Radar System Field of the Invention The present

invention relates to a radar system and rel ates
wa@pm@aiosiscal | y to scanni ng radar systens that aPEI/EP2006/068730
particul arly, but not exclusively, suitable for

detecting and nonitoring ground-based targets.

Background of the Invention Radar systens are used to

detect the presence of objects and to neasure the

| ocati on and novenent of objects. In general, radar

systens are designed for Radpedyséms application: to

nmeasure di stance over a specified range of distances;

over a specified scan region; within a specified |evel

of aatdiopiby Inandoan relation to a specified

orientation. For radar systens that are required to

scan over Nf grsgentdnsnine é% tey 19et WAV RERL apdrolaienspegdcally to

to S%Efngt ﬁﬁ%%[éﬁé‘ gl Gt HATBARG! | &Tt%@'e%lhgi@ ly, suitable for

requi ring the use of a correspondingly power Ul Vsource
anddstpeaig ind hgrp@singfgramiernsabtardets. i s conmon for such
radar systens to sweep across a given region, scanning
the region for the presence of such objects. In order

to SWBERoONEST thbgveR@PN the radar systens either

enpl 0y nechani cal devi ces conpri sing an antenna that

physi cal Rpdarpystsmisarspeeddo deteciethe presemiecofdbidctseand to measure
conpri Si el ements tha re arranged,to.steer .
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devg&ﬁé3 (F%%gﬁggg%%ﬁg%@gﬂbg,RF sensor and

comruni cat | ecause they do not involve
physi cal Itnstédoomad ferhsicanthdénnsysend t@r eveeppabdse aofiven region,

moving a beam rapidly from on
scanning tﬁe reg1onptlor tl}/e presence OF such objects. In order to sweep over the

W

region the radar systems either employ mechanical devices comprising an

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



position to the next. Wil st radar systens

i ncorporating such devices can provide an extrenely
W@ewansme4 measure of the position of targets, BCPERWDENS730

wi t ht hese types of electronic devices is that adequate

control of the beamrequires ten several arrays of

el ectroni cs conponents; this ihcreases the physica

size, conplexity and cost of the radar system Another

group of such electronic devices is frequen scanni ng
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oV chigpleRity snd At oftthte addar kystamot her pl ane, as

described in US patent US4868574. However, a probl em
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appreci ated that. the varlous kngwn stens
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cost or \NEI t or size are an issue. Surrrrary of the
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1oPT e ent inve there is prqvided a scanni ng radar
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pl ura gna , eac Set havi ng a
dlfferent characterlstlc frequency, the frequency

generator conprising a digital synthesiser arranged to
]5nod§E@§@Qéji¥ﬂmiﬁkﬁ% wave signal of a given

char act efj StbGalRMRACY Y ArREIUENGE RECADIHERA UL Mhere s

of patterns whereby to generate a said set of signals,
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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



The inventors of the present invention have focussed

the design effort on | ow power radar systens that are
w@apabsa7of detecting and | ocating obj ects novPEGERI0061¢58730

the ground, and to this end have conbi ned digital

synt hesi ser techni ques, which are capabl e of precise

frequency generation and control, w thpassive

frequency scanni ng and Doppl er processi ng techni ques.
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detectabl & signal (as a power

with Doppler modulation that are associated with mechanical scanning radar
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 Smip is the minimum detectable signal (as a power
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
while for larger targets having a cross sectional area of the order 100m’, the

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



value), Pt is the transmtted power, Gis the gain of

the antenna, Ae is the effective aperture of the
wa@niogisa7eand s is the cross sectional area of PEEEP2006/068730

target. For a target having a cross sectional area of

approximately InR2, the maxi num range Rmax is

approximately 5 km for targetS such as cars, which

present a cross sectional area of approx 10n2, the

maxi mum range Rmax is approximately 9 kmwhile for _
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reduce S1111n or increase Pt any further to have a

et ST B PHAELA SRS AR SINGRAFOAS YRR (L the power
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source, an advantage of designing a short range radar

systham tenvehigenal hredgowepicelbyucawt: t oComsageantly the weight and

radi ati o pthin a range of tens of kmrequjre ess.

107 oEShiRE MrshoE 48y BARH s Rhes: S¥insPient ST ol Ffired by
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a butHicdieng or upon a vehicle). A further advantage of
enbodi ment f the invention |s that frequency
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arrays or mechani cal steering antennas. are
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are re i vel mal | a light, respectively. These
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20wi t howered dy vehixehwlsuth Val tattelygasear pankl gt eahjclg battery (c.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



as a 12, 24 or 48 Volt vehicle battery. In one
arrangenent the radar systemis arranged to transmt
W@ 210805744 cati ve of radiation received and pr oREEBR06/068730
thereby to a renote processing system for display,
review and interpretation at t;e renote processing
systeminstead of at the radar” system thereby further
reduci ng the processing and control conponents
required by the radar system Advantageously, and as
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iscrimnation between sna rdgets that nove an
| ar ge as tPhbdeohacked tlavopes snthddirsts ).k fbuwh wynbleSe@rensy oscillators
utilise fixed frequency source (e.qg. in the form of ..
" cieteafly Geif RiestSR e Shotn noRalpiegy urdl € § dithen
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abl'e

that includes frequency dividers and a vari _
f r etpeeivey fomeithd signal gemeraiaeniricbidand thermfissr r d a wgsals a signal
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the out put signals, and phase | ocked | oop synthesisers
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from a stiat ifienaciycdipgfiion camprising us evariables figg@dncy oscillator
processi ng conponents and appear_ as a npvi ng target.
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circuart portion and a second circuit portion,
first the rhasistofpogndlomecorgdr freindic aseeand abtet fhosguefiryuse in
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thereto apdcbéiti BScUTERSEoRDERBIRANEQ BERRERE Raid@ufbut signals
control signals on the basis of signals received from
20t heark todericd thetdftonp signplsriofley inpyletd spidubenifg inmgns, the second
oDeEf%&ip ;r)lorggn tc'c?r%p%{%ﬁ;i; 4 re%ugﬁc%q&{\gﬂgy ar?a%n%ie!i lt(? tggr{e’rate 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



the second circuit portion being arranged to receive

said output signals and to derive therefromsignals to
wheoorpr4 t o sai d tuni ng neans, the second ci rRCI/EP2006/068730

portion conmprising a frequency divider arranged to

generate signals of a divided grequency, | ower than

sai d out put frequency, wherein the second circuit

portion conprises neans arranged to derive reduced

frequency signals fromsaid output signal, said

r ed Ge/BBIIfop fatie {reqipaalmulBpligigandfa gixerevieh ©popdifterso as to
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osci]lator such as a crystal oscil|ator or SAW
( SUFFEHEPRLBT &% BPIESEY Serievaths, lixadmseilajsy diprpensy, so as to
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signals that are input to the frequency divider of the
secgetraey gad corponl signals (Thideflomn hé phdseemoe nigpald] i medify the

associated with the first circuit partion js enmployed. .
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generator. In relation to the second circuit portion,

t he fregepge siéviden wihddy meansethpl by eanaust of apuidpiigatiom sequired by
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are syncBimeniphesd noyseds péradert @ipR¢ amnotint bwhiigbh the frequency of

gener at es said,con&r?l signal s iin the form of i
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circuart portion sérves to reduce the frequenc
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dependent on the anmount by which the frequency of a
20gi veenvsngersl airsngenienispl i ed, substantially | ess phase
not se | SEere%aglp};, tfler}eftolge? the inventors identified a specific arrangement of
components which minimises the amount by which output from the frequency
source is multiplied, and thus the amount of phase noise that is transmitted.
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



signal s generated by enbodi nents of the invention
conpared wth that generated by conventional signa
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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
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.

In relation to the frequency scanning antenna, the inventors found that a

particularly efficient antenna (in terms of level of complexity - relatively low -
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responsive to inputs indi.cative of the,respective )
1010 STHHE Tt ParsCymE galip SERNGGY cBpray A8 bpE Eipablc of steering a

f 1 eghden Myoqubdty’ Béath it6Na tuhie bf REIMEBSY agdaNAb&\d the antenna

antenna, the inventors found that a particularly

ef f PlEyGEYE, Higt anenna(stictuse gempFising\aé|lcast twe plagdnigpnas and a
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the travel 1 ng wave enna. I'nventors were then
f ac edayhiitontidsearp Kapbah whiah the hhitgwed btrutgureaveh ént eitnantenna
only radi ates qver .a relatively narrow scan _ angle as .

15t heSTYdGancgpatec ehaltgare athsrd 10 Hiffst igetenesing ape oF said two

over Bﬁ‘t@rﬁﬁaﬁ edtna Nt es&%ﬁng AUWAnPR #$&8nd Ih8Lc! H‘l}ﬂ?&%lﬁ k& said first

realised that two or nofe array antennas cou
ar r angjedising thootienol sant oraraytantennay.e, and t hat, by
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20s c ahednm gerapt @ perdiguous 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



structure for transceiving radi o frequency energy and

bei ng capabl e of steering a radio frequency beamto a
wbwrasidsty of different angl es about the ant enP@/EP2006/068730

structure, the antenna structure conprising at |east

two array antennas and a contr&IIer for controlling

i nput of energy to the two array antennas, wherein the

array antennas are di sposed within the antenna

structure such that the antenna structure is capable

of 8R@B3T 18goAS. bERANG Yrangeinest the mejius nipgnh ip eraceable & gnds of

t wo ,ar .an eering..

angltB ArRArERTRR B o R ERLARiGh WA beahuSFERitaor

of sw@ihdad whataddsagbantboveas. sd as abercativangamntompasing radio

antenna structure is_arran g%rto steer a beam across a

pl uFIEHHRNGY ey nalcd YRy HgtamafreAugiciitsin HRer fsteer the

sanother to steer a beam across a contiguous angul ar

region. Conveniently the antenna structure is capable

of st eer Prujerablyeberc@crodissisarfnget toriggmgenagy angdcesdapee with a

first angul ar region) using one of said two arfa
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of aﬁgb@%e{ S8660d BRPULAL, 108 Bk AAPleURpDEink B NE% Mt end of

said two array antennas: the first and second angul ar

r egitenBrsbentegnalipfriysrieputiing redergy| toex firsedng of the rseegndaantenna

scan_regi on_ of an angul ar extent ater than. that

10achf11“er%blln8u%ng hCOCRRE O LS5O teé}'qngf glPer gg;/cgng anténna array, and

Conupiiteidtdn¥resas i sé@ind ead batheab @ldNAtGANRFrhyp S | nput
means for inputting said energg thereto, and the
control | &t relaioare Sirgealiewalippat themsiegya sticnus paelt.itheantenna
ar r ANk ennasy iy b ALEELHIAANASAT 419, BRkM il 3is end o
and secon ang?es. re speC|¥|caPIy, each Input nmeans
I s anfigogeddxio pemppudiceae g waidolongspiadli asgs: ad fayt of said array
antennas so.as tQ steer the beam across said :

15c onfiigiRAsPebIE MMt t5riguldas sl rept edgi sBilstransiergs axis and a

ar 1 QNGRABALaiG BRal Qxﬁ%’%nag%@ﬂ% ihdine@2NEGd 8RbEd Bﬁ’%l@ M%is%{tﬁ said

the antenna array and is I operative association W
a f tregpyerscy agener Maeoversubh asstt hed shescd | bed) aboemas are

0 as to regeiyve signal onpri Si radi o freque i
energymaticay dishesed gout et PapEilinlr St ARt @en; of taid array
or dﬁﬁteﬁ&ssé&lﬁfrisw%w@e@ﬂh dRaehey §f@ll¢:yp6rﬁ&1s9 %%iﬂ@'ﬂo@t'ioﬂ of said

a

arranged to input energy in accordance with _
20 second array antenna substantially abutting a side portion of said first array

antenna. The extent of the scan region is dependent on the physical relationship
between the two array antennas, more specifically on the angle each respective
array antenna makes to the transverse axis. In one arrangement the angular
extent of the radar system is substantially 80 degrees, but other angles are

25 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.

30 In one arrangement, each of the array antennas comprises a mesh

structure and a dielectric base. Each mesh structure can comprise a plurality of
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said first and second angles, the sequence conpri sing,
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first antenna array, inputting energy to a first end

of the second antenna array, ipputting energy to a

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

i t s&ltgreonngsted rlaneids smpodied pe adag ¢ eiiwhstapt(Pgmpenly called a
cha | [ . I [ ' Xi .
tr afggerter 25 o bELTRicRl e ARSMEEH TRl SR Rsponding
axi sdid dididctisd bazt. sai d array antennas being inclined at
said first angle relative to said transverse axis and
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secongde ARG IsRick BhPEAMG iR SBbnkT BREYUELAE RYichts comprising two
d

Moreover, the tirst and secon array antennas are
synedts ahivy edissgfosgatcavolengthbetht dengitht uflsaidisidax bsingragieater

each of.  said_ array, ant enhas conpr, se ends a t
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first array antenna. The extent of the scan fegion is
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I'n QA@haRLh@ngeeftrdRe angigemente i nicsRf widie bLAdBE sides are
systemis substantially 80 de%rees, but ot her angl es

ar ePpesspively, decagigechdront dip eoligegl Besmeginte gagy esgective end

120 4flegireagn L Rﬁ@édﬁﬁ&”ﬁ. i‘ﬁk%égeely j{ﬁ{)@&ﬁo@aﬁ (8RR, 9 will be

the antenna arrays wthin nna structure.

Fur agtemice thdehiapr@nds sédnvetigitemean dieotwaling tiengdance
as tﬁ i ncl ude nore than t array antegggs, t her eby

f ur e aNFERRAEDHYemAYs aRgythua thedkidiine Briating Priday

system 'Eﬁrtﬁ’é}efeétﬁfeé%ﬁ%%ma%%c& @ ifRGi8H WY RESREABarent
h a diel Ea

conprises a nesh structure a I el ectric base.
mes frost tha dolinveng descciptipn b preéermpidienglodiments of the invention, given

of i npterconnect ed el enent.§ enbodi ed.as_.a mcro,circuit .
ot 1 P BoRngATTe B Fedh e omad: Fi eaieEd e secompanying
conyeRyigst | y be disposed on a surface of a

correspondi ng said dielectric base.

Brief Description of the Drawings

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
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;

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

array utilised in the antenna shown in Figure 1;
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and two ends of respective lengths, the |length of said
sides being greater than the Hzngth of said ends.
Typically the length of the sides is of the order of

one wavel ength at a m d-point between said first
frequenc¥ and sai d second frequency and the | ength of

t he endsFigrofbting swhemptiofiagren KhowingfangHer waber et lof an
at [ I t has a
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the resulting, radiation patte rn Furt her features and
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the invention, given by way of exanple only, which is
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Figure 2 is a schematic bl ock di agram show ng an

ar r angenEiurof is 8rasbereniicsblosk diagray shonipegompoaens of a radar

sho ‘[éI‘H agdog%{lg tol}ret ahgtﬂ reen%bdcﬁ’ Bt (—.‘Eﬂ%rﬁlogl agram

show ng a no on pa tern use e frequency
gener at oFigafe RiOgis @ sthembige reﬁgﬂaemnga dsaahﬁg&thbmﬂ:g @akantenna
dlagran1shOMAng,an alternative arrangenment

SconpEHAHE SOBPTIEINE the, HEARIR e PALETIIS Ad /AP .ﬁorpisa g @ny of the

F| AW Br %gtelngs S%%nﬁﬂﬁ“lrfs, ld'6 am showi ng an enbodi ment
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an O%rrl]tgrrmaes%%{juireng Plt: igl?rfe l%lj

Figure 12 is a schematic flow diagram showing steps performed by the
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;

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.

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



antenna array utilised in the antenna shown in Figures

1 and 4; Figure 6 is a schematic di agram show ng
w@omposiam s of a radar system according to an PCT/EP2006/068730

alternative enbodi nent of the invention; Figure 7 is a

schemati c engi neering draw ng Zhomﬁng an ant enna

structure conprising the anteﬁ a arrays of Figure ba

or 5b for use in either of the radar systens shown in

Figures 1 or 6; Figure 8a is a schematic diagram
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di fferent output frequencies; gure 9 is a schematic
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I's a schemafic engi neering ramnng show ng

an anthentha sstuenat the suffianpmchided. t he antenna arrays of

Figure 5a or 5b for use in any of the radar systens

shown in Figures 1, 6 or 9; Figure 11 is a schenatic

di aggimeg MR HgiohadiioshiRri tted fromthe antenna

structure of Figure 10; Figure 12 is a schematic flow

di agr am Efevw rigSIQIVESpS Todarf gystasal lbychn@ingdnt ¢mb¢déments of the

Scan SYS

1057 *FRgte s pighe & Doy PR ARafirel o 2N g, e
propewsi fair€S asd @bbstet N0I @4 Aein@Nark4hedd 1th 6}Jﬂ§mlé tp8dher to, and
nodul ation pattern; Flgure 14 is a schematic bl ock
di agp%rﬁﬁlcstr@b\faomjolc@ﬁ%oﬁl@npgntﬁﬂlea 1r2adéfﬁles§ﬁ§1ﬁr9H¢raé%o¢0@mges a
to \Y
o HkroBROLRGE TR T lobiE hil ST B Hercby.
rad affeamtyeg&mmmgohdmot Qigaaly ehatd¢dufe nle:nRFeﬂ&prénm;e Bburce, or
of the inventiaon; and Figure 16 is a scaenatic

15engPigBdracAgr At KPP hencasy &l 4 dreqHion/Edap vy, and this
str Hgtfpyf 8o MW deS bord BE sRNLRANR Al aAWBifefs J0, IHU& Afenna 22

or 5 use In
(whilst the Figure shows a switch component 18, it will be appreciated 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



either of the radar systens shown in Figures 1 or 6.
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34 conprises two inputs: a first connected to the
20soupng ¢o tauseahd cutmie doom the VCO 213 to stabilise in dependence 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
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arrangement as a SAWoscillator. As stated above, an
obj ective of the design of the RF frequency generator
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t he out put signal FOUT- AS will be appreciated from

earlier parts of this specifiﬁ tion, multiplication of

t he phase noise of the referencte oscillator and phase

conparator i s dependent on the magnitude of R and R2,

so an objective of the RF frequency generator 16 is to
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20 next ramp 301,. The pattern repeats at a predetermined rate — in the present

25

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
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
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Whilst the signal generator 16 could be used to generate frequencies

within any selected range of frequencies, when used as 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.



dwel | periods 303, 305. Turning back to Figure 2, the
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antennas, one 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 inputting energy to the mesh structure

501. Preferably the antenna array 500 also includes a ground plane. The input

means 507 can comprise coaxial feeds positioned orthogonal to the plane of the

antenna array 500, but the skilled person will appreciate that alternative feeds
25 could be used.

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,



signals of various carrier frequencies.Wilst in
preferred arrangenents the first and second circuit
w@orosnrss 210, 220 of frequency generator 16 aPE&I/EP2006/068730
enbodi ed as shown in Figure 2, the frequency generator
16 could alternatively be baSjg on an arrangenent
conprising a plurality of fix frequency oscillators,
as shown in Figure 4, one of which is selected via
switch 400 so as to generate a signal at frequency f .
Judheying fis#| keeniiyestgateh bapohe grtiang end idgwcaibed éi &é%@@tent US
0SCh |2ba,t6§§ éﬁff%e t@sa%ir tégtttﬁlt le?lgﬁll IL loﬂh% .rs}deF”% ?ﬂ B (}fqgé ortdre]reof one
frequency generator “1o can 1 Acur m ni mal “phase nol se,
si nalalvélh@gts log & et eartiﬁkﬁeefqﬁlhdﬁan tahy the lengthrieodthe tegésbS 11 is
oscil | ators. However, this advantage i s acconpanie i
a c8t Fh@%é‘ﬁcﬁq@fdl\gffi ofi thapiayeiength pb IRF MR carFieh Boqusngigs. Tt will
nea ; - : CRyq |
Tl A L P T a8yt mesh
Wi t hordigueativas o2r thaatreat@gular end plaeartaanibagsaf. t he

carrier frequenc 0 achi eve optimal beanmm dt h .
i 't 11 bul AN, WA rapuTel P PHPB ACORCE doh Spesimens of
Wt hieﬁn%’rﬁioh?@ﬁ?ﬁ curkdnt W Tdd (RQugp gﬁzee&hﬁlt flicfuroR”t BE feed 507,

foregoing that the antennas 22, transmt and

r eceivents aelisatg drough thegpdndéla, o lilhpue isipheassl withfone another.

' f Ci €s; dingly th t 2 32 :

S B B Sl S AT G 509

pret@eived fRimbadi diEN 1, 1atdTeanf A@ateaNCknRaBNAORE ANiBRNS]17) and
is enbodied as a travel ling wave antenna structure

conpirlits inig twee criaen tlopgocaghritaving im AT férestigihand being out
ant RO, LAY, %%gotkﬁgf*. N8 ISSIH?MSHOGJHFI{I e 32 thd RidRSF the mesh
arrangenent, tnhe antenna array conprises a rresIlw

st r uekingeubSilleaDtBaa 2dB e liepiogissibals aledbfdsaalntomate icaptt of the

means 507 for inputting energy to the nesh structur
15501 meph & %%CEEF%PG%V@ f‘é‘ﬁ?‘%‘ﬁﬁ : gfterf‘éy oftsetivgly &lqrff?émadﬁ% Feagth of

gr oynd;; Rk an 8a, 2-[39 ﬁioﬂﬁﬁ'& cgﬁl?enoc‘f RO %rr&;aﬁm%%'@?si 6?1%% c H@ﬁ(i)l%kerred

feeds positioned orthogonal to the plane o
ant emaggearcnathe 50@nndhcrn ichemisldidd asd mpiercancusiiip.

apprect ae et Altetrali e feeds spuld be et Ut o
St I UgbblliterPdr GEMNNE6S vall RbW & dds¥rifdd WRE tdB@HE@Io Figures 6
i nterconnected el enments 509 that are

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 Al and a transverse axis A2, which provides

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



di sposed on a surface of the dielectric base 503; each
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The arrangements shown in Figures 5a, 6, 7, 8a and 8b relate to an

N

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
25 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



t he antenna arrays 500a, 500b. Referring also to

Figure 8a, the two planar array antennas 500a, 500b
wae@7diapbsed within the structure 701 such t hBE€T/EP2906/068730
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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»; Ibp 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



The arrangenents shown in Figures 5a, 6, 7, 8a and 8b

relate to an arrangenent in which the antenna arrays
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respective antenna arrays. However, and referring to

Fi gures 5b and 10, each anten ? array could conprise

an additional feed at its oth end (li,2, 12,2)- Each
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f r egfenay 3% gubodied shedruetyee 143098 seseivengyadiatipbuyhieh cerpesponds

ant y.: 50 ' t At he.diregld f

ani Seg (Ehb it iRl SRR AN J iR B ey 6 Fhure

t hi sr 95 thadignakecdiyed g prasanamicafre 108 alt @poEas haker 34,

each of antenna parts 22a_and 22b. Turning to Figure

11, l9gethen vide thee WP Sautpomeldgi NG B8Py eenardter ilApard, in
f ee ' - @r t ' i-t-Rj .
S S5 RPLAE il S ERERORIRA A Bk o 86 o PAL BB TliRbr4 i
douliddethrough mi IADOe3G@pppeciuat eddibitced thtermhaliggdiraguency (Fig)
that. the fre uenﬁ% fout of sigﬁgl OUIE%t fﬁon1the

si gN&l®'genBPp: grthg gep RO 1%ed"HyEr _‘Bcc} ¢ Feivge antenna
12. shit@ddiosi Rpet @R uh@r! dddtol BE tHUERkoAB: 8Ndvik &hich 18,
of the ranp as described above, the controller 12 is

ar r anged foothsdransmitting pfiteanaesituoigt 783§ dus ewprsi @uring the linear
f regquenc e ranp pattern has been repeated a

. af t
lospeﬁnﬂfg%uﬁdﬁ@%?6gf times for a given carrier

f r equencyhé exaappeseRbr 386s abahdaileatvaitbadicdess @peyEimmable
In one arrangenent the values for the carrier

f r etfiRehesntiodar BFd-(and erdyality srhsaltveisiconypopeits, avhich run locally

acc ' 4o - | . (8. g

oG o0 R A GRR b Sieh el i TG by PR Bimputer

bei ng pat twitioh asiret orateqi U€ng athe progriataiayprd@AaminQOnguage

Operation of the radar system 1 descri bed above w ||
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the controller 12. At 'step S12.1 the controller 12
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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
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enbodi ed as structure 703 for receiving radiation,
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or 9, the signals received by antenna structure 703
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fromthe RF frequenc ner nd, in_accordance
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to The ss gadicvpd obessaompld. tknercgéisedigloats thie AbL...Af, at a
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2OPLC1 §@11 will be processed a predetermined number of times (corresponding to the
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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
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



As descri bed above, the radar system 1 operates

accordi ng to honodyne principles, which neans that the
WO paogsmd at e Frequency F is equal to differ ene@BEP2006/068730

bet ween the received signal frequency and the

transmtted signal frequency. bn enbodi nents of the

invention, as will be appreci& ed fromthe foregoing

and Figures 2 and 3 in particular, the output of the

radar system1 is a sequence of frequency sweeps 30I
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10 andirbEaRlnd BSet Byl aP ripgt st Ferfbeq (commonty
t hesgeded {eneme POCARCPOHION FleqhthcgdS@RE)AL & (W EXumple given
different tones f1, Af . In view of the fact that the
si gARAvS, st Witk refeishee tod igires thanisawntivglly $foidesAceqidingly, for

SI g S .
or oehe PRASTTABactopd PRl SRR hoEeraman g of
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for exanple if,tne detection regi on extended to 4.5
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34 at: -= 30 ns fromtﬁe start of tra]?]sm ssion of a
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clarity, one processin eriod 13Ch,. the si | . .
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20ac hixaneplebihesdongl iang aspuming clbf veeghal caapleasel iaf 2 givenf gprrier

at ?requency to comprise the 512 linear ramps 301,...3015;, transmitted at a rate of

wn

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,...3015;» have been



predeterm ned sanpling rate. The sanpling rate is
sel ected so as to as ensure that phase shifts of the

W@ e@nesi4r4 ed signal, which are induced by noviPQGI/EP2006/068730
targets, can be captured. The skilled person will

appreciate that this is depengent on the ranp rate,
since the Doppler frequency i

dependent on the

frequency of the transmtted signal: Doppler Frequency

2vfc/c [Equation 1] Thus, the output of the ADC 36
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ackr o biguta dAsthis me@ms &fat step

particular value of this carrier frequency f;. In preferred embodiments of the
invention the linear sweep period 301 remains unchanged (so that the effect of
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
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



above, and with reference to Figure 3, this is
nom nally 8KHz. Accordingly, for each carrier
WO e@guemty, the signal processor 38 effectivel RCT/EP2006/068730
generates an array of data, each row in the array
corresponding to a given procgésing period 1301 1, and
each colum in the array corrésponding to a given
range gate. The FFT out put conprises anplitudes and
phases of various conmponents of signal energy which '
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above. Fram EQUAL HP ﬁlelcon't 11 h3 iDelBRPY @&safo?céohﬁgﬁrations in
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15. 39;'12 rets?llt ]’[171é ?egm_%ergt%pe gte l[11(:"er t%etmesml:l)&)grp JFS Es maintained at a constant

level, which, in turn, minimises the variations in parameters that are temperature

W

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



frequencies, for a given target, which vary by 6%
This equates to a systengenerated shift in Doppler

wo e@genty of nore than 2 semtones, and a varPGI/EP2006/068730

anbi guous Doppl er velocity from 70nph to 79nph, which
can conplicate the task of renpving velocity anmbiguity
fromtargets noving at these ggeeds and above.
Referring back to Figure 11 it will be appreciated
that in certain configurations of the radar system1

t heﬂ@afrxrﬂf@ﬂe frequpien 63nge ljSLﬁﬁaHx rolr% 1z, nffﬁsuswem repeat period
caudh Pl entF IR sl ds s aE T EBE ufoons, S B poy ora

t ongarfitr MREGentPIT 12,5361} toMAHe f!}'{?f}_@r inng! the EReep repeat period
controller 12 is arranged to nodify the sweep repeat

per BOd @O Ar{ariramespes Bpetdn tho WXfenscpfehxsy)mWh tehstected so
the swee repe i on fr uenc op rtlo to.th

Scar AT BV @fﬁp&i?et“teﬁ% Ks and é%(f 63 y/g Frfgsttweeaﬂve -
SYSmER! ﬂhg S%gﬁ k %é%lOEWO‘?'lQ galk?&FHls&‘ateE} qufh% clt?ﬂertffe'qﬁency

nmeans that step S12.5 perforned the contr ol
in W@h&tfdheﬂuwmanmmeﬁoﬂraQMém@yhéqﬁOﬁmﬂngqmeddsﬂ3ﬁtepnmn

S12. 3 d | at

So7ehepreRE A T iR VS REb R o%iaf o7br ThelGhsRigee in
f CJ DoppRRr ﬁf&lh@ﬁdye% ehosidueat $o ofo. Z%Gaﬂdq\fl@éqtahfbﬁ%dohﬁ Doppler
l'i near sweep period 301 remai ns unchanged (so that the

10ef f selpcitf varieis droady fidmpete 7YB@phnot af fect the signal

15

processor, (?%S%I'lba :jyb%)gg £ r 0| Ist m ?.(iCOIaCP 3 émﬁja%meﬁ%of the

duration of ack® andy we per od

oS invRfigdresaabd onvidienttivied hseﬁeﬂslr @@hsaél'élmg&admed’re‘quacby dobrgy and
course all of the repetitions of the sweep repea
per PBECSOE e @me so eo?e.oztwna%dlblﬁemreéamm%} of Doppler

giv r
drboaniaslc chd RERHRE by R PR, e o Bl Bty o9 o
t abheangatlitc rahsrsit ﬁa&\ﬂﬂdﬂpam&p{ifahe peppled sredichcick oo the computer

dis rete arrier fre u s fCJ . Conveniently such
dat d4cwlich CBEPES e Hloh Wﬁf&oqentpﬁn%?@ aftgagqdgto convert the

accg%ﬁﬁq r B¥qddh@ic e hifble&lorils SlaB pgly%aaq th\é’f&%lle As described

identitying a next carrier frequency fCJ

desebdvise dhabinppler nFreqlcaties nare mOﬁmghlsed iy pr&bdeesumg/ ghalrgceived
of s 7 1s ref

d ti Sl bl t d
conSehfl alparab Gaats ol aBRE GFEACLn Ao ) tegaricr

201 NVeRELRByY of e ﬁ%@@vécﬁﬁgﬁdl, ﬂ'ﬁﬂé % RB@7at Widkh @& dudio is played

25

30

accor dance ‘ ‘
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
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
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



with carrier frequency fCJ , the duration of 512
repetitions applied in respect of each different
w@ 20008174 r equency varies; thus, of itself, theCPEP1006068730
associated with 512 repetitions would not be of
duration D for all carrier frgguenci es. In order to
ensure that the duration is néverthel ess constant, the
controller 12 is configured to wait for a period equal
to the tinme difference between the end of 512
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means that the average transmtter dissipation is
conétoagspanding th degvendentcrdfequendyds; ) wrbarripe phide sigaelgprocessor

repeat_ period 307 (PRF). As result.the tenperat
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paraneters that are tenperature dependent. Preferabl

t hetimopprrder date trinasche smapet @fcaticdap ahgap Gipaitvays be @ﬁ%ﬁlated
i t R audi\bl : i adi
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Doppl er frequenci es have heen nornmalised in relation
5t o feee gnistast Mo PHPELRYETr B i@ EREy. As an
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a function of carrier frequenc sweep repeat
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e o 0D SRPIES TR S5 T
17. 2f3imonttoAnS WeaRobRPERiosPBFI@8bly 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



307 for a carrier frequency of 15.5GHz coul d be

140. 658, and period 307 for a carrier frequency of
waze03@37€£oul d be 125nms, while the sweep repeakCPEP1006068730

307 for carrier frequencies between the extents of

this range can be sel ected soggs to vary linearly

bet ween 125ns and 140. 65ns . for the first

alternative - where the sweep repeat period 307 is

varied discretely as the carrier frequency varies -
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the receivegt sh@rapsssadesahy andablysiehali eis 4s8emE@E® comprise a
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of f¢RArate HaRwal Yickircseiyn antenighitiusturgd0t.a08. dtowgvies iind hening
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Pre rocessi ng sof tware cofrponen
aresmmmwﬁgﬁn mgianaumﬁu@nm@thhkhansndkﬁ@w@eﬁwﬁemn effectively
respective audi o bursts by, ntrollln | ayback

C
15¢ at EOTANFRPERS ANELGHre HANHHRITED gnd RS Y ¢ GhipaRA structure
rangg; 9ad Gy aﬁafnan EHB LR RIROS Rl %?Ja{%msn%aid include a

processor 38 (i.e frequency’ at the pattern

of bWHaCISF B aﬂmerozitniel mﬁamar aimpsnS el tuinst@e jepéaab ent) orthdmode
the.PRF is varied between 7KHz and 8KHz and the audio
playﬁﬁe &5? q¥8Y8. 5KHz, then in the absence of

sui t abl eFphas el sl 4h ARMARL cohMEIr8iM bl thD8n@ARSarkdys 500a,
t he audi o output, which presents an interruption to

20any 580k imthen amangsegnag, stpfictynge/01, 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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20 3. A scanning radar system according to claim 2, the receiver
comprising signal processing means 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.

25

4. A scanning radar system according to claim 3, wherein the radar

system is arranged to communicate wirelessly with said display means.

5. A scanning radar system according to any one of the preceding
30 claims, the radar system being arranged to cooperate with a portable power

source.



since the supports of respective antenna arrays abut
one anot her the radar system can be fabricated such
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transm tting antenna structure 703, thereby generating
a physically smaller radar syﬁgen1 in ternms of depth
occupi ed by the antenna struc conpared to that
shown in Figure 7. It will be appreciated that other
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8. A scanning radar system according to claim 7, further comprising
a fixed frequency oscillator, wherein the second circuit portion comprises a
static frequency multiplier component arranged to derive increased frequency

25 signals from the fixed frequency oscillator.

9. A scanning radar system according to claim 8, wherein the means
arranged to derive reduced frequency signals comprises a mixer component
arranged to receive signals output from the variable frequency oscillator and

30 signals output from the static frequency multiplier component so as to derive

said reduced frequency signals.



froma target so as to identify a Doppler frequency

associated with the target, wherein the frequency
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t hegefaramsaidaiodtrdesiprasl ofi itk bancyf sighas camepred dramg sad further

tone correspondi ng t.o said target. 3. A scanning radar
sys @ﬂWﬁ@%ggﬂ%ﬁén&§ngﬂﬁﬂﬁ? TCQUHRY ecei ver conpri si ng
si gnal processing neans arranged to process said tones
so as derive data indicative of novenent of said
target, ahd té scemmsgiadassystbngaedondnl oaemmgtol ¢l 7tto claim
a display .nmean sai d di spl ans being | ocated

107 b0 P s R en BReh Rt SRS ORERE 4. A scanni ng
radar sysé&apinaiC aledh@rritecdl & BdEbinvhalEseyuche: bRdRsdulation
systemis arranged to communicate wrelessly with said

di sprtignnwehsaidsignalsseusinifiog thedipt dieattaertiicsr 4 tadroggency
any [ i . r r system
beiHgﬁng%ﬁggﬁg@%§§@g%gg£§gﬁ%§ﬁﬂngm§5PﬁgﬁTe power
source. 6. A scanning radar system according to claim

5, wherein the portabl e power source conprises i
Dpattery pack &rSanaigedpdasasyepm aecoming tondiynepier %fg%lp preceding

SYyS Eﬁ%@,?ﬁ‘fgf&lﬁ fHe ﬂérg]c @H%Sr LIRS al B RGRAENY fr%JingcJtn@ scanning

ul ) |
wher el n e frequency generator conprises a fi

ci r entetnapgructuye famdaracgeingadioifraquetcyparetdyoand being capable of
steering a radio frequency beam to a plurality of different angles about the
antenna structure, the antenna structure comprising at least two array antennas
20 and a controller for controlling input of energy to the two array antennas,
wherein the array 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.

25

13. A scanning radar system according to claim 12, wherein the
antenna structure is capable of steering a beam across a plurality of non-

contiguous angular regions.
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20 19. A scanning radar system according to any one of claim 13 to

claim 18, wherein the angular region is substantially 80 degrees.

20. A scanning radar system according to any one of claim 12 to
claim 19, wherein each said array antenna comprises input means for inputting

25 said energy thereto.

21. A scanning radar system according to any one of claim 12 to
claim 20, wherein the controller is arranged to input energy to respective array
antennas so as to steer the beam to said first and second angles.

30



11. A scanning radar system according to any one of
claim7 to claim 10, wherein the frequency generator

WO eoovlegr7£onpri ses: conbi ni ng means arranged tRCT/BP19061668730
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output fromthe first circuit3 ortion so as to
frequency nodul ate said signals output fromthe first
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di sposed2di t h%mcaimangmdan pstat paerding tedeim 20 at ckie 21 when
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ant beamagcrogsaldnaceambignousraagalar ggsimem according to

claim 12, wherein the antenna structure is capabl e of
steering a beamacross a plurality of non contiguous

angul ar p&gi onsschfinind 1BEANEIsRE hahading 16 t@K GeCO eluidg 20 to
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angul ar region. 15. A scanning radar system accordi ng

to any one of claim12 to claim 14, wherein the
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first range of angles. 17. A scanning radar system
according to claim15 or claim 16,

26. A scanning radar system according to any one of claim 12 to

10

20 claim 25, wherein the controller is arranged to input energy in accordance with a
predetermined sequence so as to steer the beam across said first and second

angles.

27. A scanning radar system according to claim 26, wherein the

25  predetermined sequence includes a inputting energy to a first end of the first
antenna array, inputting energy to a first end of the second antenna array,
inputting energy to a second end of the second antenna array, and inputting

energy to a second end of the second antenna array.

30 28. A scanning radar system according to any one of claim 12 to

claim 27, said antenna structure having a longitudinal axis and a transverse axis



wherein a second angul ar region is defined by said

second range of angles. 18. A scanning radar system
w@ewonslismg to any one of claim 15 to clai m 17, PEUTEP061068730
said first range of angles is different to said second
range of angles. 19. A scannigﬁ]radar system accor di ng
to any one of claim13 to clairm 18, wherein the
angul ar region is substantially 80 degrees. 20. A
scanni ng radar system according to any one of claim12
t o etRerdiqdar igtrerdelongibedipnl aisd Whereay a inste naldcoryrantemgas is
| Pyl EARS @ fird IRBULAG SR ifRERANNSECID o Zionfhof said
scanni ng radar system accofding to any one o0 cram 1
t o atray MmtSthas wWhiackeiad a ked seudhd ahgle frelbdveawrsaigedstdse axis.
I nput energy to respective array antennas so as to
steer the beamto said first and second angles.22. A
scanni ng,gadar, : ' j (AN
L ahen 2penaent g e T 2 e egen of
i s sridangedntcondsmputprseretvgyertds ané spe stde\periamsay side portion of
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con T doRB ATGUPBE TGS 5. SR S Rn GOR a4 seigdiraAay
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i nput neans is arranged to input energy to the array

ant enna t | ocations. so as to steer the.b :
1030y o5 sald naneoitEgtans Sahgur roEg sh i Bor claim 29,
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to claim 23, wherein the input neans is connectable to

endéedpngifdinghidpna array. 25. A scanning radar system

according to any one of claim?20 to claim 24, wherein

the input nmeans is arranged in operative association

W th the3frequesgyinggnadat gistedo aardiag rte iy vaesofgelains 12 to

conp%ﬁsing rzdio frequency energy at a plurality o
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f. :
154 f Flapenl)s FacaqiichdiasadgnriRscomPrsinget Mepl sedwic ag a delectric
scagpi.ng radar systemaccording to any one of claim 12
to claim 25, wherein the controller is arranged to
i nput energy in accordance with a

32. A scanning radar system according to claim 31, each mesh
structure comprising a plurality of interconnected elements and being disposed

20 on a surface of a corresponding said dielectric base.

33. A scanning radar system according to claim 32, wherein each of
said elements comprises two sides and two ends of respective lengths, the length
of said sides being greater than the length of said ends, wherein the length of the

25 sides is of the order of one wavelength at a mid-point between said first
frequency and said second frequency and the length of the ends is of the order

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

34, A scanning radar system according to claim 32 or claim 33, the

30  sides of each element having a width, wherein the width of the sides is



predet erm ned sequence so as to steer the beam across
said first and second angles. 27. A scanning radar
W@ yBresiaccording to claim 26, wherein the PCT/EP2006/068730
predet er mi ned sequence includes a inputting energy to
a first end of the first antegga array, inputting
energy to a first end of the cond antenna array,
i nputting energy to a second end of the second antenna
array, and inputting energy to a second end of the
s ec brgrespitvelyndecarased) fropg theacepdienel Hiy mashato sgdt egspective end
acc ' t n neg o ' t [ aj 7, said
ant Dol ef B Rt Seb e R dis and
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portion gf saiAds&RRPBGadi A¥tcBDheMAdnS UG redbtt Maim 12 to
abutting a side portion of 'said first array antenna.
30. claing gén\nhfrrgmmdlaﬁal@ ysteaiememodipnges aplenariamag 8nignna.
claim 29, wherein the first and second array antennas
are symmetrically di sposed about the |ongitudina
axis. 3137A seaghnhligl@dal sysial 8E00REALIEINY iR @NYlaRNE?2 to
of claim12 to claim30, each said array antenna
conplein BAgvherpisrcts sy argy anteig cQNErSPseEiare chaykstrig2.
A scanni ng radar system according to claim 31, each
mesh structure conprising a plurality of
I Nt er condgct edAedcanming sadandydoen Agcoddiagas ady ofic af the preceding
surface %% correspondi ng said dieLect%ic base, 3?. A .
155 caflBimy &g?fr CQYBREIERG Ac HBALRIRY SCHNENG1#A28 Lon{fAlsrelqs use in
eac j t = | n
R A L L
gr eatmrolichanntoperaliengishciofiors witll tendigjtalvdyethesimert doeas to modify

length of the : : .
q given sequence of modulation patterns in dependence on the characteristic

10

frequency of the signal being modulated.

20
39. A scanning radar system according to claim 38, wherein the radar
controller is arranged to modify the duration of individual modulation patterns
of the sequence, thereby modifying the modulation pattern.
25 40. A scanning radar system according to claim 38 or claim 39,

wherein each modulation pattern of the sequence comprises a ramp period and
an intervening period, and the radar controller is arranged to modify the duration
of the intervening periods of respective modulation patterns in the sequence,
thereby modifying the modulation pattern.

30



sides is of the order of one wavel ength at a m d-point

between said first frequency and said second frequency
w7574 engt h of the ends is of the order onkCTEPF006668730

one wavel ength at said md-point frequency. 34. A

scanni ng radar systen1accordig% to claim32 or claim

33, the sides of each el enent "having a w dth, wherein

the width of the sides isprogressively decreased from

the centre of the nmesh to each respective end thereof,
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35. i r di im.
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according to claim 38, wherein the radar controller is

arranged480 AReidnng RGarys@hi QroRingd BHnYi @Y claim 38 to claim

nodul ati on patterns of the sequence, thereby nodifying

t he4Zowheratn eash gaedudation patternaok g risHRiICE £GHIPTISSAse dRpar ramp
ISaCCE%%%Pg to claim38 or claim39, wherein each

nodtlation pattern of the sequence conprises a ranp

period and an intervening period, and the radar

controller is arranged to nodify the duration ég t he

i ntervenfihg pér FEARNGAGAESHIEN; 4FEOTHIUICA 0PNt thefgceding
in ERES %Hﬁé}c&)maﬁrﬁﬁ{#em 18 %Xﬂeﬁgf&%tﬁm% 3hdiBMata derived

pattern.41. A scanning radar System accordinhg to claim
40, frohesighals eaeived by the frequency scanning radar system, the frequency
20 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.

45. A scanning radar system according to claim 44 when dependent
25 on claim 39, wherein the constant rate is selectable in dependence on said

duration of individual modulation patterns of the sequence.

46. A scanning radar system according to claim 45, wherein each
cycle of audio data comprises data derived from one or more said modulation

30  patterns in the sequence.



nodul ati on pattern of the sequence conprises a |inear
ranp period and a dwell period, and the radar
w@omvsidier is arranged to nodify the durati onPOf/ER2086/068730
periods of respective nodul ation patterns in the
sequence, thereby nodifying tgg nodul ati on pattern.
42. A scanni ng radar system according to claim 40,
wherei n each nodul ation pattern of the sequence
conprises a |linear ranp period and a descent period,
and the Aadar Aceernuigl edai §ydem sasgendingo tarskimy4y e claim 46,
dur ation t _periods of,re IV l.ati .
our b Al SRL5ERL AL 4 BPIBGH FRTR AL \Oence i
nmodplagtd backpaldast dhee 43cach csclamibingo dadar system
according to any one of claim38 to claim42, wherein
each nodul ation pattern of the sequence conprises a
sl inear ragp par E&qmnéélrfadﬁ iy, _rﬁiﬁg atF) ﬁﬁé&%f claim 45 to
according to any one-of the preceding clalns, further
conphairsi4igwhnreauati loass pete miafaodervad pront bng sad diwluthaiva pattern
derived from sjgnal s.recei ved by the frequency ..
scathifgequstce s aysed e wgreftﬁ%é%cﬁdg} Ry et
system conprising a signal processor arranged to
derive tone data fromsaid received signals, wherein
t he audi 49systensangingriadargssteno apiaagibadk aneorgedfi gledn 45 to
tone data at a.cgnstant rate.. 45. A scannjng, radar
105 o Pl 4o STy oo e e ToARR 4P R ABN P s s retveen
39, codreeRive cybies 6PARlidMdtar ate is selectable in
dependence on said duration of individual nodul ation
patterns of the sequence. 46. A scanning radar system
accordi ngato gl aj : rei.n..e cvel e of adi .
dat a con%(r)'i ses% g%a{xgﬂ%ega:g\% 3%@8 m&gﬁré&%gr ltomg ?aémsgél{d&herem the
noduldb isostefpat baamgedi o dpply Gegiden Crlidk/ fundtisc anrinddata played
radar system according to claim45 or claim46,
ISwhePaiktrsracehicgndest ¥ iycn pyils eradiaddanodul at i on
pattern in the sequence is played back at |east once
in each cycle of audio data. 48. A scanning radar
syst em aétor diAngcanoingnpdangystein et@irdmg Sotamy one of claim 45 to

claim 50, wherein the constant rate is selected so as to be greater than a rate
corresponding to said duration of individual modulation patterns of the

20 sequence.

52. A scanning radar system comprising a frequency generator and a
frequency scanning antenna, wherein the frequency generator is arranged to
generate a plurality of sets of signals, each set having a different frequency, and

25 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,

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

30 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



claim47, wherein at |east sone data derived from one
said nodul ation pattern in the sequence is played back
worere/oshaan once in each cycle of audi o data. 4BCT/BP2006/068730
scanni ng radar system according to any one of claim45
to claim48, wherein the audig systemis arranged to
control transitions between c %secutive cycl es of
audi o data. 50. A scanning radar system according to
claim49, wherein the audio systemis arranged to
apphseoad aaglei diffaentnlg faihdrstomeleo uwwgethg aatherpplaseed two array
bacgm%@¥&espective ends of a given cycle of audio
dat a. " A scanni ng radar system according to any one
of claim45 to claimb50, wherein the constant rate is
sel ected so as to be greater than a rate correspondi ng
to said duration of individual nodul ati on patterns of
t he sequence. 52. A scanning radar system conprising a
frequency generator and a frequency scanni ng antenna,
wherein the frequency generator is arranged to
generate a plurality of sets of signals, each set
having a different frequency, and the frequency
scanning antenna is arranged to cooperate with the
frequency generator so as to transceive radiation over
a region having an angul ar extent dependent on the
sai d generated frequencies, wherein said frequency
scanni ng antenna conpri ses an antenna structure
conprising at |east two antennas, and the antennas are
di sposed within the antenna structure such that the
antenna structure is capable of steering a beamto a
first angle using one of said two array antennas and
of steering a beamto asecond angle, different to said
first angle, using the other of said two array
ant ennas.



