the linear ramp 301; is
transmitted a plurality of times for each carrier frequency. Accordingly the
25 signal processor 38 processes data received during a corresponding plurality of
processing periods 1301;, and generates, by means of a Range FFT, a set of
return samples, individual members of which are assigned to a respective set of
range gates for each said processing period 1301;. Thus the output of the Range
FFT, for a given Processing period 1301, is frequency information distributed

30  over so-called range gates. As is well known in the art, range gates represent



transmitted, each column - i.e. each range gate - is read out and input to a

FFT lor processing thereby in the manner described above. From
WEWasd14 it will be appreciated that the Doppler frequency BEHEERP6/068730

proportional to the carrier frequency fe. Therefore when the carrier 5

frequency varies - as is the case with freguency scanning antennas - the

variation in carrier frequency will modify the derived Doppler frequencies

so as to effectively scale the magnitude of the frequencies. For example, a

radafgysterthaiaretatesmbetwesil 3yatehiz toshdp iz TaR@anesaiBles fall

Doppler frequencies, for a %lhen target, which vary by +6%. This equates
to a Bytent S gerEisteRrEhillis PGS e REMSST Motelthdm ocated at a
semiRReRcaadA NAlatiandh amekiguey s RerpiR eIRcimieTARmph to

79mph, which can complicate the task of removing velocity ambiguity from

targets moviayiag iifaseiepaedidhidespiagd. nenaltiipipdares rrjtietha tignal
swill beorpRiaciRtedihat jeCaytalecapifuralions pitthe sadslsysiamddtieach

carrier frequency can ngp from the 15maximum carrier frequency to the

minifitFR EERERSqUarRy, CUIRhgRRGHa PHOccy¥uresird thtperch st of
changesin daRee Qrfagiendiai &aRMIERNESof a lINCANEHROR INEGONYRISY carrier

12 is.arranged to maodify the sweep repeat period 307 (or sweep repetition

freqiEHEGT SUeiHat e Loy S PP e IS 1 &e{aE ARy s TARSS oS aT tHae at

carrighfeaqueneylihe elyieHegivaly i exio grkOnbisydtematie frequency at
aberration. Turning back to Figure 12, this means that step S12.5

10peristHER By #d'eBhRbIM i Rl EARErEush EPRA e RRABEonly

at stefieiiell JdS RCLRNMMAERPYIaXaUIHgH-at R EYREB)P. P&iaR:3OafapIhgiven
particular valye of this carrier frequency fo. In preferred embodiments, of

the AR GRGHE HELSIEES HEnGE 301 PdAAORUTEHENGEd (ST aRarH. for

effechoh 2brthis Reljustvgnhdeamnopaifesiothessignalipedc esaora8d) arnday of
the controller 12 adjusts the duration of the flyback and/or dwell period

303 485 5f f‘b‘?{d‘érﬁ‘ﬁl{?‘ﬁ?& GRERPEHOES %WSBiﬁ’éB‘?WB&H@%"iIlgPh’
15the rapetitivnsonfthesweeprigpeatepsiatindlolafehda tmb2 forare

identical fo lven carrier frequency f6 (step S1 \Rﬁﬁ In one embodiment
the comrollLPL5 L8 GEACER TS 4 SORBR UL AT R Slabas Papeae
periodsigddi wreiscrdiricditiesfraquentits ipaCanhatiant shichndtaise of the
coulg be stored in the look-up table that Z%is accessed by the controller
ot ST 3T RS RIS AT 2 HERE IR FERURAS 1. of g entan, th
desaciilged aboveriprdtatiomts, Figurebkdhike sqratcsiuration)D dnstdp current
S12.7is Eefe abley maintajned constant. When, as is the case with. :
20" example, thercfore, and assuming the signal’ sample set for a given carrier
frequency to comprise the 512 linear ramps 301,...3015;, transmitted at a rate of
8KHz, there are 512 FFT output bins spaced at a Doppler frequency of 8000/512
= 15.625Hz; for a carrier frequency of 15GHz, this is equivalent to 0.15625m/s.
Thus each FFT output bin represents a different velocity; stationary targets will
25 appear in bin 0, while moving targets will appear in a bin dependent on their
velocity (a target travelling at 10 m/s will appear in bin 64).

As is known in the art, the signal processor 38 can be arranged to store
cach set of range gate samples in a “row” of a conceptually rectangularly-
organised memory, referred to as a corner store, each row corresponding to

30  range gates falling within a given processing periods 1301; and thus to a

particular linear ramp 301;. Once all 512 linear ramps 301,...301s;» have been



5 embodiments of the invention, the sweep repeat period 3073 varies in
accordance with carrier frequency fej, the duration of 512 repetitions

WK TA7Tdespect of each different carrier frequency varies; tRGE/EH2¢8@168730
the period associated with 512 repetitions would not be of duration D for
all carrier frequencies. In order to ensure4hat the duration is nevertheless
constant, the controller 12 is 10 configured to wait Ibr a period equal to the
time dilTerence between the end or 512 repetitions and duration D before

moving aniadheRaxtistancs of sieRsanse SitS13orafonl 2nd (hBuf@ @ FFT

different carrier frequency). In the present example the value ()ID is

preféPaBRP Sttt sivniaita Mannse #5556 38A%8s 307 corresponding
to the duratieshrHQgai0esiswaensenpréagikiadianththpgfithatequency is

associated with the lowest carrier frequency This feature of the i

contfifSHY 2PIOBRRE QoS FEREISRAIGERRERNS fn whitheioEe SR rin Farricr
sperigebgihéy costant (R Figwe 3dtdswhnwWnegaddpsicinauipingheesixgd — the

transmitter power dissipation: maintaining duration D for the overall

duratifBPR i T erano st tediy thyedsieditenrire disanenries so as

20 censtariRel, iRdgpemdent ghivadiati@nadotbguenee rereatpeiine, 30fadar
(PRF). As a result the temperature of the transmitter T" is maintained at a

consPATE TR RREFARS (BRWRTRithiseS e VarldttiE4n G afHREEHS hagppler

are tesquenaitiefgepandantaiaferably theyDsppir, fragiengiesear® a system-
scaled and ouﬁt]%ué as tones within 25 the audible range and at a fixed

105,diB°BSFAISHE T PRI BAEIAE RS M8 At AoV fgrfiation
apprgaghbipuiew ofohadactibathedaopplapiresyengias Wauth keancomplicate

normalised in_relation to the variag'té?n in cg_rrier fre(lléency.

As an
alterSHH¥ 0 JEMBEHH SHES T PR PoY R AR ARG Bltsee speeds and
30camisiirequgaginfl. bibie swaegurepentipssiod BO Abmeulsiée daried certain
incrementally, for efﬁ{leple inearly, based on the L<'}(E,E)proximation.

1+cEON GRS T T ol A P USRI PSR b B Gy the
15- 17 heditanthecawre pirepeatpero thd Orhidhaeadiern ffequgieycof causing the

15.5QHz i:ould be 1P4§5.650ps, andﬁ?égriodsm forg carrigéafr uency of
17. 585112 OB 58" Wit e BB Y 8 HISETibY 36 7 T8t e
frequencies\bednkegiiheexiants 0ithis iangecani e seddifediro swaspacpeat
vary Iineagrlsy%,é)getp/een 125ps and.140,65 lternative -

e

s. A forége irst ..
wheP&T PfepESEhHdRBH Y07 i?%%?élay isttete aéstﬁ?e HrFR repetition
freqdienoaynsrie pripertiosar tathp SPdicrrfe:thidadhetipratessifttg pastipdsmoving
1301 remain unchanged for all values or the sweep repeat period 307

207 o TS, SRARE TP oA oA (120,403 Aehthat stcp
ambijaaupdiopplet P veleciyrvtaesfiareld8ioimpledniéd fotgpéncy fAstrieved

described a , a radar syste ccording to embodiments of.th
R Lo o L B o GAE o A TG 07 for the
enengytindapradaessifigliiecsaioe Beqasioyoiipuhgircudiil eenepréseaiation the

of D?ﬁ%ﬁ%‘ié@‘ﬁ‘éﬁ?&%ﬁ Qg s isieap b g moving faraRtS B A W@k rrect of
processor IS

25 this adjustment does not affect the signal processor 38), and the controller 12

adjusts the duration of the flyback and/or dwell periods 303, 305; most

preferably the dwell period 305 is modified. Of course all of the repetitions of

the sweep repeat period 307.,f; ... 307s10,f; are identical for a given carrier

frequency fi; (step S12.7). In one embodiment the controller 12 has access to a

30 look-up table, which lists sweep repeat periods 307; for discrete carrier

frequencies f;;. Conveniently such data could be stored in the look-up table that



15 arranged to transmit data indicative of the Doppler frequencies to the
computer 14, which comprises a suite or software components 39

W AMWi®SHTé convert the Doppler frequencies to audible signaRCANEPEH06/068730
playback the same. As described above, the Doppler Frequencies arc
normalised by processing the received signals at a variable rate, the rate
being selected in dependence on the carrier 20frequency of the
transceived signal, while the rate at which the audio is played back is
substantiauconstant BoafrsplyathagPS1RroCeaRingigokiYefes a next carrier
components 39 are arranged to ensure smooth transition between
respleavesYidio bursts by controlling the playback rate in relation to the

rate at whick {@ssariiv@nsangendriR‘date Neigakern mecsesel Bytien D of
signal processor 38 (i.e. the 25 frequency at which the pattern of

tranSHRsSI0R-Of @5 FEFRPs SBinRInehLaRUsnts thdVBRF RSviyidye case with
sbetwegtbdithehtd o oM B RN thesaudippirybaekdatsois Babilshiz atieRiance

in the absence of suitable phased-audio cantral, there will be gaps in the
audid BugsetishiicAYsRSYehts iR %@Habtféﬁt@gﬁy%ﬁm&a@%}g srstest of

Doppieh datrrane ywayrateqiigeiing this inde, eCsder Depplelodataeiirg with
30periqds that would otherwise be silent, until such time as further

Doppler AR Hra Tty aB e f AR Sk rHr6RREEF S8R it grder

ensyee ensmeothut2 thy ansiiopnbeiwesrR fdsRestiverselst OftRORIeEslata, 12 is
the comfputer 14 would be arranged tg fade-out previous, and lade-in and
10currSARI R DA HIRHIAP HRRETR ﬁﬂ%ﬁé?néﬁ\fé‘“ﬁwélgﬁfﬁl%cﬁﬁ?%‘?ﬁ?r% end of

couldiRerspéaichyali® dRnweiohan bR eitdheCuikentBxaimpIet steps
6.9K so that respective sets of Doppler data 5overlap; the periods of
overfgcar E%W%Eé%‘ﬂffﬁg g"dp?o‘ﬁ%f&ﬁ} §éf8€fe£rﬁ88%ﬂﬁ¥ ndfrdde RygEent
functiensple thinhaliRngEmaniseirei e dualiamob el alvepetdiens@iiods
the Ig ear ramp period 30éi IS constan éduration D), any set of Doppler

data (EoRUEHOIENGE L BR BN AP fHRG (IR I PR RIHES gAdI s

15procgasessboiaddwveioh sians vaie, cattieh fregadricih@y the software

components, 39 can be configured tQ apply.the same conditions in.relation .
o overtaps LG BAT I e BUBIST dauis (e Hes S e SFLRAgS in

or gahiadniadwakabeeplgelatadirom donatian @) Pguadyaniagasithis 64pus),
arrangement is that it simplifies the Ios%i'c associated with the

post TSk e AR U HBANR L 36 BHEPBN IS Rt Y HRBEh{Cr the

audigveripuhRYesAhS ValyiIBYPRiEeans Mapardicalarieatiirsplidcko@idipation is
system according to embodiments of the invention is that the software

20compitias 44! ARt Lo RHALARNE M dhoStPHERIthe Sigidaf07 (PRE).
ProcassOir& o tad QW&M@G@S ing systemitter T[;a(g( RgiaRghEORItAriashstant

of ta{gveetI? 'wMioc%t, ri)lgetL?‘Irl?%L)l/ngkﬁleissecs)maégr&?irggsoi%eggrsa%%tgrrse that are temperature
dependent.

Preferably the Doppler frequencies are scaled and output as tones within

25 the audible range and at a fixed audio sample rate. Playing back the tones at a

fixed rate is a convenient approach in view of the fact that the Doppler

frequencies have been normalised in relation to the variation in carrier
frequency.

As an alternative to selecting sweep repeat periods 307; as a function of

30 carrier frequency f;, the sweep repeat period 307; could be varied incrementally,

for example linearly, based on the approximation 1+a=1/(1-a) for a<<I. For



20 arranged to transmit data output from the signal processor 38 each
time the carrier frequency - and thus region being scanned --- changes.

WO i MEei4 that the computer 14 acts primarily as a conduit REHER2006/068730
while the data intensive processes of correlating targets between
successive scans, rendering of targets ugpn a display and prediction of
target behaviour can be performed by a 25 separate processing system.
In a preferred arrangement the data are transmitted wirelessly, but it will
be appreciaipt thahamesudabledransaission MerngLaHIdRR S Epeat period
Additional Details and Alternatives 30Whilst in the foregoing the linear

ramg BOPigtipEiseAissheRmvariaiiondin eruldbedd dpesr pretiperiede’07 for a
contrglier g could altgriativsly,madity 15'3613%5‘@&19@ AN RIORERE R riod

linear ramp. Whilst'this is not a preferred method, because operation or
the Sighdbpreveestegae(inigabtitutanitheedationsto i prangssimgbgewdtagted so

5130%) 5%0“!69 NAYEIR O mdifieds odifying the slopg is .2 &%%“ (RIS native -
metfiod when more than one radar system Is being utilised in a given
Sregrdrersiticesthecdiffgremgeimdldf@ssof thedidearatailpmc e mamuseditouency

diStiQgrli'ieséh—b%vevefiar{]egru%m frg 1 'GRE°C tl!l\get aedagoscxéggiems. eriocﬁigfgﬁllﬁemain
shows an alternative contpura ion of the radar gystetnn_’tgc%mpnsmg
antemmd sigectUresall cedrdin @ ffdlembedimepts op tne dn$ehtiofhénnathidtange in

the %‘(%Iﬁgr‘r}%ifi&r (\:/%70 isz%gﬂerre%[ﬂl&%eqobéngidau%l %Héplail" 5 u%%ghDogpler
10being associated with a respective antenna. nthe abovegpassage
10the redeeitysteres Insnag8umed to ¢dppke a separate transmit and

receive amﬁ@”&s‘*ﬁ%‘% "o { 9§q§°§”&‘éﬁ{’ &Qgrﬁfﬁ%' N9 QeGSR of the
the radar system [ could alternatively comprise a singlé antenna structure
701 andndi cir catatond ity cassisi koo wanise therg radfe diivgipriy energy and
compj ' t re transmit ecel fr
stru ttgr%ésY%ﬁ%jEea%%%e%néa%\ge IEtBo %ﬁ%%@%ﬁa%g r(Y }%ie t#ﬁ%ﬁﬁs@%&?ﬁ 1D0ppler
coulénohndesa switthusridentifipmativevarganrgeistiliSihg aignahgpilecessor 38 is
junctj I j [ h Kl

RGO B OISR, e ot
antehhandticiceramoes i wiickicsadhmine apreponerisrd BoBag8bBhdgnvert the

'Ocai%rjpg[&aﬁ@ &fé{'é{&tﬁ%ﬂﬂ‘?ﬁéﬁgggﬂg%nﬂr}& I% AR8IR3ARL ORS described

support structure abutting a corres ing outer edge 53 Ib or another
supporvstribturewias torégrenaisaatennarstdisedrdnaviner ssiggndraliseceived

isoscalES SHARS: HABR NRSURPAUIR LSS RERNG AN AR ALIRYS APHL Ol ricr

another the radar system
20 frequency of the transceived signal, while the rate at which the audio is played

back is substantially constant. Preferably the post processing software
components 39 are arranged to ensure smooth transition between respective
audio bursts by controlling the playback rate in relation to the rate at which, for
a given range gate, data have been processed by the signal processor 38 (i.e. the
25 frequency at which the pattern of transmission of linear ramps 301; is repeated).
If the PRF is varied between 7KHz and 8KHz and the audio playback rate is
8.5KHz, then in the absence of suitable phased-audio control, there will be gaps
in the audio output, which presents an interruption to any audible analysis of the
Doppler data; one way of mitigating this is to recycle Doppler data during
30  periods that would otherwise be silent, until such time as further Doppler data

are made available from the signal processor 38. In order to ensure a smooth



25 can be labricated such that receiving antenna structure 701 abuts

transmitting antenna structure 703, thereby generating a physically
WQAVNOstédar system, in terms of depth occupied by the ante RGA/ERAHe/HES730

compared to that shown in Figure 7. It will be appreciated that other

configurations are possible, involving twey three or several such antenna

arrays mounted on suitable support structures. 30Whilst in embodiments

or the invention the radar system | preferably uses antenna structure 701

desgriprdishd@wudichsasedan JarIipevaNe, 42 BIBPIRr 14 would be

technology, the radar system 1 could alternatively use a waveguide in the

lormPHeR S e frlseChidRr b andifar sdnRdielifaicsrscahioRpler data. As
antennauéiitablecanignnadsuieraaRedindbe Ratant HhR8e3Rf 4l PISPRF

the above embodiments describe use of a frequency scanning 5 antenna

for B e B¥ng HRAIFE RS prciAtEr ke it EBRRgYSRstS Ahfpoppler data

smethrda gestibedialo\ T erelthpecappiicehinhitg RUIROSHPRIpAMAIHARER cted
detection, and/or in the gres'ence of other radar systems, and/or to

courlfdeatt frastfidlie iy equipment (e.g. by hopping between
operating fiaquencemin@rdacte axoilaaiestiomsefs ivtadpeaneaswithuher linear
jamming or, the radar 1Qsystem). The above embodiments_arc to be

undéfSiBo Lo ustPaiives e£aRSHRS SAthReMon B lrtir ShpdaRshtetata

of the danspiad @ ecenyisagedritisiie;bennder siaogthat anidemitPprocessor
described in relation to any. one embodiment may be used alone, or in

10comBihat SATRHRALOTRAL: faGPe SHALBRL Ih PP RSB IB-ASed Incan be

comgpndisarcwith ane 0B enteatkiE s afamyrethesoidhe ampodimasitsaps in
or any combination of any cﬁher of the embodiments. Furthermore,

equitdntERIRUIHBdIESE IR HBPURSRHBEE AP eag A 40 Bl L Rfpralfdpicd
withéiihdlepaitiog om the sbepegt the inventiamantdiehiis efinedimptiies the
i R IR ISR A R R A R T

15 more constant audio output over the varying PRF.

A particular feature of a radar system according to embodiments of the
invention is that the software components 39 are arranged to transmit data
output from the signal processor 38 to a remote processing system, for tracking
and monitoring of targets. Most preferably the software components 39 are

20 arranged to transmit data output from the signal processor 38 each time the
carrier frequency — and thus region being scanned — changes. This means that
the computer 14 acts primarily as a conduit for data, while the data intensive
processes of correlating targets between successive scans, rendering of targets
upon a display and prediction of target behaviour can be performed by a

25 separate processing system. In a preferred arrangement the data are transmitted
wirelessly, but it will be appreciated that any suitable transmission means could

be used.

Additional Details and Alternatives
30 Whilst in the foregoing the linear ramp 301 is independent of variations

in the sweep repeat period, the controller 12 could alternatively modify the



a frequency scanning antenna (701, 703), and a receiver arranged to

process 5signals received from a target so as to identify a Doppler
Wordidagy7associated with the target, wherein the frequeRYTJEPRHML0G8730

is arranged to generate a plurality of sets of signals, the signals within a

given set having the same carrier frequexcy and each set having a

different carrier frequency, the frequency generator 10 comprising a

digital synthesiser (230) arranged to frequency modulate a continuous

wavegsanal e RIpE/JN@E TeaHensy Y wistdURRGE RbMAdelatien method,
patterns whereby to generate a said set of signals, said individual ones of

said §FafeTH OB Fe PEARSINHIRINPICSSRIWet S (In PRSI dRerclation to the

frequeneysrAPINSIINSONEWS A 3R dIHENRETALE, Wikt HhE the slope is a
frequency generator so as to transceive radiation over a region having an

angGRIMVERIERL B dhen Mase bam erafatety fegue heiag Yfiljsed in a given
swhergiiosaidirReetyier isfirangedntosidpadifyabonpiesfrestpneymfosed used to
said set by processing of said signals received from a target for said set.

202 HsEugh S TR QU R SSRGS AT 2Y kRS ein the receiver is

arranged trpieeesa sigorts disativanfsadintisnriatiactadifioraaatargeiem 1
so as to derive frequency data therefrom, said derived frequency data

comfTBRIE B 8o B XPUTHRY 1A G troR s ISR EnAinYTagypntion. in

systemiaceRE i@ ko Gaimidide reoeiver CpMBsEhg isignalRIoSapsing s, each
means (38) arranged .tgtprocess,said tones so as derive data indicative of

10movBfEntSPeRigdardar S te S A Said derived movement data to a
display meanghsaigslisppaysapeansdeinglasates remotasd@nedaid comprise a
scanning radar system, 31 . 4. A scanning radar system according to

clairCBA AL 2 7S S TE S S i hnf Bt VR figsyming
with galdgdigplicly theamdar system 1 could alternatively comprise a single antenna

structure 701 and a circulator 40, which, as is known in the art effectively

15 combines signals that are transmitted and received from the antenna structure

701. As an alternative to the circulator 40, the radar system 1 could include a

switch or an alternative antenna utilising a turnstile junction or orthomode
junction (not shown).

Figure 16 shows an alternative configuration of the antenna arrays 500a,

20 500b within an antenna structure 701, in which each the antenna array 500a,

500b is located on a respective support structure, an outer edge 531a of one

support structure abutting a corresponding outer edge 531b 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

25 can be fabricated such that receiving antenna structure 701 abuts transmitting

antenna structure 703, thereby generating a physically smaller radar system, in

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

Figure 7. It will be appreciated that other configurations are possible, involving

two, three or several such antenna arrays mounted on suitable support structures.

30 Whilst in embodiments of the invention the radar system 1 preferably

uses antenna structure 701 described above, which is based on travelling wave
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wherein the portable power source comprises a battery pack or a solar
panel. 10 7. A scanning radar systegg according to any one of the
preceding claims, wherein the frequency generator comprises a first circuit
portion (210) and a second circuit portion (220), the first circuit portion

compxising ackansidle, ragueaney QaeliaterdBid)aderiiengeskioontRbuide in
signals at an output frequency in dependence on control signals input

therdis SHENQHIMGTREBHBPRAFRIEH YD HBHAT S BSi d eHRPEY SIEHHMIIE fkNna.

basig, qf gl aseivied fsennaarsesopde CiruResson for use in
modifying oge[ation of the variable frequency aoscillator, the second

circuit portidPH&INY 2k ante SR PEBRMSS ARt BIRDUISSigH s BRditfd ¢y scanning

sderivadherei@nmsianalsdahe inpullibsaigptiing MeanIhiNecseGRMstions and
circuit portion comprisin afrequencrgﬁgiivider 207) arranged to generate

signa1s'BeLs ailrrfstberb Ghaney SNk P aRRS Jatp RGeSy, of avoidance

wheRiRdhensesand Giiaul pastiat UMt S AeARSaHNged ta derb®nteract
reduced frequency signals from said output signal, said reduced

freqUEHES E SIAMAESAYBMSTH dGge By NRLRE DR HORATALRS JTRAEENCics

frequengd@ntd avoid detection of, interference with, or jamming of, the radar
10 system).

The above embodiments are to be understood as illustrative examples of
the invention. Further embodiments of the invention are envisaged. It is to be
understood that any feature described in relation to any one embodiment may be
used alone, or in combination with other features described, and may also be

15 used in combination with 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

from the scope of the invention, which is defined in the accompanying claims.



Vil oel Wil UiTue JueuwUJuilTu il Uil PUI LIV U IPI IVied VUVIA Jiavilvy 11 \.\.1\.4\,! I\.I_y

multiplier component (201) arranged to derive increased frequency signals
from the fixed frequency oscillator. 32 30 9. A scanning radar system
according to claim 8, wherein the means arranged to derive reduced
frequency signals comprises a mixer component (203) arranged to receive
signals@uipyit from the variable frequency oscillator 5and signals output
from the static frequency multiplier component so as to derive said
reduced frequency signals. 10. A scanning radar system according to
claim 8 or claim 9, whexgiil if eatlankigreneanspeoimpisesg @ itequanaor (16),
comparator com onentggs(a)t%, Saiﬁéﬁ %i d frequency oscillator bein
arrangdd BRNRLSUHBASHE ALK ciflo BT bR e ATFES S RIBSEy
digider (2048}, readvaaittdrequaneyscampai@iaifh el Mpgirafgedda ganetaied
said control siz%als on the basis of signals received from said further

frequeWcﬁhﬁ #%nd said divided frequency. 1511.A scanning radar
system accorgtgeto tieyfeqgecofyclainsratdo iglaifanged to generate a plurality of

sets of signals, the signals within a given set having the same carrier frequency
and each set having a different carrier frequency, the frequency generator
10 comprising a digital synthesiser (230) arranged to frequency modulate a
continuous wave signal of a given carrier frequency by a sequence of
modulation patterns whereby to generate a said set of signals, said individual
ones of said patterns being repeated within a said set,
wherein the frequency scanning antenna is arranged to cooperate with
15  the frequency generator so as to transceive radiation over a region having an
angular extent dependent on the said generated frequencies and
wherein said receiver is arranged to identify a Doppler frequency for a

said set by processing of said signals received from a target for said set.

20 2. A scanning radar system according to claim 1, wherein the
receiver is arranged to process signals indicative of radiation reflected from a
target so as to derive frequency data therefrom, said derived frequency data

comprising a tone corresponding to said target.

25 3. A scanning radar system according to claim 2, the receiver
comprising signal processing means (38) arranged to process said tones so as
derive data indicative of movement of said target, and to transmit said derived
movement data to a display means, said display means being located remote
from said scanning radar system.

30
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modulate said signals output from the first circuit portion. 20 12. A
scanning radar system according to anyspne of the preceding claims,
further comprising a frequency scanning radar controller (12) for use in
controlling modulation of the continuous wave signal, wherein the radar
controller is in.operafiveiass@eidtiony with ibedigitab synthesizrisa as iadar
modify 25a given seqyence of modulatio tter S '1121 gﬁﬁendence on the

carrier WEGTEREBiee SEGRATBEAL S Eﬁ Yeljith sald Gl Medfhing

radar system according to claim 12, wherein the radar controller is
arranged to modify the duration of individual odulatlon atte nﬁ 300f the
sequence, thereby MSERRANG RS S HSIRASFOFHRER A al§'3 ne O{i Cpprece g
scanningiradahsystamsageardiigetarelasel k8 oscpaine hdhwigxeitbeapbwer
modulation pattern of the sequence comprises a ramp period (301) and an
interveﬁ?ﬁffg&égd, and the radar controller is arranged to modify the
duration of the intervening periods of respective modulation patterns in the
5sequence, thereby mod| modulatlon ttern. 15, A cannmg
radar systemaccording 187 H ﬁg ‘%i WHETI e ?W%ng’dulg%r? ’pﬁ%‘gfﬂrbft ¢
the sequenbe powmprcascatinpascanptperindlanc aotiweinperiod (305),

and the radar controller is arranged to modify the duration of dwell
18(2d)eriods of respective modulation patterns in the sequence, thereby
modifying the7Tmodulatiemipagterdar system according to any one of the preceding

claims, wherein the frequency generator comprises a first circuit portion (210)
and a second circuit portion (220),
the first circuit portion comprising a variable frequency oscillator (213)
15  arranged to output signals at an output frequency in dependence on control
signals input thereto and tuning means arranged to generate said control signals
on the basis of signals received from the second circuit portion for use in
modifying operation of the variable frequency oscillator,
the second circuit portion being arranged to receive said output signals
20  and to derive therefrom signals to be input to said tuning means, the second
circuit portion comprising a frequency divider (207) arranged to generate signals
of a divided frequency, lower than said output frequency,
wherein the second circuit portion comprises means arranged to derive
reduced frequency signals from said output signal, said reduced frequency
25  signals being of a frequency which is lower than said output frequency and

higher than said divided frequency.

8. A scanning radar system according to claim 7, further comprising
a fixed frequency oscillator (200), wherein the second circuit portion comprises
30  a static frequency multiplier component (201) arranged to derive increased

frequency signals from the fixed frequency oscillator.
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duration of descent periods of respective modulation patterns in the
sequence, thereby modifying the modulagion pattern. 17. A scanning
radar system according to any one of claim 12 to claim 2016, wherein
each modulation pattern of the sequence comprises a linear ramp period.
18. A scanning radar system according to any one of the preceding
claims, further com risinP%_an aydio s%stem for. out uttin%augio daba
derived 25 from signals” Eh%\?%tii’fbiyst e A ISR T R
the frequangyd seamiing radiae SYigiencoHighisingompitaalaprigessomponent
arrange('? 155 derive tone data from said receive signalg herein the agdio
system 18- HrPHABEY €9 HESBacIEE QURYEH BN HAR R EgHEIsh O pspator
34519.Acaining dagar Sysieit ataay disgutadiainldfivhemgensndenison
claim 13, wherein the canstant rate is selectable in dependence on said
duratioh“8Y ?ﬁ&@i&é& ?ﬁgﬁﬂ\lﬁﬂ%s fns of the sequence. 520.A
scanning radar system according to claim 19, wherein each cycle of audio

data comprises datg derived from one or more said modylatign patterns in
the sequencall. - Aspanige Tt aiem acdorfnto i s o RIS Whelp
claim 20¢ lfOwhe nabaih e dapa derivaddiienyonenpaiasn @duipdientp@ieynsiid
G S rRY B K s O I Sah Y Ge ff augio data. it

portion via a further frequency divider (205), and said frequency comparator

being arranged to generate said control signals on the basis of signals received

from said further frequency divider and said divided frequency.

15 I1. A scanning radar system according to any one of claim 7 to claim
10, wherein the frequency generator further comprises:
combining means (240) arranged to combine said sequence of
modulation patterns with said signals output from the first circuit portion so as
to frequency modulate said signals output from the first circuit portion.
20
12. A scanning radar system according to any one of the preceding
claims, further comprising a frequency scanning radar controller (12) for use in
controlling modulation of the continuous wave signal, wherein the radar
controller is in operative association with the digital synthesizer so as to modify
25  agiven sequence of modulation patterns in dependence on the carrier frequency

of the signal being modulated.

13. A scanning radar system according to claim 12, wherein the radar
controller is arranged to modify the duration of individual modulation patterns

30  of the sequence, thereby modifying the modulation pattern.
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23. A scanning radar system according to any one of claim 19 to claim 22,
wherein the audio system is arranged tg@gontrol transitions between
consecutive cycles of audio data. 20 24. A scanning radar system
according to claim 23, wherein the audio system is arranged to apply an
audio fading functianstateing data played heaktdiidespelaiive ienes ahian 13,
given le of audio data. 2525.A sca n|n radar s stem accordin

e of SBGFH A 646 G40 RAFEN J1E SOHGiER £ TR S Sb BB SRLa )

be greaier ihaniavaid couiasponding t@daidoduoition @Hm@wdmalhodlfy the

modulation patterns of the se uence. 3 wherein said frequenc
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antennasangd,theraitendyiasadispdsedovipaeihe antenna structure
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
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array ante (ﬂ?atlon pattern of the sequence comprises a linear ramp period and a dwell
period (305), and the radar controller is arranged to modify the duration of dwell
10 periods of respective modulation patterns in the sequence, thereby modifying the

modulation pattern.

16. A scanning radar system according to claim 14, wherein each

modulation pattern of the sequence comprises a linear ramp period and a descent

15  period, and the radar controller is arranged to modify the duration of descent
periods of respective modulation patterns in the sequence, thereby modifying the

modulation pattern.

17. A scanning radar system according to any one of claim 12 to claim
20 16, wherein each modulation pattern of the sequence comprises a linear ramp

period.

18. A scanning radar system according to any one of the preceding

claims, further comprising an audio system for outputting audio data derived

25  from signals received by the frequency scanning radar system, the frequency
scanning radar system comprising a signal processor arranged to derive tone

data from said received signals, wherein the audio system is arranged to

playback the derived tone data at a constant rate.
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19. A scanning radar system according to claim 18 when dependent
on claim 13, wherein the constant rate is selectable in dependence on said

duration of individual modulation patterns of the sequence.

20. A scanning radar system according to claim 19, wherein each
cycle of audio data comprises data derived from one or more said modulation

patterns in the sequence.

21. A scanning radar system according to claim 19 or claim 20,
wherein the data derived from one said modulation pattern in the sequence is

played back at least once in each cycle of audio data.

22. A scanning radar system according to any one of claim 19 to
claim 21, wherein at least some data derived from one said modulation pattern

in the sequence is played back more than once in each cycle of audio data.

23. A scanning radar system according to any one of claim 19 to
claim 22, wherein the audio system is arranged to control transitions between

consecutive cycles of audio data.

24, A scanning radar system according to claim 23, wherein the
audio system is arranged to apply an audio fading function to tone data played

back at respective ends of a given cycle of audio data.

25. A scanning radar system according to any one of claim 19 to
claim 24, wherein the constant rate is selected so as to be greater than a rate
corresponding to said duration of individual modulation patterns of the

sequence.

26. A scanning radar system according to any one of the preceding

claims,



35

wherein said frequency scanning antenna comprises an antenna structure
comprising at least two antennas, and the antennas are disposed within the
antenna structure 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.



