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t hermblyebility of false alarm (PFA) curve. A threshold level that will provide the
desired false alarm rate (e.g. one false alarm per day) can then be calculated from the
PFA curve. In operation, scans acquired by the radar may be normalised by a single

25  average value or a clear scene clutter map and the normalised return for each range-
azimuth cell compared to a previously determined threshold level. If the normalised
return exceeds the threshold level the radar indicates that a target is present.
Although CFAR techniques allow the false alarm rate to be controlled, the inevitable
result is that lower false alarm rates require a higher detection threshold thereby

30  reducing radar sensitivity. Those skilled in the art would thus consider CFAR
techniques to be incapable of offering both high detection sensitivity and a low.false

alarm rate.
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25  The method of the present invention thus provides a convenient way of separating
“big” normalised target returns from the scene (i.e. normalised data elements that
.exceed the first, big, threshold) and “medium” normalised target retumns from the
scene (i.e. normalised data elements that exceed the second, medium, threshold but
which are below the first threshold.). Furthermore, the thresholding step preferably

30  comprises comparing each normalised data element to at least first, second and third
thresholds, wherein said third threshold is lower than said second threshold. The

provision of a third threshold also allows “small” normalised target returns (i.e.
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25  The PFA data generation step may involve taking multiple (e.g. ten) clear scene
scans in which each clear scene scan comprises a plurality of radar returns
corresponding to different parts (e.g. different range-azimuth cells) of the scene. A
clear scene clutter map can then be produced by averaging the returns from the
multiple clear scene scans for each part of the scene. Further clear scene scans (e.g.

30  ten or more scans) can be acquired and normalised to the clear scene clutter map
thereby allowing probability of false alarm data to be generated which can be used

to determine the detection thresholds that are required to provide the desired false
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Conveniently, the at least first and second thresholds are adjusted between each
application of the thresholding step to successive data sets. The step of adjusting
said at least first and second thresholds may thus advantageously comprise scaling
25  said thresholds by a correction factor derived from changes in the scene. The
correction factor may be derived from the ratio of the mean value of returns from the
scene during a second time period to the mean value of returns from the scene
during a first time period, wherein the first time period precedes the second time
period.
30
The mean returns of the first and second time periods may conveniently be arranged

to exclude any returns from a target within the scene; for example, the retums that
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part of the scene exceed the second threshold, and are below the first threshold, in at
least two successive data sets. Such a confirmed target detection output from the
target confirmation step thus indicates the presence of a “medium” target. In other
words, any normalised data elements that have a value between the first and second
25  thresholds are only classified as confirmed “medium” target detection outputs if the
value of the normalised data element is confirmed in at least one further data set.
The use of such a confirmation scan thus decreases the probability of the “medium”

target being a false alarm.

30 In addition, the target confirmation step may advantageously provide a confirmed
target detection output when normalised data elements corresponding to the same

part of the scene exceed the third threshold, and are below the second threshold, in at
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the number of confirmation scans that are used with that threshold. In simple terms,
25 it can be seen that a higher number of confirmation scans would enable the

associated threshold to be decreased whilst maintaining a fixed probability of false

alarm rate. In other words, the false alarm rate associated with a certain threshold

can be decreased by increasing the number of confirmation scans.

30 Itis possible to separately calculate probability of false alarm data for zero, one or
two confirmation scans. This provides three separate PFA curves that can be used to

set the first, second and third thresholds to provide the desired PFA rate (e.g. one
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second and third thresholds to be determ ned whe

usi rigdicaigipe p@m@caé dimmensjgns (i.e. size) of the target and/or may mdlcate the

location of the object within the scene.

25  The method also advantageously comprises a target alert step, the target alert step
providing a target detection alert when the presence of a gbject in the scene having a
size within a predetermined range is indicated by the clustering step. In this manner,
the presence of targets of a certain size, or within a certain range of sizes, can be
flagged. The target alert step could thus allow targets that are, for example, greater

30  than a certain size to be ignored. If the method is applied to data from a FOD
monitoring radar, aircraft returns could be discounted by the target alert step and

only the presence of FOD would trigger an alarm.
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Advantageously, each updated clutter map is formed using the returns from the

25  scene that are also used to generate the normalised data elements of a plurality of
said one or more data sets. In other words, the measured returns from the scene (i.e.
the returns before application of a normalisation step) can also be used to produce an
updated clutter map. An updated clutter map could thus be produced by averaging
the returns of, say, a set of ten successive scans of the scene. In this manner, the

30  clutter map can be updated when required without having to acquire clear scene

returns.



al so be noted that the normalisation step descri bed

above is not an essential part of the invention; the

nmet hod could be readily applied to previously

worzogel1p®ed data sets. 10 The clutter map us@dT/iGB2G0He01357
normal i sation step may be initially formed froma
plurality of clear scene returns, each clear scene

return corresponding to the retlirn froma part of the
scene when no target is present in the scene. If

appr dpgontinwe] updating ofthe ¢lafter claptis lequimdpit isspaslsﬂbla td gemerate the
nor ng ste e cle r sce utter .
Cnat pAiBl Aty g Iy EPIeEich 8% aB S S ARG Rt erality
at | éagtter)iof sdts rﬁhetuﬁle candbdhorinhrised Iugxhgls figgt €lutter map, ]'Ehrcsholded
det er e e nethod | ed_to a serjes . o

dat a “ae{ﬁg %5%% Ge galafafar %t?PgCOE@cPE‘gP‘i‘? Pafirpeddarepidiefegin outputs.
the Chélbdn@ tel®ds £9610rmk Bodlfen PREIGRWiE akd Mm%ﬁ@oﬂ@é@ be
peri odi cal | y updat ed. Thi's ensures the clutter

cont PYIREEA O 1oFBwn dedated chiisempmdibe apdaied Gytter peuld tey B?\ gsed to
20 t Bgtmanieikhendg 1 2%PEoF ﬁ:gmfrsr AR nnGar ¢ h]§ %ﬁlﬁ@r map 1s contmually

Periodically updating the clutter map a
t hat uedagpdiduriegpperatioanges in the background returns
fromscene (e.g. if it rains) do not trigger false
alarms or reduce detection sensitivity.
MNlv ahheageofisttwps ferola nopdkbedens (Ué. tasscenedint sy frodude d target) to
usi ng _t he ﬁteturns fr 25 S%E{ that are

&

t.he | so
LS P A PR TeRts it SRR HR ot i P glp 2y retums
pl ur ﬁbllntﬂye Widated a‘luderﬁﬂ@ tdt afedue télaich 5 gdts Retutnsahdi@brrespond to
wor ds, E neasur e ,g urns fromthe scene % . €. t e
r et UPHE obBESFmeahpic t%fﬁet&Pnng“HBPlhﬂFﬁ’ Ragp rrt@tae@}l trmed
can @t pddaRtibe %ﬁt%@ﬂh@%&ﬁd@dﬁﬁozﬁmpa&e@ klu&&r%apﬁﬁratead the

ated clutter map could thus produced by
hi/er%rﬁrlﬁ‘gs clytice map velpesfonthosegarts O%thg &en%)rreﬂléqri in the updated

SUCCaSHr WRp 36D ann"obHﬁe §1ﬁﬁ&§n r?l ddrbdiod fmr@%pghtz@ €rhd Qlutter

clutter p can required
havi Bgp @Qﬁreafemﬁarter i8 reé%trzd @dhmr@uo p@m mesn oty P006/con9nFdin

PCT/ t@ﬁlggﬁﬁg Qlt? fo th8 ple é BPC?E kfﬁﬁ'&l coHtB%r?& ln{}ge 0 daiela% utter map.

cl ut map Is require 'S poOSSI
the A mwd@‘ﬂﬂa:iledldas:cnpmomczf ppdating alugbd rebpswia this Ihhreler is glven below.
#prnallsatlon step. For exanple, a plurality (e.qg.
en) of sets of returns could be nornalised using a
fi r sadwahtagdoaslyaaph ndrabsd dad @tbment of the at least one data set

corresponds to the normalised return intensity from a range-azimuth cell within the

scene. Preferably, the return from the scene from which each normalised data

element is derived comprises within beam integrated (WBI) range-azimuth data. The
25  formation of such WBI range-azimuth data from the raw data output of a radar

device is known and is described in more detail below.

Preferably, the method also comprises a masking step, the masking step being

arrangéd to remove normalised data elements from each of the one or more data sets
30  that are derived from returns outside of a predetermined area within the scene. In

this manner, the method only detects targets within a predetermined portion of the

scene. The masking step may, for example, involve defining a runway mask to
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confirmed target detection outputs. 5 The sane ten
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According to a fifth aspect of the invention, a radar apparatus comprises a processor,

the processor being arranged to (a) taking one or more data sets, each data set
25  comprising a plurality of normalised data elements, each normalised data element
corresponding to the return from a part of the scene normalised to a reference return
for the same part of the scene, and (b) threshold at least one of the normalised data
_elements of each of said one or more data sets, characterised in that the thresholding
step (b) comprises the step of comparing each of the normalised data elements to at
30  least first and second thresholds, wherein the first threshold is greater than the

second threshold.



10 ensure the nethod only detects targets |ocated on a
runway within the scene. bjects |ocated off the
runway are thus ignored. Advantageously, the step (a)
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data set conprises the step of obtaining returns from
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conmput er program may al so be provided. 20 According to

a fourth aspect of the invention, a radar apparatus is
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fi f oppthodpedimedin §HEe bnvention, a radar apparat us

conpri ses a processor, the processor being arranged

to (a) taking one or nore data sets, each data set 25
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of the method outlined with reference figure 1, and
Figure 7 illustrates a radar for implementing the method of the invention.

25 .Referring to figure 1, a flow diagram illustrates a processing method of the present
invention is shown. The method comprises a data acquisition step 2, a data pre-
processing step 4, an initial detections step 6, a detection discrimination step 8 and a

debris location output step 10.

30 The data acquisition step 2 comprises acquiring, or retrieving previously acquired,
raw data produced by a radar device. In this example, the raw data comprises in-

phase Quadrature (IQ) frequency domain data acquired by a swept vfrequency



11 Preferably, the apparatus conprises a frequency

nmodul at ed conti nuous wave (FMCW radar device.

Advant ageously, the FMCWradar device is arranged to

WO a0069%074r adi at i on havi ng a frequency great ePCHEBHIGH 1357
GHz. 5 The invention will now be described, by way of
exanple only, with reference to the follow ng

drawi ngs in which; Figure 1 shdws an overview of a

nmet hod of the present invention, 10 Figure 2
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pas SJilo\t/a%)naﬂ tgra ts fiaep&el{e&%ns% rQare s@?gﬁeé 50%Q?dﬂ1gst8 g signal to clutter

ratio (SCR) by defining three discrete detection thresholds. Cells containing a strong

20  signal to clutter ratio (SCR) that pass the highest threshold are classified as “big
targets”, cells in which the SCR is above the lowest threshold and below the highest
threshold are “medium targets” and cells with weak SCR which pass only the lowest
threshold are deemed “small targets”. The three thresholds used in this step are
derived from a clear scene clutter map and are dynamically updated during

25  operation.

The initial detections step 6 also provides a list of “confirmed” detections. Big
targets are classified as confirmed detections straight away. Medium targets are
classified as confirmed detections only if they are “confirmed” in the subsequent

30  scan; i.e. two medium targets occur in the same range-azimuth cell on consecutive
scans. Small targets are only deemed confirmed detections if they are “confirmed” in

the two subsequent scans. The provision of multiple thresholds, and the requirement
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Refemng now to figure 2, the initial detections step 6 of figure 1 is described in

25 more detail. The initial detections step 6 comprises a normalisation step 12, a

masking step 14, a thresholding step 16 and a confirmation step 18.

The normalisation step 12 comprises taking the WBI range profile from each
azimuth bin 6 and dividing each value contained therein by the corresponding

30  profile from azimuth bin 6 in the completed short term clutter map. Thus if there are
no significant differences between the current scan and the short term clutter map,

the mean value of the normalised data will be about 1. It should be noted that the



for additional confirmation scans for targets within a

| ower SCR band, inproves ability of the radar to
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is defined.

The thresholding step 16 takes the masked normalised WBI range profiles and

25  compares each range azimuth cell to “small”, “medium” and “big” thresholds. If the
value in a range azimuth cell is greater than or equal to the big threshold, then the
range azimuth coordinates of that cell are added to the big detection list. If the value
is greater than or equal to the medium threshold, but less than the big threshold then
the coordinates are added to the medium detection list. If the value is greater than or

30  equal to the small threshold, but less than the medium (and big) threshold then the
coordinates are added to the small detection list. A target sizes array is thus

generated from the small, medium and big detections lists.



the mean val ue of the normalised data will be about 1.

It should be noted that the WO 2006/ 109074
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ensure that the threshold values resulting from the threshold adjustment step do not
drop below the original thresholds calculated from the clear scene clutter map; i.e.
the clear scene clutter map is acquired for a clear dry scene. Once the thresholds
have been updated using the runway ratio, the values in the masked normalised WBI

25  range pfoﬁle are re-compared to the updated big, medium and small thresholds.

" The confirmation step 18 takes the target sizes array generated during the
thresholding step 16 which contains the list of small, medium and big detections. All
big detections are immediately added to a confirmed detection list. If a2 medium

30  detection occurs in the same range-azimuth cell in the current and previous scan,
then the location of those medium detections are also added to the Confirmed

Detection list. If a small detection occurs in the current scan and the two
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acquired for a clear dry scene. Once th? t hresho
clutter map is available for use n the normalisation step 12 whilsta new c utter map-

is being built up.

25  The short term clutter map is intended to provide a clear scene reference for
normalisation purposes. Consequently, any targets that are present in the scene

whilst a new short term clutter map array is being constructed should not be added

to that clutter map.

30  Figure 4 illustrates a technique for removing target returns during the process of
constructing a new short term clutter map. As described with reference to figure 3, a

clutter map buffer 44 is loaded with WBI range profiles for multiple azimuth bins. If
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data is then output fromthe clutt
the incomplete number of scans that the 1mmature clutter map contains) to the mean

intensity of the previous (complete) clutter map. The mean intensity of a clutter map
is simply the mean value of all range azimuth cells of interest (e.g. all the non-

25  masked cells). Under normal conditions the cluiter map scaling factor should be
very close to unity. However if it starts to rain, then the runway mean of the map -
under construction will increase and hence the clutter map scaling factor will also
increase. In fact, it has been found during testing that the runway mean can increase
by a factor of 10, even under light rain.

30
It should be noted that the clutter map scaling factor may be used for a number of

other purposes. For example, the presence of rain may be deduced from the value of-



map buffer 44 and forns the short termclutter map 46.
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25  The probability of false alarm (PFA) for a threshold T can then be defined as

follows:

PFA(T)= J-p(x)dx (D

T

30  where p(x) is the probability density function of the normalised intensities, and:



data for the subsequent short termclutter map is
collected. 20 The clutter map scaling factor used to
produce the scaled data 58 is the ratio of the nean
wot@adodwy of the immture clutter map (appr opcT/a@BEi§001357
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the initial small, ned|un1agd big threshol ds are
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20 _
A skilled person would appreciate that the discrete PFA curve could be calculated in

a number of alternative ways; for example, it would be possible to calculate the

fraction of data values that are greater than or equal to a threshold T.

25  Once the probability of false alarm curve has been generated, the thresholds required
to achieve a desired false alarm rate can be extracted. However, to measure the
threshold for which a generated PFA curve provides a false alarm rate that equates
to, say, one per day, it should be appreciated that at least one day’s worth of data is
ideally required. In most circumstances the acquisition of a whole days data is

30  impractical and hence a PFA curve that is calculated using fewer scans can be .

extrapolated. In other words, the probability of false alarm curve is extrapolated so
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15  azimuth céll would be around 1.389x10, which equates to a log PFA of around

-8.8573. In the case of no confirmation scans, the required detection threshold is

thus the threshold at which log(PFA) = -8.8573 which, from the extrapolated curve

62, can be seen to be around 100.

20  The threshold set by the requirement that log(PFA) = -8.8573 is strictly only
applicable to single scan detection. For detections (e.g. small and medium
detections) that use one or two confirmation scans, the probability of false alarm
calculation should take into account the final probability of false alarm after such
confirmation. This means that lower thresholds, and therefore bigger probabilities of

25  false alarms, can be set when the data is thresholded in the manner described above

using one or more confirmation scans.

Of course, other embodiments of the invention may have alternative arrangements
regarding confirmation scans. For example, an alternative embodiment may be

30  arranged to carry out confirmation scans for all detections, be they small, medium or
big. The PFA may be adjusted accordingly to account for the additional scans as

described above.



a=o x=T 15 C(T) =Y, P(x) (3b) x=o PFA(T)=1-C(T)
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calculate the fraction of data values that are

greater than or equal to a threshold T. 25 Once the
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close to linear. Line 62 is a linear best fit to the
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appr | df, the scan
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The probability of getting a false alarm M = 2 times out of N = 2 scans (i.e. a scan

and a confirmation scan) is thus:

4, = ;('), p’-pf=p° (5)
20
Similarly the probability of getting a false alarm M = 3 times out of N = 3 scans (i.e.
a scan and two confirmation scans) is:
g=p’ (6)
25

Consequently, if the false alarms were uncorrelated, then the final PFA curve for

one-qonﬁnnation scan (qz) may be approximated by raising the no-confirmation

scan PFA (p) curve to the power two. Similarly the final two confirmation scan PFA
- curve (g3) may be approximated by raising the no-confirmation scan PFA curve ()

30 by the power three.
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descri bed above. WO 2006/ 109074 PCT/ GB2006/ 001357 21
The IneeyadserReRBARE | TideyP)@husfeahae al arm curves after one
or two conflrnatlon scans can be calculated directly.
However, thi s(}-§. %éh%mgé@))éqmq opn@upséing baaas,and
requires a | ?gp3ﬂygp@&m &ﬁ%E sg&pe data scans to
a

be acquired. has been is 5 possible

180 reliably dpﬁré%?ﬁnﬁeopmékmamﬁnmaat|on PFA curves

froma no- confirmation PFA curve of the type
descri bed above. In particular, it has been found that
f or Teking the abcmermlubhaﬁlogffé enaifiesctioy m&iahztxmﬂ ﬁfe@ﬂﬁhﬁdﬁd%g (signal

Sca{b %l&t%% d%gegé%j}lb%hresﬁ dsoto ?ﬁ%ttcl) nxgw_ade %:}ael siyeq)fa algenzllaq/rlnf rla’[gs %hese

c oeﬂlfasholdm:re used in the thresholdmg step 16 that is described above with reference

20 to figure 3.

Referring to figure 6, the detection discrimination step 8 outlined with reference to
figure 1 is described in more detail. In particular, detection discrimination step 8 can

be seen to comprise a centroiding step 70 and a aircraft rejection step 72.

25
A target, even a spatially small one, may result in more than one confirmed
detection during the initial detections step 6. These multiple confirmed detections
may arise frqm overlapping azimuth bins or bright side lobes. To convert a cluster of
detections into a single target report, the centroiding step 70 calculates the centroid
30  of'the cluster. It should be noted that some regions of the target (or more probably a

target plus the associated target side lobes) may not be sufficiently bright to give rise



Nl Ixr,,v M(NMP" (I-P"' (4) where pis the
probability of getting a false alarmin a single scan.

15 The probability of getting a false alarmM= 2
woOnes/100074 of N = 2 scans (i.e. a scan and aPCT/GB2006/001357
confirmation scan) is thus: 92= 2! p2(1-P~~=P2 (5) 20
Simlarly the probability of getting a false alarmM =
3'times out of N= 3 scans (i.238 a scan and two
confirmation scans) is: 93 =P 3 (6) 25 Consequently,

i f tiver doalissedadeaktizn. This @aniraot ib @l ddcethectet eanget bleb fTa@bunteract

PFA cur nfirmti scan e

o B3 e persgTaiod A oMb e o PR s 2 g of
(P) SiHEN & diRtel iR SanROWRT azihith (tﬁb EG Inyaslt)hetybicam fitedQt system
conflrmati on scan PFA curve e appr.oxi mat ed

by rigitiglipaiion ped drss aefRY %tlﬁ@ﬁﬂ%%%mew atfqpysites3
by the power three. WD 2006/ 109074 PCT/ GBZOOG/ 001357
22.1n reality, false alarnms do tend to be correl ated
f r orfloaing the sevmidimpsteapcdothn virfreft rejedtion step @2 is performed. The

no- Cﬁ{&{réyf{ ﬂsgﬁa 1 te%%rhe? %n\%% ﬁhéé'gﬁy Eﬂhg BuStBd t2eets contain a

slig power's e determ ne rom
anal ysitsr of cmﬁnnédglemum piself-greater tdegual waIPEwcr@ifc thzeshold’ In

(corr spon? ay, for exanpl e)

e Faaro i ek e SRR R bR B oot ave

onfdssurkdd to Be aR@n and dré thab schiied ﬁefnftbé rmd;f det&tda, FOD.

vvhe 6a 0 1o h

pre ﬁllean@%gwﬁ]&éhg 8196633 p,é)ze 8£§§ taé%fg g&be rela ed to the tnur%ber of
confirmed detection pixels within a cluster. The rejection of clustered targets above
the aircraft threshold allows the FOD detection radar to operate when the runway is
in use. Additionally, any final centroided detection positions occurring within the

15  azimuth range of the rejected target can also rejected. This rejection is because large

targets such as aircraft cause large side lobes (‘flashes”) which can extend across the

whole range profile, and may be misinterpreted as additional targets.

The aircraft threshold may be selected as required for a particular installation or it

20  may be varied as required during use. Appropriate selection of the aircraft threshold
would enable the system to sound an alarm when baggage lorries, fire engines etc
are on the runway but not when a large aircraft lands. The exact threshold will thus
be set for the particular requirement. The aircraft threshold méy be range dependent.
For example, the threshold above which a target is assumed to be an aircraft may be

25  arranged to decrease with the detected range of the target, to take into account the
reduced signal levels,. and therefore reduced number of detection pixels, from more

distant targets.

It should also be remembered that exclusions determined during the centroiding step
30 70 are fed back to the initial detections module so that they can be excluded from the

short term clutter map that is being generated. In particular, it should be noted that



(i) -8.86 (i.e. log(Q) for no confirmation scans,

(ii) -5.3 for one confirmation scan; and 15 (iii)

-3.89 for two confirmation scans. Taking the above
wakuwsgowf4 | og (P) enables the initial small, PGRGBUIE/001357
and big (signal to clutter) detection thresholds to

be set to provide the desired false alarmrate. These
threshol ds are used in the threéhol ding step 16 that

Is described above with reference 20 to figure 3.

Ref erthes® grclusiqnp gigrpsovgdeditp the dritial sleieotfond imodule fifoset dpplication of
step & I'ajfﬂ'x%%gtid‘ffstt +Heference to figure 1 is

descri bed 1 n nore tail. In particular, detection

di scrimnation step 8 can be seen to conprise a

cent Kakdi. 70 .and ircraft rejection step. 72, .

6" AR th o Bihel: AR5 B SR G it By oeing i

nbr e shdvan Thereadarosokriptisacin atieieC30] Alarcthldctrogicd dMeanidRigkdBsor 84.

dete %io S st 6. _These I%i |l e confirnmed detections
. AP R qlesTORGL 57 BBt s F M 1 e batt rassmigied b fiso

| obesntenk@ 8006 WRIstend afid MSS Snefdfes tHiGh BRdsk RGuatiRhRe Rtumn signals

single target report, the centroiding step 70

‘cal cHPbare &t dhegaenessor & Fbe processer &4 whick may be a prrserial

be ngisshidiaa 00 | LB :
o oDy R AR TS APRBOND APIEAR: hBhdb bR fgve witn
%beﬁ?ﬁﬁﬁﬁtmﬁmﬂbéf%@fficiently bright to give rise WO
2006/ 109074 PCT/ GB2006/ 001357 23 to a confirned
detection. This can result in a disconnected target

bl obA sKiled parsinewaudd apprévizse b the intertnharado Bfetiroria and processor

det ect i I ilated pri to clustering: Th nmber

of - B0 -BYef bR e Rl EincRtiBt it detfe the 14 reain

di | adigmahprodisde}i biy shetrydir eak by trhhsketedb aPystbR6? 84-sited in a remote

#p|t|ngsat|on and does nat var¥ si.gni ficantly between
AddPCAtRRSHPY 3534 GoRtrel tperg, visa pign llg‘g(etgh%"eé a e P vigjess

st emeftbrktifg). ai rcraft rejection step 72 is perfornmed.

The aircraft rejection step 72 determ nes whet her any
of the clustered targets contain a nunber of

confitkaBsvedfh@pleli OfrdRict ¥ fe QEt‘é@cIoﬁfofi?@De&%n&%r. Afle skilled
aircraft threshold . In other words, targets in Phe
s c e Ersen orldeppigeiais et theahowe methedaingy brappbed tofnumiesoel s

28" € alternative radar applications and even to non-radar devices. For example, the
method is applicable to any technique that involves monitoring a surface or region
of space for the presence of an object. Other uses and benefits of the technique

would also be immediately apparent to those skilled in the art.

25



10 assuned to be aircraft and are thus excluded from
the list of detected FOD. Advantageously the spatia
size of the target can be related to the nunber of
confirmed detection pixels within a cluster. The
rejection of clustered targets above the aircraft
threshold allows the FOD detection radar to operate
when the runway is in use.pfddditionally, any fina
centroi ded detection positions occurring within the 15
azimuth range of the rejected target can al so
Cl#ected. This rejection is because |arge targets
such as aircraft cause |arge side |obes ('flashes')
whi ch can extend across the whole range profile, and

may
Loy ofar Py BEE B RE AR AU OB B SepdBE .
particular installation or it 20 may be varied as
required during ,use. Appropriate selection of the i
(3tAkRg pRe PHIOTEAtE Sethopch daitest EOTRPISIAg 3 PRty é}é@ﬁaahsed
déf e 0 wheh Qﬁﬁqedaﬁa&h@ﬁ'coﬁé nflHg t0%fe ffnf a part
on the runway but not en a large aircraft |ands. Tﬁg
ofthastent moesdlzed tona kdfereheesretune forahe §ame pareofthe scena) and
requi renent. The aircraft threshold may be range
dependent. For exanple, the threshold above which a
(b{) IGoldifig 36 RSEShel T thE nSiinMsbS Hath lel IRAtLEr dheh JFAALRE or
o0 decreasSe with the detected range of the target, to
mpgekdatd set account the reduced signal |evels, and
t herefore reduced nunber of detection pixels, from
nore distant targets. It should al so be renmenbered
cHaPetterR¥E lintHab e tﬁﬁ%l@cﬂ&inﬁ%@bp%y boptis thestep of dbmPariigeduch
30 70 are fed back to the initial detections nodule so
of; thgtnormaljseddntd slementsuigedt leashfirstand seeond amplitade| theslglds,

BRSO ERRERLEY bR PR Bt e i
tatdeeskey sixe hedrding tavbethenihed @ee freatehehanrjudtithd second threshold,

detecti ons nodul e befo application of the -aircraft
OTrQF%ErttP%‘hb%tf‘élﬂ)esP@mﬁ%‘fﬁ’iSF%@eS to figure 7, a radar
for inplenmenting the above described nethod is 5
shown. The radar conprises an antenna 80, radar
2.el ecArmeathod a8eording @ ¢lrinc dswbereBvsaid Theshddiag step comprises

el ectroni cs 82 produces the FMCWsignal that is .
compaien prbqnpgaised daie csiFBemo ot 1 esls Bfhe Senadapad, third
thBRRSIA& tvitferdif Qaild PhiRd B2 &hS1 W S @lthidrEsal Bdeebid fir&R8ldS

3. A method according to any preceding claim and further comprising the step
of deriving said at least first and second thresholds from probability of false alarm

(PFA) data previously calculated for the scene.

4. A method according to claim 3 and further comprising an initial step of
generating said PFA data, said PFA data generation step comprising the step of
taking a plurality of additional clear scene returns from said scene, wherein a clear
scene return corresponds to the return from a part of the scene when no target is

present in the scene.



that are fed to the processor 84. The processor 84,

whi ch may be a personal conputer or the like, is
arranged to i nplenment the method described above with

10 reference to figure 1 to 6. A skilled person would
appreci ate that the antenna, radar el ectronics and
processor may be co-located or provided at different

| ocations. For exanple, theyd® return signal produced
by the radar may be transmtted to a processor 84

sited in a renote 15 | ocation, such as a control room
5vi a aA shahstbdddotdinKio(Rrybne®df e prevédigtlclaimswh&tishe step (a)
network |ink). The above exanple is directed to the

ofj taking ensrergpoEddtbIcthcomprtgey thetiiep ekiakingd plgelisopf data sets,

. I ag .\t v, . lLied,. :

WA RPBEERURIG ) i SR G <M O i By P Relsils n
tirg. non-radar devi ces. For exanple, the nethod is
applicable to any techni que that involves nonitoring a
surface or region of space for the presence of an

obj eqt : ' ' o
ol 4 BrERTRLcdaE (FORR Fhork (Bt ol BB comperising
thetstepagftappRingdifferett thresholtls t\differdnv datafsetdet ecti ng a

target in a scene conprising the steps of, (a) taking
one or nore data sets, each data set conprising a

7P! Ur @l iethoRf addS¥dii toS &l of@LR cBliREBM0S6 vARELN the plurality of
normal i sed data el'enment” corresponding to the return
némgakised data telenadnts plesuscessiverdatanseits aredlerived: fioef rtwng &om the
return.fga t.he sanequrt of.ng scene, and (b)

SERY BLHIC iHﬂn%FKFgﬁée YREPEI*Phe normal i sed data

el ements of each of said one or nore data sets,
characterised in that the thresholding step (b)
8conpAi wthadnhaceordipg dp elaiwpat iwhgredmosaid et lease first and second

l.is I S i (St 0

R0 58, APLERS S elch, Aol G54 B dRIGIERECTE
sigcessivera dapgetd. he second threshold, to classify

potential targets by size according to whether they

are greater than just the second threshold, or

99" eahGhethb@Reddftiflg 1\ Gaint8 WHredi fhelstdpt AlfsEnS id at least first

and second thresholds comprises scaling said thresholds by a correction factor, the

correction factor being derived from the mean value of the normalised data elements

excluding those elements identified as containing targets.

10. A method according to any one of claim 7 to 9 and further comprising a
target confirmation step, said target confirmation step providing a confirmed target
detection output when a normalised data element of one of said plurality of data sets

exceeds the first threshold.

11. A method according to any one of claims 7 to 10 and further comprising a
target confirmation step, the target confirmation step providing a confirmed target

detection output when normalised data elements corresponding to the same part of



2. A nmethod according to claiml wherein said

t hreshol ding step conprises conparing each nornalised
data el enent to at least first, second and third

t hreshol ds, wherein said third threshold is | ower than
said second threshold. 3. A nethod according to any
precedi ng claimand further conprising the step of
deriving said at |east firs%7and second t hreshol ds
fromprobability of false alarm (PFA) data previously
calcul ated for the scene. 4. A nethod according to

tifd tefid Sxcrbdl tHeldechR the&mBId, Shd drefbtlowithd st HirdhoRS, in at least
generating said PFA data, said PFA data generatlon

twe siccewsiigrdatd 6¢5- t he step of taking a plurality of

addi tional clear scene returns fromsaid scene,

wherein a clear scene return corresponds to the

12.et uANméthodnaecopding t@inyt fiee fetdiMs Then 1 whehalep@idents d1rect1y or
pr esent |n the scene, 26 0 5, A nmethod according t

raswcféh ©notlaimh e 49d Sueherrpmnrisingsa (est SonfiFpation gep, (ﬂac; target
r}xﬁgbfg %g{ﬂﬂﬁm@fdl % f%oxgg'{ngedz fa ée,t Qﬁ%{é&g %ﬁtptuﬂ Svheh §RrRhlised
dath mtmtmtsohongsmndmg(tb)thé sanaprri efthe sceaaekcesd tiseathitd threshold,

BB 0 5r  B 2

conprising the step of applying different thresholds
to different data sets. 7. A nethod according to any
13ne &f methad mecding t6 anfiemeiaf ddims di0uoal2 comprising a clustering
data el.enents f successi.ve ta sets.are
SR r PRbci it v GRS Sr P artin Bt Do Enaed e Felacy T Goiputs
IO MR E bt Roh fifiatidAstepdind t8 profridedtashjét detesticitodtput for each
claim7 wherein said at Ieast first and second
targat éstigisekncar e adj ust ed between each application of
the thesholding step to successive a data sets. 9. A
met hod according to claim@8 wherein the step of
14dj uat inBthod aicdording ®AsThinh i 13SWwherdindestCsbjettionr dsdttiba output
rises scaling . said thresholds by a correction
mfileng the spaial digensions;of the asseciated Breky- deri ved from t he
mean val ue of the normalised data el ements excl udi ng
those elenents identified as containing targets.
15. A method according to claim 14 and further comprising a target alert step,

the target alert step providing a target detection alert when the presence of a target in
the scene having a size within a predetermined range is indicated by the clustering

step.

16. A method according to any preceding claim and further comprising a
normalisation step for calculating the plurality of normalised data elements of each
of the one or more data sets, the normalisation step comprising the steps of taking a
plurality of returns acquired from the scene and normalising said returns using a

clutter map of the scene.



10. A nmethod according to any one of claim7 to 9 and
further conprising a target confirmation step, said
target confirmation step providing a confirmed target
detecti on output when a nornalised data el enent of one
of said plurality of data sets exceeds the first
threshold. 11. A nethod according to any one of clains
7 to 10 and further conprisypg a target confirmation
step, the target confirmation step providing a
confirmed target detection output when normalised

1dat a ohRfRA acsiBinas RAIIR IwhéreinNQidaiRerRaAY isahitidily formed
t he scene exceed the second threshold, and ‘are bel ow

fiorea pluyrality of ickegh stane retirnst eachzplear seens retuge cesespendiag to the
12. A hod a ' Ialns 7to
éﬁ}nv%om 4 epen eenstcgn%l%fﬁg%?‘# %9%63 B Il?r n?{e}lc gsce%on claim2
and further conprising a target confirnmation step, the
target confirmation step providing a confirnmed target

18et et msthod gepardingie sy @P?rﬁf Flawes 1¢ita b7 wheprdppendent directly,
of BidSERP0H M . WAL AL b BE i BV oGR8 s

pemoéwaﬂymyﬂmBﬂhree successive data sets. 13. A nethod
according to any one of clainms 10 to 12 conprising a
clustering step, said clustering step being arranged
190 OOHBH6A IR 16 B1a88 118 UAleRah LA faR! urtd: 1Rt Rfimed
t ar get con irmati on step and to provide one obje

usieg ecttu'msrframm theuicefothat amrused & geterate thehmorgebisel datalclements
get@gq. ? ﬁ? to cI 3 wherei n each objection

OhR PULATHAT L B OrWWﬁ? ‘the spatial dinensions of

t he aSSOC|ated target. 15 A met hod according to claim

14 and further conprising a taniet alert step, the
20.ar gét methad: agroedingrtovandi age oft cgmecqsﬂeu&@ialmﬁ vehesein each

nc\g\'frr]r?aglsé(p ﬁ?{g & ezneegl og %’tl ?tn%te g)e% drz]i seltc Ig,grlr% § X d\flﬁ;}%pﬁ%hsed

rétlhmﬁﬁteﬁs@gi‘orﬁfaﬁ‘&agel&amﬁthf&llhﬂfhn@th‘e%béheﬂg tO any
precedi ng claimand further conprising a

normal i sation step for calculating the plurality of
or mgl f
2ot ar R RLAE It O PBGS e oiiFu i Hie TRHE from
whicht éich mgrmalised data element is derived comprises within beam integrated

(WBI) range-azimuth data.

22. A method according to any preceding claim comprising a masking step, the
masking step being arranged to remove normalised data elements from each of the
one or more data sets that are derived from returns outside of a predetermined area

within the scene.

23. A method according to any one of the preceding claims wherein the step (a)
of taking at least one data set comprises reading said at least one data set from a data

storage means.



plurality of returns acquired fromthe scene and
normalising said returns using a clutter map of the
scene. 28 17. A nethod according to claim 16 wherein
said clutter map is initially formed froma plurality
of clear scene returns, each clear scene return
corresponding to the return froma part of the scene
when no target is present igythe scene. 18. A method
according to any one of clains 16 to 17 when dependent
directly, or indirectly on claim7, wherein the

28] ut WemefBA dés@dinghtot z!il? 6y FRLlafad 1 a6 22t WRerel the step (a) of
tag{erl odi cally updated. 19. A nmethod according to claim

S8 deast pnecdathsel sampasesche step of phlgining regiae fom gpaitof the
s fr ne, scene that are used to generate the
Sc:?%%#é’ﬁ%;eaggﬂ% é(:%'el enents of a plurality of said one
or nore data sets. 20. A nethod according to any one
of the preceding cl ainre wherein each_  nornmalised data

23| emBnmethpd aseorging) teay pRecding elaup vhersin dag)seeas coptains at
i return intensity froma range-azinuth
legge{ﬁaﬂ&ﬁrf%ﬂr@t le scene. 21. A nethod according to claim
20 wherein the return fromthe scene from which each
ormal i sed data_ elenment is derived conpriges.w thin
2 eanfhi AYTBRHSE suta kX/\BF‘)ng’HH’@ “to, TR Hathgd ofanyaone of the
prEBddipdcamgor ding to any preceding claimconprising a
maskihg step, the masking step being arranged to
renove normalised data el ements fromeach of the one
r re data sets that are derived fr et urns .
2 SRGETURIS BB ST imRene e o i DE S glaims 1 to
24 nmethod according to any one of the preceding clains
wherein the step (a) of taking at |east one data set
conprises reading said at | east one data set froma

ata r . 2 4 . C '
20 A R b R BRSPS oy R o
claimd eRsi4.one data set conprises the step of obtaining
returns froma part of the

29. A radar apparatus comprising a processor, the processor being arranged to
(a) take one or more data sets, each data set comprising a plurality of normalised
data elements, each normalised data element corresponding to the return from a part
of the scene normalised to a reference return for the same part of the scene, and (b)
threshold at least one of the normalised data elements of each of said one or more
data sets, characterised in that the thresholding step (b) comprises the step of
comparing each of the normalised data elements to at least first and second
amplitude thresholds, wherein the first threshold is greater than the second
threshold, to classify potential targets by size according to whether they are greater
than just the second threshold, or greater than both the second and first threshold.

30.  An apparatus according to any one of claims 28 to 29 that comprises a

frequency modulated continuous wave (FMCW) radar device.



scene froma radar device. 25. A nmethod according to
any precedi ng claimwherein the scene contains at

| east part of a runway. 26. A conputer suitably
programed to run the nmethod of any one of the
preceding clains. 27. A conputer program for

i npl ementing the nmethod of any one of clains 1 to 24.
28. A radar apparatus that *ﬁoarranged to i npl enent
the nethod of any one of <clains 1 to 24. 29. A radar
apparatus conprising a processor, the processor being
38r r apgesppafatus dcot@KE tORPaiRN 300WReridl fhe STVIEW Qadd? dbR is
set conprising a plurality of normalised data

aqnged he ansnitrrdinsiondnyisgd frrauency seaterthannd ¥ 88ondi ng
to the return froma part of the scene nornmalised to
a reference return for the sane part of the scene, and

34.b) At Ridas elide ads $ubstahtigllie hereirtbeforé @esaribied ewlithl atference to
el ements of each of said one or nore data sets,

figergr7act eri sed in that the threshol ding step (b)
conprises the step of conparing each of the
normal i sed data el ements to at least first and second

3anpl Al prdeessingasdthbdias sufseanéialty hbreirdbefos¢ deseribeholitlh rieference
greater than the second threshold, to classify

t ﬁﬁ{ ‘targets by size according to whether they
are greater than just the second threshold, or
greater than both the second and first threshol d. 30.
An apparatus according to any one of clainms 28 to 29
that conprises a frequency nodul ated conti nuous wave
(FMCW radar device. 30 0 31. An apparatus according
to claim30, wherein the FMCWradar device is

arranged to transmt radiation having a frequency
greater than 35 GHz. 32. A radar device as
substantially herei nbefore described with reference to
figure 7. 33. A processing nethod as substantially

her ei nbefore described with reference to figures 1 to
6.



