COHERENT FREQUENCY MODULATED CONTI NUOUS WAVE RADAR Description [0001] The
present invention relates to Frequency Mdul ated Conti nuous Wave ( FMCW
radar and in particular to a coherent FMCWradar device and a method of
FMCW r adar operation. [0002] FMCWradar systens are well known and have
been widely used in a variety of applications for many years. |In such
systenst he range t o RuERENMGREQBENBEMOILRATEY CONBIUDUS WANE RADARar yi ng t he
frequency of a transmtted radi o frequency (RF) signal. Typically, the
radar is giLaRded so that the transmtted frequency varies linearly with
time; for exanple a triangular or sawtooth frequency sweep is
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[0008] It should be noted that FMCWradar systens of the type described
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wi || corrpensate for the non-linearity of any nonotonjc swept frequency
signal, It ﬁlgyfeﬂﬂ'@ffaéeﬁﬁb?”éﬁt ?fha‘t""‘EeFfée‘WS‘F)‘tsaifé°'H%r?t“P%‘ff PEYCELER | at or out puts a
SV\Bpt frequl—“encgﬁ LI&QQ ramql ggiaco ereﬂgﬁéwxayar heQ&Er&ﬁJent&)pan 10% espeC| al | y

in cases whef® es an anti-alias filter. The inclusion

of such an ﬁgﬂﬁebs@&éaaﬁdérdyI.rkarnauemaﬁmraﬁnquﬁrofmmme of the radar by cutting
of f any frequencies higher than the Nyquist frequency, but may |ead to |oss
of signal Fﬁwrteemttsrra@athsmmlemmmy\ offeczineayraie ERITIAUP YERRIG RdaEaRRereuF HEME Rt y of t he

swept frequenc n is greater than ar O059L Fkerein, the term
"linearity" F'gsfﬁ I"‘Ism%é%eﬁf"h‘éa {98198 BAP SYdeYEH E? 8““%?“?‘{1%? rngqu I@r% gr adi ent

amy froml |gure ﬂuStrateIme rﬁlangMp Qﬁle sﬁé@@ﬂnc@&e@s Hlodm in ﬂéa'éﬂe torefer to the

m ni nrum and “maxi num vari ations, or sinply as an average deviation of "x%.
A smal | perﬁger@bargﬂ;tdelprraaaaarastnyreré@&twesuécbsu&fmmweephi ghly linear signal (zero
being perfectly linear), whereas a high percentage linearity value neans a
si gnal of [or 1dshqwethe fngsys of ingle it foF RIS ERINSPRPWESRS YN 108 °?‘Pﬁ’ﬁ’}‘°i§'¥" U monl y
used by t hobtee rsgsentipventoniis§meleyed. ar t . [ 0060] Advant ageously, the processor is
arranged tQ 9 strrapt]esDaorPoQJ’catro E %?ﬁé\ﬁ'ra@agdesgmf%uga%béllﬁﬁanta@frcﬂ@rget\é@naﬁsbgy to be
establrshe mwe {{‘ = 'fhacross the data acquired for a plurality of
successi ve sweeps nay also be performed, if required, to renove any

range/ vel oGiglry 12aEpitgtiowayiicia(O@Ghhal ﬁmuwmratemdr ryal tafgéieto wm%@efﬁ'e rederdeter anged to
provi de noving target indication (MTI). t echni es ass n‘ e i ghtings
to the a mtBm'"ﬁffgﬁfh‘e‘h‘éli"ﬁeéy"tﬂ@'r?ﬁ?'?f’f%ﬂa WF’ “‘ is a . ctlo 'eq’érgd %s%we sweeps.
The wei grﬁgi‘fﬁ :"r‘%.'?“%”lsfé eitfees a‘n“;mm g'rite? j° V,ﬁ's“’" £ any phase changes
bet ween "fj%u' m ‘&e Sinfd d &éfé éﬂ@ﬁcﬁﬂ&#ﬂwoffg:ﬂzfabﬁwh

target Qnaﬂio nkrﬁ}ﬁjad sidnbil of tife rﬁ&]ﬁlmm&ﬁsb’k GequdicylVRaBUIWIB tihar get

vel ocity oﬁ‘ats nauabrﬁbafr targ*eﬁcchm&yw&eu, b the UcD@E BS b shgws telrersenprvariafiopwith time s

i nf or mat looarbrgtum&mrnédﬂoln aSepialtaget P r oeod Itamge dliom the gadart Y 1his 63s¢: I"s‘? tafﬂé‘ g ?zrﬁ enent ed
at | ower amsmatamlcenraystanperiemérﬁwaea%'@e@t°hab| e for certal n b X t| ons

[ 0062] Pr[@?%r%rvseeﬂﬁ%""ﬁaﬁwesf‘%ed&?P%FM Bmig 2Py B e sy N ‘2

f r equencyreBIREIMSE teﬁ,‘&fo;tca e?ﬁemmve? rei wré'ru& lﬁe%ﬂuency
band of Wﬁ@%%et‘é ti'@fb é radar may convenr ent y be arranged to
transmt a signal having a frequency around 77GHz or 94.5GHz; these
frequencies are advantageous as they fall w thin w ndows in atnospheric
absorption. [0063] Any commercial radar system woul d preferably be arranged
to operate at frequencies that also lie within the international frequency
al l ocations as governed by the International Tel ecommunications Union
(ITY. In the United Kingdom frequency allocations are governed by the
comuni cations regul atory body, OFCOM It would thus be con- venient to



[0065] Furthernmore, the radar is preferably arranged to transmt a signal 4
havi ng a frequency greater than 20GHz. Prior to the present invention,
coherent FMCWradars operating above such a frequency were thought
inpractical by those skilled in the art. [0066] The radar may further
conprise an antenna and the antenna nay conprise separate transmt and
receive antenna elenents. In otherwords, a bi-static antenna array could

be provided. Anpbno-static antenna coul d al ternat i vel y {
radar of vteh é%@ﬁﬂ"W‘“FﬂY’éri’c‘?'UWs é‘a‘dﬁﬁﬂ'mf’?ﬁ"t ‘ ;’é‘ Y %ﬂeth(g |ons For

exanpl e, "f"ﬁ@'“‘?daﬁ)'ﬁ el (i {fgns » %%E ”'eﬁ‘ﬁ"t‘%d"w v Ut Face. the obj ect

nmy Co”pra&;? e oGr’Padé? ﬂ%eﬁ i idtvmeﬁar«lgnf. ndlB¥n iR@RIRKT S€  an

ai rport srmp Ererﬂ@éfb s@rﬁl o Bredd &Rl or bABinIRR MR BEqueERGbHidodehts)

appl i cat |eQJaﬁe theF&fere@Xﬁff&béﬁcy bkthrecRTRY trddnitiekSa 6l reéeBeddigial Eigure 2aiigrates the frgekeyobj ect s

(e.g. vekinpbes 10hat pe vaRiDSHrodarad Wymixingthatrnsmritied siagp! véte hosiagal glugesffnbetegdt da. [ 0068]
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provi ded ferhit S d:aﬁFe é‘F‘%{tTfa ""(f”é %‘H‘é et ?"%?ﬁgﬁ ‘2(51 uené’;eal @?5;

Accor di n Ve e e e '“d° 'e . o af 5 wkhe steps
ure eobserve Te uenc sh atf rgepe o e rQrEle (ﬁ) t

of , (1) %%Saf;, E) E |gnaf’ (ii) producing areference

dlfferenc equency srgnal of frequency equaI to the difference between

the frequency of the swept frequency signal and the frequency of a tine

di spl aced swept frequengy, 2R Mal derived fromthe (swept  frequency signal;

(iii) generating a signdl tcoAle transnmitted by the radar fromthe swept

frequency signal, (iv) producing a target difference-frequency signal from

the si gng, erecrsa}pes e&éfﬁ} Ystrl: h quénSt@awih Pe. In%urﬁh&%&yn{n%tﬁﬂlrmﬁdre@&cﬁgﬁ radar
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t ar get diobd1prencerbdve qtgricyr i@jugrpsweeptidificatamplain ing reelader Svfemtﬂ?@mme!v Bei ng
derived figuemittchnepe fee méﬂ@yofefm hoehrewreereereeqneaesqﬁ?urﬂr@rﬁé%éeaﬁc &F si gnal ,
and (vi) ngeetep PﬁqWF the Fagar. &paﬂ‘iﬂ%ﬁgf" SRS ryash j omt nsma.si? ”°'$ 'f i sed
target alif\stzntpdaéela ]Yiag %{fj %ﬂ tmet&h Ea@s glr)dgér@ stant Wit enar@ Thrg ﬁbe hOd
further hrzh treqlichidy aifidre %te%elghmeﬂgn Hh&rahsmREHERNEYved SOEPOARAL  Of t he
digiti SeSL atf@:EtQﬁ‘&f tuﬁlal ifrJn!ﬁ{eﬁi}Q)ﬁn HeQEMEMNGY s BRAkes atRE brnveitto ¢ @1ge Mesbirarendl T ange

t ar get O&nd@Banad debrfwngrrdibindadddgr@bving giderekeateny sweerndesriitese di f f er ence over a

pl ural it fposaf Foursees gidijnechérenbeperatia $ em&p‘eheéfqu@a Sdees\ﬁé'ﬁﬁp%‘?“ef "eér gnal ,
and to weﬁf@ﬁ@afﬁm@ smqrrrewéﬁe@caetvae?ﬂ" the frestvpign e IFUr % ali gnrrent

t | era ds
of ot herCOff?Sé(gb%' ine relatrv t ofafre ncy ﬁfﬂ ot ni%hd‘o:elamp m F qpuénw&pf requency
over Sal s Ityef jue qy ﬁ bl sb%m‘ﬁ&%lsedﬁngr] Adg/@a.teageousl Y,
the st pthQ he %e%@d Sbhdis %plé&@%@d@%&s lelirbaénBypeiRts difingSdth Eebd, £ pbedtRY0 dBBINPONENt
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of det erjveal Ifgfetii@owshigges, af FMGW rdderd @ ¢f them,sefﬁ xn\eq'erew ﬁ@@) GfEAL comRIFes  he
di gi t i selbateeny grsep wierefort2éneiputing & et easneisuter B9 ?ﬂﬁ i T r et ur n
si gnal f?wé?hgale'a1°’é‘a§‘f'”dﬁﬁé°“ﬁe e g evpg) §mandg f)'e"etv TS aea W lor 4y i

Conveni gggj Slgf\_a\ﬁf‘ ELquow RlIP 2 rfo agh Qfrof SllihaloP00). S%ita@lpvéacs a8l Ng a
fixed r Ieaa[ 1\& énﬁ*n@ o fg'ﬁrtufadb £ S06Rmonly BAMRIBIR YeleSdmgilithtioh dppiBaical d swept
f r equencyid fié @8 dhe V@0 ds s 4 hdi®onid tunipy AR GrsEy e tinheiaersm aryhe SCQ8 adt cridkelrihwed from
t he sweptiningighelgerene ye dgilalygabratesGoningsigianiiclydes airttee(pot )ten qgma"t'sht@" st ep of
moni t or i mige. THisallohdosaprodistegior oftheCOltusinggignahiisedy ¢nakiitg ego ajunp
Ef’d’é:gw‘?‘?féf aé"faétp of

i n phasevih mmrfb%@aﬁ%@@e@m arer?ém‘rrﬁ aﬁf°§‘6‘“
coner e“fﬁ% e enera or uf o L
digifis .2% wéé} uld @Lﬁ g&m é’anaéggmégraevc%u Rinfriyl ke krdqlidicy@hecp UCCESST Ve
frequency Pbe a \f&rﬂh@% r Wavefbi€(e 8 trafyui@vavefoims §c).gener at i ng a

si gnal t[&:she Thel cRRB &Ytk b@ﬁbn@w&egd@ﬂa nd is @issed e rveBgytuf-roaGee ficyd sdegnind

conpri seascrinigorst. @i feduericpc@eseriycomprigesfaistetip el ospilatd (STME) Shaedst ffsfffe 'i%nc

si gnal troxees6mhich upcdnyeatfirdawdipauerREyiong r?waﬂ “°W6‘Ff'eqt'qn%(ﬁ§?ﬁ’ %%?‘?5‘?54 adar I n
such a dﬁ%e'at;:'tgﬁ@f”?ﬁ'%‘lt(‘}‘?&l'y r ?ié?*ﬂzhéf e d';%‘é i ematwel S ovedf e a drift
moni t or e 9%3. LRI, D/l Tk P%o J equency
equal Ci g & Siﬁ m&@o arftJm%CHé &r?étu lgntal &er%@bﬂ%\i@r‘nﬁ &ds RFsi gnal

transmit E@ Mﬂeaﬁ:ulgtéd@-fo a@e@qorge%pll dr &A1 Hhe Brffiie@feturdl sibnalltBputlby3He lo @@ affifies | gnal
derived fromthe RF signal transmtted by the radar. [0074] Preferably,

the step of (iv) producing a target difference-frequency signal conprises
the step of producing a target di ffeidence frequency signal having in-phase
(1) and quadrature phase (0) conponents. [0075] Advantageously, the step of
(vi) determ ning the frequency conponents of the digitised target

di fference-fre- quency signal conprises the step of using a conpl ex Fast
Fourier Transform (FFl). [0076] The invention will now be described, byway
of exanple only, with reference to the follow ng drawings in which; Figure



Figure 2 shows (a) the transmtted and received frequency signals of a FMCW
radar, (b) the difference frequency conponents of the received signals an
(c) resolved frequency conponents of the signal; Figure 3 illustrates the
effect of a non-linear frequency sweep on the output of an FMCWradar;
Figure 4 is a block diagramillustrating a coherent FMCWradar of the
present invention; Figure 5 shows a RF delay |ine sui table for inclusion in
the device of figure 4, Figure 6 |IIustrates t he r hghges' alou? elratlon of
the | i ne&t ¥ pertiis utng&p AP Ota%ﬂe(f%" ks b‘éfga% ﬁ‘
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e
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As not ed above a truly I'i near frequency sweep is difficult to obtain in a
real radar system Referring nowto figure 3, it can be seen how the use
of a non-linear sweep frequency can sg{lously degrade the accuracy of the
range information acquired by the radar. In particular, figure 3a shows a
transmtted signal that has a non-linear frequency sweep signal (curve
30). Although the return signal (curve 32) is tinme shifted fromthe
transmtted signal (curve 30) by a constant del ayAts, the frequency

di fference between the two signals is no | onger constant with tine. This



as a function of tinme. Non-linearity of the frequency sweep thus introduces
a large error into the range neasurenent and it can be seen why providing
a radar having a linear frequency sweep is desirable. [0082] For coherent
and i ncoherent operation, the linearity of the frequency sweep is an
I nportant factor. However, if coherent radar operation is required it is
al so necessaryto ensure that the tines at which the return signal is
sanpl ed correspond to the sane absol ute fre%g &4 . sv\v/geee tosvveep
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and includes afilter(notshdmn) to renove digital ¢(uantisation noise. This
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VCO to output a frequency sweep wth a linearity of betterthan 10% The

f requency Vef’\ ée§nuR£e? agjpétex an%‘:r:’r stthggﬁrda céll'ﬂunm@ftoHﬁeeef@éﬂg oaaﬁ@\ﬁ!tﬁufi&ts of at

| east . V\ﬁ%lm 436 byRneRP 9“'94tr§iyp$ﬁ¢rmcﬁ 183 @R, JERRh thE deBlgssoBiited witr@delel Y

achi evablgmkil@Sade, ArikldRurgi praslit G basdbark sighiaingpustiygha & fragena miagr o ared@icitice

descri bedtanjtageskiatidieds tperA0H4. Wi thed emi@rirpestand sigpets ot thedir Yaiagyine f'%fi’r’i‘i"ﬁ si gnal
coul d al toehyrmtOsy et swefsgemramteun b ireguorsy FéTAéﬂé?lbqg’H%P‘eF et BeRT o) reui t.

SI m l ar l We a(tdﬁlgI OftP @;gr gogglfﬂ;aa;ﬁOé%rna )")(?n antan uencﬁi‘lana niﬂ as% duce
al ternat IF\G? ‘Ih ina) ne idinator 52 %Iaym\égj ifRihioP 90REsGhlis beén@cQ ] The
out put ot r r( lﬁ&"ﬁ@?&%c@%‘%@ﬂ:oﬂ e %@Jn@ﬁny uendy diRBERETTALOOThAprévisiErCpEhBd FFy

up- C onverlglg rme%plcna«ﬂ&lx 8 il Pdferled, BBougtchi Bl bélioR@h® It is bho mddngesfent@quency

up- convendi@) Alkxpebegabdvs BisnogpretcaBlpevideacti deladics H tha'ﬂmvﬁrtS(a SRApadyaler p aéﬁfﬂﬁf a first
f r equenc yt themmesireum rége ofjhe racky.- ﬁmxmhv*erqdemﬁvr?eafrawr’ @t SF‘@E‘el ved
fromthe krrorr'equetﬁes}dmgwe“é aV@[EPfé’f"&'f"’é’F"“ﬁ repIfgn f"“@" 3t '%‘E:mem

ay lme ossr e Presentl
fr equenc ? z radr% are ‘?gvaﬂ(;%%agg;‘z w‘ijo%o [E [‘SQ* ‘ﬁ’ uJ‘d tﬁ“‘%r & 1a3
provi ded’ ero o tﬁ..e,quﬁ;ecy signal; Itshould
be not ed férrihbqpﬁ‘g{xr%b & rPaR{ B oG beE bonebq/dB@rdd’defmb&ﬂinPﬁnﬁeh&IfPFs| gnal .

[0087] T Bleddlae TRV kY uadwREpaBrbugamabrtal(lalﬂsmselas treGvdetp fire 84 ofte YA adar Hdeserppser  si de
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m xed, Uplilk nﬁ‘é Epol @&c@&v\eﬂeﬁ&k@écr dula B/ RENRFIAdRE is Bdiplediol e an
extract Qfingtibe SI gna output. In otherwords, the radar returns fromthe

t ar get ( Sjo1ay &)n(bﬁﬁhyeré tusich 104, re citcliar tdroeabra!aw&mdmbyer |1tacf>rrveeu'e jsafen R “F?g with a
sanpl e  efiatibriet sisgeabe teektaliesat dngthdyesuiting fatd'ﬂawsrﬁlﬂ'qde@t“ef é"ﬂ and Q

basebandIorst UTheRFskigp eﬂ@zbarre@sfso@ reét‘ver %? "rera'i“eag s 'ﬁgj n;ﬁ%f?%,_ ‘;g;g and 82b

respect i Y&P ga&ﬁ'&'eéh’"édwat’%% ok g a gf@% Gile . b ega‘or
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provi dedo 09] derﬁ o@t@é@u E%%Es!ﬂ&}{amrm@%e&thso&fauanbﬁqesbrguﬁbarlsarﬁplmgmhmdweng noi se)
t hat haV{ﬁat@anBJ R EARRENSIE 1R appRrétud e & ItBNoBtd bechetbEtfiaiheelc dogeredf using he-liweart | - al i as
filter is typically arranged to reject anything having a frequency greater
than the Nyquist frequency. [0089] It should be noted that the radar can
be configured either as a single antenpa system using the sanme antenna
fortransmt and receive (i.e. a nonostatic arrangenent) or as a dual
antenna systemwi th separate antennas for transnmt and receive (i.e. a

bi static arrangenent). Although a nonostatic antenna arrangenent i s shown
in figure 4 for sinplicity, the bistatic arrangenent is generally
preferred as |t has the advant age of providing better I sol ati on of
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the VCO signal to the RF input port of the frequency mixer 70 via the del ay
line 72. [0091] The delay line 72 is inplenented optically. The electrical
VCO signal received by the delay line 72 is used to nodulate the current
supply to a solid state seniconductor |aser (not shown), such as a

di stributed feedback (DFB) or distributed Bragg reflector (DBR) | aser.
Modul ation of the laser current supply causes intensity nodulation of the

| aser output Laser diodes are presently commercially avail abl e that can be
| nt ensi t ysarmpngsl datreichiyahangeaite @iervel pr which the reyaidnatisseped to W@S#teé%? nog g have
been r epometfreqdenphaﬁep geagTatds bas Aesd desebed & e‘%?t's'yl‘“eﬁeé‘?‘siﬁmm yl at ed
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optical A@eNGEFSTIES, 'ﬁYr?ﬁﬁ"i'Fa“f’ s éé He Aldu eajygﬁergg@ readily
pr ovi ded "Fa% i 93*“’@%,63:&% i Ea&neha%nﬁamugm A parum

instr U”E'l 51 %}imm&lﬁ %Ehmre%ene y Hel eroléess&yaéteams whi ch enpl oy surface
acoustic [Mlﬁ:yeﬁg(uﬁéwho\d;erleayn eti R &orm biltiguressd iresplotted agspraitben figddfsanipliag injersh '"t°|”i\9’ | engt h
of del ay wailnd dveal isepitad pre @etin efaipling timeiel acigiemling by the Ze@ﬁ@ﬁ!‘%"eﬁ‘@r t hat the

del ay | mpesiineitn dhpal itrett copepasmihet p ¢ w @eﬂ'@r)f ff?qv @ et o
i ncr easeéyt“'%ﬂf%ﬁ?“éﬁf'%ﬂslp sedfodfje D >§wu 'sa"fm ) m;%i{?t shoul d

re uen:
al so be ﬁ um%ag;; gé e s'ai lffemtré;e %Eébt% @Y bel pl'egbﬁ@ach &@bdndanbe used
i n devi cg j, 8 Ferohn @gdm\{ éénss déapndi outpiosy thapcrsange such as fluid | evel
measur engyify) ri@%ﬁt@ne@&b@ve an[p8QR44 of Tk @ppardttigIithat B delaln the diedriminator $29en cargiesral mi nat or
52 is pasme}oﬁs@itoﬁbxzm@daxymsantametl emm'd%'meﬁusw@eraé%?aﬂ%deﬂ" ency
doubl er ## delaf imeartzctity the onticatfiorp uweéq Ygredpging U§e sptestidels £ gﬁ AEoa
cl ocki ng ofteimpened ey wiae havpen % "83“’"? aE'a @r{aﬁséﬁz Ve rtd:,el ay line
di scrim ﬁ‘é&"GFe"?? ?"B@nﬂ'@gnﬁ"eﬁ@fd% &= SEKT NG Ul Ses are used to define the
sanpl i ng () 2§ et.f)’(tam; ﬁﬁ\e f&%%t; ﬁfgnst(é?to(?d) Sh beAked GUNEEVaHARE préphdeyt e kedramies 80a and

80b (her hlm N2hd amh &aﬁs&mméaémngefheaeraﬂde i6rgth B8, LIDER BO)F i€ thrastveciraecwidtismid t O
sanpl e t kfis hadatonbrekddp.NS. The zero-crossing detector 78 can be inpl ement ed

ei t her by1t3pride ligatdspiyticn @) coniteestribeddy: t he del ay |ine discrimnator 52 and
using a conparator to generate the ADC clock signal. Alternatively, In
cases where the ADC 80 accepgs a sine-wave clock the output of the delay
l'ine discrimnator 52 cam&ﬁﬂﬁy be anplified t@ the required level for
the ADC. 80. In this nmanner, e non-linear effects of the frequency sweep
generator 42 (in particular the VCO 44) will have been conpensated for and
near - per foe@f Thé REILLENTY tinkeisim@as, wbigh isi related Glthie eeqéred FFFlgrdthhwitbegras by: agai n due to
the non-linear sanpling of the ADC, spurious frequency spurs often
associated with ADCs are sneared out and effectively elimnated. (0095]
The digitised output of the 0Ois fed to a@gital signal processor
(DSP) 88 which extracts the frequency conponents of the returned radar
signal. These frequency conponents are, because of the linearisation
technique, directly related to range. The operation of the DSP to provide
coherent operation is described in m)rs detail below. [0096] It should be
noted that the sweep linearity of the final RF signal will also depend on
the stability of the STALO In sone FMCWradar systens, typically
operating bel ow 20GHz, the STALO is sufficiently stable in frequency that
11 0 conpensation before up-conversion is sufficient and conpensation at
the final RF is not required. However at higher frequencies (e.g.




of the radar; at mllinmetre wave frequenci es both coaxial cable and -
wavegui de are extrenely expensive and very |lossy. However, it has been °
found that the addition of a further delay |ine discrimnator at the final
RF frequency can provide sufficient information, even when a relatively
short RF delay line is enployed, to correct for frequency drift of the
STALO. [ 0097] The FMCWradar 40 thus includes an RF delay line
discrimnator 90. The RF delay line discrimnator 90 conprises a divider
192, an R@‘é‘élEvst“lp'ﬂ@te@waﬁtf"%{?fs%ﬁsfrequency m xer 96. The baseband si gnal
output by the RF frequency mxer 96 is split into two by the phase
shifting splitter 98. The two signals output by the phase shifting splitter
98 are arranged to have a phdgg Al fference of gaand are separately

combi ned using signal co nergrI00a and 100b h the I and Q signals
provi ded by the in-phase Cpadrature (1Q frequency mxer 66. [0098] The
reference signal produced by the RF delay line discrimnator 90 is at a
known r arf®j#s] ( Theant-afaperqeptisduetth@red® by t he RF delay line 94 is fixed) and
its phase can thus be nmeasured by the DSP 88 from sweep to sweep. The
difference in phase fromone sweep to the next Is calculated and the phase
of each of the other rangg Cehﬁggégn be adjusteg)using the scaling factor,
n(2) n,cf where nis them?angeAEell nunber to be adjusted and nnf is the
range ceII nunber of the reference cell. Despite the fact that the del ay

nparted b the dela i ne 94|st , t han the
ol ay. as 01 cirerradiort iy ebay Sl fBlor Yo dRFCOLERS, (oo, |0

of the b%g regé{ed R @re remed ‘:vﬁs i&% o tJf QQH@%%mmg)(@rres&ﬁonaftﬁb sjskdi cati ve

of any ftneg,ym%tﬁ@;é@{gérg@egfmuﬁb@s STALO 54. Analysis of the | and Q
baseband signals of the RF delay line discrimnator 90 by the DSP 88 thus

al lows for any vari ation i Table i8eduk &baysnisclieftPaB R STALO t o _he corrected. |t
shoul d be noted that thesadai tFomngf bdveleRle ddeaytof i Maximlimgased mi nat or 90
all ows for tnselag}%[eﬁgg\tl R cRihgedNYrdeaAN T adkiencyrakad | at i aavésn t he out put

RFsi gnal from sweept o sweep butitdoes notprovide information on any

I nst ant aneousggfilnfyiswdepf r aGNANCY Hikd Ng &sveep. H{VHD99] Nbhengonbi nation of
the delay line discrimnator 52 with the RF delay |ine discrimnator 90 has
t hus been fougtd;epdmenoﬁ e MNG@hangan - hd cRepge’ | t D@gesas s it ed Wieckendgot h t he VCO and
any frequency drift—of the STACO The provision of the RF delay line

di scrim % Pl Abelsin ajgmévapJu?rfagaFJoﬁgumtlgrl dhdRkbEhRinde briteh NRa oty BEdnBIEk itidRat 1t i S
by no mMeqpR.&d skt afdar syb Asnigudalinaliiaids @bewesysit i s not practical to
provi de gmeRFracles @s dni eknp!® & hbn & inutl-taDaRtichi Stelay ligkerbutrbe oy utovrwleemtata@f 'aattSar get at
t he maxi ammauﬂssmgeenoﬁrdtffh@traraehaThesmtwexf&mﬁd%'s f’teﬁ%}"’? él’éfr‘h ¥f &nged to
have a meskpimthe samRjes fresuengys fixes! asqsreaad the aptiafiay fifiescyta FlE)f gramm %eRF del ay

line of &ﬁd U‘iet?%ﬁ“éﬂ% %Wg{‘?f \@guency 's@%sw%mé i&% hange étr{[er #aQkro.

i mpossi b'fugn tet erocr bj{deo zel’o%ro le?cat\ Be dﬂ&\@éﬁ'b Ebtwat&gd ong a
length ofg an@%j ntyra&m@r% Ritrledt&ation of ReTRiUE cysweépa:vegwadeslewatdabdke for
carryi ngfa&él@ﬁ%eE b&&ﬁd@é\ra&hmateem loperaBith 4 tadxingm @ge oiafofindiolaien, tdvedich br 4goApoONent s

i n | engt Rear it hdsp rahge waicheenbel edsiyraieed Apitguess thydprovideber  of such RF wavegui des
can thus be joined to nake Iengths of up to ars %nd thirty nmetres. [0101]
Referring to figure 5 ﬁa"’ﬁﬁ"’l‘l’ faﬂx‘if’”ﬁ’waqﬂueuat ed that could be
provided in place of an 'off the shel f' 2navedui de* The RF del ay line 102
is particularly suit abkdedosvedps@HAS2abhe RF0odekb@y fiome 94 of the FMCWradar
40 described w th rebadyeresgi/a fi guee 4.1027he2REFE ey |ine 102 conprises a
| ength of tubing 104 obekektercul ar cross-sécti oA | ocated between an

i nput wavegui de 106 anéange resattputrmay eqgdtide 0188 685 r ek angul ar cr oss-section. A
linearto circul ar pol Bisdms@rangedim conffert er94102%8| o®% ed bet ween the input
wavegui de 108 and the tubing 104. A circularto linear polarisation

CONVEr t Efgqa07l dadhifon b B BloRChalRREIE B8 inlehtBrs hadiisd gppikBiledanatind ADE smplinp tethnimav egui de
108. 10 ibeli RitheFelince toliGurds Mand b endmas@giiadl evep@Gvebavisaves sdniplaeaaihé samerbioliei sed RF
radi at i omequsly adsi iSothera e 28 crossingriointeuskadrologk thg AT sisleys @%ﬁf“‘aﬁlai"‘tﬁ‘t”lﬂﬁ? t he

| i near tieqeny edtsaithindis|freauensyvesdn converter 110. The c L Jéll arnedy . %Iatarl sed RF
radi at i of12fls T&'ﬁ)‘ﬁb'l’eé&'a?“?&%“t"ﬂ‘@”"gtaﬁEﬂa'r?&“elﬁ'liAs"[(‘ﬁ)ff)%ﬁ '"p&’ &P Ny T he T ubi ng
104, the circular to linear polarisation converter 112 converts the

pol arisation of the radiation that exits the tube back to linear and the
resulting radiation is coupled into thl out put wavegui de 108. [0104] The RF
delay line 102 benefits fromthe rel at| vely |l ow cost of netal tubing having
the correct internal dianeter to propagate the required wavegui de node.

For exanple, netal mcro-bore tubing could be used. Furthernore, the use

of tubing having a substantially circular cross-section renoves any

requi renent for aligning the wavegui de al ong its Iengt h and al | ows the

P




t he frequency sweep generator has been described previously in GB2083966
and GB1589047. [0106] Referring to figure 6a, the frequency difference (Af)o
bet ween the frequency sweep signal and the delayed frequencysweep signal
produced by delay line discrimnator52 is shown- Itcan beseen that although
the delay introduced by delay fine 72 is fixed, the non-linearity of the
frequency sweep produces a variation in the frequency difference (Af)

bet ween t e S|gna
over a sméfa%s iv,%:@?r,{"@%t b 3P Rk 10 RPN e K RN o MRS 27
figure 3. [O is well known that mixing two signal produces a si gha
havi ng a frequency equal to the frequency difference between those two
signals. Mxing the frgagagady guae@xmkgnal and the delzéed frequency sweep
signal thus produces result beat™ signal that h a frequency that
varies with tinme in the manner illustrated in figure 6b. A signal of the
type illu ted.in fi ure eb. w enerated by the delay |ine
discrinin@k&f.@ MR PETRIPE R 6 mdaH”°ﬂrP“ﬁ%ﬂ r?%g r frequency sweep signal
[0108] The zero-crossing detector 78 takes the signal shown in figure 6b
and produces therefromth &h'cklng pul ses shown in figure 6¢. In this
case, the delay line |led equi val ent to the de®y of a signal returned
from maxi mum i nstrunented ?ange and the frequency doubler 77 is activated
thereby doubling the frequency that is output by the discrimnator. The
zer O CI 0S3},B0 HELSCLOl, bl I 46 ad 8 AIEDGL ALEwElfEk pul ses on both
negative and positive féro- cro si'ngs so T sanplrng rate satisfies
the Nyquist criteria; i.e. so that sanpling occurs at a frequency that is
twice the frequency of the hi ghest frequency conponent of the signal being
sanpl ed. If the del ayphsTeguival ent to twice the MggY mum i nst runent ed
range and the frequency doubl er 77 |'s activated, then only the positive, or
negative, zero- crossings are required. However, for a delay equivalent to
twi ce the maxi muminstrunmented range itwould be preferred to deactivate
(i.e. bypass) the frequency doubler 77 and use the zero crossing detector
to generate clock pubgesmrboth negative and positiug zero-crossings.
THese cl ock pul ses deterninethe points in time at which the ADC 80 sanpl es
the 1 and Q baseband return S|gnals and are illustrated by dashed |ines St
to S29 i gur le of an | baseband
return s?‘a%gl me?"Stthc'?CQB‘lsfsare%ﬁ"e'atﬁt e'etfmevﬁf?quegﬁ r’E’Dﬁtsbydescrlbed above, the
baseband return signal of figure 6d is generated by m xing the return radar
signal with a portion of the signal being transmtted. The return signal
can be seen to have a fgyequency that varies with (II)e in a manner anal ogous
with the signal of fi e eb; this again arises fromthe non-linearity of
t he frequency sweep causing the frequency difference between the return

and tranggd ted, tﬁ 9 jatéaﬂh@d% }éﬁﬁm&iﬂﬁz YRSRR$lith Qﬁgmﬂﬁ& g%%&&?
fi gure 6 g%ne?aﬁw Mar ixed fre aI@Eut &I %roln&g BV ledoH?ﬁf hat
are genegahdRe (elgyr1{Haer3 20 ThistdcRRSd, RjerdRkREE Y lendtsetf WbdrkRit sdmiphy frén sﬁaepsmows t he
sanpl ed weeeform of figure 6d re-plotted assuming a fixed sanpling

i nt er val [0136h A¥boghithe abgun ddspribed facinigye spmalls thedrequengy syert wyefers atorfsigient dbiscite figf

sanpl i ngdEdpatogrswesgto %ﬁpe‘f'?ﬂfsff@a‘e at"Pi%”Eet'abs“ ‘fa@i§§‘? P&’ét’@&f”b?'s Fgewifd not as

f rt r of e fr ee raduc
afunct | gg‘ﬁt’ e eﬁgmf“t‘fg"y 1Te S @ 3 é‘f" eg;;ga Cégg I ,eéﬂéé%‘it"&i.g%gea
ff
si gnal |§un ﬂié% @&lwﬂ@ésﬁpl@@ﬂ&h&gh 2rr@qﬂ4l€t£lﬂcy~eveﬂ'hlh§g al | ows
the r angﬁerteﬁsdaaepmeemdr;sloycke fincgirLrs| peext racted fromthe signal. It
shoul d bie12fjotF@cte § ilvettates Hoe mbm@aetdeen B¢ flox ahd Seqyigehuead sebrg shoen ifigurbizesiesadar
ret ur ns ‘f“?’@ﬁl%ﬂf Sa'!a”amstats Iaf@f@aﬁg!e 'tS'i'OHd'PeeetMtWQ%WWelth? flan ggrele r ange
s§f ey ”‘ :F > asééft‘!‘h’ (v tWﬁFfs%‘faoFFt“‘g’ée ?%Qf “’f h%e ™3P 88 from
the res% i‘gis oﬂjs bZF"s'gna tAE 935&2" ) ng r‘?nt! oned
above, 49%% dEaQé% r%?e%thléa%t !et%ﬁ I m nat or
52 can ct@smrorasrequaqcy sfrga?ee@t%tnqtaahtaec@n;bbealfroﬂ r@dba brld Bt tRIBRER

mul ti -t aptreaihdy € atomae ls@ynd kréqidcy sdep So2 adslitOMe Snefwa@arst tht SucdaQivirrequéhod 8ddegsn Whi ch

t he del aying avpréwhbsedn dther wohie the siiel warad of figurébds stligdd dnyphdsé migtivectaithe die wave bidiguecBadur i ng
use. However, it should be noted that alteration of the inparted del ay
will also have an effect on the perfornance paranmeters and system settings
of the radar. It may thus be necessar dependi ng on the desired use of
the radar, to alter other properties & the radar when the Inparted delay
to the swept frequency signal is changed. [0112] As an exanple, the
foll owi ng equations (3) to (6) can be used to define various properties of
the radar where R is the maxi numradar instrunmented range, the delay |line
Iength i's R.,,. or 2R, ., AF is the sweep bandwi dth and AT is the duration
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0O [0115] The sanple rate (S) can be expressed as: S= 4R'AF (5) ¢/ T [0116]
The anti-alias fitter cut-off frequency (Ffiiter) wll be: Ff,, =2 AF (6)©
[0117] Followi ng fromequations (3) to (6), table 1 shows the effect on the
radar resolution, the required FFT length, the required sanple rate, the
required anti-alias filter cut-off and the maxi mumrange when hal ving del ay
line length (i.e. from2Rl . to Rm.), frequency sweep or sweep duration.
It should be noted that halving the resolution of the system neans

doubl i ng tyhehass diffgrencd of ¢, Fer erch frggiesneystemta o tros B th ) thegdotiated phaselswisl t of hal vi ng
specified paraneter Resolution FFT length Sanple rate Filter cut-off

Maxi mum range Delay ling,length No change Hal ves Hal ves Hal ves Hal ves
Frequency sweep Hal ves Hg&ﬁées Hal ves Hal ves No cH&fge Sweep duration No
change No change Doubl es ubl es No change [0118] It can be seen that the
various radar configuration and performance criteria are governed by a
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[0120] | the RahChnkd tgbtstwRerd theg@h agimaminaigemes thdresidanmo@nt or s have al so
appr eci afoedd] tAnateratveto ADECtagetsys oppprignity &ddamvide raiditionhd greferpyday fpdueriay. F"éﬁfteﬂ’etnce to
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di scri m suikignal to tisdoch osciiridr porisrtootd ihg/iral kndisgore) @¢qagpeyahixry 70tahpt 4¢1 & signgl frénj theghreg? b t he
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[o1 36] The first frequency mixer 70 thus receives a local oscillator signal and a signal to which a delay equivalent to
twice the maximum range of the radar has been imparted. The output of the first frequency mixer 70 is then passed to
a zero crossing detector 78 via a selectable frequency doubler 77. The zero crossing detector 78 is arranged to output
timing pulses that are used to clock the ADC 80. it can thus be seen that the delay module 152 shown in figure 11 will
provide a signal to the zero crossing detector 78 that is equivalent to the signal produced by the delay line discriminator
62 shown in figure 4.

{0137] The second frequency mixer 140 receives a local oscillator signal and a signal to which a delay has been
imparted that is equivalent to twice the maximum range of the radar minus the small distance (4). The second frequency
mixer 140 thus outputs a beat signal equivalent to the signal that would be produced by a target at just less than the
maximum range of the radar (i.e. it would be equivalent to a signal that has traversed a path length of 2R, -A). If Rypay
is, say, 2000 meters the value of A would typically be selected to be about 10 metres (i.e. equivalent to a target located
at a range 5m less than the maximum range) which equates to around 20 range cefls.

[0138] A hybrid 176 (e.g. a 0%/ 90° hybrid) divides the output of the second frequency mixer 140 into two signals that
have a relative phase difference of 90°. The skilled person would appreciate that the term hybrid means a device that
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[0124] This neans that clock pul ses are generated every tine the frequency
changes by; 1 (11) 24 [0125] It can thus be seen that the delay line °
di scrimnator 52 when conbined with the zero crossing detector 78 not only
generate pul ses at regular, fixed frequency intervals but also provides ADC
sanple points at fixed absolute fre- quencies (e.g. F1, F2, F3 etc.). This
techni que, rather unexpectedly, lends itself to coherent sanpling from
sweep to sweep. [0126] Although the above described techni que sanples the
frequencymsmepﬁnmaweﬁmqmmemwmemBWs®8ﬁ§mﬁ%@ﬁ*ﬁﬁe“Wweﬁ'ﬁﬁeﬂﬁﬁ%@stt%ﬁtsme ep.to
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eyt Egtae@t r$|s§1rntm§tluﬁlgthe efuﬂ%r?(t@ﬁm‘a%ldtt@ns in the
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The r angevcw ratiabifdtypt st heddin, @Wmatalmtteyreqyany@@Sﬁléaehh'wsfdete@?swWEQSI fromthe
f r equencrysointon 4 ean alsrs@etialtttethersierpl ed Si gnal and the hase t would
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predi ct eR?'a"SEEUFGt'aét‘lﬂla@’ ’f"ﬁ'Y ab am&\%qr_f a" us be
provi de({f‘fn?éin '°% (ﬁ "étj, und gn Ja@ggwgssﬁ,&ﬁt@gtpad inthis
manner, Thescal ase Jurrps or all ot her target ranges are cal cul at ed.
The phase junp correctlons are then appl ied so that all steady targets
have a continuous phase. [0133] Figure,10 shows the resultant phase of a
single target after the phase junp correction.has been applied. Note that
the wi ndowi ng prevents any residual phase noise |ooking |ike a phase junp.
The residual phase noise will be due to thernmal noise in the receiver and
any novenent of the target The best targets to use for phase junp
prediction are



the long range targets where the phase junp is largest and it dom nates thg
resi dual noise. [0134] An alternative to using targets of opportunity is to
provi de additional, preferably |ow frequency, circuitry that creates a
false or artificial target. Figure 11 illustrates how the delay line
di scrimnator 52 of figure 4 could be nodified to provide a delay nodule
152 that not only provides the delay line discrimnator function but also
generates an artificial target signal. Conmponents of the delay nodule 152
shown in dvetpurigiastehougttanrovie & Ueﬁ%‘a?‘@?‘ﬂ‘iﬁkﬁﬁf o FIEG G P e B A e e
di scri mi nEANsitea applcpigasapcit @ol doPpr ot RIS SpOHIROQEP ST ié”"wiyﬁgi%é L Ckeof ef erence
R b rc nd m grooved depende tﬁ) neteidite water i
nuneral s. _ [OF3 CeﬂfPﬁ)‘S‘ p! Peg ectwhﬁzﬁrufnéa oe%g&p fkt e %dﬁis%hﬁe%@mt“ﬁe}é itllsiatistier 168, a
first fre ﬁ% nﬁ?X%iZ §¥and a secon requency m xer 140. The three way
splitter MEGELY BSar @ b HSRHLRREYabSMEA bisoDb GBAD mfasametthdiefshitgerameirvits weep
gener at or gn@AR6linh SRp&E $his M oflecSpogiva hndis@ed thie ekecalfrrobeiafa aor THEIEY 8" bot h t he
first andeseneadviweamene it erdg Fdects fad @, it RudpepTaPye PERIERETH ee  way
splitter &68oisdateoapigieed through a first delay line 170, a signa
splitter 174 and a second delay line 172. The first delay line 170 inparts
a delay equivalent to the tinme of flight of a signal to tw-.ce the maxi num
range of the radar (2R) mnus a small distance (A whilst the second del ay
line 172 inparts a delay equivalent to the tinme of flight of a signal over
the smal|l distance (A). The first frequency mxer 70 is arranged to receive
t he signal passed through both the first and second delay |lines 170 and
172, whereas the second frequency m xer 140 receives a signal that has
passed only through the first delay line (i.e. a signal extracted using
the signal spatter 174). [0136] The first frequency m xer 70 thus receives
a local oscillator signal and a signal to which a delay equivalent to
twi ce the maxi mum range of the radar has been inparted. The output of the
first frequency mxer 70 is then passed to a zero crossing detector 78 via
a sel ectable frequency doubler 77. The zero crossing detector 78 is
arranged to output timng pulses that are used to clock the ADC 80. It can
t hus be seen that the delay nodule 152 shown in figure 11 will provide a
signal to the zero crossing detector 78 that is equivalent to the signa
produced by the delay line discrimnator 52 shown in figure 4. [0137] The
second frequency m xer 140 receives a |local oscillator signal and a signal
to which a delay has been inparted that is equivalent to tw ce the nmaxi num
range of the radar mnus the small di'stance (A). The second frequency
m xer 140 thus outputs a beat signal equivalent to the signal that would be
produced by a target at just |less than the maxi mumrange of the radar (.e.
it would be equivalent to a signal that has traversed a path | ength of
2Rs,mM\). If Rm is, say, 2000 neters the value of A would typically be
selected to be about 10 netres (i.e. equivalent to a target |ocated at a
range 5ml ess than the maxi numrange) which equates to around 20 range
cells. [0138] A hybrid 176 (e.g. a 0/90 hybrid) divides the output of the
second frequency mxer 140 into two signals that have a relative phase
difference of 90. The skilled person would appreciate that the termhybrid
means a device that 16 0 splits a signal into two parts and inparts a
relative phase shift between those two parts. These two signals are then
added to the | and Q channels carrying the radar return signals using a
pair of signal conmbiners 178a and 178b. The conbined signals are then
sanpl ed by the ADC 80 and processed by the DSP 88. The range of the
artificial target is known, and hence the DSP can nonitor the phase
corresponding to that range cell and can adjust for phase junps as
descri bed above. [0139] It should be noted that although not essential, the
radar preferably conprises both the delay nodule 152 and the RF delay |line
discrimnator 90. In such a case, the DSP wll receive |- and 0 signals that
conprise (I) the radar return signal(s), (ii) areturn froman artificia
target at a range of R-a/2 and (iii) a signal fromRF delay |ine
discrimnator 90 that can be used to conpensate for any variation in the
mean frequency of the STALO [0140) Referring to figure 12, it is shown how
the radar can be adapted to allow the artificial returns (e.g. the return
froman artificial target at a range §§5<-d/2 and the signal from RF del ay
line discrimnator 90) to be separated fromthe return signal(s) that are
associated with real targets. [0141] It should be noted that the radar 40
shown in figure 4 conprises an 1 Q quadrature m xer 66 for m xing the RF
radar return signals with the RF |ocal oscillator signal. The quadrature
m xer arrangenent thus outputs an In-phase (I) and a quadrature (Q



or negative frequency) depending on whether an "up-sweep" or 'down-sweep'
is transmtted. In the radar 40 described wth reference to figure 4, the
use of a sawtooth waveform (i.e. 'up-sweep' only) neans that real target
will only ever occur in one side of the frequency domain (assum ng any
Doppler shift in frequency is relatively low). The radar 40 is thus
arranged so that the artificial return signals are in the other half of the
frequencymﬁﬂectruntconpared mﬁth the real signals. Therefore, the return
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Si nce t he Aicpmron gaipy e Chcor de tragedy in July 2000, a sequence of events
triggered b t 78R Ypticd d3@y iRe. NS been

consi dergbl%e‘f'cﬁé"rc‘eréanggﬁ'a'%wgeremsglgrkoﬁ‘m?rme%ﬁ\%e{ t echni que); for detecting FOD
and renDyj NGselide abdkaify th &R Wndig theiockstor @b)lis avergedie menitasitre lahamd 9f sairfteavelios r upt i on
to airport cefeseadldr Op.inphésdr rent |y, manual inspections are carrr ed out
typically once every 4 hours by driving al on the Ie cohere mh poway. The
ef f ect i vanegevide scctrfingioEap! Hirioresiaips iegh g %%f;é% ?‘%’ﬁa[ ° ;Lﬁ

t echni que |P§aS?%‘i@?‘ff'é‘tﬁ‘f"i"xfé’"W?F“‘Pﬁ@eﬂ%‘f'ﬁgtargftﬂ T The K e deS| gn of a
radar dedi caduedydveepd~OD detection i s in mnimsing the return from runway
clutter whilst maintaining detection against FOD. This is achieved through
(i) mnimsing the azinuthal beamwi dth; (if) using very high range
resolution; (iii) siting the radar for optimal grazing angle and (iv)

recei ving orthogonal polarisations. An FMCWradar of the type described
herein, operating at a centre frequency at 94.5CGHz, achi eves the necessary
range resolution and can also neet all the other criteria. [0148] To

i npl enent FOD detection, a radar of the type described above could transmt
right hand circularly (RHC) polarised radiation and receive both Ieft hand
circularly (LHC) polarised radiation and RHO pol ari sed radi ati on. The
receive diversity inproves the detection probability against FOD and al so
provi des capability in rain. The radar would be nounted on a 360 azi nut hal
turntable and rotated at around 3/s. §ych a rotation rate allows sufficient
"hits' per 17 0 dwell but is fast enough to provide an update after every
take-of f or landing. The siting of the radar is also inportant for FOD
detection applications and is very dependent upon the airport topography
and the runway surface characteristics. Runway surfaces may be sl oped or
crowned and may be grooved dependent upon the requirenment for water runoff.



18 0 Cains 1. A coherent, frequency nodul ated conti nuous wave FMCW radar
devi ce conprising; a frequency sweep generator (42) for producing a swepte
frequency signal, a transceiver (40) for generating a signal to be
transmtted by the radar fromthe swept frequency signal, said transceiver
al so being arranged to produce a target difference-frequency signal from
the signal transmtted by the radar and the signal returned to the radar
froma target(s); afirst discrimnator (52) for receiving a portion of the
swept frequency signal and forproducing a reference difference- frequency
si gnal  ofyy fAfY 8lGIhg BAMMlecdify daltindtiohigiga aee pusetuiesn(7t) hie chregueneyorof t he
swept fr equemGyangdd@halet andietdre diteferice-gesaamneyigrafproducddbytie fidi dspiminaie it 8 3559 t
frequency sitgihabuseeptian eardtedoyinténtaierelsipipihe iequeng(péihreg/erasregifesnoe fggyency signal

anal ogue- tdmm"gqa@wmge'&qﬁﬁeﬁr“ﬁ@r“ eAB®), for sanpling the target

di fference- frequen Vi t
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ref erence antﬁéffe@re@@g&ng.r@aque&eoydf&hlgm@ubapd and a processor (88) for

determ ning frequency conponents of the digitised tar get
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di f f er ence PHEGUBAROFS PSS S‘ateer?°?)§?ﬁ 35 ixed range target or an
artificial Atdé%{c?gordggtgggrﬂtsQl'rere(n]ﬂ%%}ALo%Menﬂlmﬁt%ﬁnnor@érrfggr%ﬁﬁmﬁod@c\é@antazorﬂdrUI’ ality

of successiyRililRrEtHedireMRSE Pehaif re§uicflectalR e diferead bRl thaeguraery of teid t 0 use
the phase caliehtéaireatraiaiea byt abheriuerter atime Higplaph BSeona Hargr frerite 6 ot her

frequency egepenenddsy tefraderne di gi tised tar get di ffer- ence frequency over
said plurality of successive fre uency swee according to

claiml #héfaeerogaingogamigy (5‘%’ 31 ?t";a:) ['ﬁfee" f'@?”f"c‘ésé’da?'f Srgsr

di f f er ence ST EFLERRYEEH f‘g"a' Or P &<ends tyo t eturn signal from fixed
range tagg tievrcegaocoéinﬁgéﬁll&@ofa&rﬁgﬁghMeérﬂh&éTﬁLm@eW@mﬂr&rﬁﬂnﬁbs fircaghyr ange
target is lifGab&iet e kigbRER RO fignhi @& Sthd AFaPnalid@finangthermte t han 90% of t he
maxi mum i nstrunmented range of the radar 4. A device according to claim1l
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si gnal gene@‘éﬁfdPssseéB@’rprr sr ng a second discrimnator (152) for producing a
fixed ra j}g e@icl;etal ordlgI 4l eo Jbﬁlo1tlwheregmg%dngyﬁrgu%&L{saﬁéag%hendctr{o%eg@i@' d swept
frequenc ,ygg’;ti] , - gsgg, aced swept frequency signal derived from
the swept requency signal. 5. A device according to claim4 wherein the
artificifl Ateicgdoradd tb dny ek G‘I&I@res foneiq waretiyhe SF darpline domprinct deestors Af paderisatien g et

di f f er enceeonfeteequency si gnal produced by the transcei ver pri or to sanpling
by the ADC (80). 6. A devi ce accordl n to az% one o Qe Wherein
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comon del aynet singd (170) . 8 A devi ce accordi ng to claim7 wherein said
common deIa line 170 n cal d Ia rding to
claim1l %h% LN g ; l%f;e § 13“'"% 's a"a" edﬁ?e:g@i%o gfr;%%gcge of said
frequency “CBAPERERT A eV| ce according to any of
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di f f er encephése.cqjereposnsi gnal overa plurali ty of successr ve frequency sweeps.
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si gnal wherer n sal d timng pulses are used to clock the ADC. 12. A device
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produced by the frequency sweep generator (42) has a frequency range
within a first frequency band and the signal transmtted by the radar has a
frequency range within a second frequgncy band, the frequencies contained
in the first frequency band being |lower than the frequencies contained in
t he second frequency band.




13. A device according to claim112 in which the transceiver conprises a
frequency up-converter (51) for increasing the frequency of the swept
frequency signal to the frequency of the signal to be transmitted by the
radar wherein said frequency up-converter conprises a stable |ocal
oscillator STALO (54). 14. A device according to claim 13 where in the
STALO frequency drift nonitor being arranged to produce a drift nonitor
artificial U%@!x&%?emg no;frgtlf’txg@(fo%ejugn%ﬂﬂ%ﬁa{ts G R ge diRiench - REHG GH thtedwathont O t he
di fference requency of the up- converted RF signal transmtted
by the radar and the frequency of a tine displaced RF signal derived from
the RF 2t gredce bcing Wiy beddigylai weerdnaigiarncesses) iferdeed tererfere B Prergssit® cl ai m 14
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by the radar. 17. A devr ce according to claim 16 wherein the RF delay line
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i n-phase, jmpiemhae.quadr at ure phase, Q conponents. 26. A device according

to claim25 wherein the drift nonitor art|f|C|a L i th ea"ne
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28. A deviadr o edwelt Rguebdsighil yompitses tigfstepd! @drareingthe freu@@ oftiieeweplireueraesiopdt ocessor
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arrangedt Qf.2 i gnal aV| ng af requency greaterthan 20G Hz. 31. A
devi ce accordl ng to any precedi ng claimand further conprising an antenna
(62). 329. Anetitrt daodingdd anpadéreci@sis2 t gohhereiviEatend! prosacinge et Hitrengg fredyencsioeshs  of ;
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di fference-frequency signal of frequency equal to the difference between
the frequency of the swept frequency signal and the frequency of a tine

di spl aced swept frequency signal deri ﬁd fromthe swept frequency signal;
generating a signal to be transmtted by the radar fromthe swept frequency
si gnal ,

o



produci ng a target difference-frequency signal fromthe signal transnitte%
by the radar and the signal returned to the radar froma renote target(s);
usi ng an anal ogue-to-digital converter, ADC, to sanple the target

di fference-frequency signal to provide a digitised target

di fference-frequency signal, the sanpling rate of the ADC being derived
fromthe frequency of the reference difference-frequency signal, and
determ ni ng one or nore frequency conponents of the digitised target

di f f erence- fT8Ytency signal, characterised in that the nethod further
conpri sesyt RRetdi8Ro@la i) 6 Hrciind @ 1d 30 Wneteinfite @B BuGytmirntro Kifp Geyesndy caporertgeot
digitised tas @{geddigttﬁaﬁ&@a&equémmmwses iheytem bf using@ pimplexdFast Fogries aansfa 69 r ange
target or an artificial target generator, any phase difference over a
plurality of successive frequency sweeps of said swept frequency signal,
and to use the phase difference determned to naintain the phase alignnent
of other frequency conponents of the digitised target- difference frequency
over said plurality of successive frequency sweeps. 33. A nethod according
to claim32 wherein said frequency conponent of the digitised target

di fference-frequency signal corresponds to the return signal froma fixed
range target 34. A nethod according to any one of clains 32 to 33 and
conprising the additional step of generating a fixed range artificial
target difference-frequency signal fromsaid swept frequency signal and a
time displaced swept frequency signal derived fromthe swept frequency
signal. 35. A nethod according to claim32 conprising the step of
nonitoring the phase of said frequency conponent for a junp in phase. 36.
A nmet hod according to any one of clains 32 to 35 conprising the step of
coherently integrating the phase aligned frequency conponents of the
digitised target difference-frequency signal over a plurality of successive
frequency sweeps. 37. A nmethod according to any one of clainms 32 to 36
wherein the step of generating a signal to be transmtted by the radarfrom
the swept frequency signal conprises the step of increasing the frequency
of the swept frequency signal to an upconverted radi o frequency, RF,
signal for transm ssion by the radar. 38. A nmethod according to claim 37
and furtherconprising the step of producing adriftrmonitorartificialtarget
di fference- frequency signal having a frequency equal to the difference

bet ween the frequency of the up-converted RF signal transmtted by the
radar and the frequency of a tine displaced RF signal derived fromthe RF
signal transmtted by the radar. 39. A nmethod according to any one of
claims 32 to 38 wherein the step of producing atarget difference-frequency
signal conprises the step of producing a target difference-frequency
signal having in-phase, |, and quadrature phase, Q 21 0 conponents. -40.
A et hod according to any one of clains 32 to 39 wherein the step of
determ ning the frequency conponents of the digitised target

di fference-frequency signal conprises the step of using a conplex Fast
FourierTransforn, FFT. 22 -
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