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assumed clutter distribution for the area under observation. Typical choices for
the assumed clutter distribution are Rayleigh, exponential and K-distributions, or
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.

A problem with CFAR processing performed on data corrésponding to returns
from radar or similar systems (e.g lidar systems) is that detection of targets is
difficult if they are within areas of high clutter return. In such cases the presence
of high clutter returns results in a detection threshold which is too high, so that

some targets are not detected.

It is an object of the present invention to ameliorate this problem.
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high, so that sonme targets are not detected. It is an
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The data sets may be obtained directly from a radar, lidar or similar system for
use in the method (real-time processing). Alternatively, the data sets could be
written to a storage system and then obtained therefrom for subsequent use in the
method (off-line processing). By ignorilmg data elements corresponding to clutter
returns in setting detection thresholds, targets close to buildings, trees, fences etc

are more reliably detected.

The method may be carried out using returns from an extended area of a scene,
or alternatively using returns corresponding to a particular fixed direction. In the
latter case, target detection may conven iently be performed by the steps of
(a) assigning the data eleme nts to a linear array of contiguous range
cells on the basis of range;
(b) determining a detectiorm threshold for a part of the scene
corresponding to a given range cell by reference to data elements
assigned to the first and last r1-1 cells of a reference group of 2n+1 cells

(n = 2) centred on the given cell; and
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to a particular fixed direction. In the |l|atter case,
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means is arranged to execute the above method. The means for generating and
detecting returns from objects and for generating signals corresponding to the

20 returns is conveniently a radar or lidar system. The apparatus may further
comprise a camera system, with the processing 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.

25
By repeated use of the above method,-and recording the position of an object as
a function of time, an improved target tracking function is provided. I, in addition,
one or more parts of the scene are each associated with a pre-defined target
behaviour, one or more warning signals may be generated if one or more

30 detected and/or tracked targets conforms to a defined target behaviour with
certain parts of the scene. In this way, inferences may be made regarding the

intent of targets based on their trajectories.
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byﬁ%.s tem 10 is recorded within.the P.unit 16.
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i h@égb@gn%s et8 e computer 5(51 for dlsprayeoy means O the b‘ﬂﬁﬁ The radar unit
12 has an antenna (not shown) set to fixed angular position so as to provide
target detection in a fixed direction over a distance corresponding to the range of
the unit 12. 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 arranged to have a
sensitivity sufficient to detect walking and crawling persons 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. Range profile data

generated by the system 10 is recorded within the DSP unit 16.

The system 10 operates to detect targets which are in the direction and
beamwidth of the antenna as follows. Initially, range profile data is processed by
the DSP unit 16 to build up a data set of clutter information (i.e. a clutter map)
relating to stationary objects, such as trees and buildings, in the absence of

targets. Data corresponding to the clutter information is passed to the computer
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information is compared to the data set under consideration. If none of the six
cells 22, 24 correspond to regions of clutter return (identified by comparison with
the clutter map), data from the six cells 24, 26 is used to calculate a detection

25  threshold for the cell 25, based on an assumed clutter distribution.

Figure 3 shows another possibility in which two of the cells 22 correspond to
regions of high clutter return, as identified in the clutter map. In this case only
data corresponding to the cells 24 is taken into account in calculating a detection
30  threshold for the pixel 25. The window 30 is thus spatially adapted to form a

window 31 (shown in Figure 4) which covers only six cells.

The DSP unit 16 is thus programmed to spatially adapt the rectangular statistics

window 30 in carrying out CFAR processing of data corresponding to each cell in
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data corresponding to the cells 24 is taken into
account in calculating a detection 30 threshold for
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to forma w ndow 31 (shown in Figure 4) which covers

only six cells. The DSP unit 16 is thus programmed to

spatial ly adapt the rectangul ar statistics w ndow 30

in carrying out CFAR processing of dat'a correspondi ng

to each cell in WD 2005/096012 PCT/ GB2005/ 001060 7 .
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pPixglr ammed to conpare radar data corresponding to

detected targets ever individual 360 angular scans of

the nonitored area in order to identify and track
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moving target and positional information for the return is stored by the DSP unit
16 to provide a tracking function. If a detected target is traccked as moving in a
straight line over a series a scans, a warning signal is passed to the computer 20
to display a visual warning on the GUI indicating that a moving intruder is present
in the monitored area, a straight track generally indicating a human intruder with
an intent to trespass, damage or steal property etc. If a plurality of moving targets
is detected, the DSP unit 16 operates to establish the most deliberate track or
tracks, providing for moving animals to be disregarded. The DSP unit 16 may
also be programmed so that before a warning signal is outpuk to the computer 20,
the radar cross section (RCS) of the target is evaluated. In this way targets such
as deer, cattle etc may be ignored by placing constraints on tFhe types of RCS that
gives rise to warning signals.

The radar unit 12 may be arranged so that a number of range profile

measurements are made with the antenna (or radar bea¥m) in the same, or



straight line over a series a scans, a warning signal
is passed to the conputer 20 to display a visual
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is present in the nonitored area, a straight track
generally indicating a human intruder with 25 an

intent to trespass, damage or steal property etc. If a
plurality of nmoving targets &8s detected, the DSP unit
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reference to Figure 5.

Referring to Figure 5, a pixellated map corresponding to a square monitored area
is indicated by 50. The map 50 is displayed on the GUI and is a 13 x 13 pixel
array. The position of a closed fence within the monitored area is indicated on the
map 50 by 52. Pixels lying between the position 52 of the fence and the outer
edge of the monitored area may be designated by an operator of the system 10
as an “AMBER” zone by means of the GUI. Pixels of the map 50 lying
immediately inside the position 52 of the fence may be designated as a “RED”
zone by using the GUI. A portion of the monitored area corresponding to the
central 3 x 3 pixels of the map 50 may be designated as a “GREEN" zone, this
portion of the monitored area being known to be occupied by authorised

stationary and moving targets.
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conforns to certain user-defined rules. The system 10

Is thus able not only to detect and track targets in

the nonitored area, but also to nake certain | ogical

concl usi ons based on target b&haviour and to raise

vvarnl n%EHIf ap ropr| ate. An 20 exanpl e of such visual

r'@e@f? Wéth siist riagreo iexeqstednilyi theeBSBebity16 so that

W taBFrobﬁétSra?a‘Fﬁng 2 Orele i foToldiRi£edsea (o Figure 5, a

pi xel | at ed correspondi ng t squar e nonitored

area i§ |dﬁ*§ﬁcggﬂ! eba ﬁiatlgmryvhmqmp @ieat in e spibey zeheofpotential

the QU y. The position

of a cl ggggeﬂf%ﬁggév%nﬂ?Oﬁfengé(s%en@o%éﬁar eais

Sindi cat éd dsiedting arepsiBtionsyy 52 mavingedhjedtyin e kest raren(potential

t he pos ter edge of

t he. rmnW%?ec[%%r%gsﬁg@rﬁgﬂ&g?%ﬁg%ﬁe%cg)‘; an operator of

t he sysBerfietagtionsf amovingBERtationar targetinaihe apiber kene@ibllowed

Pi xel s f p I i t

o 11 o) 55 S PFhe® P pitiBflry! BERALR B b Yele M e

30 zoneSYBsegdenipearing (fentially g@mesmndnfg tohan wbject beiegl thrown
1p ar ea COB\V&%W\%ﬂbé‘)g to the central 3 x 3 pixels of the

map 5 esi gnated as a "GREEN' zone, this

portion of the nonitored area being known to be

oc targets.

W)M%)gicr)] ?) 68%8&34@%%5%%@%@%?%%Wﬂ%e%P%m eracts

with the program executed by the DSP uni t 16 so that

.ap n

Ntl‘ﬂﬂ{glg%% nf@lgegﬁfaﬁﬁsl%gﬁesg ﬁiaﬁgtggfrld?wnépf‘ar 4k u%Wth rrﬁmfnﬁge-wave

15 anf?éilaf sxsirm.(tpgetagtpeton andttnagkieg asmfdilngg) ﬂaBUmeen’mCm may also be

fe [ td ona

or peP oot Rhg bRl i (AT B eRime R 2 RPRRY i e

ha@nsa§§g@95&wghlldﬁSWGﬂ3the fence) 3 det ection of

a noving or stati onary target in the anber zone,

fol | owed




by detection of a stationary target in the red zone
wthin a fixed subsequent period (potentially
weoerses@ondi ng to an obj ect being thrown 10 ORET/GBR@S/001060
fence). Moving or stationary targets within the GREEN
zone are ignored. Although the foregoing relates. to
detection of targets using a mllinetre-wave 15 radar
system target detection and tlbacki ng according to the
invention may al so be «carried out using mcrowave
rada#“wéperating for exanple at a frequency in the
range 35 to 95 GHz) or lidar systems. WO 2005/ 096012
PCT/ GB2005/ 001060 10 CLAIMS 1. A nethod of detecting
a tlar gét Methog of delgeting & targestim e gceranthre Risihgd chenpsisiep ¢he steps
of 5 (g obtaining a first data set of data el enents
whi ch correspond to returns fromdifferent parts of
St he sceneia@)apliainifg adirer dataisey o datst etenients whichstootedpond to

for a par ietafnstiidf SiFSRRt &%ﬂs df ﬂeesrcgﬂ%;eantdp data el ements

corresponding to returns from neighbouring parts of

t he scene,(b)lgeféﬁﬁlﬂ@@t ar dgfeationnthréshold( for & hearhref Hoel sc(gne by
further c ' .
dat o set  oeihee® jalE R Bordsbindil B SR oM SHouning
clutter r@gis ekthesernedi fferent parts of the scene; and

10(d) id LEskEy sladit er returns i-n the first data set
by corrgg%rlia%téht elﬁfﬂiggrtst 15 and second data' sets; and

(ii) i) tedpetneg furber coreprisaefesstémgenit i fied in step (d)
as correspaRgidignd s@!:dﬁdtc%rt%?éetg):f] g%tg.s’el@rﬁ&tgbvﬁﬁ:ﬂ%%};rggpdn% only

determ ning the detection t
to clutter returns from different parts of the scene; and

(d) identifying clutter returns in the first data set by comparing the first
15 and second data sets;
and
(if) in step (b), data elements identified in step (d) as corresponding to clutter
returns are discounted in determining the detection threshold.

20 2. The method of claim 1 wherein the data elements correspond to returns
from a given direction, and wherein the method comprises the steps of
(a) assigning the data elements to a linear array of contiguous range
cells on the basis of range;
(b) determining a detection threshold for a part of the scene
25 corresponding to a given range cell by reference to data elements
assigned to the first and last n-1 cells of a reference group of 2n+1 cells
(n = 2) centred on the given cell; and
(c) discounting data elements assigned to the first or last n-1 cells of the
reference group if data elements corresponding to clutter returns are
30 assigned to any of thé first n-1 range cells in the reference group, or to

any of the last n-1 range cells in the reference group, respectively..



20 2. The nethod of claim1 wherein the data el enents
correspond to returns froma given direction, and
wob@sapait he nmet hod conprises the steps of. (abCT/GB2005/001060
assigning the data elenments to a |linear array of
contiguous range cells on the basis of range; (b)
determ ning a detection threshold for a part of the
scene 25 corresponding to a dilven range cell by
reference to data el ements assigned to the first and
| ast n-PecBeied of clgin drasiciaire Wheap dsta eerespording to @ mlurality
? 2) cetre@fhsOforh .gb'\égtnisccﬁﬂnjlti'néﬁ% &r%ilidg'\ﬁiﬁlwggénﬁ]gntegration
data el enents aSS|gned to the lest or last n-1"cells
of the 9% eference group if data el ements corresponding
to clutter returns are 30 assigned to any of the
first n-1 range cells in the reference group, or to '
Sany of gemethed of Clrimahybersdn saididata frecorpbinednsieg a Gaussian
group, ffi@spectively.. WO 2005/096012 PCT/ GB2005/ 001060
11 3. The nmethod of claim1l or claim2 wherein data
corresponding to a plurality of returns fyogman .
objsect A ' i OV it h - [ ,
a4 e 00 BPP I Pl o WA LR i Bporises
conbi né@tafinmg radacen earaystem. | ter. 5. A net hod
1paccording to any preceding claimwherein the data set
conprises data froma radar or |idar system 10 6. A .
cofput ér CHRRIterapRograM fsrfediorming sametiiod catcarcingridiamy dreceding
any preggding claim 7. A conputer programred to
performa nethod according to any of clains 1 15 tob5.
8. Apparatus (10) for detecting a target, the

apRar aUSNERAR IrSErARnTRAB S kAN a method according to any of claims 1
15 io 5.

8.  Apparatus (10) for detecting a target, the apparatus comprising means (12)
for generating and detecting returns from different parts of a scene and for
generating signals corresponding to the returns, and processing means (16)
20 arranged to receive said signals and perform target detection thereon,
characterised in that the processing means is arranged to execute a method
according to any of claims 1 to 5.

9.  The apparatus of claim 8 wherein the means for generating and detecting
25 returns from objects and for generating signals corresponding to the returns
is a radar or lidar system.

10.  The apparatus of claim 8 further comprising a camera system and wherein

the processing means is arranged to output data corresponding to the

30 position of a detected target to the camera system, which is arranged to
form an image of the object upon receiving said data.

11. A method of tracking a target comprising the steps of
(a) detecting and locating the target; and



for generating and detecting returns fromdifferent
parts of a scene and for generating signals
waeroses@ondi ng to the returns, and processi ng PEBRGB2005/001060
(16) 20 arranged to receive said signals and perform
target detection thereon, characterised in that the
processing nmeans is arranged to execute a nethod
according to any of clains | 1% 5. 9. The apparatus of
claim8 rein the nmeans for generating and detecting
25 return l%fr%?ﬂj%ﬁ'é%@eéﬁ@oﬁmﬂ eh Bingtiomef tisiegnal s
cor r espha@cREséPint thet St ) S perfotmed rb?%aﬂheﬁf)d lab&ling to any of
system  10. The apparatus of claim8 further
conpri §|aﬁﬁsét%§nera system and wherein the processing
nmeans i s arranged to output data corresponding to the
30 goslrgi on of a detected target to the canmera system
Swhiléh iT8e Hsthorhdslaim 1iferhar samprsipgthefstensef obj ect upon
recei vi ng (ipdéfthirdpdrie or%re%r?@tﬂéﬂgvi frs racking a target

conprising the steps of (aJ detecting and |ocating
the t ar get) as8ECHUDLRSH [oeiebavaT Wisra st othe sceneland

(b) recor diyngeddngtinaa Lo ek : ti
(D) ec0r 8otk ind 86t 91078 8. A6 4AREY (s
met hod acEeiMtyta 8 defipediarget| hahayiour assosiatesl with aTpast of the

10met hod of sedraiimwhiehfté thGdt istHﬁHt%oS' Mol theysd eps  of
(i) defining one or nore target behaviours; (iii)
associ ating each target behaviour with a part of the

scape; TROtheltidd) of GRE alcbAGridnerbdHE ozi gnal if one or
nore detected targets confor to a defined target
behavi our (g8lpEodira@ndiserond Rassof te sches; 10 scene in
whi ch t hejif ¥ed8latihg HRESS in8biect i
met hod of(l?;%i m _1l2§corrpr %ﬂ%@ﬁéqﬁ? %B@ﬁ%?}ﬁovmdﬁgbj%t 'S
15 defi ni ng #§ipeed dRdtheetitshdapast theoscarise and enetationary object is

subsequently detected in the second part of the scene.

14. A computer program for performing a method according to any of claims 11
. to 13.
20
15. A computer programmed to perform a method according to any of claims 11
to 13.

18.  Apparatus (10) for tracking a target, the apparatus comprising means (12)

25 for generating and detecting returns from objects in the area and for
generating signals corresponding to the returns, processing means (16)

arranged to receive said signals and perform target detection thereon and a

data store for storing data corresponding to the position of a detected target

as a function of time, characterised in that the processing means is

30 arranged to execute a method according to any of claims 11 to 13.

17.  The apparatus of claim 16 wherein the means for generating and detecting
returns from objects in the area and for generating signals corresponding to
the returns is a radar or lidar system.



(ii) generating a warning signal in the event that a

nmovi ng object is 15 detected in the first part of the
waee@smanz a stationary object is subsequent|pCT/GB2005/001060

detected in the second part of the scene. 14. A

conmput er programfor perform ng a nethod according to

any of clains 11 to 13. 20 15. A conputer progranmed

to performa nethod accordi ng3to any of clains 11 to

13. 16. Apparatus (10) for tracking a target, the

apparatus conprising neans (12) 25 for generating and

dejecting returns: I Lects §n. i

golier R ral e edfi risReh i, et Siferh I wherei

pr ocestaé ngotasaing 1(&&)s isapmramgeddio outpet drigecyEgsgonding to the

signal s _and perfar detect| -

data susten B ueebhbgEl 1 kel YRERFEINANE danged to
5 posi t i form af iraghedfdind eljectapgeteceiyingsafdidaiai on of ti ne,

characterised in that the processing nmeans is 30

arranged to execute a nmethod according to any of

clainms 11 to 13. 17. The apparatus of claim 16 wherein

the neans for generating and detecting returns from

objects in the area and for generating signals

corresponding to the returns is a radar or |idar

system WD 2005/096012 PCT/ GB2005/ 001060 13 18. The

apparatus of claim 16 further conprising a canmera

system and wherein the processing neans is arranged

to output data corresponding to the position of a

detected target to the canera system which is

arranged to 5 forman image of the object upon

recei ving said data.



