| mprovenents to Doppl er Radar Systens Field of the
I nvention The present invention relates to

wo pgrosvanents to Doppl er radar systens, and i SPCT/EP2006/068731

particul arly, but not exclusively, suitable for use
wi th frequency scanni ng radar Eystens. Backgr ound of
the I nvention Radar systens are used to detect the
presence of objects and to neasure the | ocation and
novenent of objects. It i's common for such radar
systems to sweep lapraygmicaisd Sysieamini ng t he
region for the presence of such objects In order to
sweep over the region the radar systens either enploy
mec Fand 68the dexenies conpri sing an ant enna t hat

physi cal |y noves in space, or electronic devices
conpri si Hée @reéﬁ%ﬁﬂ%enﬁﬁatrelatﬁ%t%mmﬁwae%wsl?mer radar systems,
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known group 6? suc el ectron evices IS req lenc
Scamgangysamisays, which, in response to input signals
of varying frequencies, can steer a beamin an angul ar
pl ane. Radar systens can al so enpl oy frequency

scapptigold ke fRen€igf ection avoi dance and/or in the
presence of other radar systems and/or to counteract

f r equencRaflammystems eguisdentdeicet Ge physehespyi abjedseandeiermeasure
operatln frequenci es, i rder .10 avoid detection of

oF bt LRt P Hiq i e pRoRieRS ot R BEhd 5 bl stoms to
Radawc&y 861056 a adiGert @8EIBH | Stabisiggl th@ reglemtfof Ynd PRsence of such
Doppl er frequency of targets so as to identify the
magAbietide kEnerdgl feevpeh over ﬁhﬁxﬁé@@mth@ tigdag systemy ajtheiyemploy
depOngirt dolRts Pub@iEE of TRERA oy ELAR LS i sngpe. o

fr eqhe@@r)dc glerne cﬂgnlﬁisﬁ@ﬂaﬁiemt@ tleat ra&daifar%yf& terice RERDS as it
problens in relation to the ?roce55|ng and
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ing” freque canni ng
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
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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
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

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 nodifythe Doppler frequencies for
W@ 2@7WE1R73 arget, thus nodi fying the inferred neCT/BP2006/068731
the target and conplicating any velocity anbiguity
resol ution for targets whose ppl er frequencies fal
close to half of the sanpling Trequency (e.g. the
pul se repetition frequency of the radar). The
inventors realised that by varying the period of the
f r ethedpenplalecapendis fpr o poen tasectt Gus ﬁ’é’dtfglﬂgit@ inferred motion of
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str ep&@&%f qg@qfeah&{cfyb%&g,gﬁwﬁgg@%oh%gﬁg%ﬁ{i& equency, the

plurality of sets of sig S, set of signals
havnognaised Dbpplenfreqiracyacheinsstibgtaritradlguwenstyntand

conpri sSi a plurality of signals trapsmtted at a .

sel 6ot ed FEHAERh P cieff R ele, JAatPEnDs of GFeal invention. the
ar r angrdrd Aavelieddiopdacar Xgichdy den@ndentar @BnfHl&r for use in
characteristic frequency. The’ invention can be

enbeetedling) aaresuieneyd genmeiaior, thodreghénsh geacttaseheing arranged to
signal s .conpri ses set of. | sed, signals and each ..
105, 38t Fuf GhBIFAE of 5251 o0 iab "G SRR BaftheF e different
r at ehardhigridtied@equendit il b&hpiising Aeflualitya80sidndl9 uABshiited at a
the repetition rate in dependence on the )
chaplested irafei evheredty il eydapfeoptallguisserganged gl selephdhe rate in

i nv ' tyvel nbodi ed in a frequency
nodgg%#ggugg)éggégé%égkﬁ g%qﬁﬁth each set of signals
conpri seFhaimegtiencen bd cmboditdin apupad ratansfor WhechradRket of
controller is then arranged to nodify a given .
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to nodi the nodul ation pattern of a continlious wave

si grepefitibutratk nowdepreddnod soreitlich eharaddiiftyy {rhguestcymdl the pulsed
random y, as described in US2004/0 130482, or on the
basP€"df a sequence of val ues, as described in

US2005/ OTh842RAtion Bar® uft&lRAtIRS 8c LhPodRAUh &l fr&hiency modulated
patterns are nodified either to
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



overcone external interference, or/and interference

bet ween respective radar systens, or/and problens with
wW@®rosamnye returns (these being signals recei REHEP20061968731

targets that are |ocated at a distance fromthe radar

system such that their return signals are received

after transm ssion of a next dul ation pattern in

t hesequence). I n each of these scenarios the

notivation for nodifying the nodul ation pattern is
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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



signals and a frequency scanni ng radar controller
according to any one of the preceding clains, wherein

W b@7asdid systemis arranged to playback the PEr/ER®d6/068731
tone data at a constant rate. Preferably the constant
rate is selectable in dependeqfe on said duration of
i ndi vi dual nodul ati on patterns of the sequence and
each cycle of audio data conprises data derived from
one or nore said nodul ation patterns in the sequence.
ThePlaedbarkratyeagt prcsrin sach eslgoindin dati.gmdpiatthe egsejvhere the
t he ce i \ k i h e
of - 307 Ha o eRElR B etk ithle 3R GRS o LRl Fidual
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one SERERCd Alaved Pask Paretratencs i ﬁ@%ﬁa@@é gudipgagy ayed
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SConvent ety el agRENCRE ot E) 2y il fransitons
conbeteleet camstttivensy chst ofeerdicc datg ecelpi be npos ©f anfaudio fading
audi.o data - e.g. by.neans of .an audi o fading function
¢ hafUnelin Bt 5P aBPlicd tPHge Auip JatkAPaSap et Ar g ee ends of a
res g@hb¥§e@pg§ﬁ@amg,given cycle of audio data.
Further teatures and advantages of the invention wl|
become appuhanicatires angadvighgsvinge dewatippmwibrbeodme apparent
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Draw ngs Figure 1 is a schematic bl ock di agram show ng

confMengss of a radar system according to enbodi nents

of the invention; Figure 2 is a schematic bl ock

di agram showi ng an arrangenent of conponents of a

f r euieNDysogipnet af the xaewesi N Figure 1; Figure 3 is a

schematic. dia ran1sEomAng a nmodul ati on pattern for uyse
I5py the fFeﬁﬁlﬁﬁegd§ agsRepaitcoplopl dmeim showing;cogignants of g radar

schenilrh GoRkAGK (b A AMAEAMHn &hiiBht er nat i ve

arrangenent of “conponents of a frequency generator

shown i nFlgugur2eislp 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 di agram show ng steps
perfornmed by the controller shown in Figure 1 during
w@eamesng of the radar system of Figure 1; andpEi/geroec/&s731
is a schematic diagram show ng processing of signals
inrelation to a transmtted q?dulation pattern.
Several parts and conponents of the invention appear
in nore than one Figure; for the sake of clarity the
sane reference nuneral will be used to refer to the
sanPapPOMpaRes & capementoli derments deachhwfitk dugieafing #pn individual
addit | . ' r [
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cIaF@@V¥mﬁﬁ%ﬂwPﬁ%¢§S?@deF§P§?@nce to the sequence per
sse the suffix is omtted, but when there is a
reference to individual elenents within the sequence
t he Detifilfd Debgiptioa lofitkednvéetoai | ed Description of the
Invention. Figure, 1 shows a radar system.1l w th which
enbodi mohEofl FPREVT AvERET SR GPer abED PHEN e 8 Er opf the
1 cofRhiic Hbrate AAVWRIdaP Y4E&E 1 tOmpAsiaLAtPoRlel S6urd?10,aNbnBoller
conmputer 14, the power ‘source and conputer 10, ;4
bei hg andraagrgamirtard 4pheviosksT povies andconapderoldle d dtbeimgairanged to
control,over, the,controller 12. The contrgl| 2
10¢ o mPFVelePO il 8D PR ALY C%%"%éwgre eo“f"n&rﬂ@‘t‘rrl?rcr:tﬁ“c?ncé’nm’”er
(not2 sewiptisef A nBx@ptickRBr tanar ehyt oEf ieeidtéas Ynot shown) for

generating control signals that cause the RF frequency
souf¥esution therghpal cifrerizelyt meningt epngigh pignaRrthehsppse e RF

as i fi q ’ F nd. t.hi tput . Si [, .
andgease? b EUE St il Gt 3, G B4 en8le§78 o spccitied
W | Frelpgende 0%+, ed this ompet dgiiadj indeelcomtrolt dfeariBlifiers 20, drives
frequency_source 16 generates signals within _a range

I50f ﬁ?%a%iégwl%éﬁgﬁﬁeagfﬁ@ picafsial beloy.ghe RE{Esguerncy source
bea j ok T t [ '
o nraled SRR ) et TR o Cap e pnieppg 22 to
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mhigh rec ivgs radia{ed signals reflected back from
obj 8PtV BHFINYSEE the recei ved radiation

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.



through anplifier conponents 20' to m xer 34. The
m xer 34 conprises two inputs: a first connected to

W@ b@7@5743Dur ce 16; and a second connected to tPEI/EP2006/068731
recei ving antenna 32. The output of the mixer 34 is
fed to an Anal ogue to Digital gconverter ADC 36, to
produce a digitised signal for input to the signa
processor 38, which perforns anal ysis of the received
signal. The signal processor 38 Errforns a spectra
anal ysi sFanre Reshowae edopmengity pd| as RFpsequgaey gh@rattahg@t can be
bet ter e
obj ecﬁfbyéﬁ‘ B eq‘lt%i”']ate ?gﬁéﬁ%&t@%a%@y o!?%er%&Jn%[ %‘elten%q@%té) Figure
si gbalhe ﬂ&pﬁﬁ&ﬁ goieritbe 16 eoeipyiseiga drdupicyC@asden®0, first circuit
conponents are described in detail belgu/ but. first .
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multiple o
output fppg of a third circuit portion 230, which in one arrangement comprises a

wn

Direct Digital Synthesiser 223, a Digital to Analogue Converter DAC 225 and a
low pass filter 227. The third circuit portion 230 is configured, under control of
25 the controller 12 shown in Figure 1, to generate a repeating pattern comprising a
linear frequency ramp. The ramp 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



arrangenent the frequency source 200 is enbodied as a
crystal oscillator and in another arrangenent as a SAW
W@ sardr. The signals output fromthe seconPCEP2906/068731

portion are then nodul ated by output foDS of a third
circuit portion 230, which in .pne arrangenent

conprises a Direct Digital Synthesiser 223, a Dgital

to Anal ogue Converter DAC 225 and a | ow pass filter

227. The third circuit portion 230 is configured,
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in the specificatio is.a conve nt ch Such a

1Ot SeinC A P e asony Bt i gt pertion 230
f or e@RINindeti@irt S2 abEmpi&k UdRSkaP SsyhlHoM84 " %‘bhﬁﬁ@meﬂt@ €it could
skilled person will appreciate that any suitab

val akgngowld beecnbdded eldmgde;ﬂé@giencommntshemhses @f sawtooth
the rad e targets to.be
ot SeREtyr oY E0drivlnr P ORbR, fafin Sf b T v Mo be
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alterpatively b odi ed usin analogue conmponent s
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e
20ei t hetpuofronh¢hd MMAC 7r dapingr frebwehty por armdout0B, a 3@Enal 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



Turning back to Figure 2, the output foDS of the third

circuit portion 230 is input to a fourth circuit
WErsr7240, whi ch conprises a phase conpar at RCT/RBRP6/668731

filter 235, a Voltage Controlled Gscillator 237 and a

m xer 231. The m xer receives §ignals out put fromthe

second circuit (having frequency f2) and signals

out put fromthe VCO 237 (having frequency f ) and

outputs a signal at a frequency equal to the
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20por adhamtage 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
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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.



the ranmp pattern a predeterm ned nunber of tines
Rmpnmax (S5.7), so as to repeatedly nodul ate the
W@ 2007081475 r equency. Havi ng reached Rrpmax, t hePCT/EP2006/068731
controller retrieves the value of the next carrier
frequency fc2 and sets the valyes R, R2. Preferably
the overall duration of step é .7 - in other words the
duration of any given set of repetitions of the linear
ranp 301 1 pattern - is the sane for all values of the
carrier A‘Ségﬁfé’fb@sl abexy the e syslsay | ppéraiss heeording o henodyne
foc n_th .0 1 &S| f zsign
fr oM AEeFad i S EREE Tk O PR ENRE' ERGBHT) bR A8 o
as pdg‘f@edr&ﬁ:s Foexgmgnith@ rgd’e:d\feﬂrsgg)rgﬁ S"i)dﬁlgelﬁfyhaicg ﬂ?l Sanshlifted signal
now be descri bed. As described above the radar system
1 priEflengpl yinAnaediments, agéheamg@ag}na@@ V@Ht'@nmr%:zat?% from the
ST eCRI¥sdifl hAPERLERD: an-ﬁl'ysin%agtﬂ%lla?, the ot Yl?gf % L8 system 1 is a
recei ving antefiha 32 are input to m xer 34, toget%er
Wi t bequieccoaft frequehouswéaps 0l helt B afwahkeovay pgecipleaifandar that
16, and, (in . a cor&gnce m%%? st andar d hoquyne . h
opel5ETorocaHe BuPEuPaR r Omat A Chi YaPmiucd ooraqihrisligh the
an fbfsndfied QigRAIRIURE MedlBkiitRatkiddl &1 BREbERRNts of the present
Frequency (Fg) signal as input to the signal processor
38. irERBligi somprissh a Hacar desjuonqygsvegtpedha t%
perfornmed under control of the controller 12 and,..as
1007 CGRERE, LAEH FRAshEh oShom " TaH ! papfongf Sy nerat
t herdficaRarsigralPthae bicodeiday (S@e danshlifedkigh@kb (albeit somewhat
processor 38 is conveniently enbodied as a

pr ogiemaER) dut seflaratebHICFAToN: AL { PRITFanA R aBens shidreRge wsferred
S of TR EinGTRONE "R Sre G I}"i g g! frf%il lb\é a@@re&ﬂ%d%& ﬁ?eF}: jgure
in response to S|gnan recerve rom a eonventional PC
conphat eliffdréntataggadiTdh Tar € loedtéd an dukirag dib@nces from the radar
proprietary progranm ng | anguage associated with the
15pLCogiemd ~debestithednspiid swyee %Péio@éfl}fg%rtté‘mais Bbr@iaé@ééo the
accnill BO s HRUBAY ARd ARhNHPLIER: BE T ERnSyt ke Wiforen:
Internmedi ate Frequency F is equal to differences
bet Wweetiortsheillrtecssoctdedswihdlffdreraqureny), afid t he

transmtted. signal frequency.. In enbodi pents of the i
nvent i oft Vi @i fite Gt g&;&ﬁ’é%?‘&%‘é RSt fFtR the My H contain

and i x i i . . .
LUy 0 A g LB s
201. the rasp@Ohlab trievidled te thermitgquitseofothe detdetront fegion and back. Thus

for example, if the detection region extended to 4.5 km from the radar system 1,

@ regfdected signals also

the signal processor 38 would start processing signals output from the mixer 34

at:
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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,
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[ Equati on
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
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

each column in the array corresponding to a given range gate.
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range gate. The FFT_output conppises anplitudes and
phal gglgeélfcy VTS a8 Ol%_p‘[g SRV WRiH %requen@ scannimg 0 %nas — 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
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20 carrier frequency varies; thus, of itself, the period associated with 512

repetitions would not be of duration 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
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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
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and oA, BEFAPRspd BAAMe S B b RELERE R SRS A bescribed

per bloele3 e (OSpp)er Asqiencees Wré ddmdakidpey grovessing thdr@cceived
transmtter Tx js maintained at a constant |evel, i
whi eignals 3t g agiablg; icpihsewate heing aplpded oh depsndpiacapibther urier

st hakreghdncl SFRRT Ridde g%?élﬁﬂﬁ,e@hﬂe eeher aklyich b e{:&aﬁ)tohgflayed

frequencies are sca out put as tones within
audbidke 1s anufetastmdlyatcomstdritx e dPrafetibdy sthapbestr ptoeessing software
Pl ayi ng back éhe tones at a fixed rate is.a conveni ent

appFdya ppenfs 39 & Grranged 10, ERsufG, SO etrﬁﬂ:}mne etween respective

fr eguBhGLRS RAVELRART MeHIBbidedtd M tRlidd tPhetr@etad@Q/hich, for
variation in‘'carrier frequéncy. As an alternative to
sel egivengargeegste, defadmyc peen prascss@irby ts sigraliporessar 35 (i.c. the

carrier frequen f the sweep repeat peri 307

0ol aaey AVER T bt Ao R B BB Bpt Rl poated.
based onif {he FRIPIOXirdaticdRedn*BCHL (ahd SKHA 9id el auchDElayback
t he exanple frequency range of 15.5GHz - 17.5GHz, the

sweEpe tohakHzptiendn Bomseric of HrbE ahasedendinegntiof there will
15. I 14 . i : )
oor B g 1 ufe 262 o BT i BRARRS Y T dnlionRo any pudivie

sweeiulyspohthcppopper &da: drerwaabf hetigdiihgqhiene it@sccycle Doppler
between the extents of this range can be selected so

13as %ta\ﬂélrlygmeﬁl@gfr AL el SHICTY S Caigny 401 b5 mags further
for Dtogﬁlef b8l 2l H8AN LA MEIe YR iR PIERRsIeR’Realn order to
period 307 1s varied discretely as the carrier
f r equranc ya weoods trangihen | bateean resppctB@1 setmdoft Mepplenedata, the

D oL eSS, PSS SO S VISR ATE B o

Doppler data. As an alternative, the audio playback rate could be set at a value

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



Doppl er frequency is then reduced to 0.2% and the
anbi guous Doppl er velocity varies from 78. 7nph to
wQa 001075 As for arrangenments for which the SWe@PEP2006/068731
repeat period 307 (PRF) is selected in direct
dependence on the carrier freggency, t he duration of
any given set of repetitions sweep repeat period
can be fixed at duration D. As descri bed above, a
radar system according to enbodi nents of the invention
cancetipsd entnn)y B sisredcdnditians amgelatien Hyoyeitpy and/or gaps in
fregue LY. [ S|
out Do B P aRE RS shiF o BHPEF ot 8e caleulued
f r equandivadomy. t Anadvalangd by thig ammvdengnt & gat &. sifipifies the
signal processor, 38 is arranged tg transmt data
i N1t AvPaciardHEL BSpSEProOcEBHIgeTv S fympeisnts 39 and enables

SCOMBEE i 1ant M i o RIS VS AR \%92{#% PtREOf sof tware

conponents 39 arranged to con e Doppl er
f r equencifeparticulaiuftatore of b gadak sysderd accorgingytb amkbodheents of the

sanme. As described apove, the Doppler Frequencies are

mor HENH MhyiebriBE SOONHG. EHEPHEEDI YLdS AGASHCE. oy Tyranmt data
var pailefbMl e s%h@l Prot&sheigng SehRu ﬁl%c;ééair%%?@t@ﬁ*@ R&t&racking
on the carrier frequency of the transceived Signal,

whi bed nimitoring odttanghisc hMoklepreladialdy i the spAyers ¢raeponests 39 are

substanti.al ly constant. Preferably.the paost cessi n
1030 B0 g BT L85 5ughl 5h e SRR PR RERE W e

t r apstict @8qRetyeemdrisPReidnvieiatitia@nfilr ShenddY. This means that

controlling the playback rate in relation to the rate

at Wisi compuiar | bags peimaribhge aganduit deit dathavkilpderfata intensive
pr Og?o%%&QS B¥ cé\%@?ﬁﬂ@ﬁ@éet? P?{%@l’? g{wc%?si\(é sdins .tljal'*?deri]glg of targets

frequency a e pattern of transm ssion o

| i nepsn madipplagdndlpediceipeaifethget | fehthiouPkin ibe pafdredd by a

bet ween 7KHz and 8KHz and t he audi o playback rate is
15 5pgRArate REOSCISHIE WalcHh slarfcretsrre @ﬂ@%@@%ﬁ%@&a aiGdragsmitted

confyfi@lessiy NGt G Wil be BHroaREd bkt bide (sjtﬁ%?ie%ﬁféffn@éﬁon rig@ng Rould

presents an interruption to any audi bl e anal ysis

t hebboppl er data; one way of mitigating this is to
recycl e Doppl er data during periods that woul d

ot herwi se be silent, until such tine as further

Doppldaftiodat Petddl EariBAlReraMdick abl e from the signal
processor 38. In order to ensure a snooth transition

20pet ween MEulseot thgdorsgoingdhc Dogpiramp i as indprendemitvariations

i‘ﬂ'r \}I\Ignlefj sxge: zrre(rg)]%a{][ggeqiotd? oD S LA Sa’llter‘rfllg‘[(iivefly‘r;1 Clil%cii% 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



Doppl er data. As an alternative, the audi o playback
rate could be set at a value |ower than the PRF (e.g.

WO 2007057 ur rent exanpl e, 6.9KHz) so that respRCI/ERM06/068731
sets of Doppler data overlap; the periods of overlap
can be managed using approprlﬁgely sel ected fade-in
and fade-out functions urther alternative,
previous sets of Doppler data could be played back by
the conputer 14 during what would otherw se be gaps in
t hePaiaas & oA\SORYT4 archipplighntesr ¢papdndeng @p&iaarttqncmtlalpd y Frequency
appg&ghi %%wng&,arrangenents in which the radar is
transm In‘a fixed direction and is therefore
oper at i nghahb@/mmﬁdaﬁéntg arertoéie Undegtodd ey illuseativiigkamples of
that the audiq bursts are coherently related to gne
anothsenyentiong fughgeprahedimapis ob i@ veRttoR: 3re snypagsdt dt ispto be
rep I
conEraOg AL RalMRALASETR NP 113 orf shodiment may be
( COHSG&lSE]dOIDﬂIngntCOHﬂ)ngI‘[l\DB rwita pthiee featuregdesvaped, @hd)may hlso be
arrive at t e SI ocessor. 38 a nstant .rate
i BB AL OTRAPT i AT RS UGS 138 L4 SHhbodiments,
becgpihgsiRind®ne@iny dihe &@Eeeerﬁwtﬂfn%h@n$uhﬁerhﬁJr@telq9&alents
to overlaps and/or gaps in the Doppler data (since the
armoamnd moflifpeeensawt descgihpd sboveansaglso be coplayad atibdut dexpmtmg
dur advant age of  this. arrapgenent is.that.
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post processi ng software conponents 39 and enabl es
nore constant audi o output over the varying PRF. A
particul ar feature of a radar system according to
enbodi nents of the invention is that the software
conmponents 39 are arranged to transmt data out put
fromthe signal processor 38 to a renote processing
system for tracking and nonitoring of targets. Most
preferably the software conponents 39 are arranged to
transmt data output fromthe signal processor 38 each
time the carrier frequency - and thus region being
scanned - changes. This nmeans that the conputer 14
acts primarily as a conduit for data, while the data
i ntensi ve processes of correlating targets between
successi ve scans, rendering of targets upon a display
and prediction of target behaviour can be perfornmed by
a separate processing system In a preferred
arrangenment the data are transmtted



wirelessly, but it will be appreciated that any

suitabl e transm ssion neans coul d be used. Additiona
w@eaoasm7and Al ternatives Wil st in the foregoP@YEPIIE6/068731

i near ranp 301 is independent of variations in the

sweep repeat period, the contrgller 12 could

alternatively nodify the durag on and/or sl ope of the

linear ranp. Wiilst this is not a preferred nethod,

because operation of the signal processor 38 (in

par Eld@Bar in relation to the processing periods 601)

woul d have to be nodified, nodifying the slope is a

conveni ent met hod when nore than one radar systemis

bei ng utill i sed fivq@engy wemniggra@ar centisirtibe usk if eostAgiBng a

in slopes of the I'inear ranp can be used to

di sTICAICYE REpeiaie Ao bicgiency r &%efaé%rpﬁemgv@’rqnga%rw generate a

Sys o | @tk t | fr ot
SSLERARy (AR St 1AL JE | SRR i
as &ctuaeelanid ngmpasmgan plinaiay of sgsab wassitidde 4 seledied rate,

formof .a.serpentine antenna or simj]ar. Suitable
ant SR URdafECOPITRLE s Arbkged: o e EouRs saissp Aoasence on the

appkh&aditristicRqA&RYI Ng application entitled "Frequency
scanni ng antenna". "The above enbodi nents are to be
understood as illustrative exanples of the invention.
Furt her enbodi,ments of the .invention are envi saged. |t
1073”1 o beZunders FOBIETEHatc L amin PG ARG clilm 1.
rel ahk@i &&h%@b’oﬂi’sﬁl%am&ﬁrme@h sERY pPaRcd SRald] QBE puBEd signal
in conbination with other features described, and may
al sbeipg repsaigdiaha sdderiehippiirndidteh arshige srdapperralisaisrggged to
of .ot .. . ' , ' f
any PEE RE Ferfl b By EHP AEAHBEHCE onthe R ORI R the
andpomwel §igeAt i ons not descri bed above may al so be
enpl oyed wi thout departing fromthe scope of the
15 nvention, which is defined in the acconpanyi ng
cl ai ms. Chai M5 AL éﬂcngfm SGAINLArdIRAY AL ) bRfm 1,
for use In control'ling a fre%{uency generator, the
f r eghereay cgpbneet af orgnblsi cogpasesangeqhence génedatagom patterns, and

plurality of sets of signals, each set. of signals :
P i o, RoalrRERer SRR Fekivehaodiifich patem in
co rﬁél%eﬁga&e?)nﬁh@&ﬁ'ré&éhs% bRl S tHeanaml béiggnRlduRted.

sel ected rate,

20
4. A frequency scanning radar controller according to claim 3,
wherein the radar controller is arranged to modify the duration of individual
modulation patterns of the sequence, thereby modifying the modulation pattern.
25 5. A frequency scanning radar controller according to claim 3 or

claim 4, 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



wherein the radar controller is arranged to select the

rate in dependence on the characteristic frequency. 2.
wodorespd4ehcy scanni ng radar control |l er accor di PGI/ER2006/068731

claim1, wherein each set of signals conprises a set

of pul sed signals, each pulsqusignal bei ng repeated

at a selected repetition rate, "and the radar

controller is arranged to nodify the repetition rate

i n dependence on the characteristic frequency of the

pul sed sPgnal A $equency etpaaniayg gdanpemipllicadgeording to claim 5,

con 1le|ine gacﬁ%gduﬁtﬁg ta&er%l ol ’quéQ‘g;% rcgtrn?rig Cahltifeg} ra%{p period

signal’'s conprises a sequence of 'nodulation patterns,

andatde dwal pericd)and tid r@dar ®naoll@ang edariged nthollify hegdurstion of

nodul ati on pattern i n dependence on the characteristic

f r eGEN cheTiods t le repgrive  BOdRUAR RALSENSIn Ahe gequence, thereby

fre ' : ontroller according to claim

53, aﬁgggﬁﬁ%gﬁgﬁpgﬁgéég%ﬁ?foIIer is arranged to nodify

the duration of individual nodul ati on patterns of the

sequencey, tneneltoRBl ! whiiink NSaLAG AL RBRNG! B oRim s,

A frequency scanni'ng radar controller accordingto

cl awte®@iroeachinaddulationwlateriaf tieassiquerned wbarpiiess apateherampoperiod

t he sequence conprises a ra iod and anp : :

| nt 8R4 R APRENGET RO LRE e putRlier Bcnerd Brmpdify the duration
10ar r anaegchOpdiRAs for rbdRcil Abli@atSd phit@nd i elev&QL&e, thereby

periods of respective nodul ation patterns in the

sequeddEingtthemedylatiodpdtieimg t he nodul ati on pattern. 6.

A frequency scanning radar controller according to

claimb5, wherein each nodul ati on pattern of the

sequencegconpi §8§ucAcy isB@ing AR POtidd@r absbré@indwelany one of

period, and the radar controller is arranged to nodify

t heclgp attp slaimnsf/, wheren ¢nshinggalagion patiesa of theescrprige aemprses a
pat t. ' 1e, sequence, thereby nodifying the
lsnodhﬁéﬁﬁghggégﬁgrn. 7. A frequency scanni ng radar
controller according to claimb5, wherein each

nmodul atign pattern. of the sequence conprises a linear.
ranp perPod and AR fﬁefewta%r,tm&ﬁadlﬂfiétar derayed from signals

contdahkg rbp/! ® fl%ﬁﬁé?ﬁ? es@aﬁn@n%"%af ¥y§t \ ﬂférﬁédélgﬂcgpgcanning radar
descent periods of fespective nodul ation patteérns in

t he sytauenowrisinger elgyal processor arranged to derive tone data from said

20  received 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.

10.  An audio system according to claim 9 when dependent on claim
25 4, wherein the constant rate is selectable in dependence on said duration of

individual modulation patterns of the sequence.

11.  An audio system according to claim 9 or claim 10, wherein each
cycle of audio data comprises data derived from one or more said modulation

30  patterns in the sequence.



nodi fyi ng the nodul ati on pattern. 8. A frequency
scanni ng radar controller according to any one of

w@k@i73373 0 claim7, wherein each nodul ati on pRCT/EP2W06668731
t he sequence conprises a linear ranp period. 9. An

audi o system for outputting agglo data derived from
signal s received by a frequen

y scanni ng radar system

the frequency scanning radar system conprising a
signal processor arranged to derive tone data from

sai d recé?vedAdi e Syseid agcardiaguernsy @eaeinelpign Pddaplaim 11,

Conw’h%lem hea&a%? rd?:#] Q9 a&}/e &FCF m%dufaﬁgn %régéérgqbgtge sequence 1

e au 0 systemi1sS arr

pI apbgeckbidkeit di@sﬂ ored it @l cglae afatidiadaetanst ant rate. 10.

An audi o system according to claim9 when dependent on

claim4, wherein the constant rate is selectable in

sdependengg on aéﬂ&'s’&s@éﬂl%c&ﬁlgg”tg' :yddi@off@%{ b Uaim 10,

patterns of the sequence
ac c ethdrenyg at cbeasﬂ some Yatar dalvai rﬂdrﬁ,onmrmncbmdahmbn atk® in the
of audi o dat ri ses ata deri ved frortnftl e or nore

sai FH6UR 'aP aéfﬁ IB?W‘"@ PR §3G R

0 system

110 d3tas ydi o

system according to any one of claim9 to claim11,
wherein the data derived fromone said nodul ati on

pattern il théns@tqi@'reﬁﬁéemslcmréipgdomwwof @aim 9dacdaim 13,

10, 0o SAGHEE TR OHE! BrtEhia b 3op B P iR BNRE gppsecuive
at bpastofseal dhat.a derived fromone said nodul ation
pattern in the sequence is played back nmore than once

in each cycle of audio data. 14. An audi o system

accordi ngsto any, e C :

t he audlg sys er%ulag) E ?{egln%ggmtl% %c&l &3114%%6“{/\@@ afiuld system
bet weemr(g@ﬂstecmply encyalie Sadihg Audétdndat goneldata Aayaddbak at

transitions

system accorg to cl al m 14, wherein the audio system
o°

15; 5 ESPeftye gn
data pl ayed back at respective ends of a given cycle
of audi o data.

20

25

30

FHY SR SAFIRfdiUgiordH8 - ng function to tone

16.  An audio system according to claim 14, wherein the audio system
is arranged to select tone data from a previous cycle of audio data for use in

playback prior to receipt of a next cycle of audio data.

17.  An audio system according to claim 16, wherein the tone data is

selected from an end of the previous cycle of audio data.

18.  An audio system according to any one of claim 9 to claim 17,
wherein the constant rate is selected so as to be greater than a rate corresponding

to said duration of individual modulation patterns of the sequence.

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

different characteristic frequency and comprising a plurality of swept signals



16. An audi o system according to claim14, wherein the

audi o systemis arranged to select tone data froma
w@e@viop43s cycl e of audi o data for use in pl aybRCREP200€068731

to recei pt of a next cycle of audio data. 17. An audio

system according to cl ai m 16, iherein the tone data is

sel ected froman end of the pg vious cycle of audio

data. 18. An audi o system according to any one of

claim9 to claim17, wherein the constant rate is

sel Eersuitiadabs selectosbraig. dhg Bequchan seEnpiEanieont beipsaianged to

to saistedtnall 9 Alaldidl ioAualo AN & LN BAL! el over a

t he séhuence. TRIST ng radar system conprising a

f r eeggesichaviren@r afeQlar egtchr dpuadedy os denaidhamniceitiairaqencics,

a receiver, wherein the frequency generator is i

ar r ARG s FeREpatsetEANgPd QINTPSF SO PigaYs derived [amy & target in

seacleRflieRt Shanal Ridiadl REe aodif fEr ity RGHER S | Soppler

freguency and conprising a plurality o% swept

si ghasincpassmg frech @insecis@igef thedadiatien otdrehd aneglee eetent.

scanni ng antenna being arranged to cooperate with the

frequency generator so as to transceive radiation over

a regionzhavi ng\ grqady! RunAxg ¢Mar dARREBAGN for ORe iR controlling

said characteristic fréequencies, wherein the receiver

i s aeqemge dnadulation of sscoptignaissvavecegnabdhé cortinaonamgee signal

i n dependence on .t he .sel ect ed te sg as |l eviate
10, o, PERRB S iaripbRe RpEG e e gl By £ bfidice or
t r apREBlavibA a@dmd, Rehdr@ditad tadbr el lbhR AnRgbt®lo BBYENh given
20. A frequency scanning radar controller for use in
confogplatiay ppitergue dependdsaen e therncharackeristin ficAugy afdhe signal
sig ti nuous wave signal having a
chapg%gg%ggkﬁﬁﬁfrequency and bei ng nodul ated by a
sequence of nodul ation patterns, wherein the radar
controller is arranged to nodify a given nodul ati on
15pattern i n dependence on the characteristic frequency
of the signal being nodul at ed.



