Improvements to Doppler Radar Systems Field of the Invention The

present invention relates to improvements to Doppler radar systems, 5and
WO2HEARTAAYlY, but not exclusively, suitable for use with frequacl/BRAOIME731

radar systems. Background of the Invention Radar systems are used to

detect the presence or objects and to mgasure 10 the location and

movement of objects. It is common lor such radar systems to sweep

across a given region, scanning the region for the presence of such

objects. In order to SVVﬁﬁQr@V&ﬁQﬂ% eI radar systems either employ

mechanical devices comprising an antenna that physically moves in

space, or electronic devices comprising dements that are arranged to

steeriadiagfighe &svénkloris transmitted and/or received. One known group

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

response td M}F%ﬁ*&h&}ge@ﬂ%ﬁﬁ@eﬁéa HERERS MRS A BRI AT syptems.

sangulal RlaagidiRda; BYsMexehnialsy, aniplble fEOuURNEI IS CRNNG ANAYSing

for detection avoidance and/or in the presence of other radar systems

and/3t6 BoUEract frequency jamming 20equipment (e.g. by hopping

between operating frequencies in order to avoid detection oG interierence

with, or jammin gaior rie radar system). Radar systems are commonly

use Ehd- i dhs Javaalien o iency or targets so as to identify the

magnitude Rm@hd wpaton efdnevemeditietkoblasdew of tigelachifipicameasure
10targets uagg uency is d %ndent n.the radar's 25 ¢ rr|

it REHE] SBAHing SRR D7 aUar SyLteystems (o

preS@m&spom&ma igitelatiopitn tmmﬁﬁﬁgsﬂilgtég”idﬂnfefpﬂﬁtqﬂ@@eﬁﬁe of such

recel ed S|g éumma of the Invention. 30A par cular nll |

enc h‘%‘é %rn%BISSXﬁ%pfr%qeﬁetrhlgyrggg’ﬁ]n Hé) Fadit SR Sther employ

mechanical devices comprising an antenna that physically moves in space, or

electronic devices comprising elements that are arranged to steer radiation as it

15 is transmitted and/or received. One known group of such electronic devices is
frequency scanning arrays, which, in response to input signals of varying
frequencies, can steer a beam in an angular plane. Radar systems can also
employ frequency scanning arrays for detection avoidance and/or in the
presence of other radar systems and/or to counteract frequency jamming

20 equipment (e.g. by hopping between operating frequencies in order to avoid
detection of, interference with, or jamming of, the radar system).

Radar systems are commonly used to identify the Doppler frequency of
targets so as to identify the magnitude and direction of movement thereof. In
view of the fact that a target’s Doppler frequency is dependent on the radar’s

25 carrier frequency, the use of frequency scanning antennas in a radar system
presents problems in relation to the processing and interpretation of received

signals.

Summary of the Invention

30 A particular problem encountered when employing frequency scanning

antennas is that the inherent and required variation in frequencies will modify



antennas is that the inherent and required variation in frequencies will
modify 2 the Doppler frequencies for a given target, thus modifying the

WOHMTE§MYStion or the target and complicating any velocity ank6i§liR006/068731
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resolution for targets whose Doppler frequencies fall close to half of the
sampling frequency (e.g. the pulse repetgtion frequency or the radar) The
inventors realised that by varying the 5period of the frequency sweeps in
proportion to the carrier frequency, the normalised Doppler frequency
remaie Deppsianialivanstont giveheegedingly oEiRiiantte arasaesicdlon of
the present invention, the inventors have developed a frequency scannin
radat.hsdmgsha}li‘o?%éW&&&WH&&%&&&@%&%@W%&F@% ose
gengyaipldeing diiaig g6l telkQ generats thplimlinef seth&isigealsthe pulse
each set of signals having a different characteristic frequency and .
comPRENE iaﬂaﬁf%f%?@ahag&ff%f ﬂ%@ﬁ%ﬂgﬂ%@@&@%@@@%@@ﬂ% the
sradascetvitrolfethis aqngrs towsrigctithersieritoaefettereaion &uency, the
characteristic frequency. The invention can be embpodied in a pulsed
rada‘???HP@ﬁﬁ@rPSBB rs}éf’%‘feﬁ%ysﬁ“&ﬁ%ﬂ%s&%ﬁ&fgé@% Bt Bulsed signals
and each palseddsigngl is repeedadiat anselgaied sEpgkitipnesate. TReraear the
controller is then aréan%edt maodify the repetition rateﬁ?i\r/ de}%e enceon .
the METAAESAEHERY ﬂBﬁ"/goPt 5@%&?&8& GHAL Fhe Vertibh’cah "o Use M
alterqativsllynigeae fihpdiad inadéregueay frogdeiatededtriasabgyigtemaiged to
which each set or signals.comprjses a sequence or modulation patterns
The SSRRPEoRNENTS (oS el o m ety & gRleR SHBALTAHBIE fadariren
in deperdenieionitiacharaateostipfidayenpjueilibe signgddeingnsmitted at a
modulated, It is known to modify the modylatian pattern pr a continuous .
e BRI DL RO SR BOUED Thaniy (e il e in
descitpendin biS2004/01:304 8 stix: fraqiendasis of a sequence of values,

as describ in.U82905/0184903. In ei;[;er case the naod atior%.g tterns ¢ of
are modified Gither (0 oveftome %lft%(}lne REREr crea, Of1ant ThtEterante™ ©
Sbetvwsgan kespaptivesradat s pidsod, sigtaiid qprbbiempuldtid sigaiatangspeated at a

returs%feg[ggsreefpe‘?{ﬂgnsIrcla?glsﬂleec%\éﬁg controller is then arranged to modify the

repetition rate in dependence on the characteristic frequency of the pulsed

e

signal.

The invention can alternatively be embodied in a frequency modulated

20  radar system, for which each set of signals comprises a sequence of modulation

patterns. The radar controller is then arranged to modify a given modulation
pattern in dependence on the characteristic frequency of the signal being
modulated.

It is known to modify the modulation pattern of a continuous wave

25 signal, but known methods either modify the signal randomly, as described in

US2004/0130482, or on the basis of a sequence of values, as described in
US2005/0184903. In either case the modulation patterns are modified either to
overcome external interference, or/and interference between respective radar

systems, or/and problems with over-range returns (these being signals received

30 from targets that are located at a distance from the radar system such that their

return signals are received after transmission of a next modulation pattern in the



30from targets that are located at a distance from the radar system such

that their return signals are received after transmission of a next
WORSAUMST pattern in the 3 sequence). In each of these scenBfidELHE06/068731

motivation for modifying the modulation pattern is entirely unrelated to

aspects of the transmitted signal. In the continuous wave

embodiments of the invention the radar controller is arranged to modify

the duration of individual patterns in the 5 sequence, thereby tnodifying

tEe RQALiREPN BALAGH |6f0|!ﬂ%§dr%6@§ﬁ‘18@t?@C%lmwﬂiaﬁtﬂofbf)?jﬁﬁﬁﬂicfl?fng the

the sequence comprises a linear ramp period and a dwell period, and the

raddPg WﬁBﬂBrR%“SFPaﬁé’é‘&rﬁlyrﬁB‘&?ﬂﬁ%ﬁ?et‘a BYBETN %ﬁ%&&ﬂ%ﬂ&&é genal.

respective modkdationtpaidenssinvihecagidencaistherelne madying thee radar

modulation pattern. In another arrangement each modulation pattern of

the SR terceERRSHoMS AU TmpHRY Shd"d elelnpisign, i the

5and ¢bguendar terdtyllaiod BN graniodnRdidy thetduatiaront dasegsient cach

periods of respective modulation patterns in the sequence, thereh
P TR N RSHET P GRBP A B E R b el
patteutiing|udestrecombination Béaikamppaiiod addsgetipatedenda dwell

dwell period, in which case the duration of either 150f the descent or, dwell
B AR OO A SRR SRG A o CET B Vg he
interppddaaswithte e qleney Genaiaiapthadns acangediduippittern of the
frequency modulated signals based on a range of ¢characteristi
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freqieHEIRES CORPERTNty & TPaqtieREY ot 18 égp‘?ﬁ’i’s‘f\&e 1B4rBgLadar
fromctinercatrizllerrangeicadivvaod firehie shediive otitkions p2isdsasiteespective

modulate the characteristic frequency. According.to g further aspect
the SPCSBI L UG Har o BRUSTiRa A5 S Sy it TOF SRR Peern.
audim dakarderregtiiomns Signalsdidadive gddoya firedudsscy caabiimgoradfn ramp
system, the frequency scanning radar system comprising a signal. . .
rockihariEageh T TRt TR Lh AR s g of iher
15a fregfiidndy seanninbvid tpertadit calesaweadidied to any one of the

preceding clai wherein the audio system is, arranged to playback the

L e T S R e o e fwency
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derived tone . constant rate Is
selegtabletor degendanaegod saicutipuaticnofiogivddalatddifatadan based on a
pattens oL INGSPLgneR and eal Y e Al AU AR frequency generator is
responsive to inputs from the controller — indicative of the respective durations —
20 s0 as to modulate the characteristic frequency.
According to a further aspect of the present invention there is provided
an audio system for outputting audio data derived from signals received by a
frequency scanning radar system, the frequency scanning radar system
comprising a signal processor arranged to derive tone data from said received
25 signals and a frequency scanning radar controller according to any one of the
preceding claims, wherein the audio system is arranged to playback the derived
tone data at a constant rate.
Preferably the constant rate is selectable in dependence on said duration
of individual modulation patterns of the sequence and each cycle of audio data

30 comprises data derived from one or more said modulation patterns in the

sequence. The data derived from one said modulation pattern in the sequence is



30comprises data derived from one or more said modulation patterns in

the sequence. The data derived from one said modulation pattern in the
WQ2HTdI¢E’fs 4 played back at least once in each cycle of audRCA&EB2MW6H68731

in the case where the audio rate is greater than that corresponding to the

duration of individual modulation patterng, the data derived from one said

modulation pattern in the sequence is played back more than once in

each cycle of audio data. 5 Conveniently the audio system is configured

SO aplh9Phate! AapsitionsiatwrRen gaRSATMINE e¥eIemal altio dRtwR:@. the

by means of an audio fadipng function that can be applied to the audio data
app@fitfy B TelpSETRIE eHAE dfa! FOEH T RSB Kudlts SHE iehfbrndividual

featuiegianebadyariageshef dha insersiDinuill Become apparanin A f@min the

the following de cri%ﬂ n g/f prefegﬁred embodiments ft?e invention, given

by wajl'6Exatdbie %?,C RIEFC I AT iR PSRer RISl data.
5accompanyingaigeiigshBriefiioeseitnhinncoh thedddaswiagsol&lrgurernisitions

a schematic block diagram fﬁgovgng components of a radar system

accttiNGFib SYRBEHIRE RIS MG GAR — o Bigurdsaasalchbigie fadine

blocR.dagiamhshowibg 4pachnrgtinant of campeneantscoftadpatienReynds of a
generator shown.in F.ig rel; Figure 3 is a schematic diagram
shoﬁmﬁnac?lﬁgedé%ﬁlgh rn for use by 20the frequency generator of

Figure 2; Fuftlguresdhusea sabedatindgecktibgriavestionving] arcadiamnapiveent

rr men nents of a f n rator shown in Fi 1;.
10a arf]r%%l the tfgﬁgvc&{'ﬂg %esecr%tgonao{ %geuf%rrce:% ggl%%cﬁlltgensts 8}A,thelr}n\)grﬂggn, ‘given
by way of example only, which is made with reference to the accompanying

drawings.

Brief Description of the Drawings

15 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
20 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 5 is a schematic flow diagram showing steps performed by the
controller shown in Figure 1 during scanning of the radar system of Figure 1;
25 and
Figure 6 is a schematic diagram showing processing of signals in relation
to a transmitted modulation pattern.
Several parts and components of the invention appear in more than one
Figure; for the sake of clarity the same reference numeral will be used to refer to
30 the same part and component in all of the Figures. In addition, certain parts are

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



Figure 5 is a schematic flow diagram showing steps performed by the

controller shown in Figure | during scanning of the radar system of Figure
W@ D8EKF47S Figure 6 is a schematic diagram showing procesB{rjEg12006/068731

signals in relation to a transmitted modulation pattern. Several parts

and components of the invention appearsgn more than one Figure; for the

sake of clarity the same reference numeral will be used to refer to 30the

same part and component in all of the Figures. In addition, certain parts

are igierepepd iy merqs@ka burvkai-and @aenosuTIRresdildines; indigatiogiual

that the 5 part comprises a sequence or elements (each_ suffix |nd|cat|ng

an ifRABGLILIBFRSHANERL SeURALE). WBFLIARTY, IMé?f"t’Ff‘@ﬁ? jto 4he sequence

refeience tadhersRqventaREbse Wb ttcisanitadnbeitovindn iheredR@ents
reference to individual elemepts within the sequence the suffix is included.
s Mg

5 DTATRE BeScass RS Figure 1 shows a radar system

51 with which embodiments of the invention operate, the radar system 1

comprising a_power sour e 10, a controller 12, and a computer 14, the
SRR e lave #188ing arranged to 10 provide power to,

and operatmlgaf@ontﬁﬁbweﬁ thﬁlzﬁO@V@Hﬁf 12 white goidholerblodiments of the

comprises a mlcro essqr and a set of instructions (not show for

exe BN HERRBAEALETO0R) GNP BBH BRGSO SR e rarpfeller

frequenaydsouceepesignahg poekatesite: tndutpuipiRér €0etdybaing arranged to

specmed requenc r, and this outpu nal, under c | of
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beloye, th@@ﬁs‘eseqmanmtqmms&ﬁ geihesates slgnﬁmwimma(mgﬁloﬁvn) for

frequencies, CﬁéUSI% eﬁantten a22 to (E)ransmltb ams "A di e{ent ang rep

dire SRR BEy Deaf v b0er B PSHISRD VO tHas K BYs it ¢ e

frequency source, or signal generator 16, to output RF energy at a specified

frequency Four, and this output signal, under control of amplifiers 20, drives

15 antenna 22. As will be described in more detail below, the RF frequency 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

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

through amplifier components 20” to mixer 34. The mixer 34 comprises two

inputs: a first connected to the RF source 16; and a second connected to the

receiving antenna 32. The output of the mixer 34 is fed to an Analogue to

Digital converter ADC 36, to produce a digitised signal for input to the signal

25  processor 38, which performs analysis of the received signal. The signal

processor 38 performs a spectral analysis on the received signals, because the

range between the radar system and external (reflecting) objects is contained as

frequency information in the signal. Aspects of the receiving and processing

components are described in detail below, but first aspects of the RF frequency

30 source and antenna will be described.



The radar system 1 also includes a receiving antenna 32, which receives
20 radiated signals reflected back from objects, and passes the received

WoAMIA4Hrough amplifier components 20' to mixer 34. The MGEEBA06/068731
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comprises two inputs: a first connected to the RF source 16; and a second
connected to the receiving antenna 32. he output of the mixer 34 is fed
to an Analogue to Digital converter ADC 36, to produce a digitised signal
for input to the signal 25 processor 38, which performs analysis of the

received signalrel Deshignaloprasessas 33 RERPrmsassReChialanaly siaOban be

the recejved signals, because the range between the radar system and _.
exte?ﬁgl{f’r%ef?eﬁiﬁ‘&}e e I8 L BRYS S H42h 84 LSALS R TBriatiohi R iRd gure

signa). isesisdicthedirgeivingaBshRiasessiTe:§eMPPRONESAMD0, first circuit
described in tailé)elow, but first aspects of the RE frequency 30source

and BHEHha WiiPBe destsdqcsuit Refiion 228nod A dishShisHis BeipaE210
sfrequengyiganeratquéhey cavide eotployddstogeanenatersigoals M@t & and a
ran f frequencies. Referring to Figure 2, the frequency generator 16
com B IR T HC il hr et o boraes 2 hReA S 5Han 220
circuwibperiies 22:qlibecfirahditettqrokiencZhaltpionyurisasdaafreiteenoy. The
divider 20 hase comparator, 209, a filter 211, an ltage . .
oot B RSPy SrrBth Vi AW REL b B A g gienals from
comiideigtadradpiencic aivillgi2070 stakd rutiplieyr d@dabnel dreaixaicyGual to
The mixer. 203 receijves, as input, signals output from the VCQ 213 an
S ErRAES Re SR SRS S ahSo DRt YRRy R2
frequeneyedsiaktahd Gihpeitferéndécbe oser2 e dreguriecibR ohtlde thwophase
inputsrgB : 'I;he @ues RI, R%ﬁmaracterisin the.fre uenc% djviders 28(1%5,. |
207 SYRRAACEAE A TRESSHALS COMMLFatar DO aNAL P SR tiapals
the ivaque feynanikpihape ot sidinadsreo @it 2R Freqli€Rgy sdivdsiessoutput a
205, 207 (1,7R2.and fmf), so as to putput a phase-error signal, of
TG HE ST i S SR I B RER Byl and
SphaggreiTae pigrsatdsronpigiiol thany@Qo2thd, \afio this fissiddike it pariiom 4@ tion
operates so as to cause the outpyt from the VCO 21 tabjlisein . ... .
sl e s R g R P e R T
used¢pdiadeacthen obp phastabilisesatra freéfjuendiffierattiplel oétloé Ripasn be used
signfbl.#n on%a[ranglgnéle t.the f eatuenc sourcEiZf)eogits mbod{ed as.a

al in

orce, the 100 1lise at a frequency m 11 signal.” In one
crystal oscillator a another arrgnger}]\enltla & SAW o&diliatst’

The signgtseutptit fiequthesecond 2@ ust pobbdiedrs therystiddutatiatbbyind in
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output fDps. of a third circui ion % which in one arrangement
20 anoagr aIiBa}ngPBIrb i flasl %S}/OAC;W osc%%a tﬂr

comprises a nthesiser 223, a Digital to Analogue

Converter DACsR2%1andtpubfvopadsfiteo@P Zirdneibitoeisce thporiod280d by
'S Coorhliﬁh”fed’ Wnder canival ar 28 (he,sgniralier %%%Q%‘%Vr%geﬁ{gﬁ’ﬁ%)%aﬁ%ses a
generate a r8 eaﬁng paftern comprising a linear frequency ramp. The
ramphast dgpedifigdtberator?dnd Piagalttidénabiges Coaveictr A C 225 and a
prOglravrvnrggsd ﬁﬂ%ﬁ?@fé’@ﬁ l}%‘ﬂi" gi‘rc'::d%u 1§ 10%%%9 Qo%%fimt%ql(%g L% ontrol of

suchqfre uency ramp or a given carrier rrequency uration or

25whichds appedxini2tgip w4 s Filgerm hgigaerafomhicpgannte pateon S0mgmgeng a

of fr%%lélgrn %&%@L@ys 'fanIQS’%rQ) tramp has a specified duration and magnitude,

values of which are programmed via the controller 12. Figure 3 shows an
example of one such frequency ramp 301, for a given carrier frequency f;, the

duration of which is approximately 64us, the magnitude of which, in terms of

30 range of frequencies (fopsmax - fopSmin), 18 approximately 20MHz, and is

followed by a flyback ramp 303, to prepare the third circuit portion 230 for the



rna,is approximately 20MHz, and is lollowed by a flyback ramp 3031 to
prepare the third circuit portion 230 for the 7 next ramp 3012. The pattern
WOEHRHIS 47 & predetermined rate - in the present example a rab€ BEBHPF068731
(thus a sweep repeat period 307 of 125ms (subject to the modifications
described later in the specification)) is a gonvenient choice. Such a
modulation pattern is entirely convention& and the Ibregoing details are 5
included as illustrative; the skilled person will appreciate that any suitable

valugsxeauigpoecselectad, epandgihupandhe ddse-ahiheiradar system® present
(e.g. the nature of the targets to be detected). For each carrier frequency,

the tHIRPEACATAOAICH IR0 B USRS tonepesretbiieal Hanms aisst tp the
SpeQﬁ&ﬂﬂB&ﬂlﬁﬁfd&"s&ﬂ%&@t&- i%ﬁﬁ%p'é@%@ﬁ)ﬂi%ﬁ)ﬂ@d“%ﬁb@rﬁ&%i'&Hoic_e. Such
dependent on the desired signal 10 to noise ratio and therefore a design
choigeMPrHRE e RAMRIEI 8 LROSEHOIF IR EAADh ARtidin [ eenifisrigeials are
sdigital syathesisanaenmprrents, dktrudichaHSMative ppe-ermbogiad 4Singiitable
analogue components such as a sawtooth generator and VCO or similar.

Preféf Aty CaHH iRoPEISF it s S6RPEREUROR tBepeshice st Bt tan G e the

22 iqnatepersisaceirindbedbrerRihertlykack sampr rchadis!l derrRg circuit
303, 305. Turning back to Figure 2, the output lims of the third circuit

portiRAT323h 38 GrS TN IS (PHRORRUIHOIIGH B4BP MO IRsiEaIumber of
phasgeemparater 3381 2ufilies, 385 nanfetana s ariseleshOsellRi 23 signal

and a mixer 231. The mixer receives signals qutput from the secand

10circd POARAREHRtIREN I e A SR e o I 1 thiadreens pprtion 230

(havipeviieaueneydie) andenipilssa signal alyafieguanaosgdabitsthet could
difference in frequency between f2 and f5. The phase comparator 233

outpritEraabHESe-BerrtgAR ofHEg ARBIRE e SORRSHEBIS theBiffSrénsawtooth

betweasrbibr faanddRpsiaithe PeeR 28K, and thef@uth aliseuopeitians to be
240 operates so as to cause.the output from the VCQ 237 to stabilis
g or

2520087 iy the 2Bt RRNGigAdRs TR RSH i R RS it

15(having:frpadeasydiBase then combined, by means or mixer 241, with
signals of a reference frequency f-4, which are signals Otﬁ{&#t from the

oscillator 208 BHRERHelh et ey UREdors Uit HitiFapbLBartignL30
the ouitppiitsofidteseaH tien 4350485 ihBANKIiaiRiscsig pahiwsbagpartor 233,

output leausaoy BOLIT Il o appieciied YoM FOTE 2 134 SRS e
receives signals output from the second circuit (having frequency f,) and signals
20  output from the VCO 237 (having frequency fs) and outputs a signal at a
frequency equal to the difference in frequency between f, and fs. The phase
comparator 233 outputs a phase-error signal, of magnitude dependent on the
difference between (f, - f5) and fpps to the VCO 237, and the fourth circuit
portion 240 operates so as to cause the output from the VCO 237 to stabilise
25 accordingly.

The signals output from the fourth circuit portion 240 (having frequency
fs) are then combined, by means of mixer 241, with signals of a reference
frequency fj, which are signals output from the oscillator 200 having been
multiplied by a second static multiplier 251, and the output is filtered (filter 243)

30 so as to generate a signal having an output frequency Four. It will be

appreciated from Figure 2 that when the signal generator 16 is operable to



8 output signals corresponding to a carrier frequency of between 15.50Hz
and 17.5GHz, for a crystal oscillator 200 outputting signals of frequency

WO autf74the second static multiplier 251 is of the order 130. BFRTEF3p06/068731
each carrier frequency the frequency generator 16 generates a repeating
pattern of frequency 5modulated signalsgf various carrier frequencies.
Whilst the signal generator 16 could be used to generate frequencies
within any selected range of frequencies, when used as a ground-based
radas gpatedanile H@%@aﬁm@nqe @@arﬂaétlﬁaqﬁéﬁwm%a%&{&@tﬁcﬂz and
12.4GHz he Ku band (12.4GHz - 180Hz); the K ban (f‘a
26,5515 {95 kaprbereE Y O%BE-}TPE% ko 8 tb"r%‘l‘&?&tﬂl}o‘)MHZ

withmd%é@udnamwommtt@nmtm onenef thecafose-mantiond bandsarrier
WhlI%t in prefe&/ arrangements the first and second circuit portions 210,

220 GPHEGGEN Sﬂt‘é%%rgf%eé%’% RIRHISS LRERARReRgtipe 2 s quency

5frequﬁfmya@@nagatﬂs b@mwdsait@mammiuehelb@sed on an arrangement
15 comprisjng. ality of fixed frequ oscillators, as shown in Figure .
4 one of wiHE U eLbaa VS SHCh 4B0°e8 Belty Gl & A SRferaguencics
frequanay idy Jetliciall salgation ot qucapREopviaie ﬁmd dsegyenayd-based radar
oscillator stal oscillator ans that th
can THEST i RS TSRS el S o DA it OA: the
one Kiithendailiat0isz Hd\&G\IfH) tihis R Oadvasak is 2650 HpaNdedhlsyKar band
corr gli that IS ng means for fine-fune

10 AT thek Kab o Ot ey PURLRCH BB bt i rportion
Workmgmmtimaﬁfehmaﬁ)ﬁﬂﬁahtﬁﬁdltﬁﬂdse tunlng of the carrier frequency
to achieve %ﬁ aI bea WIdH; dlstrlbutlo tan% istribution i
ofradiation Withit! t‘l%lefio g4 28 a\%f’%l&%% ol P OmCtE dordgaihgorions
thatIhG,fmztimﬁtfyetpreﬁtgng@emtputlfﬁomthmbtghed gengiatar kb Fsgure 2, the
controlled by the con roII rl2. In |t|on to Ton rolltt?% the duration and ¢
rate Of tHe" mﬁengraescnge§ vé, RS HOIRT 1 ar gnga(rald grangemen

1SseIecbmpiuﬁ&rgnatp&a{uhtﬁobﬁﬁmelrﬁr@gmﬁay.)oaﬁﬂmﬂm, ranshopattariFigase 4, one
been re ied number of times for ag |ven carrier Ofr uenc
(exarrtfp es of ?@c C{S werebl@f‘/%n A 8\8/(5) & oeh%ea?ras nélmenf%%len%' fa.
valuﬁsdfomlhsaete&trcer frequengyrgamabie Seddcted fraryadsokany tabfe a crystal

accessible
0sCl1 ator) means that the frequency generator 16 can incur minimal phase noise,

=

since the signals are taken directly from one of the oscillators. However, this

20 advantage is accompanied by a corresponding limitation, namely that there is no
means for fine-tune adjustment of the carrier frequency, which can be a
disadvantage when working with antennas 22 that require fine tuning of the
carrier frequency to achieve optimal beamwidth distribution (in terms of
distribution of radiation within the lobes).

25 It will be appreciated from the foregoing that the frequency four of
signals output from the signal generator 16 is controlled by the controller 12. In
addition to controlling the duration and rate of the ramp as described above, the
controller 12 is arranged to select a different value for carrier frequency after the
ramp pattern has been repeated a specified number of times for a given carrier

30 frequency (examples of 256 and 512 were given above). In one arrangement the

values for the carrier frequency can be selected from a look-up table accessible



9 to the controller 12 (e.g. stored in local memory or on the computer 14),
this look-up table being particular to a given antenna 22, 32. Operation
WRRIREWEAAT system 1 described above will now be described RETHEP2006/068731
reference to Figure 5, which is a schematic flow diagram showing steps 5

carried out by the controller 12. At step $b6.1 the controller 12 energises
the antenna 22; at 55.3 the controller 12 retrieves the value of the first
carrier frequency fe, (e.g. from the look-up table mentioned above), and at

stepi&3o hmgonsiolierd2 satsdbanabeas abRbanerRA apswstinaleftonethis
the carrier frequency). Subsequently the third circuit portion 230 is
tr.gg?@féa% Blechetil ReyuinlAL o SR A Bt Ricaetined number of

times RmpOpxtSon hseaftarepasiedyisiadubatatbecalliaicke bt dostibed
Havm%1Pb er%hed Rmp,.the cont@&le retriev sthev ueo .the next carrier
freqié rﬁﬂ‘des'é’rsF BRGAu SN B2 8% ?‘8}%{6‘fy AP SPARERGPICPS
5stepcidd- @mwﬂyemwwﬁrﬁl&ﬂ upation efepngWiveie seirmforle@emlwﬁs@ses the
the linear ramp 301 is th 15same for all value e car )
oA 2t Sos e SORBR e o ool ah e et i
and fraqssmissianicos. sﬁmﬂlmérmm@ taslarsystiomtd a&f%}!m@d@ﬁwSis the
aspectso recejvi pro essm will now be described. As
pashilbangtt S et et el i el TS
antefraqu3icior réabhdng:ragiationhi0cibei sigidtmreseivedigydhd to generate
recejving antenna 32 are input ta mixer 34, to ther with the o for
Tl R et e 8 o A SRR
honmymtedlpefﬁﬁdmiaﬂaetwmuﬁfe@nﬁm@m%er 3Ha&ﬁeg1 theetigh am@l;}ag; the
36 to dlll; |t|s d Intgrm? jate Frt'e uenc E/) e}g 3§]§ |
the OEeegg elé/ﬁl lfeé%lng 0 efﬁ IVI HP ni st e values
perf@rtueRIQZSLmd&armmrmmbthmhommﬁenl&E am@ 88.7orthe trmesnmttrdg the
antegna 22, this occurs durlngi;the linear r erlod onl rﬁﬁ] h
sign ?proces?soar%Sglg oﬁ?/e% 3 r%rbs aéna?aprr(r)eb 1S ©
15contsetter iRl ) aldseop kikadidyrr thareypﬁgnponents which run IocaIIy
on the PLC*B?lS J‘es%?\ﬁo”s g0 pianals o%%%'s‘éﬁf from a C%PQ’%’PP%‘ J[ransmlsswn
computer 3 25Rd Which &re Writtan using the proprietary programming
langofgigadsdomatethavithldheyRict 38. referring to Figure 1, aspects of receiving

=)

and processing of signals will now be described. As described above the radar
system 1 preferably also includes a separate antenna 32 for receiving radiation.

20 The signals received by the receiving antenna 32 are input to mixer 34, together
with the output foyr from the RF frequency generator 16, and, in accordance
with standard homodyne operation, the output from the mixer 34 is fed through
an ADC 36 to produce a digitised Intermediate Frequency (Fi¢) signal as input to
the signal processor 38. Energising of the receiving antenna 32 is performed

25 under control of the controller 12, and, as for the transmitting antenna 22, this
occurs during the linear ramp period only 301;.

The signal processor 38 is conveniently embodied as a programmable
logic controller (PLC) and a plurality of software components, which run locally
on the PLC 38 in response to signals received from a conventional PC computer

30 14 and which are written using the proprictary programming language

associated with the PLC 38.



10 As described above, the radar system | operates according to

homodyne principles, which means that the Intermediate Frequency Fif is
WY Hifferences between the received signal frequency ahd#@2006/068731

transmitted signal frequency. In embodiments or the invention, as will be

appreciated from the 5 foregoing and Figures 2 and 3 in particular, the

output of the radar system 1 is a sequence of frequency sweeps 301i. Itis

a well known principle of radar that targets located in the path of a given

transmittEdﬁQe@éEbWHbdiQﬂﬁﬁlethﬁéﬁ%ﬂ&fTWﬁ&ﬁig RpleafiReedh@KANS Mikestyne

signal in embodime B s of thef[')rese t inventio com rises a linear

freqERCIP e SH 0 AP Ao thSi JRIIEELH e o ERIPRRE Kifirisapaual to

frequemeysueaRtetgatt thascavedstaginancyidggnaratencetiaatatited signal
signals that are jdentical to the transmitted signals (albeit somewhat
atten PRSP bul BpA 3&@%8 o élﬂvae%ﬂwﬁt%% ARyl fem the

srefem@ddonena FgadonanB Siairpgaukigune buipwvilfidop@ieciaiath 1 is a
from the Flgur %hatdlfferent targgé s 11 T2 - located at dlfferen dIS an esh
front tHEFHEY" 15 SYStEm T < 7R {ind s é‘e%r@ﬁ%ﬁ radar that
differaptdelRyatitirefatias tpathe dime (gﬁt@wsmca%ﬁhat«hﬂr&@ect the
targets T1, T tthelse dlffer(?ét locations will b asso d with (l%ﬁrtﬁrent
tone%aKﬁmAth SRR e R R AP N ik fé‘ 88% ‘Hb%tscﬁ’ fk@fesent
34 covaitidonesnphiscsignBhpiodesaendd isvadpnged thaalfydiee signals also
processing of signals until 20 the ramp 301 has travelled to the extents of

1010 AGIBEHS PegioA o I ik

the GETBRHSR fe SHER TRGSRor BYRTIDIEIAF HE iRty egiopsnerate
extendidtta zmgﬂm fiteim atfeemadacaﬂysiem Irihensiigrikipietesatic@8somewhat

o A B R R SR PSS RS R

25Cankidering, dooibe RaMg:tarE;gmae,monﬂsbmgopesm&D&mm Figure

N A Bt Htermte boa e G b e S HB Fa ARl o

15beanysidnislis- acfivevéedt lm;amphdl gWiee;réoe;med1fcﬁ¢1eﬁtAfalayﬁsfﬁ1.rMatmirato the

ggesd‘fge”%'?‘%%’aﬁ?nr{l 109 ai% The SATRHNG AR IRSTECRY S0 38R Airerent
locations will be associated with different tones Afy, Af>.

In view of the fact that the signals output from the mixer 34 contain

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

20 the ramp 301 has travelled to the extents 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 output from the mixer 34

at:
% = 30 pus from the start of transmission of a given ramp 301;.
X
25 Considering, for the sake of clarity, one processing period 601;, the

signal processor 38 essentially calculates the Doppler frequency of targets
within range of the transmitted beam — and which reflect the transmitted beam.
This is achieved by sampling the received tones Af; Af,...Af, at a
predetermined sampling rate. The sampling rate is selected so as to as ensure

30 that phase shifts of the transmitted signal, which are induced by moving targets,



30that phase shifts of the transmitted signal, which are induced by moving

targets, 11 can be captured. The skilled person will appreciate that this is
WQzHER&HBon the ramp rate, since the Doppler frequency is R&FERERYGE/68731

the frequency of the transmitted signal: Doppler Frequency = 2vfic

[Equation 1] Thus, the output of the ADQ 36 falling within the processing

period 6011 5 will be processed a predetermined number of times

(corresponding to the sampling rate) by the signal processor 38. Each

samglg valbepiiain Zeie sRIR@pa-WHraiilyphiesiat eecﬂlrgeletmet@dem on the
signals reflected from targets As will be appreciated from

fore GBIy e RS PnTIoBB kT i S ISR SRty 81 %i@%@%wf the

carrl@ﬁﬁgﬁque@@Lgxﬁpqp@mgimqué&y‘»lg aazlfmoceswq&&pﬁogesses data

received durjng a correspo oce Sln periods 601" an
generates, by Thd5h8HPY ﬁﬁﬁhﬁ e ey rREES SRgipa 60T

Smenvaersef prbiessade @qﬁ@w&ﬁ@@deapﬁﬁwecﬁehﬁ{dﬁm&@@m@tg to the
each said.proce eriod 601,. Thus ut of the e FFT, fora
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return sam %s“f ﬁh?ﬁpéeﬁﬂ\% 8&% e iiss REAprEUBRA0L: 1s
of a targetiloehiedhiaidistanimeqial tadhechange Bedasnthin widokdihgly the
ret m sa Ie falls. n trans ormed the recejved signals into r
10 AT BSOS AFFAISA 0 ik e b vty of
sampiescasiaigpedods &ac¢h gidaretianges gafentarthefcUR@nteRBMpledt vilcturn
be a re iated.th chs tofr ates corresponds to tra sSmis
et S R e T
rate gatesl&biocnth raid prgatesnghpenatt @tlywhidiugaiia talting witthio Ragiye®FT,
ran ate are measured equ at 25 h th tter

Ig P{%CC&FIH&_RBH%EQ Of{ q %‘ edlfc\f e IOIlefg a‘[‘l‘lg %SVCI‘ SO-

transhhisSiory 101y T
15the lailsd Repetiion. Fregisencly I(FBR:E))nI th&mwmrgelgwympﬁbeﬂesmdsswe

Wlthc[efelrlggsc 9 F%u{a?dgf ghls eII% Orsqllé]égy ? e uAcga%)nrldllreg%lf a5 a ven
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Having transformed the received signals into range gates the signal

20 processor 38 is arranged to take the FFT of the return samples assigned to each
given range gate. In the current example it will be appreciated that each set of

range gates corresponds to transmission of a linear ramp 301; (for a given carrier
frequency), and that the sampling rate in relation to range gates — the rate at
which data falling within a given range gate are measured — is the frequency at

25 which the pattern of transmission of linear ramps 301; is repeated (commonly

referred to as the Pulse Repetition Frequency (PRF)). In the example given
above, and with reference to Figure 3, this is nominally 8KHz. Accordingly, for
each carrier frequency, the signal processor 38 effectively generates an array of

data, each row in the array corresponding to a given processing period 601;, and

30 each column in the array corresponding to a given range gate.



12 The FFT output comprises amplitudes and phases of various

components of signal energy which fall on frequencies spaced linearly at
WRREIA)ETE of the duration of a complete signal sample set (ifRCT/EP2006/068731

embodiments of the invention, the signal set comprises tones, not

absolute frequency values). In the current 5 example, therefore, and

assuming the signal sample set for a given carrier frequency to comprise

the 512 linear ramps 3011...301512 transmitted at a rate of 8ICHz, there

are 512 FiTHélFFllt M?Jﬁ@@%ﬁ@%%@ﬂm@;fﬁﬁd%ﬁ%@lf&ﬁﬁglﬁl&)ﬁponents
15.625H4 for a carrier frequency of | 5GHL, this is equivalent to .
0.15828 87! %Imﬁgye‘é(éﬁc(ﬁriuﬁﬁo%ﬂp%mﬁnféﬁégaﬁ?é IlﬂffiYe?hti)&&bYﬁf,SC of the

statighafjotatgeticvilbldappgal vamipOsovite mbvidichtatg &1 hilliapatRh, the
in a bin dependent on their velocity (a target travelling at 10 m/s will
app$H Bt émpﬂss‘a%sﬁ%nﬁﬁomﬁﬁﬁ@ﬂ?, REUSIRAI BUERs so3 R Tent

sbe agkangeé tthsioler§aghdsetwiniaigehgatesalmpiep e sctrovy” ®fdven carrier

conceptually rectangularly-organised memory, referred to as a corner
Stor A BHERHl] EBTPREROHNY J0 PR HREE g tbs Al ARG A rate of
procgissingtpatags IRIFENGiqus tina paidiclian iDessleampq@ticy ONgesalls12
512 li s.3011...30 have bee smitted, each column - j.e.
cach T Tt S5 M ol LR ArEELLEING (R
the M escteBEThadpabbe répieseiteualitirdnitvait dig apprieatatecihat will
the Doppler frequency is 20 directly propartional to the carrier frequenc .

10rg: FRERHOR W 1B R R TSRy VA BRP S 1 b EAGBRA Of ther
frequeheytscaniing amenigsat ttenvaraliappradrrisinfeaguency will
modify the derived Doppler frequencies so as to effectively scale the
magmude B e R R o B R BR8] <yt B dgssiore
betwaeh 1&. 56 i 1gaCGldingian genefatevD applecodbepsenlignciesniarlarly-
a given tar% t, which var l?_%/r%%o This e uatestto a sx%em€enerated ding
shift%gf%%éelpf’%a%nrcyeo Thote thdh 2 Sémitohes “and & VaFidtion if &

15ambigugizDepdtaringlocityifrom gidenphriccdSmphpavhidh éan; candplicateto a
the task of.re ovin%velo%tya bi Uiﬁ/ ;rl m.targets mogmg a

speé’&g lghﬂ above. Bﬁccordingw He con rléﬂ%ar 121 %rran tg 05??(13(1)18??36/ been

the swespitedeat@ecdd3N 7 (refenddrings datdseiRepdtbigmidagpenoya FFT
(PR@roprrcs)\é\é%selﬁé eertei i? i %hge manner described above.

From Equation 1, it will be appreciated that the Doppler frequency is

20 directly proportional to the carrier frequency f.. Therefore when the carrier

frequency varies — as is the case with frequency 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 radar

system that operates between 15.5GHz to 17.5GHz can generate Doppler

25 frequencies, for a given target, which vary by £6%. This equates to a system-

generated shift in Doppler frequency of more than 2 semitones, and a variation

in ambiguous Doppler velocity from 70mph to 79mph, which can complicate

the task of removing velocity ambiguity from targets moving at these speeds and

above.

30 Accordingly the controller 12 is arranged to modify the sweep repeat
period 307 (referred to as Pulse Repetition Frequency (PRF) or sweep repetition



frequency) such that the sweep repetition frequency is proportional to the

carrier frequency, thereby effectively removing this systematic aberration.
WOYIN§MATK to Figure 5, this means that step S5.5 performeldyEPRI06/068731

controller 12 in relation to carrier frequency Ti retrieved at step S5.3 is

accompanied by 5 calculation of a sweep period 307 for the particular

value of this carrier frequency ft.,. In preferred embodiments of the

invention the linear sweep period 301 remains unchanged (so that the

effe@&{u&ﬂsye)dwimmmep&aﬁmwﬁereqaeﬁ@siﬂag)wﬁ[medtb»ﬂteeamer
signal processor 38% f%the controller 12 CljUStS the duraaign of the
Per

flybd ERIHFRASr RFETPYeTHERE 50, 5082 Yiksst PrefiriBiRptife ASHMENperbm N

305 idkadiffegui@canisendlief fhe waelionpaithecveeriepeat pREOn in
3071,fe].307512,fc, are identical for a given carrier frequency fej (step
s5.7%! #f%}héoerﬁﬁaﬁﬁnﬁﬁﬂlfﬁacafoﬁ%roﬁ?gﬁlﬁ%ﬁ EBeS T atoBkeOppaBigd by
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repe itions applie t of each. different 200 rrlerfr uenc ries;
T toihe it et atpe Ty DR o R
duratipoaDferiadl DeTri€y freqoeng;&mfa Rieeicto &nsw@xtétabﬁﬂﬁe@lurw@asn@ £
rthel tant, th t ri12i fi dt it f
T RS Himd i D DB R B B B FBAL AP Up table

duragditid baﬁ)rewmlm@@ﬂqaﬁi&)demiﬁgﬁmcemt&tepsﬁﬁea R EnGes f;.
and S5. 7

{ rentc rier fre(%#enc "}Q xam le thedb
valu ‘%VB |lse%r¥fgil3 Iyas%tc9o esﬁr% Weep pea perlo §967°°¢ %Y
1500rrﬁsqooastdm@doaﬂhﬁe@tﬁ&tko vbidhddontyess sweepcrepeafrpariody(dnd

thus that as ocCiate %)the Iow Et‘ r frequ
feature of the gonctr fSrP2\s RuVah age{get}gs or?ec%n?‘gura %%sd 'ilrﬁaélﬁw;) %f step

the |§fean s gineferip ch3itainabnstatinfin Wigtreas it ihshawndth @4tbs)liments

o e s st vt lssiparion Al ng QUAON O O i
the (i4 overa urdtlon @g eans € average tr ansmltl%

dissifpediomdy (f@mmdumnnbnnﬁfe@h’hch@etmbnaagphm o rikspcswe € pacdpaidiferent

20Priog 37 (BRE), A  [Esult fhe temparatyre pf the fanSIter Tais, i 512
mairtained at a corstant level, which, in turm, mmimises the variations m

parmemmmhaﬁmhitemﬂeramderatlon D for all carrier frequencies. In order to

ensure that the duration is nevertheless constant, the controller 12 is configured

to wait for a period equal to the time difference between the end of 512

repetitions and duration D before moving onto the next instance of steps S5.3,

25 S5.5 and S5.7 (i.e. for a different carrier frequency). In the present example the

value of D is preferably set to the sum of 512 sweep repeat periods 307

corresponding to the duration of the longest sweep repeat period (and thus that

associated with the lowest carrier frequency f).
This feature of the controller 12 is advantageous for configurations in

30  which the linear ramp period 301 is constant (in Figure 3 it is shown as 64pus),

incurring a fixed transmitter power dissipation: maintaining duration D for the



5dependent. Preferably the Doppler frequencies are scaled and output
as tones within the audible range and at a fixed audio sample rate.
WP Atk the tones at a fixed rate is a convenient approadé THERZW6EI68731
the fact that the Doppler frequencies have been normalised in relation to
the variation in carrier 10frequency. As an alternative to selecting
sweep repeat periods 3073 as a function of carrier frequency fej, the
sweep repeat period 307j could be varied incrementally, for example
lineasyriiasreaoithe AR ®sMatioshd He(z WeladkfiasCiraishite@rdRipation is
example frequency range of 1?.SG,HZ - 17.%(EHZ, the sweep repeat peri&%d
15 SPPI6IA LAIEFTREGIERCY oY A EOR Rl BE T GBEHsPah petiod” R E)
307 foy a eavilienhecaquepamiatel 66GEHzrepudthe M25esnwhilaibe swveepnstant
repeat period 307 for carrier frequencies between the extents of this range
can 58 LeltEl bW SR R HHy BERIERS lﬂi’oagag}?&ei%%‘.%%&t%%@“re
sthe firgicaliennative - where the sweep repeat period 307 is varied
discretely agsé%e?&? rriEr fre u%nc 20 varies - the Iiréfear ramp 301 and . hi
thus the proCess 3‘/6 FCRPBT P HRCIRICHE TR G dIPYYE &SP RS Within
sweez rapkblcpangd 4i7atThe et ahdogenplReprlePlsaguebeykisibesmes at a
reduced to +0.2% and the ambiguous Dappler velocity varies from
7 TS 575 ORGPt GBS R inie e kb fefisadoppler
peridet@h{RR Maiscsdlasted imdilgetl dapeartrivee an the caitigtion in carrier
25fr§%:uenc , the duration of any given set of repetitions of sweep repeat
peri TAH'bE fixed at duration D. As described above, a radar system

according taembddimsiis of tetednvgniiarepanpeanyern@iRtBobeassefliiction of
transcci.vingr radio fre ur?%

ot VR AT T e s

10

SR GF ATl bR B AT AT el

idenfiyiagampiding éargetbastieosi gnahppeccissaios lis@tndfigay forteansmitFor
data indicati\gﬁo the Doppler frequencies to the computer 15 14, which |
comPHsBE BRIt GHSBRWERSEMdomentt 30 Himirbéd 1 SofRe8rfeReat period

15Doppler heduansiesieaidplersignalsiand i Peyaeds the Samerids 307 for a

described above, the Doppler Frequencies are normalised by processing

the REERIEHSIYARAY &f d VafiEibrecutls Bite ke bethy sdhscterpap repeat period
dep%@e%?%é}ﬂép%&%éﬁfies between the extents of this range can be selected so

as to vary linearly between 125us and 140.65us. As for the first alternative —
where the sweep repeat period 307 is varied discretely as the carrier frequency

20  varies — the linear ramp 301 and thus the processing periods 601 remain
unchanged for all values of the sweep repeat period 307. The net change in
Doppler frequency is then reduced to +0.2% and the ambiguous Doppler
velocity varies from 78.7mph to 79.0mph. As for arrangements for which the
sweep repeat period 307 (PRF) is selected in direct dependence on the carrier

25 frequency, the duration of any given set of repetitions of sweep repeat period
can be fixed at duration D.

As described above, a radar system according to embodiments of the
invention can conveniently be used for transceiving radio frequency energy and
processing the same so as to output an audible representation of Doppler

30 frequencies and thus identifying moving targets. The signal processor 38 is

arranged to transmit data indicative of the Doppler frequencies to the computer



5frequency of the transceived signal, while the rate at which the audio is
played back is substantially constant. Preferably the post processing

WQaevare4ddmponents 39 are arranged to ensure smooth tranBfiBEP2006/068731

1

1

between respective audio bursts by controlling the playback rate in
relation to the rate at which, for a given 1agnge gate, data have been
processed by the signal processor 38 (i.e. the 10frequency at which the
pattern of transmission of linear ramps 301, is repeated). If the PRE is

varigd b@M&ﬁé‘oKfﬁHé’e@ﬁCﬁ&w%ﬂ@ﬁ%%ﬂi@@iéﬂ@@%’ﬂ&%ﬁ%@@%ﬁ%«er‘[ the
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PRBDoppler data. As an altemative, the audio playback rate could be set at a value
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20 lower than the PRF (e.g. for the current example, 6.9KHz) so that respective sets

of Doppler data overlap; the periods of overlap can be managed using
appropriately selected fade-in and fade-out functions. As a further alternative,
previous sets of Doppler data could be played back by the computer 14 during

what would otherwise be gaps in the audio output. This alternative is

25 particularly appropriate for arrangements in which the radar is transmitting in a

fixed direction and is therefore operating at a constant carrier frequency,
meaning that the audio bursts are coherently related to one another.
In arrangements where the duration of sets of repetitions of the linear

ramp period 301; is constant (duration D), any set of Doppler data

30  (corresponding to a given carrier frequency f;;) will arrive at the signal processor

38 a constant rate, which means that the software components 39 can be



A particular feature of a radar system according to embodiments of the
invention is that the software components 39 are arranged to transmit
WQA87@53R from the signal processor 38 to a remote procesKied BP3W1068731
for tracking and monitoring of targets. Most preferably the software
components 39 are 10 arranged to tranggnit 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
congditfigheatiae WhHE the daticirigisitPiacesaesnolcovielaihaiaigetaps in
between successive scans, rendering of targets upon a display and
preciotPBP I datSHERA AEIBY BLASFRREY ByeaP f%%a%ﬁ%iie calculated
processingueystanDd N A prefewedRrangenanitbendatiaiar@dransimipades the

wirelessly, but it will be appreciated that any suitable transmissign means
g SR i L R T R R

sforegairgdhelineandanypgiiloscingiepandagtrvariations in the sweep

repeat periad, the controller 12 could alternatively modify the duration
aior Sloph SRTHE e g ML B o RGRERS of the

becansentperafidmofibdessiinalpranapsaems G0 pastigutmgin redatiansiait data
the proces%in% periods 601) Woulsl\%ave to be modified,.modigyi&%r?)e i
slop@UPY! BEMSAGSHEA: PRARST Wite)? METE A RR BRE RGP Stk ipfdracking
beingndtilisedtoriagbmrggion Miseptstdifierehes dftstopesoafihe:-linedd are
ramp can bae tused to d uish bet reen i

istin utput from respective radar.

100 e 1 R A AR S S By Sty ddtnigpe the
the antean&dicagycanie tmbedied asiagtravaling- W gitehds anamsa that
wavequide in the 30form of a serpentine antenpa qr similar. Suitaple . )
TR S T S S R i e A densive
co-pendingeaplicaticatayiteddis recuenaysscasiging snienmaidering b€ targets
above embodiments are to ge understood tai;" ustrative ex mple% of th

inveHtgh. FHRePe ML RIRESHORt the TheRn BRI L riilage P ST B Y
155 understoopihwksing tgatene descplderind etedigrtcanthordeta are transmitted

embvov%e %’s‘f}%, N Ptew‘fﬁebd %}5@8@%&&‘ t%o{‘.‘at%é?%‘ﬂ%‘b vith other features ¢ could
described, and may also be used in"combination with one or more

featixessod 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

Additional Details and Alternatives

20 Whilst in the foregoing the linear ramp 301 is independent of variations
in the sweep repeat period, the controller 12 could alternatively modify the
duration and/or slope of the linear ramp. Whilst this is not a preferred method,
because operation of the signal processor 38 (in particular in relation to the
processing periods 601) would have to be modified, modifying the slope is a

25 convenient method when more than one radar system is being utilised in a given
region, since the difference in slopes of the linear ramp can be used to
distinguish between output from respective radar systems.

In relation to the form of the frequency scanning antenna, the antenna
22, 32 can be embodied as a travelling wave antenna or as a waveguide in the

30 form of a serpentine antenna or similar. Suitable antennas are described in US
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processor arranged to 5 determine a Doppler frequency associated with a
target, the frequency generator being arfanged to generate two or more

sets of signals, each set of signals having a different carrier frequency and
comprising a plurality of signals transmitted at a selected rate, wherein the
contpallgiisiBLRBgsIta:Re gl e ratedp shisiaahpllydisacsmIoRerietdency
the carrier frequency, whereby to normalize 10 the Doppler frequency
deteifAMBBEAN H &ignal processor, such that the normalized Doppler
][requency i$1’fd@§é&8f%ﬂbb@ﬁ'ﬁ%fﬂ@hi’@ f@IBéigﬂd@rmaﬂati@rillns&hﬁiear&@rmples of
requency. . 2. Afrequency scanningradar system according tq claim

1, whErdersiescH 50T SR BEHHASLE TSARIEAE R Lol 1 o be

spatteriraoddiigcomralienis asaripatitoraiadifya giveshon@dbéaigient may be

pattern 'nﬁfependence on the carrier frequency of the signal being
modiBHEHONS. 0F 1R B BOAHHAL s W el SeRe il (B 8laitiso be
2, wheseiin 2088 eaniiolahisranged Rameelfytheydieion Gt iseividuaknts,
;"aﬁféff'r?a%g”c o RS RN SR ARSI RY Moding R MeSuatoR, alents
and modifications not described above may also be employed without departing

10 from the scope of the invention, which is defined in the accompanying claims.
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modify the duration of the intervening periods of respective modulation
patterns in the sequence, thereby modifygng the modulation pattern. S.A
frequency scanning radar system according to claim 4, wherein 30each
modulation pattern of the sequence comprises a linear ramp period and a
dwell periggs and the controller is arranged to modify the duration of dwell
19 periods of respective modulation patterns in the sequence, thereby
modifying the modulation pattern. 6.A frequency scanning radar system
according to ¢laim 4 frb@r&ioySeaskinpesidatiprepattenpiitha seusaiRedor
comprises a linear ramp period and a descent period, and the controllec[ is
e ah el 1o

arrang &8t oM/ SRRSO BRASEURE BRdidau Optdepestive armang
mgdulatipsiatiarnsppldhegeesnssodibe ebitinagifyingdhie quadylgiemator

T e R R R S e
compriged limedffeasmpdaaitodirequency and comprising a plurality of signals
transmitted at a selected rate, wherein the controller is arranged to select the rate

in substantially direct proportion to the carrier frequency, whereby to normalize

10 the Doppler frequency determined by the signal processor, such that the
normalized Doppler frequency is substantially constant in relation to variation in

the carrier frequency.

2. A frequency scanning radar system according to claim 1, wherein
15  each set of signals comprises a sequence of modulation patterns, and the
controller is arranged to modify a given modulation pattern in dependence on

the carrier frequency of the signal being modulated.

3. A frequency scanning radar system according to claim 2, wherein
20  the controller is arranged to modify the duration of individual modulation

patterns of the sequence, thereby modifying the modulation pattern.

4. A frequency scanning radar system according to claim 2 or claim

3, wherein each modulation pattern of the sequence comprises a ramp period

25  and an intervening period, and the controller is arranged to modify the duration
of the intervening periods of respective modulation patterns in the sequence,

thereby modifying the modulation pattern.

5. A frequency scanning radar system according to claim 4, wherein
30  each modulation pattern of the sequence comprises a linear ramp period and a

dwell period, and the controller is arranged to modify the duration of dwell
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each set of signals having a different carrier frequency and comprising a
plurality of swept signals transmitted at gorate selected in substantially
direct proportion to the carrier frequency, the frequency scanning antenna
being arranged to cooperate with the 20 frequency generator so as to

transceivexR AP OVRY rotRAIOn Atk ain thagidlashex teetcte peade moahe
the said carrier frequencies, wherein the receiver is arranged to process
signalsl?gglé[ﬂ}?& ﬂﬁg}?{% target in dependence on the selected rate so as to
alleviate variations in Doppler frequency arising from transceiving of the

radiation ovegthe angilar &xtERaRe radad s MEROG AfEREANAG Avherein

frequency scanning radar system, the methdd comprising the steps of:
geheratisy) addstasihpteavipigthe fiestieneiepiriéige adinamd womisriomhgnd a
first pluigliphobsianals eSO AiaLAE o T he AR GAYENEN
30being selected so as to transmit a beam'in a first direction; 20
generabitiepds S6EshErBigriBHAYIRY RARBD HUkaPive iesqthersby madifying the
comprigipgueSepRdplurality of signals transmitted at a second rate, the
second carrier frequency being selected so as to transmit a beam in a
second direction, different to said first direction; Swherein the first and

sggond rates-are SeAeEE%QeHbyﬁ9&%@5%@%@&%&%9&%}%%%%&%{ 8him

frequency of their respective signals to normalize Doppler frequency

determin &6 thevfigeiinerde denti ikt MryN 19, Abeneaisacst SperatR
a frequgnQy SGWRGIradar system

8. A frequency scanning radar system comprising a frequency
15  generator, a frequency scanning antenna and a receiver, wherein the frequency
generator is arranged to generate two or more sets of signals, each set of signals
having a different carrier frequency and comprising a plurality of swept signals
transmitted at a rate selected in substantially direct proportion to the carrier
frequency, the frequency scanning antenna being arranged to cooperate with the
20  frequency generator so as to transceive radiation over a region having an angular
extent dependent on the said carrier frequencies, wherein the receiver is
arranged to process signals received from a target in dependence on the selected
rate so as to alleviate variations in Doppler frequency arising from transceiving
of the radiation over the angular extent.
25
9. A method of operating a frequency scanning radar system, the
method comprising the steps of:
generating a first signal having a first carrier frequency and comprising a
first plurality of signals transmitted at a first rate, the first carrier frequency

30 being selected so as to transmit a beam in a first direction;
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carrier frequency of the signal being modulated. 1511.A method of
operating a frequency scanning radar sggtem according to claim 10,
wherein the method further comprises modifying the duration of individual
modulation patterns of the sequence, thereby modifying the modulation

pattern. 2012g&aﬂ@thg)oho§e@ma§ig@a ﬁ@ﬂ@@%@ﬁ@ﬁﬂ@ﬂﬁdﬁdﬁqﬁéﬁﬁﬁmnd
according to.claim 11 rein each modulation pattern of uence
compriSBURHAH EBLPURE 3, O A EHBLE G i e econd
further eerpriegsemyditying dhedlsatioroafdngintesvan mgapemﬂsdﬁéctmn,
respec modulati fterns in the sequence, thereby modifying the
modula%gﬁr%ﬁﬁ%ﬁﬁlffg %{‘lﬁ‘:ﬂ?&hod of operating a frequency scanning
radar systemaegoiiding tfirglaim d2ondeneingastloned uaticipatiesn difect

the se ence comprises a.lin ar ram d and a dwell period, and the
metod R oGt <o o TGP T B Ao R4S apmate

respeclppheotiviptoey Jopatipansintie sequenseotiaielyismadifying the
modulation pattern. 21 14. A method of operating a frequency
scanning radar system according to claim 12, wherein each modulation
pattern of thelsequencadiipssepaadingas rasypdneyiodantha desecesiistem
p?élod and the me{hod furﬁlger com r| es moqn&/irﬁ the duration of

descenzfcfi%r S of espéc‘ﬁveerer%loeﬁu alf gty 0 $ comprises a sequence of

modulation patterns, wherein the method further comprises the step of
modifying a given modulation pattern in dependence on a carrier frequency of

the signal being modulated.

15 I1. A method of operating a frequency scanning radar system
according to claim 10, wherein the method further comprises modifying the
duration of individual modulation patterns of the sequence, thereby modifying

the modulation pattern.

20 12. A method of operating a frequency scanning radar system
according to claim 11, wherein each modulation pattern of the sequence
comprises a ramp period and an intervening period, and the method further
comprises modifying the duration of the intervening periods of respective
modulation patterns in the sequence, thereby modifying the modulation pattern.

25

13. A method of operating a frequency scanning radar system
according to claim 12, wherein each modulation pattern of the sequence
comprises a linear ramp period and a dwell period, and the method further
comprises modifying the duration of dwell periods of respective modulation

30  patterns in the sequence, thereby modifying the modulation pattern.
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sequence comprises a linear ramp period. 10
21

14. A method of operating a frequency scanning radar system
according to claim 12, wherein each modulation pattern of the sequence
comprises a linear ramp period and a descent period, and the method further
comprises modifying the duration of descent periods of respective modulation

5  patterns in the sequence, thereby modifying the modulation pattern.

15. A method of operating a frequency scanning radar system
according to any one of claim 10 to claim 14, wherein each modulation pattern
of the sequence comprises a linear ramp period.

10
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