METHOD OF DETECTI NG A TARGET The invention relates to nethods of detecting
targets, particularly (although not exclusively) by use of a radar or
simlar syeteswoi8e application of radar systems is in trhe/ds2edsthosd22ar ea
nmonitoring, in which detection of targets within a certain area is
required. For exanple, it may be required to detect the presence of
intruders within a nonitored area. Exanples of radar systens suitable for
performng this type of function are descrlbed in US patents 4 595 924 and
6 466 157 and in published US patent appllcatlon 2002 / 0 060 639. A common

pr obl em encoypgeLee GFE‘DE%E@?FNé'%\t‘I%iGQﬁ using radar is that small objects

can be difficult to detect in the presence larger clutter returns. For
exanpl e, intruders close to fixed objects such as building, walls, fences

etc, or small1bjhegliRn! r¥Faﬂ£ tB%étHSdQBPH&Q?t(ng tgrgege?'éf'ti%u@ﬂy ?allrhUU%)% may not

be detected due to large clutter returns m t'he’ surroundi'ng environnent.
Several net hcﬁi<§lU§We|VhW'éﬁﬁ¢f@ redarqesingler exteen by processing of radar data
are knowng however the amount of processing that can be done on signals
froma Iow cost radar systemis limted. One data processing nethod

suitabl e for Qe applicatioroef catar sSystemsr issipstherfield of eremn(oemmgam whighse- al ar m

rate) processdel?%no,l, Iof Rarb ¥Rl ifdin 'an@réﬂpgrtegt QQ%L@IGC]

rectangul ar w ndow i s s€anned over a prxe returns pyéﬁhced by
a radar syst dafidied ta dgleckibeipemsenes elsnibiders withjer mmtomcﬂte@l kemples ohe nap

by reference rgearrgfswnrsss&ebre%ro Qﬁbrﬁﬁnﬁ]gtés?{yﬁglo?f | b %r@déﬁé.sé&%sgroup of

pi xel s containing a particular pixe onsr eration ased on an
assumed clOut tRate ét595 24 iape 61466 16 eand e pubiatist US Ipatant apnlisation30eRd @
choices for tgggaagsuned clutter distribution are Rayleigh, exponential and
K-distributions, or their appropriate counterparts in radar systens which
generate a plurality of range profile neasurenents for a given range and

then conbi ne AQSmW%SHFoSFEFrPBﬁcéu‘H%e%@YA %ﬂar aété&.ohe@gtadp i@l Ars g n. A

problemw th CFAR processing perforned data corre Ing to returns
objects can be 'difficult to detect in the presence larger clutter returns For

15  example, intruders close to fixed objects such as building, walls, fences etc, or
small objects lying on the ground (e.g. debris on a runway) may not be detected
due to large clutter returns from the surrounding environment. Several methods
of improving target detection by processing of radar data are known, however the
amount of processing that can be done on signals from a low-cost 'rédar system is

20  limited.

One data processing method suitable for use with low-costs radar systems is
CFAR (constant false-alarm rate) processing. In a typical implementation of
CFAR processing, a rectangular window is scanned over a pixellated map of }
25  returns produced by a radar system and a detection threshold is set for each pixel
in the map by reference to returns corresponding to pixels within a reference
group of pixels containing a particular pixel under consideration, based on an
assumed clutter distribution for the area under observation. Typical choices for
the assumed clutter distribution are Rayleigh, exponential and K-distributions, or
30 their appropriate counterparts in radar systems which generate a plurality of range'
profile measurements for a given range and then combine the measurements to

provide within-beam integration gain.



fromradar or simlar systems (e.g. lidar systens) is that high clutter
returns can result in detection thresholds for some pixels (i.e. those

cor r esponslongodiassegi ons of high clutter return) being eetr/caoésnosdzzgh a
level, resulting in sone targets not being detected. It is an object of the
invention to provide an inproved nmethod of target detection suitable for
use with | owcost radar systenms. According to a first aspect of the present
invention, this object is achieved by a nethod of detecting a target in a
scene, characterised by the steps of: (& taking a first data set of data

h i.ch ds.t ra of two or,. nbre returns
obt o ned at AR HT REAEE BRGRaCn P orBRa el cnl R & PR (1 e
period; (b) t&khngdar @egoifal systems gety. lifar dastame) Eﬂﬁ%ttrﬂgrealghel?%tuﬁﬂ% géchti Ve
. ; f re. retur obtal ned at res
Cmes Trom a St rCHeARR (BesilnG Pl sdhe SubBobh Hostoperrau o bSedoin: & o
the first; (c9f ignelutien retura) baingpsetias dso bijh thievel alegelting indsdhad Gargdtement i n
t he secondﬂ- daﬁﬁni&éte%&.h the value of a data elenent in the first data set,

the data el enents corresponding to returns fromthe sane part of the scene;
(d) conparing.said conparison to a threshold value so as to detect targets

) X ; he. d ti i d giving
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repeating st epétable)fomnsk wilh Idve}:osuiaécﬁarﬁb/amt ;SAdcﬁ]rcdir’{getofé; (lf:I??] g@ﬁéﬁt?ﬁg%ﬂ ?ﬁ;a
vord *ret ur nDES dRol P Buicb (8 R e, Bl Peod L BeffTi orse’ 'R 4 adar
system i1 t reseoerdhesactesised by thespapsiof:i c?ti on int Ehog!{ di Preelsgtegr ip\r/gt g](cj
bhethel oF oy o8 CRERRTRON o8 0T Ra 0t SrRRRRAY e
and then refl ect edetagetdiéwobj eote refans bbtateapa réspestivertinsdsLRorh @) parsoff Or med
fromdata el ementg, S&rn%%%ﬂ%‘g%?tiﬁ@ period;
(b) taking a second data set of data elements each of which corresponds to
15 an avefage of one or more returns obtained at respective times from a part
of the scene during a second time period subsequent to the first;
(c) generating a comparison of the value of a data element’in the second
data set with the value of a data element in the first data set, the data
elements corresponding to returns from the same part of the scene; _
20 (d) comparing said comparison to a threshold value so as to détect targets
| entering said same part of scene during the second time period and giving
rise to a comparison having a value exceeding the threshold value; and
(e) repeating steps (c) and (d) for data elements in the first and second data
sets corresponding to returns from other parts of the scene.
25 ,
Although the word “return” typically implies use of an active system, such as a
radar system, in the context of this specification it should be interpreted broadly to
include radiation emanating frdm an object irrespective of whether or not that
radiation has been previously been- generated elsewhere and then reflected by
30 the object.

As the comparison in step (c) is formed from data elements corresponding to
returns from the same known part of the scene, the method intrinsically provides
target location in addition to target detection.



returns fromthe same known part of the scene, the nethod intrinsically
provides target location in addition to target detection.Data el enents of

t he firstwoave/aai47may correspond to a fixed average retrarGcH22@moanpart of
the scene so that data elenents in the second data are conpared agai nst a
fixed, unchanging data set. For exanple in the case of detecting small
objects on a runway the fixed data set could correspond to returns froma
runway i mediately after it is swept clear of debris. Data el enents of the
second data second data set may each cor3respond to a single return froma
part of the s I : LE | it Al econd tine period
so that any d[??fa %rlégﬁ%gﬁl-saﬁfg?agéﬁat[%%gi:hakgaﬁ%%?g%%Fklg%%Qfeﬁigesﬁeﬂﬁp img]at a set
obt ai ned i n th@agefdhe scehe spethalbdataralerdentedn dite sFoongr data dee acoopatéduous
nonitoring f E <01 i te t i t abl »
frequency. | ﬁébg%?” grg ﬁtx %a’ﬁggt&%@r}gta%éée%tf %9@{’1|§2@%y&3§j°& ?%C' scm‘%bnl y
temporarily edfjeats ema rumyavttbe xechdata selecoyld auirledpen torwéts)nsdatmaa elrevant s of

t he secong dg - r \Y tWo or  nore
returns. Iner @i‘sﬁﬁﬂé‘ge'?‘ﬁﬁefﬁﬁ%%f@%ﬁeéﬁﬁﬂ9%%%2@%@&?@%%%?@@5 Yorand Al ge
reduces the s¥8eNd fatpispt Ry eAeh derraspondio a single cetsimoinath agyautr dfdhis seafeur ns.  To
provi de a corgy § L ok i S t e be repeated
at a suitabl ;6 b:‘tér]g%%n%gﬁﬁl&aﬂng%ﬁtﬂg q,t(,)% gé(;bfg?g@% &%@esogpétr%ﬂynﬁéveﬁ‘f?o be
caused by spulisheren thetfixed slatsasel cmdihe singlecdatalisef obteined liothecsemnge simien t he

envi r onnent Tag]all r i DG . t.hi rt of false alarm
may be reducg%ngg%g%%ﬁafﬁg??gfoqhﬁed Mlgf&%n 8@8‘8%@‘”?&?@%@? ﬁ@&g??)o be.
consecut i'Pe tm%bq)@pie@t@gahﬁauitab@ freueneys gener at ed on consecutive cycl es.
The particul ar conparison generated in step (c) is preferably chosen to be
appropriate to the circunstances in which target detection is to be carried

out, and may,!nPHler trgdptalalspalarme caussddy abigctsewlinly enlp termuranily stedthe
difference ofhgabadehtIBBLS wi - j A4 set.s cprrespondi ng
to returns frng)mthe sagrrg( gﬂlleo%%ﬁﬂgj é%%ne. Egrg%gggerrg?éeo,%di ?at? ﬁgpmaryst and
second data $8FR CaFesPENBHEn aAvdragrmef tworoayore fetaas a Irefeasimgttse hawmbergofval ues

:[A\Ke’n Fhéqggﬁggtwfgg%eﬁqerg"eﬁér%@ﬂe%e?a%eareﬁﬁ'&'s%ﬁ@%it%?lof ThEQLER & ea)
occasional spurious returns. To provide a continuous monitoring function, steps
(a) to (e) may be repeated at a suitable frequency in a .series of cycles. False
alarms may also be caused by spurious returns caused by system drift or slow
changes in the environment of monitored area. The incidence of this sort of false
20 alarm may be reduced by arranging for the first and second time periods to be

consecutive time periods and the returns generated on consecutive cycles.

The particular comparison generated in step (c) is preferably chosen to be
appropriate to the circumstances in which target detection is to be carried out, and
25 may, for example, be the ratio, difference or normalised difference of data
elements in the first and second data sets corrésponding to returns from the same
part of the scene. For example, if the first and second data sets are two-

dimensional arrays of data elements having values 4;, B;

; respectively

(corresponding to a two-dimensional monitored area) then the comparison

30 generéted in step (c) may be any of % . By —A,.j and B’JA— Y where Ai,-' is
i

i

the standard deviation of the values A;j.  These comparisons are respectively

called the ratio, difference and normalised difference of the values A,.j, B,.j .



generated in step (c) may be any of , where Aj, is the standard deviation
of the values These conpari sons are respectively called the ratio,

di ff er encwoaneb/ngssmal i sed di fference of the values AJ , pBridBrodsdnm@3@ase of
detecting small objects on the ground, for exanple debris on a B/ runway,
the ratioy is appropriate for the conmparison if returns fromthe scene are
swanped by the noise floor of the systemused to inplenent the nethod. If,
however, the level of the noise floor ofy the systemis below that of _
returns fromthe scene and returns fromthe ground and target are described
by the Rice dhstheicasé iobdetetcti®y SHiaaMabjeste briihkf #HERE dor Exafpl BEH@P6H 2t €
conmparison. In order to inprgve detection of small objects, data
correspondi NGyhRa@ Ak Y5 | z’?‘/o Ofig %ﬁﬁ%b%effépme%ﬂﬂrgsgﬁ@urpse fr? ghed_to
provi de within-beamintegratdon, for exanpl e using a usstan filter. The
data sets nmay_ be obtai nedggit{ye tl%qfr ma radar, lidar or simlar system

for use in tHECRBADIVEIE igf Hewi ffgthe sustest vaed Jelipplemgat gt a set s

coul d be wri trhéthod.o Ifa heWeverghedevsl &f traNkbisd Btbrafttiaé Beslerhhe belbwomhf o
subsequent_ use, in fhe of f-1i nﬁqﬂr ocessi ng) . Correspondi ng to the

hod |
above net Rod "§HM% O’Fr{%tﬁ‘f‘?or@ré”dare%% 43§, 8rung @ng fiaroet e feseibep i des

appar at us f orthel ®icecdistiigutian] the @6imalibEEdiFeRAESI WH pPRIPribRI ddehpBFigYHESSI Ng neans
and a detector for detecting returns froma scene and passi ng corresponding

signals to the processing neans, characterised in that the processing neans

i's arranged tin opdrft® nfprova@stb&dn@F sinBR objBYte Nddt? BorrddpRndiRg & AblSalifpyr be

active as oppo 0 _passi ich case it _conprises neans

tsed} sllyv? |nbV\/n ] { S I for
generati ng a8 & EATiHPCHL (FHsLG FIRPIASS (L RRVEHRIVINIDeRIR dntegrating fell s
correspondi ngxampiaisiet £dansianier.t o the processi ng neans. Th_e nmeans for
generating and detecting returns fromobjects and for generating:-signals
corresponding to the returns is conveniently a radar or |idar system The

appar at us nmayTHeuddtd @etsaASP be DBtathedadiRCEy ﬁdﬁntﬁfﬁdﬁv‘,’i lidar E)h@lnﬂlépff)%f?e?h '?&t nmeans
i i ra systemwt ositional information
being arr angeucéetig tll?er %Veltrgo% Jrgaq-ti(r:n%ngrocess'ng). Alternativerl)y, the data sets could be
written to a storage device and then-obtained therefrom for subsequent use in the

15 method (off-line processing).

Corresponding to the above method of the invention, a second aspect of the
"invention provides apparatus for detecting a target, the apparatus comprising
- processing means and a detector for detecting returns from a scene and passing
20 corresponding signals to the processing means, characterised in that the

~ processing means is arranged to perform a method of the invention.

‘The apparatus may be active as opposed to passive, in which case it comprises
means for generating and detecting returns from a scene and for passing signals
.25 corresponding to detected returns to the processing means. The means for
generating and detecting returns from objects and for generating signals

corresponding to the returns is conveniently a radar or lidar system.

The apparatus may further comprise a camera system, with. the processing

30 means being arranged to provide the camera system with positional information
relating to the position of detected target, and the camera system being arranged
to produce an image of the target upon receiving that information.



relating to the position of detected target, and the canera system being
arranged to produce an image of the target upon receiving that o

i nf or mat iwo.2By/nepeat ed use of the above method, and reecmrdiBagoddogo2posi tion
of an object as a function of tinme, an inproved target tracking function is
provided. If, in addition, one or nore parts of the scene are each _
associated with a pre-defined target behaviour, one or nore warning signals
may be generated if one or nore detectedgand/or tracked targets conforms to
a defined target behaviour with certain parts of the scene. In this way,
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Figure 1 is aoid ocknotk pgrearss dhe acdr%d@’é Sathl REdHSMLY @mhea -déﬂﬁéHQH@@L' ng a
met hod of the &}esent i nvention; ures 2, 3 and 4 ill ustrate th andl i ng
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Ln, Figure a stan ow cost radar sys
Prg(r)\?[ gmﬂ ngga %e&gwega ogthﬁaﬁ‘:{a“%f ?’hg'%%é’ﬁlé inteEses S8y be Ware regradipo e t 12, a

DSP unit 16 ainttnbofdarptsteiseddn thentidittatiedr aphi cal user interface (GU) for
operating the system 10 and displaying information. Data fromthe main _
radar unit 12 is processed by an FFT algorithmto produce raw data which is

t hen passed vEmb@dumntelcﬁSBe eivbstioneire ldebribkd He!bmﬁbPﬁBy‘é'ﬂ'e&ar%@e Y dndl6 1S

pr ogr amme i out net hod of the present. invention rocessed data
i s passed rom ér tﬁ%‘%a%"‘f’a")ﬂ%m@w §eWhioy for. display by neans of
the GUI. The radar unit 12 has an antenna (not shown) which may either be

set to a fix ngul ar position or arranged to perform continuous 360
angul ar scanﬁﬂ%’% g'The beamii df hPIBFK  Hagiam tof1 @ j1ader syRtenyr sidlabler far |t s

operating frequency is of frhglemeattig a)ﬁmefhad?f'ﬂwe pTé&‘éaﬁl)i%aﬁBPﬁo 'nggggnged to
and cr
have a sensi tl*lé/urgg 2%’ &2 “allrl};strattg th%eﬁa%% lngW% data W|th|n the Figure 1 s%/stre)m
15 and

Figure 5 illustrates extension of the functionality of a method of the

present invention by visual programming.-

In Figure 1 a siandard low-cost radar system 10 suitable for monitoring a scene,

20 or a part of a scene, comprises a main radar unit 12, a DSP unit 16 and a

- computer 20 running a graphical user interface (GUI) for operating the system 10

and displaying information. Data from the main radar unit 12 is processed by an

FFT algorithm to produce raw data which is then passed via a wireless ethernet

link 14 to a DSP unit 16. Unit 16 is programmed to carry out a method of the

25 present invention. Processed data is passed from the DSP unit 16 to the

computer 20 for. display by means of the GUIL. The radar unit 12 has an antenna

(not shown) which may either be set to a fixed angular position or arranged to

perform continuous 360° angular scanning. The beamwidth of the unit 12 is of the

order of 1°. Its operating frequency is of the order of 10 GHz. The system 10 is

30 arranged to have a sensitivity sufficient to detect walking and crawling persons,

and small stationary objects within the radar beam. The antenna may be in a

slightly elevated position with respect to the ground or alternatively it may be
arranged to look out horizontally.



and snmal | stationary objects within the radar beam The antenna nmay be in a
slightly elevated position with respect to the ground, or alternatively it
may be arweng@bisza7l ook out horizontal ly. When the syst erci@GB28030p802at ed,

i ndi vidual data sets corresponding to radar returns froma scene under
observation at different tinmes are cached by the DSPU 16 in a series of
menory locations in tine order. \Wen a new data set is stored, the ol dest
of the data sets already stored is erasgd, i.e. data sets are stored in the
menory | ocations on a first in, first out basis. If the system 10 is

arranged to déherith@bystems1®IiE ypérated, fndxﬁﬁxadbét%c&é@réoﬁrés;%nduh tbhadant enna

f d | ar positio ch data sel corresponds
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36 a n| n e S corresponds to r

??gtnl ?Egqu eaQ i (ﬂ‘?e%f? "Pﬁagﬁ{%t %eﬁﬁé'r?%&n?tﬁﬁpl'ﬁgeraasegr hel datarfgts ae scan of
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t he DSPU 16 iis in aorxeataagulgepemdd)yeébh ddla sEa@&réépQ%é?fbnraﬁb@rp?%?uel?tgétﬁlsﬁgct ive
dat t Ther ei ght ta, set , +7 arrange
order i th regmeE e Uhisd2 Prdanp e dinear temetohs fhesaniensedost
Wien a new daff theswtit 12-id airangseltoipeeforn edrftlh@éustnﬁop%@é}ﬁﬁ@'tﬁ& éé’(ﬁﬁdlarté rg%tgLQZd
f omafl ed on or, fr a,_co et e angul ar scan) S
i Flto t he )gachcghlegpqnﬂa?odraldg ?%PI 55 mgIFer Frasye ﬁ%bém"s@mﬁ@‘a&ﬁa&‘ dwing are
shifted to tfmsul'@éianglamdsodatoatr&eéntémE 1 tHg aés%:dea(gpddtjé@ét é&h%r@%ﬂ&éfgfgse’
t the e nt data in ti order, as shown |
The syst om 164 e PbelEB SR, APl b rante peclle BeghiremaRts rRsedvi eho
absence of tamd}imgularecartdsfehes@mb. data sets correspond only to clutter
returns fromthe scene. These eight data sets are averaged-and the

resulting fixed average data set is stored in a separate nenory location in
the DSPU186. IMRigurd Bea sycteeof élghti mem@r@rlédaﬁdné QitHiatRs DIPY §@isSindRgiegdat a

sets are cont EH&SWW 3(5 néa&dl IOHISI?(;[I'gS a respectlve data set. There are eight data
sets n, n+1, n+2,.....n+7 arranged in time order, with n being the most recently .
acquired and n+7 being the oldest. When a new data set n-1 is acquired (eithér
by processing radar returns from a fixed direction or from a cbmplete_ angular
20 scan)it ié introduced into the cache in the direction of arrow 22. The existing data
sets are shifted to the left, and data set n+7 is erased, so that the cache always
stores the eight most recent data sets in time order, as shown in Figure 3.

The system 10 is initially operated to collect eight data sets in the absence of
25 ftargets, i.e. the eight data sets correspond only to clutter returns from the scene.
These eight data sets are averaged and the resulting fixed average data set is
stored in a separate memory location in the DSPU 16. When the system 10 is
operated to detect targets, new data sets are contlnuously introduced into the
cache 30 as radar returns from the scene are sampled When a new data set is
30 stored in the cache 30, a comparison is made with the stored fixed average data
| set as follows. The value of a particular data element in the new data set is
divided by that of a data element in the fixed average data set, the two data
elements corresponding to returns from the same part of the scene. The resulting

ratio is then compared to a pre-determined threshold value to establish whether a



cache 30 as radar returns fromthe scene are sanpled. Wen a new data set
is stored in the cache 30, a conparison is made with the stored fixed

aver age dabaosatizas follows. The value of a particul ar eatraRbemmsd2i n t he
new data set is divided by that of a data elenent in the fixed average data
set, the two data el enents corresponding to returns fromthe sane part of
the scene. The resulting ratio is then conpared to a pre-determ ned

t hreshol d val ue to establish whet her at ay get has entered that part of the
scene. Atarget is detected when the ratio exceeds the threshold val ue.

Wien a tar get target HRERHEEd tifat WAHGMEe isterd, SAl AYRE i©BetbRd @Hen thBGafi®MI Ni Ng
data elenents in the new data set are processed |ikew se to provide
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cache 30 thi soptcessi Mhel enlafARAHSE, elé}ﬂ@'nt@rw tHe2h&R tdatd §'etté}8 pP6&38edi Vi Ng
rise to a suff|C|entIy | arge return (i.e. in excess of the threshold val ue)
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runni ng average data set, and the running average data set conpared to the

fixed averaged¥88 N85 3 isHECENtBremreluetei & exeesedfithe tieshald halush, t he

conpari son beidpgtified sk @4rgBd 2A8 shiRdbiOWBminG M RyneR! diiRkddndid augl ement in the
runni ng average data setaalgs di vi ded by ;5%% ofd'%ﬂ%ta el enent in the fixed

average data set, the data el enents corresponding to returns fromthe sane

part of the SARMRativeRe ticesight iridgt FatehOdhs STRReEE Glerdgbd1t& pRYude VAl U O
establish whether a target has entered that part of the“scene. The

remai ni ng!Hat YNBINERXFREE PatareE and e wyniag avergee daleseteampared fortbe Sxerhd

| i kewi se to pawvigéesereatt ﬂﬁmbragnéwaétatéé@:s\/\élalea ﬁ%ehl@bstr@f&ﬁ?p’éﬁé&g i's
carri ed out eachtlr%iane is stored in the cache 30. Wien a

target is det®P&Ee ”\‘Rﬁ@ﬁ\?’ﬂb’“ﬁss d}es\ﬁl%@ ¢afa elegrentin thepurningaYRsR0DF t he

i nvention proyitaest i bma@d%amaageaHatatelérﬁérgmtﬁe%d:&éré‘gmt%éﬂ hekatLr the
scene for a s animal s) are not normally detected as

ort tinme . .
targets, t husé]B’F‘S’éfﬁ(‘,’Pﬁ%SpPQal@Q 9 ‘éﬂt‘é’BS Hparthe same part ot hescene: efhedeswiéngret hod
of the i m&entiabdis tangRed €eh b Vﬁu@@@éﬁ&ﬁ@h%e@%ﬂafd& h¥@nfehdyi Ng
aver age data ﬁet S obtained in consecutive time periods.

that part of the scene. The remaining data elements in the running average data
set are processed likewise to provide monitoring over the whole scene. This
processing is carried out each time a new data set is stored in the cache 30.
When a target is detected, a warning is displayed on the GUI. This method of the
20 invention provides the advantage that targets which temporarily enter the scene
for a short time (e.g. wild animals) are not normally detected as targets, thus

producing fewer false alarms.

In further alternative method of the invent_ion, target detection is achieved by
25 comparing two running average data sets obtained in consecutive time periods.
Referring to Figure 2, the four most recent data sets n, n+1, n+2, n+3 are
averaged to produce a first running average data set and data sets n+4, n+5, n+6
and n+7 are averaged to produce a second running average data set. The first
running average data set is compared to the second as follows. The value of a
30 data element in the first running average data set is divided by that of a data
element in the second running average data set, the data elements corresponding
to returns from the same. part of the scene. The resulting ratio is compared to a
threshold value to establish whether a target has entered that part of the scene.

The remaining data elements in the first running average data set are processed



Referring to Figure 2, the four nost recent data sets n, n+l, n+2, n+3 are
averaged to produce a first running average data set and data sets n+4,

n+5, n+6 wodoesoisare averaged to produce a second runni PgTAMBR0EYO3@At a set .
The first running average data set is conpared to the second as follows.
The value of a data elenment in the first running average data set is
divided by that of a data elenent in the second runni ng average data set,
the data el enments corresponding to returgis fromthe same part of the scene.
The resulting ratio is conmpared to a threshold value to establish-whether a

target has enliemss tbrwmviwgbnmringrweswnoﬁ b@ergefnghi@!prt&egﬁﬁ@isééa?gwts in
the first runnin verage data set, are processedl | kew se to provide
moni t ori ng ov&ft ‘tgar‘?ﬁ W%I%eng% : S?HssStﬂFétS’c@s erpche Lar Whe 8derdghésh tinme a

new data set detecté@rsewbrhingtid@splagsteoniBe GEThi8 e @Ldf the ind&itRAHAE thed
warning is dis(pla ed on od of the invention has the

the GJ . K This nethod i ) _
advant age t ha? "PRe96 Mt [ISRalams qu5 1 SAYHQYEsSIOW CHAPIER AhiTESUNTHNG B¥eragenni ng
aver age ddt a dath setamee minhigesed. By averaging a greater nunber of data sets
in any of these three nethods, the system 10 can be nmade | ess sensitive to
transient targets and to changes in clutter over relatively short tine

scal es. For eBpapdragihg atdreatdr hlibensfedad sétdan BHYBF s Mfeadretiigdsa et S
forns the basis, of 1hacra8et detection, the first and second running average
€

data sets may>Y8%Ch D& REe 1BSS Sensitygi tRdrassisht 'gR!s 20dt!e. CpRgES inequi res
a cache havi ngutis mmlativleqcaidrtom? stales hopgr é};)@{’rﬂ@ﬁﬁﬁe%iﬁ&&?ef Sdfo ug;t 12
may be arjanged .so_t hat nu r of range profile neasurenents are na

Wi %/h t he {nt ngHQn? gren %%a?taﬁ‘ggﬁf"ﬁ'%th?ﬁég§8 rgeh fetggitany Hielirgiang sepndsane,
angul ar posi triuoning Roeragx @atd sets infayeeathidaitaiRER BY iavegmaasht dlat2b&st he beam
will ilkum nate a point th\ién' brgﬁ scan ?ﬂbtl_t for 1s. During this tine a
nunber of ran sglqgﬁr?q%cwg VBfE RN %@'%d%smnt'ﬂgﬁ"%ﬂ\-n be
subsequently integrated to provide wthin- beamI i nt egrat}pln gai n. Ehe

i ntegration be, perf.ormed via sone formof |ow pass filter such as a
Gausgi an filtel r?—‘ﬁgt B?'Fﬂ?é’@(e%ﬁt auangedy §0 pthaj énd\_é‘f’i’ﬁglg RO9SuPEMeNt s t hat
are evenltp sangdsecbmentngd enadshite théantehill @©r SREE1 rthim)SinUthdaddrte, Corar ser

than the substantially the same, angular position. For example, if a 2° radar beam is

scanned at 2°/s the beam will illuminate a point within the scan ambit for 1s.
During this time a number of range profile measurements can be made and these
can be subsequently integrated to provide within-beam integration gain.
20
The integration may be performed via some form of low pass filter such as a
Gaussian filter. Filtering generates a set of range-angle measurements that are
evenly sampled in angle, where the sample spacing is usually coarser than the
raw measurement spacing. The filter is commensurate with the physical size and
25 shape of the radar beam at the range processed and a Gaussian filter is typically
.suitable, although those skilled in the art may choose to vary the precise filter
characteristics to suit a particular system.

The DSP unit 16 may also be arranged to record the positions of detected targets
30  as a function time to provide a target-tracking function for moving tafgets. In this
case, the GUI 20 may be arranged to allow visual programming of the program
executed by the DSP unit 16 by a user so that warning signals are generated and
displayed on the GUI if the behaviour of a target or targets conforms to certain

user-defined rules. The system 10 is then able not only to detect and track



raw neasurenent spacing. The filter is comensurate wth the physical size
and shape of the radar beam at the range processed and a Gaussian filter is
t ypi cal | yweuntasahBs;y al t hough those skilled in the art negT@B068008@2Vary
the precise filter characteristics to suit a particular system The DSP
unit 16 may al so be arranged to record the positions of detected targets as
a function tinme to provide a target-tracking function for noving targets.
In this case, the GJ 20 nmay be arrangedgto allow visual programm ng of the
program executed by the DSP unit 16 by a user so that warning signals are
gener at ed andtatjesplimy®dnonitotete afdd, bt sike toemawé ciertainf |o@|obarogﬁ&|u§id5n§ argets
confornms to certain us éﬁi i ned rul e g .Thessteml .S en able not only
to detect and¥FaTKE:F 8'559 aed OR iR iPERPRMr n7REG IO TSP “Q@Bgﬁ BRBIORMMEr t ai n
| ogi cal conCIAlsieQmﬁplecnﬁcsecmmsgala)rb@:égﬁﬁrlxdwﬁ?d s@ﬁtﬁmtﬁo Beéi)@mpﬂﬁéd b&low, tof )
rai se warnings a riate. An exanple of such visual programm ng of the
system 10 isq@%rﬁfﬁ E:quotg ﬁ%ﬁf%% with reference to Figure 5. Referring to
Figure 5, 5a pixellated map correspondi ng to a nonitored area is indicated
by 50. The 0.1s, displayed on th and is _a 13 x 13 pixel array. The
positi on of | SRIPBDECO!EAEE S d RORIHAS TRh OB RG4S e mORTRA RS b | he
map 50 3y 52f|n<ﬂ?ﬁa¢eHSyl5w rrgemtpvmeis dtsblt?y@cf)sg the0BUbahdat at1i3ex fEpiks aarfrasi L he
out er edge of..the i tor rea mst abe erator of the
system 10 as A %W\/%E ‘g‘??&%tfwcf?e‘ﬁ' g]e T‘ﬂ@loﬁfareé’l'§@p§g@lﬂ Qmibe fRapP 50
| yi ng i medi aiCeby52.nBixdie I)tuligébétweeﬁ terpdsition 52ton ehef feRsecaritBtic ldater abgd bed as a
t he nonitored area correspondi ng
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(potentials area being known to be occupied by authorised stationary and moving targets.

The GUI interacts with the program executed by the DSP unit 16 so that
appropnate alarms are raised in the following cases:
1. detection of a stationary or moving object in the amber zone (potential
20 intruder seeking entry to the fence-protected area)
2. detection of a stationary or moving object in the red zone (potential
intruder has passed through or over the fence) |
3. detection of a moving or stationary target in the amber zone, followed
by detection of a stationary target in the red zone within a fixed
25 subsequent period (potentially corresponding to an object being thrown
over the fence). '

Moving or stationary targets within the GREEN zone are ignored.

30  Although the foregoing relates to detection of targets using a microwave radar
system, target detection and tracking according to the invention may also be
carried out using millimetre-wave radar systems (operating at a-frequency in the
range 35 to 95 GHz for example), or lidar systems.



i ntruder has passed through or over the fence) 3. detection of a noving or
stationary target in the anber zone, followed by detection of a stationary
t arget i rwoheowmsB4zone within a fixed subsequent peri odprPCpaiBnisabiy
corresponding to an object being thrown over the fence). Moving or
stationary targets wthin the GREEN zone are ignored. Although the
foregoing relates to detection of targets using a m crowave radar system
target detection and tracking accordi ng,40 the invention may al so be
carried out using mllinetre-wave radar Systens (operating at a frequency
in the range GAaIM3 95 GHz for exanple), or lidar systens. CLAIMS 1. A nethod
of detecting a target in a scene, characterised by the steps of: (a) taking
a first data set of data el enments each of which corresponds to an average

Of tvio OF DI [ ot HenRAeheibOS Aordel PPEiehd CorofdERtiskd BT sorof L he

scene during a first tine period; ) takin nd

el enents each of (%ﬁah'ﬁgéoffr&é%ﬁ%ﬁﬂso(ffjétaﬂ?rﬁ $ 88eh effwhichecasrespends tdnur ns

obt ai ned &t respembiage df tWEsr frofdTrelurRbbtaled [ PesHREINR thvs s @ pcend tinme
period subsequent, to the first; enerating a conparison of the val ue of

t, (c) ge
a data el enent iﬁh??@ngé’é‘ﬂflﬂjatﬁéﬁém§@?”%ith the value of a data elenment in

the first data seb)taking ad@bteniREEE & daRy él%@ﬁ@%%oﬁﬁhi&ﬁ&éﬁ%ﬁoﬁ#@ the
sanme part of the scene; (d) conparing said conparison to a threshold val ue

C . . .
so as to detect ArRYEIRICSHCBF OhJosarquras rptapgd at srspeetivadimesriramyatiee second
time period and @f then@ehé G€ririgta SecoRdBAE ipBAGH SidébRtrRto/Rb Histexceedi ng the
t hr eshol ovaI ue; %nd %. repeat i ny steﬁ}s? (c) and (d) for data elenments in’
the firstland selOr¥PBRIRI StAMRaEPRoh kNl ploa dateslementiBiheseeandpart s of
the scene. 2. Theatesdtowittotheclaidnol awis Ridn&RGH thakiast Aatimedt yof ghhe first
data set correspords tto a fixe@ﬁaverag&éreturn froma part of the scene. 3.
The nethod of cl SISHESSAFRETESPANGNG 19 reluEisdionsthemsamedaged Hiescaaeia set each

(d) comparing said comparison to a threshold value so as to detect targets

entering said same part of scene during the second time period and giving
15 rise to a comparison having a value exceeding the threshold value; and

(e) repéating steps (c) and (d) for data elements in the first and second data

sets corresponding to returns from other parts of the scene.

2. The method of claim 1 wherein each data element of the first data set

20 corresponds to a fixed averége return from a part of the scene.

3. The method of claim 2 wherein data elements of the second data set each
correspond to a single return from a part of the scene obtained at a specific
time within the second time period.

25 |

4.  The method of any preceding claim wherein steps (b), (c), (d) and (e) are

continuously repeated. -

5. The method of claim 1 wherein data elements of the second data set each

30 correspond to an average of two or more returns.



correspond to a single return froma part of the scene obtained at a
specific tine within the second tinme period. 4. The nmethod of any preceding
cl ai m wheweiwosatisas (b), (c), (d) and (e) are continuousty/gepeaiossta 5. The
met hod of claim 1l wherein data el enents of the second data set each
correspond to an average of two or nore returns.6. The nmethod of claimb5
wherein (i) the first and second tinme periods are consecutive tinme periods;
(ii) steps (a) to (e) are continuously rgpeated in a series of cycles; and
(iii) the returns are generated in consélutive cycles. 7. A method
according to gny ﬂ{qu&qb@gf&é,m fMyWbeirei n the conparison is a ratio,
difference or normalised difference of said data el enent values. 8. A

net hod accor di ng () &helitst Fdesesandiime periads\are eerisacutive imeqreriedpondi ng to a
plurality of ret r i n- beam

i ntegration gai nL{ﬁ)r’s?eﬁsh(gmoa(@?ﬁr%l&ﬁﬁnqoﬁslg]?%é g?%%%egéu% g é’“atng conbi ned
usi ng a Gaussi an (fii) thegeturnscare gengsated dn earseculivegytles.any preceding claim
wherein data elenents of the data set correspond to data froma radar or

| idar system_11. A conputer programfor perform ng a method according to
any preceding-cl & methiog agrordinghist any pregedivgnetsim twhepein ftior companisphadsl a
according to any rafo, GliatdRee br F\an{la(ﬂsedléﬁerép&aéfzitaf&sda?a}gl%meﬂ vaﬂ?e ecting a
target, the apparatus conprising processrng means et ector (12)
for detecting returns froma scene and passing correspondi ng signals to the
processi ng ns, r [ ranged to
perform a rrenﬁod Aa@%%?g%%g&?@sg?]?/ﬁvoérgéédéﬁdn@a@ MQ&%B dg%4ég?%géo'4ap Zéat us of
cl ai m 14 Wher ei n Pty B FeiimEs froBEn| ehiest rig snombingd to provide within-beam

integration gain.

9.  The method of claim 8 wherein said data is combined using a Gaussian

filter.
15
10. A method according to any preceding claim wherein data elements of the
data set correspond to data from a radar or lidar system.
11. A computer program for pérforming a method according to any. preceding
20 claim.

12. A computer programmed to perform a method according to any of claims 1
to 10.

25 13. Apparatus (10) for detecting a target, the apparatus comprising processing
means (16) and a detector (12) for detécting_ refurn_s from a scene and
passing corresponding signals to the processing meéns, characterised in
that the processing means is arranged to perform a method according to
any of claims 1 to 10. |

30

14. The apparatus of claim 14 wherein the apparatus comprises means for
‘ generating and detecting returns from a scene and for passing signals
corresponding to detected returns to the processing rheans. |



generating and detecting returns froma scene and for passing signals
corresponding to detected returns to the processing neans. 15. The appar at us
of cl ai mwé 2évarigin t he neans for generating and det ect iPog/gB2bemaoso2and f or
generating signals corresponding to detected returns is a radar or |idar
system 16. The apparatus of claim 13 further conprising a canmera system
and wherein the processing neans is arranged to output data correspondi ng
to the position of a detected target to,the canera system which is
arranged to forman i nage of an area of The scene containing the detected

target upon rﬁe'Tﬁ@ébp%?étds gedidm ﬂ47whé'emeth@%a9§ férr%'é?lgf'dﬂﬁg and ﬂéﬁeﬁng( b

conprising the steps a) detecting and locatin he tar and
recording the tarrﬁg{”“%a!‘ (f,%ftg%‘ﬁra(%gé'g‘néﬁc‘fqr@ﬁp‘@ﬁd“’tgi tpedetpele (E‘étémssiédi in that
step (a) is perfapgBtbriffarsydRifiod according to any of clainms 1 to 10. 18.
The nethod of claim 17 further conprising the steps of (i) defining one or
nore target behaviours; (iii) associating each target behaviour with a part

of the scene:1@NATHd dppaBRREERIdiMA 38U BbRBris@R Bhmbs s‘?%np'énﬂWﬁgregﬁt ect ed
targets conforns to a defjned target behaviour associated W t art of

the scene in whi dhetmiecasgingeneans episanded taneyteyt datactasigsparglingt tﬂethﬁet hod of
claim 18 conpri sigitibh&f o 88Scted térbét Qeti'lbrﬁaprﬁré b&ﬁémamlcﬁQQ%ﬂgn fe> of the

scene; (ii) generating a warning s in the event a novl ng obj ect
is detected in tHem ?Pé’!‘aQﬁantarb?re? tf@c@?ée&ﬁ@ia@'f‘gttaﬁ |déP@&F6)¢ tagiekeron s
subsequent |y det egtdi¢ing Baitilagtasecond part of the scene. 20. A conputer
program for performng a nmethod according to any of clainms 17 to 19. 2 1. A
conput er ogram‘red to performa nmethod according to any of clainms 17

17. A method of tracking a target comprising the steps of
(a) detecting and Iocatihg the target; and
(b)' recording the target's location as a function of time
characterised in that step (a) is performed by a method according to any of
15 claims 1 to 10.

18.  The method of claim 17 further comprising the steps of
(i) defining one or more target behaviours;
(iii) éssociating each target behaviour with a part of the scene; and
20 (i) generating a warning signal if one or more detected targets
conforms to a defined target behaviour associated with a part of the
scene in which the target is detected and/or tracked. '

19.  The method of claim 18 comprising the steps of
25 (i) defining first and second parts of the scene;
(i) generating a warning signal in the event that a moving object is
detected in the first part of the scene and a stationary object is

subsequently detected in the second part of the scene.

30 20. A computer program for performing a method according to any of claims 17
to 19.

21. A computer programmed to perform a method according to any of claims 17
to 19.



to 19.22. Apparatus (10) for tracking a target, the apparatus conprising
processi ng neans (16), a detector (12) for detecting returns froma scene
and passiwg avoigsipondi ng signals to the processi ng nearsTaR0@/ @322 St or e
for storing data corresponding to the position of a detected target as a
function of time, characterised in that the processing neans is arranged to
performa method according to any of claims 1 to 10. 23. The apparatus of
claim 22 wherein the apparatus conpriseg,means for generating and detecting
returns froma scene and for passing sighals corresponding to detected

returns to thg pragRsidg0y§anGacki a Ei§etd MRAG IR uOtofbifg BRckbi N the
means for generatin andgd(g?ect?cng@r%t ug?ls_fro’ﬁ%aob' ecct)sbl rlﬁq Ee ar ezgeand for
generating si gnal8er(18s Foirtestyy (9 fehdetedingrralurssiraim psgane apd pasig syst em

25. The appar at uscoffesSdriin® gndidotthe brdz88aMd Mtk ahd- 2 ABIAtSUShED
wherein the processing neans is arrangqefgoto out put data correspondi'ng to

the position of faReEaseandiag ipdhe pesi Ofcedrieded ipsaet ap afknatianioktimer anged
to form ars i mage dphrdcheise@irfhht tHE BROCELGHR] MEAS i§ AirdndiRt 8 perform a method

according to any of claims 1 to 10.

23. The apparatus of claim 22 wherein the apparatus comprises means for
generating and detecting returns from a scene and for passing signals

- 10 corresponding to detected returns to the processing means.

24. The apparatus of claim 23 wherein the meahs for generating and detecting
returns from objects in the area and for generating signals corresponding to
, the returns is a radar or lidar system.
15
25.  The apparatus of claim 22 further comprising a camera system and wherein
the processing means is arranged to output data corresponding to the
position of a detected target to the camera system, which is arranged to
form an image of the object upon receiving said data,
20



