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detecting a target in a scene. Mire particularly, the
invention relates to a nethod for processing radar

returns that allows the inproved detection of foreign

obj ect debris (FOD) on an airport runway or the |iKke.
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20  been used previously in radar systems designed to operate in high clutter

environments. CFAR processing techniques typically involve knowledge of a
probability 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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returns fromthe scene (i.e. nornumlised data el enents
t hat method for analysing data from a scene is thus provided in which normalised data

20 elements of one or more data sets are each compared to two or more different
thresholds. The normalised data elements may, for example, comprise the radar
returns from a number of range-azimuth cells within a scene that are normalised

with respect to a clutter map of the scene.

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 returns 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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taking (e.g. acquiring) a plurality of additional clear scene returns from said scene.

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 returns that
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20  target detection output when normalised data elements corresponding to the same

—

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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As noted above, appropriate thresholds for use in the thresholding step can be
determined using probability of false alarm data acquired for the scene. However,
the probability of false alarm associated with a particular threshold will depend on
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 It is 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



not refer to the spatial dinensions of the target in

the scene; these terns are used herein to indicate the
weoenowngedi4of the return fromthe part of the seen&sB20wwm1357
whi ch the normalised data el enment is derived. A

skilled person would appreciate that the strength of

the radar return froma target 7s dictated by its

radar cross-section, which is determ ned by target

r ef t

of BB o 80 00 ALLONRT BERL ORI € jckonitbd s
t hr e@boﬂaﬂy tgestiephe ARA kintadet e howee dhnestiohds ip swfifiaisintly ageurate.

e B Bbr By oA PR AP RO G4l ) o of deriving

par %eh& W REst #E8ah Qéc%nﬁ"'tﬂrlzshgﬂ@ €deh ﬁ@béﬂ?ﬁtﬁrrﬂf@ﬁ% alffm (PFA) data
confirmation scans that are used wth that threshol d.
§ n pienpuslytcatouinted for tharsche, whespintthaat leashfighend speatethresholds

DR
prolakdg {HeYpFX ddi@bsteeR) @nMhaiod-scald @h Be exivdpolited foh@able the

false alarmrate associated with a certain threshol d
cansdsend end tarsstirepyoldsiorbe slsterrainethwhan niiag, say, one and two

confir t| .0Nn_scans j t

cal & 3‘{1{1@&81? S%ag%lrefsp?cspvgff §&F§%%h?%sﬁold98§ ﬁgﬁfgcﬁ Ais descrlbed in
1@nenfke awil BelBHki r mat i on scans. This provides thr ee

separate PFA curves that can be used to set the first,
second and third thresholds to provi de the desired PFA

r at I

B 50 00) BBl AR M AN rgUEI: By s
to embi ﬁebhéo%ﬁi&t@sdﬂkcédﬂmg ﬂhweflehsh fiest landl skecond thresholds. In

sufficient]y accurate. Al ternatively, nmet h
adv ARERYeHlTsParh (B apHN & ssene L S1NP ris @rﬁh]S’Fged’é]m%\?F Eggonﬁmed

(5ai Ea dlef?:‘et%r} &%t L. ienhuRea il {dEEaROkGe LEQMBS radar, a strongly
probability o seaarm (PFA) data previously
cal cafleatieditafget ntalialse peodice sm@a]éy sﬁp(ahaeedgmdd lohe tetfiring.<khe method
and second thresholds are initi ?\ ﬁlf f jfved
Pr & U5

PP AT CA R GORRI R TG S <438 51cp Do raneed to

ot hgfouWBii'ﬁméd“ﬁrgp Févtélaton oﬁ@htszfﬁfrﬁ’ tifeQRfgef FRRGIHAR GCABSand to
can be extrapol ated to enable the second and third

t hr esividedmetab;jdse detectionrrutpati fonisash targehin, the sgene. dn@ﬂmﬁ @vords, the
f.irmat t
2 S GRR ok T e BEARS b RNl Koo

bel @¥ection output for each target. The object detection output may conveniently

indicate the physical dimensions (i.e. size) of the target and/or may indicate 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 object 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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of the object within the scene. e method also
advé&git.ageously conprises a target alert step, the
target alert step providing a target detection alert
when the presence of a object in the scene having a
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rains) do not trigger false alarms or reduce detection sensitivity.

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.



sets. The clutter map used in the normalisation step

may be initially formed froma plurality of clear
weeersa090gt ur ns, each cl ear scene return correspongiBg6/001357

to the return froma part of the scene when no target

IS present in the scene. |If appropriate, the initia

clutter map used in the nornmaligation step nay be the

clear scene clutter map that is used to generate the
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nor Aenpaieiaiad desspiptigreof updating clutter maps in this manner is given below.
20 :

Advantageously, each normalised data element 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

arrange.d 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



averaged to forman updated clutter map. The updated

clutter could then be used to normalise the next ten
weebw/109074 et urns. In this manner, the clutter REP/GB006/001357

continual |y updated during operation. The use of

returns froma non-clear scene (i.e. a scene that may

include a target) to forma clufgter map neans that it

is also typically necessary to exclude any returns

fro .S .

o e AR oy S8 1R obeq B2 B itk soome, Obiects

i n° Veviateld offide trarvpst are G ignoedd. on st ep has indicated a

confirmed target detection output are thus excluded

fromthe updated clutter map. Instead, the previous
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| east one data set corresponds to the nornmalised
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each of the one or nore data sets that are derived

f r ofreading e a thirdispectof the ipventien,er cumpeitr premamiis priomided that
the scene. In this nper .. the thod. onl y det ect .
e RS pr T B S8 carrie
Thecdigking gaidtcempURY prdegfim ﬁfazmb% préW@ave defining a
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| ocated on a runway within the scene. (bjects |ocated

2Pf fAI:cn)?di'hg @(T@X‘mﬂfheasf)&ltl 3f fhg ri‘l?\}’e%golq, a radar apparatus is provided that is

arranged to implement the method of the first aspect of the invention.

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.



Advant ageously, the step (a) of taking at |east one

data set conprises reading said at | east one data set
wobnraw1aodat a st orage neans. I n other words, of PCT/EB2006/001357

processing of data is possible. Alternatively, the

step (a) of taking at |east one data set conprises the

step of obtaining returns frompa part of the scene

froma radar devi ce On-1ine data processing using the

ms he | nyent
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Howie drpgings ey llcgﬂ. A suitable carrier containing
sal d conputer programnmay al so be provided. According
to a fourth aspect of the invention, a radar apparatus
i s Rigorei Icsbdwk hatovesicar ofamgeitiod of ﬂhn‘;pmsm@ntlvetnﬁén,net hod
of the first aspect of the invention. According to a
fifth aspect of the invention, a radar apparatus
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aki ng one or nore data sets, each data set
conmaﬂlsdngtllae@imﬁglrﬁﬂy of normalised data el enents,
each nornmal i sed data el enent corresponding to the
return froma part of the scene nornalised to a
r efp RCE(LEEHESa feBlinifiefos aliRenad foohatidie scene, and
hreshol d at | east one of the nornmalised data
eI ements of each of said one or nore data sets,
h act ef i r
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data eI ements to at Ieast f| rst and second threshol ds,

wherein the first threshol e r t han th second
t hr Bights) Gilipsieates apiopabifi Wé’fg?& 12&%@“ o Yesmd & Z‘

[ eQHeRGY; d@@#&h@&ﬁﬁoﬁﬁtﬁgbkﬁ%ﬁ% wave (FMOW radar

device vant ageous MCW r adar device is
arranged to transmt radiation having a frequency
' elélfggrre é Hl%gtrgcgs t?élz method implemented during the detection discrimination step

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 & 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 frequency



The invention will now be described, by way of exanple
only, with reference to the follow ng drawings in
wohowhpFiegure 1 shows an overvi ew of a met hodpot/GB2606/001357

present invention, Figure 2 illustrates the nethod
i npl enented during the initial detections step of the
nmet hod outlined in figure 1, Fijgure 3 illustrates a

technique for clutter map formation, Figure 4 shows
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formati on, gure ustrates a Ity of

al afrevyidRERy. Howarver,anghoald Heneéed thxtthaipchmgueorande appléed to data
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of the method outlined with reference figure 1, and

Figure 7 illustrates a radar for inplenenting the
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applied to data generated by any device (active or
passji ve). .that captures, an i mage from a ,scene. The data
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anat’@@ﬂﬁ‘aﬂtﬁ‘éé@ (it @Uetections) are separated according to their 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



converter (ADC) of the radar to an intensity range

profile. To achieve this, a weighted average of
weevwriado7int ensity range profiles is produced POT/GB2GI%/001357

azimuth bin. This is equivalent to convolving the

filter weights, which approxi mate the twoway azi nut hal

antenna beam pattern, with intgnsity range profiles.

The initial detections step 6 is the main detection
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location alert step 10 may involve simply sounding an alert or may provide a more

detailed indication of where the FOD is located.

Referring 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



The detection discrimnation step 8 generates FOD

| ocation data fromthe confirnmed detection output of
woOheosimda7k al detections step 6. In particul ar, PC&B2006/001357

detection discrimnation step 8 converts the binary

detection output produced by the initial detections

step into | ocations of targetsiof interest by

clustering and cent roi ding the raw bi nary detections,

such t at t:h '
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detailed indication of where the FOD is | ocated.

Ref eslisiofignterost and zétogalsewlkre.t he initial detections step
6 of figure 1 is described in nore detail. The initial
detections step 6 conprises a normalisation step 12, a
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complexity situations with a step in which a selection of range cells for each azimuth

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.



and 4 below. After the normalisation step, a masking

step 14 is perforned in which the nornmalised VWBI range
wonafeitogn7pr oduced by the normalisation step 12PC$/GB2006/001357

multiplied by the binary runway mask. The runway mask

is defined at systeminitialisation and consists of 1

s for range azimuth cells from4he region of interest

(e.g. the runway) and O s el sewhere. A resultant
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Th eIttlmle(s festadbasighedave pithaefernes ot figurepek duktt ROV ﬁlm §hegderm clutter
ol Tof §UEL i nor RO PP aad Pt ol AT eyl 2 mew

val g torrd cl 8B 8aR&i it ip 66l N (&g gergahecresmman rwhelgitak
to the bi g@threshol d, then the range azinmu

COOPIgVioHS Biprierme Battermpp isheingauaey he npﬁ%ahé?fgon step. To account
" RS LB ARSI Sy 0l s
t hr giehed dluttbremar hlﬁiaca} thecthrealidding step d dabethptisestananitrebhtashold
et o LSt ol IS MOLUE LS et e, a0, of 2Bl xing
bi 9 dAbRS B§’ b otrB&dnt R 8o-called “runway ratio”. The runway ratio is simply
the mean cell intensity of the current normalised WBI datd, but eicluding those cells
20  identified as containing medium or big detections.. However, it is preferable to
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 profile 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 a 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



coordi nates are added to the small detection list. A
target sizes array is thus generated fromthe snall
waordicaovamd bi g detections |ists. The three threenwBtoo6001357

| evel s used in the thresholding step 16 are initially

derived froma clear scene clutter map that is

periodically acquired (e.g. eagh norning or evening)

when the scene is guaranteed to be free of any
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ection he process for generating
5t heoRfdnaldetetionslid évor hb detettonsdisegeteratdd bydp mshpmng step
reference to figure 5. It is also described below with
refié ence to figures 3 and 4 how the short term
clutter map used in the normalisation step 12 is
periodically refreshed. In particular, a new short
t erRofedringnew tmmures 3buud Wt the fortrasian K (he sgort feapn clutter map for use

i £ ARG oRacp 2 oh e n REe QB SELp i e bl Sr the
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cI uetgets exelpderd &@p ghort wéntchrf@s 8P & nigndedis PIBVIé% ﬁﬁ?ﬁf% gstimate
initial threshal t p. The initial

thr éﬁﬁﬂ ﬁeﬁavﬁlg?snééﬁ?e l%%ce{c?ﬁrrg]?l ?stf scaling the

eX|st|ng thresholds by a correction or so-called

t
ce Vﬂ?:ﬁréﬁéﬁg#t?@esdhe asis eI ! HBSr P BaT s Bafin B gtnee
g?%'ggﬁ P A g?ﬁéad lﬁéﬁtlhE i% dafgNbddeti 8o 3% zfpgﬁgﬁ‘iaﬂa' DB biM Beation

dete wever, It 1Is le to
e nS4]Z(ae42Inhﬁ“ta dhl’t&:r fnfap &sifot 441, \xice Ns(er@mml) pomglefqam&lwée been

t hreshol d adj ust nent 0 t drop.be

or i lgadedl in f s sHEicy@ap E}l%gq ‘gzt &tf %%ﬁ Ut Ic\é\gﬂn glg Shugter map will
€l ULL Lo AR thd sufy of N %1@1'11‘?@6a1r§ﬁ1@§9at€d Mtirg¢. BaBPrdnge azimuth cell

acquire or a clear dry scene. Once the threshol ds

havef the elutterday baffarss thgn drvedqdlhyvbé,ysualathabeachﬁ@lgsaaﬂzmh cell

20|r 2_ Lhe: rratglé S?ggé) r‘g% b%ﬁ@éﬁ%g aré/gr% d cﬁ’a&% S atn%l &t nE\]lt from the clutter

th fﬁ%b Bl s 44The 1500 the BRdr @An Sheter H8p teKeshis heanhar gehort term
sizes array generated during the
clutter map is available for use in the normalisation step 12 whilst a new clutter 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, 2

clutter map buffer 44 is loaded with WBI range profiles for multiple azimuth bins. If



threshol ding step 16 which contains the list of small

medi um and big detections. Al big detections are
womesdiost7el y added to a confirned detection |i 8CT/ABR20@/001357

medi um det ection occurs in the same range-azinmuth cel

in the current and previous scan, then the |ocation of

t hose nedi um detections are al sy added to the

Confirmed Detection list. If a small detection occurs
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confirpation step 18 thus decreases the

the 9 ﬁ?mﬁ%watsgﬁén SRR e 1QOBRRCY the detgpiaon dipcxpmigatign step 8. It
or f . ; g ' ) .
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and HECTENT GPRAET OHTGTHhA SHOFET LG EFOPEER Tdp thgproduced
Use halingReefioh BB §aich Wrosir8Rmksadé bddaQxtiRed. | al

detections Step 6 is described. In short, the short

termclutter map is built up fromN radar scans with
returns, fromkn t ar.get s .excl uded.,, The short ter,m

e 1 LT B BN ol 8GR (o G an (e BAR st e and the
10f  abRah the@B@ifiéabi@sr fibp SY 8rtiud MMersa di Momehd existing (i.e.
Figure 3 illustrates the basic principle of clutter

map PEPIRRisbert taaciuiEmap A Ehip ischieyed by tking dadai> hffom the
h ; . ) ) . .
| oc PSR SR Mo DG RRL BCLALELAEL AL B e reion

(e. g4 of eir) modifipd elueesapbuiftave. Deeattolimafdeshyi shah@est(Bg. rain) that
clutter map buffer 42, each range azimuth cell in the

cl utarhays gegured. thy datadgritom thershert &um Gettonmapt4s if strdedHsing
kNt : ' I :

B LRt sl P bR A ACIAE AR R StaR apaps s then
eacleomamgé vathi thetteddeldl clutentap g té fremeanerasentdedclutter map 60.
retyrns. The averaged data js then output fromthe .

C1 uttEFe AR TF-Atoh 1o P F PSS (SHr (1 REP il

Mep 446 for the kitbsSq iR BRIt teftn SRAEL mbSTBoAkMEd €7 Map is

avai |l abl e for use in the normalisation step 12 whil st

"a new clutter map is being built up.
20 The clutter map scaling factor used to produce the scaled data 58 is the ratio of the

mean intensity of the immature clutter map (appropriately normalised to account for
the incomplete number of scans that the immature 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 clutter 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 alnumber of

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



The short termclutter map is intended to provide a

cl ear scene reference for normalisation purposes.
wa@ansaquent | y, any targets that are present i nPCI&B2006/001357

scene whilst a new short termclutter map array is

bei ng constructed should not be added to that clutter

map. Figure 4 illustrates a tegRnique for renoving

target returns during the process of constructing a
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S cesat; far exangdatthé paaridayion héthd sysen iconld divsichddrfremaciass to co-
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e PBl Taidh 8 pie bRl e bR AELIHER 4 T 2o
1gmornalise all the returned radar data and the hole in

the nodified clutter map 52 is thus filled using data
f r ofs mpied ke, theglqar seene chyiier BeR)s asAwFed Whemihe Serng & suaranteed

o B elnoR oSl SR AR C e PR 15 Bheps Al Wlfated by an
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(e B NiogfeRs iRiga g isisre Fotlotipbes CHCSoUR 968 pgpproduced
14 heqshagk ﬁeagﬁﬁghé}hﬁgﬁlﬁgerﬁgcaﬁg tf#a? al%%lacfﬁ)efgﬁ‘g Rg B8 term clutter

clutter map scall ctor to tormsca ata 58. The
scahag. IdshicaldbBsd be hdted thaotibicteadsasnt blutthemapchinfheated as the very

clutter, map 52 to for re-assenbled clutter map 60.
Thethéﬁ’a%@g%F]é‘ateHnﬁPgt&ef@&% 60 is then used as the

short termclutter map whil st data for the subsequent
short termclutter map is collected. The clutter map

s calThaprobatitityrofifsleeialann (RRAMeve is genaralce drogalld where M is, say,
he ratio of th n intensity of t ' ur.e .
o, "B Borh s BERA B bt mivetd B LPTRIeS iy apormaised
with respect to the clear scene clutter map. At least the same number of scans of
additional clear scene data should be used to generate the PFA curve as the number

that were used to generate the medium term clutter map.

25  The probability of false alarm (PFA) for a threshold T can then be defined as

follows:

o0

PFA(T)= [p(x)dx ()

T

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



t he i nconpl ete nunber of scans that the immature

clutter map contains) to the nean intensity of the
wonewsiioeg4 (conpl ete) clutter map, The nmean i nt e0TiGBROMWI001357

a clutter map is sinply the nean val ue of all range

azimuth cells of interest (e.g. all the nonmasked

cell's). Under nornmal conditionggthe clutter map

scaling factor should be very close to unity. However

if it starts to rain, then the runway nean of the map
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been found during testing that the runway nean can

increase by a factor of 10, even under light rain. It
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polarisation o e systemcould s rom cross

1Gd o pwpabibtyi deasityofunctiRef wyr calowptingwutmldtiveg prababilityt density function,
fornr'g]'tﬁiugﬁ of a EFA curve fromwhich the initial small,

medf actmedt ¥dshol ds are created is described. As

not ed above, the clear scene clutter map is acquired

when the scene is guarapteed to be clear of targets

(e.g. when the airport DsPéhat) and is preferably  (3a)

initiated by an engi neeks The clear scene clutter map
is an average of N scans of WBI data; a value of N

often is typically sufficientl Preferably the clear
I5cene clutter map is pr@h)cgiff m at |east the same (3b)

nunber of scans that are usett®to formthe short term
clutter map. It should also be noted that the clear
scene clutter map can be used as the very first short
termclutter map of theP#a(l)=TiheC(@robability of fal s&3c)
alarm (PFA) curve is generated fromM (where Mis,
2(@@3/' ten) scans worth of additional clear scene nasked
I

Apsfcﬁlfeld lpgrséortl Qv%%lda a{p%rerg?acrenﬁxlag e (aiscrete 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



with respect to the clear scene clutter map. At | east
the sane nunber of scans of additional clear scene
wdav@/ 180wl d be used to generate the PFA curvePas/GH2606/001357
nunber that were used to generate the nediumterm
clutter map. The probability of false alarm (PFA) for
a threshold T can then be defipged as foll ows:
PFA[T) =] p{x)dx (1) T where p(x) is the probability

”tﬁhttt}irefsl&m& Jndﬁ orw&&fﬂ bi®dit) Bt %‘ib%'a‘idrﬁé (e. g‘nldpe‘x\ day)

di screte proba ensity unctlon (P(T)) for clear
scerna bedeked nor rral [ sed VBl data is then generated by
form ng a histogram of the data. Once the required

nunber of scans worth of data have been processed, the

hi Sﬁlgﬁfe%"@hbﬁfs APFBIreE60 sHENatbading ﬂfé‘aﬁbv@tecﬁrﬁ&@ )t cah be seen
bins is 1. Such a normalised hi stogram

5r eﬁh@@bﬁt@ af flee H%QEFléi eurpe istedoselto lipeagdrise 63 issakineer best fit to the
etf‘ﬁ Qﬁﬁggr?&%@f%e Iﬁkileytﬁi dtLg &Ogl"?ﬁho@égﬁ@rg? (A ddeen a

d engil srtf ofAin@n 0B ¥n€ akAudmlt doﬁ@sﬁb&iﬁiﬂﬂg&é thedopen h&lasdraltly
density function, and subtracting it from1l: CT)= P(

) (BeyrarApeFFA)- - C(T) (3c) A skilled person woul d
appreciate that the discrete PFA curve could be
calculated in a nunber of alternative ways; for

10eX Ry Aeal irinWiUhsbkbeoRass b itf dnglecd180¢ adgeedshwould typically
fraction of data values that are greater than or equal

t o contdin erhiotichaly 690G ﬂaegq:mmaﬁl qellg.yIfghe scan él@leefpai $R° was

I eEOgBer o sooraripioiy SeB0 aanS By’ GHYAR ehlees o
Hovgey&id 7.0 @ 108 asldb azinligh Edllsgrhedyd Tainghddtre@overall false alarm
generated PFA curve provides a false alarmrate that

equateeyf ong pers@ay, the rr@qq@r@d perbpbility okfalsa plrpechpiiiEed wngs
t hat at . le
e e
WhOJ8G8 5daym thkate bSno conﬁrmatlon 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. F'or 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.



i mpractical and hence a PFA curve that is cal cul ated
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extrapol ated sot hat threshol ds corresponding to | ower
probability of false alarnms (e.g. 1 per day) can be

found. Figure 5 shows a PFA curnye 60 cal cul ated using
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the Log(PFA) curve is close to linear. Line 62 is a
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10 8. 8méiallcoeffeenease of no confirmation scans, the
required detection threshold is thus the threshold at
whi ch | og(PFA) = -8.8573 mg%ch, fromthe extrapol ated
curve 62, can be seen to beViarou 10§«-~The thresho
set by the requireﬁﬁﬁ&‘thN;Uqgégg%)QEM-S.8573 i's %4)
strictly only applicable to single scan detection. For
detections (e.g. snmall and nedi um detections) that use
one or two confjrmatiaon scans, .the probability of
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151 nal probability of false alarmafter such
confirmation. This nmeans that |ower thresholds, and
t heTb¢ probalbiligyef gepingirafblsk atarme M of2 fimeseutalf 278 scanarfi.¢@ scan
set en the data is.thresholded in the nmanner
des &9 bEFADS gnﬁ?Fiﬁt e or more confirmation scans.
O course, other enbodi nents of the invention may have
alternative arrangenengf

4, =57 (1-p) =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:
g9 =p’ (6)
25

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

one-gonﬁrmation scan (q2) may be approximated by raising the no-confirmation

scan PFA (p) curve to the power two. Similarly the final two confirmation scan PFA
- curve (q3) may be approximated by raising the no-confirmation scan PFA curve (p)

30 by the power three.
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medi um or big. The PFA may be adjusted accordingly to
account for the additional scans as descri bed

above. The actual probability of22fal se al arm curves
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15 “ (iii) -3.89 for two confirmation scans.

20

25

30

Taking the above values of log (P) enables the initial small, medium and big (signal
to clutter) detection thresholds to be set to provide the desired false alarm rate. These
thresholds are used in the thresholding step 16 that is described above with reference

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.

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
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



by the power three.ln reality, false alarns do tend to

be correlated fromscan to scan. To account for this
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Zlutter) detection threshol ds to be set to provi de the

desi.red fal al ar hese threshol d

¢ herbfituuRire e tro MRS et 80 25 St fipkd The
r ef 8RR eeibQion By B dBterMaic left@r b b tHYIERstredltiBets contain a
detection discrimnation step 8 outlined with

ref éu@h@reoftc@nﬁm@sﬂ@t@tlmsp@e§@r¢ab@do Pavahir an ‘@emaftthreghpld’. In
par E)Jcht%y w%rds I%E%e?s 1%":196 chllles gogfta%lﬂgﬁno%t}%ﬁ %Qa%uﬁ %ﬂm%gr ?f pixels are

cen

1@ e | esuiren t@b@mrczzft ald &Iamgstexclﬁa@ﬂfrarnsp@hst@lf Hwaa@FDD
one, may result in nore than one confirned detection

dur Pdgaitageopsy theagpatiddsistof War@@b@n@e rqlgieddo g mumpegof
o G 03 P L3 1 B0 808G s v
cl ugteanircedft ﬁmsﬁ@lﬁiaﬁms thetRDA dsﬂedftgin&afﬂairtg eperniepdreh thd tvaway is

centroidi st aI cul at he centrgid of the

ol ui e ARgHS by b Gre qﬁlaciet%caﬂ%lvw(éawr%cwns ethin the
14 ar Qﬁl'fnuﬁpfang?{)ﬁthg ro0ab] ﬁér%%t LRI A8 repli4a. TAQ @ﬁé@&i RtH8Chuse large
target side may not be sufficiently bright to

gi vargiétsatch aa ananfﬂoamdangesldc laben (‘{lathies’) sdnchr eageixtend across the

a dIW nrgr?é:etpergﬁfeaar%e may é) I?llSll’-ll';gI’p%e ec{] as adaqaonal 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



this effect, the confirmed detections are dilated

prior to clustering. The nunber of pixels to dilate in
woanwaogntd azimuth (the dilation mask) is typi earigB2006/001357

fixed at systeminitialisation and does not vary

significantly between radar installation sites.

Fol l owi ng the centroiding step ZO, the aircraft

rejection step 72 is perforned. The aircraft rejection

st epth&%2 edelueibm e provididne theaiaPietddidnsS B atIe be®re application of
S

targgts_contain_a nunber of confirned detection pixe
gr eabepirereft sgedionsispaR- ' ai rcraft threshold . In other
words, targets in the scene containing nore than a
certain nunber of pixels are assunmed to be aircraft

and Referinpnewes dlguget] afridamidrigplenshtiod thdebeed @dciidd method is
dva usly the spatial size of the target can b

ta ] e

el a?F%‘a 1 Ot TREATFATREFCS AR agtsHng B Onaadag sleslseniendoinded processor 84.
Wi t MR r3dae kletr8ics 2 Grolifes fid i &g LAk e

above trhea air cr r a}% St él-t r0 gs eg?{cfl WF?\A&%@?@@Q@S?‘&%#bf}'nthe

r adantetna 3pter the ecenhend tlke genenaterythe i-plmsel &equadrature return signals
~ Addit i onal | any fina ntroi ded _detection_positions

occ it ?WS“IGG%Q ﬁe#?ﬁff%wa%ﬁﬁﬁmr?%ﬁﬁ% 86 Wiink mag be @tnsronal

t ar gepGRPoths ke 8k 8%AREd tofihplerh &t #d r{thﬂoﬂ aeéagﬁécrg‘@ve with

| arge targets such as aircraft cause large side I obes

10 f refeteaes tp figvirchte@n ext end across the whol e range

profile, and may be misinterpreted as additiona

targets. The aircraft threshold nmay be sel ected as

r equi skelted feisca vaaild i(ijﬁﬂ;é@éte 28 HRl anBinh &P @k elebtrOMYs BRI processor
vari ed _as required during use. Appropriate selectio

of 1% bgicpdeented erprevfies & difbubet lecatibhs Fohexasyde, ¢he IQreturn

sou e lorries, fire engppes etc
o o B PR B Rl D o PRSP BPE Shafng remote
1Theleatat, stdir ssh@ntoWobh, ViausstdRasibinkf @)z W a wired or wireless
particul ay requirenment. The aircraft threshold may be
r ange"g ent. For exanple, the threshold above
which a target is assuned to be an aircraft nmay be
arranged to decrease with the detected range of the
t ar gt abave ekakpleiindivecasicto tirt detdveion @IBOBCbS @M@y, The skilled
| evel Sin &N t her ef org rﬁd ced nunmber of detection
pi xBYEOn Youifhanpieaiat tagt g aboxp qethod may bavsplied ty mengeus
2((7: :ﬁ%iﬁﬁ éicgh?g%}ﬁ?%ﬁﬁ&%' DAV AEE HHtENgof Q’Fample, 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



70 are fed back to the initial detections nodul e so
that they can be excluded fromthe short termclutter
woametlogi74i s bei ng generated. In particular, iPCsiaB2bab/001357

be noted thatthese exclusions are provided to the
initial detections nodul e before application of the
aircraft rejection step 72. Referring nowto figure 7,
a radar for inplenmenting the above described nethod is

The radar conpri $es an antenna 80, radar
electronics 82 and a processor 84. The radar
el ectronics 82 produces the FMCW si gnal that is

ransmitt b .antenna 80 to the sce Iso

Jener & btios 8Y aceSnade R adeit ol BEE T Gl

that are fed to the processor 84. The processor 84

whi ch may be a personal conputer or the like, is

&)rtalrine ane @ mmrdetaesnts, edsh datetshiownisisingi aduraliboafaownalised data
fer nce, tq A skilled

< FREY SR P Bock sleheRt oStk 0B B LB fpart ot the

PEcDe @HA1isBBIO DRIGndeasRiedr tHe spme Yo thatscelid el ent

| ocations. For exanple, the 1Q return signal produced

by the radar may be transmitted to a processor 84

3&5) tﬁx%sl'rc{idlﬁ% ggﬁtt %n{;( 8](9@6 LB Al RUE Hat@éleﬁlgﬁﬁ%tf%géh (ff%gi'@ one or more
i‘a"a stan I'n over a wred or

defawetsk |ink). The above exanple is directed to the

detection of FOD on a runway. The skilled person woul d

appreci ate that the above nmethod may be applied to

BEUPREEY d‘?Ilr Ief Rth oﬁcﬂgg(‘gt n%?@'cbﬁrﬁh‘s%gtﬁ%%gﬁj Plgé/&ﬁba'fﬁg each of

non-ra devrces or e
&mpldrmabéed dota edemertteohun lagsieisteatl second|thresholds ivhereimtye dirst

urface or ion, of s r. the presence of an
gtﬂ f 18 &%@%@3@6%&%@@1 s of the technique woul d
also be i medi ately apparent to those skilled in the

art.Clains 1. A nethod of detecting a target in a |
gcene Acwethod staordingito deiaph wherein @) ﬁlaashdgmgrséepmonmrses

data sets,. each t co | ur

ot AT B ERL Tk eSB! RaRuft, Eotbinld Yisf liwasholas.
GQlefeds RAN HirdGhiethd1i & Ib@b4hAn E@mRndaEshefd. t he scene
normalised to a reference return for the sane part of

t he scene, and _
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.

5. A method according to any one of the preceding claims wherein the step (a) of
taking one or more data sets comprises the step of taking a plurality of data sets, wherein

the thresholding step (b) is applied to each of said plurality of data sets in turn.



(b) thresholding at | east one of the normalised data

el ements of each of said one or nore data sets,
wohercaoteui sed in that the threshol ding step (BET/GB2006/001357

conprises the step of conparing each of the normalised

data elenents to at least first and second threshol ds,

wherein the first threshold i% greater than the second

threshold. 2. A nmethod according to claim1 wherein

§ai d KNE&BOPIEoREh SlofIhifOT WS RIShE ARBAbIARG: BRL(B) comprising the

normal i sed data elenent to at least first, second and

step pflapphries Hisfedwt thapsbobisto didfecent Hate dets-hr eshol d i s

| oner than said second threshold. 3. A nethod

according to any preceding claimand further

ZoNpr AshéBod AR ofdi®PtoQny @aE b¥ E1aEnsSPioth wherki@daké plutdlisg of

and second threshol ds ?’rpm robability of false alar

LeER)iserdate Pements ot yeccessivediRiisel arpderivgd figapishimy/fromy the scene

?ﬁ%hi}?gﬂﬁﬁlfé%gg%%@%%féh%é and further conprising an

generating said PFA data, said PFA
data generation step conprising the step of taking a

lurality of addjtional clear scene returns fromsajd
ceneA methed areEFiRe Ryl Wgerfi’él sKlat bipet ! grdesecond thesholds

Qnr%fagﬁlg{eﬁ%eﬂfe?h %ﬁchﬁ%ﬁ[i@étfbnt ?hesﬁlgéﬁog?ﬁ% é;ékpf 1AHEOGSi008 A9 sets.,

ata sets co I'ses the step ng a
plurality of data sets, wherein the threshol ding step

00, L3 AR L R o S L) P8 FELR o
LRORS BRLALRY cShBRsds REalGRERIA (BicBbIANY SE&Fcbn BRRJrYthB orrection

different thresholds to different data sets. 7. A .
fretdnbdingcleuveti figmitie mngn valee ofthe heinmiisgl daja elemkets ek¢luding

he pl urali .of nornal.ised data el ements of
@WE%&@F%@1‘%%‘{1§e%%5t%0r‘§§3rl%lnagarrg%%d fromreturns fromthe
scene acqui red during successive time periods. 8. A

met hod according to claim.7 wherein said at |east
10.r st Aanethedecsatiingiocsiong of elein Adp B gndfurder oprapridnghtarget

a icatian of..t ' . ' .
OB GO0A 0 U e QR IO PURES R Mo ctcion
birgusk e Diorad]istsitdangeledest odont efsid plurity efdhtsstoandeeds the
t hreshol ds conprises scaling said thresholds by a

8t thwesholsh factor, the correction

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 the scene
exceed the second threshold, and are below the first threshold, in at least two successive

data sets.

12. A method according to any one of claims 7 to 11 when dependent, directly or
indirectly, on claim 2 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 the scene exceed the third threshold, and are

below the second threshold, in at least three successive data sets.



factor being derived fromthe nean val ue of the

nornmal i sed data el enents excl udi ng those el enents
woOdesst10$d7ed as contai ning targets. 10. A net ho#CT/GB2006/001357

according to any one of claim7 to 9 and further

conprising a target confirmation step, said target

confirmation step providi ng a2gonfirned target

detecti on output when a nornalised data el enent of one

af3. saidmpthedakédritingfto 6‘%’ SheSHlchiRX ¢ 8AB EddprisidSd clustering step,

threshol d. 11. A nethod according to any one of clains

raidgslusteringstepheimeearansemiol ssoumccalitmedyiatget detkétiameduitpts from the

i ion ste r ovi di .

I cobBEnb ATt SAN IR SR oBlEPAREROh h R fostrtzegt in he
et@rents corresponding to the sane part of the scene
exceed the second threshold, and are below the first
threshold, in at |east two successive data sets. 12. A

tho ' ; : [ 7 & n
Jabendeng H0g ARG S TRl BB dedocidfdupu
findi¢dtesrthe spapind dinregsiand @fithetsscantd ta@dti on step, the
target confirmation step providing a confirmed target
det ecti on out put when nornalised data el enents

rre ; :
Ehi ra R aol g Pl ORIFLDR Mithe’ QLSRR A, S5, te
itageitaldriesien provideng satgebdgbatmndidrowbat the pRserdeméthadet in the

ccordi.ng to any.one af cl ai 10.to0 12 rising. a
S8 erRg e Jpthita P g euiied Farge s BEoHes R e g stev
to group confirned target detection outputs fromthe
target confirmation step and to provi de one object

dét ectimethed epnordingto ayamecedingelaiirand figther eomprigidg a A

CC | c|l atm 13 wherei n _each. obj.ecti on
S Bl b Eb Py 8 o o B PGS B cach of the
bixeoranseciaal e, thereahalishBon Acpreshgekincee "sﬁé%@@f faRingladWality of
14 and further conprising a target alert step, the
feirgefcayirad frost s senewnd pemEnadismg sgidireiyesasiigadreluttasmap of the
whgo the presence of a target in the scene having a
size within a predeterm ned range is indicated by the
clustering step. 16. A nethod according to any

ecedi ng. claimand further conprising a
P’; g mgchocl according to cLllalm 16 wherg;?l said clu%ter map is initially formed from
a plurality of clear scene returns, each clear scene return corresponding to the return

from a part of the scene when no target is present in the scene.

18. A method according to any one of claims 16 to 17 when dependent directly, or
indirectly on claim 7, wherein the clutter map used in the normalisation step is -

periodically updated.

19. A method according to claim 18 wherein each updated clutter map is formed
using returns from the scene that are used to generate the normalised data elements of a

plurality of said one or more data sets.



normal i sation step for calculating the plurality of
normal i sed data el enents of each of the one or nore
wdavw/19e17¢, t he nornmalisation step conprising PO®GHR2ewH01357
of taking a plurality of returns acquired fromthe
scene and normalising said returns using a clutter map
of the scene. 17. A nethod acggrding to claim 16
wherein said clutter map is initially fornmed froma
ur aly h .
B B0 L 00 B B M R S YRR gt
sletarstenvdne of 1he at Ragehe idataperrestponds tohle ﬁ@@ih&rsecﬂr&turﬁ\mtensity
t hod according to _any one of clains 16 to 17 when
g‘%ﬁéﬁﬁ?@ﬁ? a@m‘@éf;?l&/m@n“%%ﬁep%ct ly on claim 7, wherein
the clutter map used in the normalisation step 'S
periodically updated. 19. A nethod according to claim
28. wheéymithoe acdordipg &t deint RUvhereimthp rétarnfformtie sasienfgom which

returns ne.that are.used.to nerat

s A ettrd Al P TR oBBHfR S, b Sl G B range-
g@ihﬁmgag@ sets. 20. A nmethod according to any one of

the preceding cl ai ms wherein each normalised data

elenent of the at |east one data set corresponds to

nqr ed r turn i.nten f.roma ran i mut h
2er1 " RPhE Efkor GhE ey PSRBT b, e
edagkifp; 818p BBiRE RiAn fdieo k&hoo hormaMddigtast@naitd fremnewbi 6fthe one or
each normalised data elenent is derived conprises

Wmornfafa pesthal resigrisedonveynsoaitenlianiedetarained apga within the
Eod according to any preceding claimconprising a

maski ng step, the masking step being arranged to

renove normal i sed data el enents from each of the one

g nore d tcz sets that are derived fromreturns
it si Aaneihodacroadag K 3RYEe oheprogedmeclaime \@é@ﬁbthezep (2) of

ékrrrgtér%sﬁ@sgag srég (grﬁ%@s%t e%ﬁfi&%fndt ?eagttro%%%gfag% g&@g{@m

wherein t e

storggeineess.r eadi ng said at | east one data set froma

data storage neans.

24. A method according to any one of claims 1 to 22 wherein the step (a) of taking at

least one data set comprises the step of obtaining returns from a part of the scene from a

radar device,

25. A method according to any preceding claim wherein the scene contains at least

part of a runway.

26. A computer suitably programmed to run the method of any one of the preceding

claims.
27. A computer program for implementing the method of any one of claims 1 to 24.

28.  Aradar apparatus that is arranged to implement the method of any one of claims
1 to 24.



24. A nethod according to any one of clains 1 to 22

wherein the step (a) of taking at |east one data set
woanrioss the step of obtaining returns from aCpaaB20@i001357

the scene froma radar device. 25. A nmethod according

to any precedi ng claimwherein the scene contains at

| east part of a runway. 26. Aagonputer suitably

programed to run the nmethod of any one of the

ece cl r
B o et Bds s g ng R PR Ror PEEH ARk lcing qranged to (@
ke ofic bathare dyppsutgeich daadet b&nmmmgphiraﬂmy ofquirevabsed data
t@e nmet hod of anpy_qne f’f clains 1 to 24.29, A_radar h
slopwrias erch oo is&4 A#a glege E%@geéponderrseto PhoBEs fomyppaof the
%eﬁl@ﬂgﬁgalfsgdgoagre"f&?& ?g‘éﬁ of 8l ce&a%ﬁ @ ttReshold at
conprising a plura |ty o nor 'l sed

tdastinmetos theaarmahsedniata dederdaofzeach efiwnt orm*rme&p dadi sntg
to the.r turnfrom rt of he scene nor mak i sed

Bractaingd 1 B ok ee SEhE) SAFPUGE U Cesrei g cach of
HRndrbEBRA a6 e@émérﬁ@ﬁtat QA8 A5t nllSeOAITResIRAds, dRERin the first
el ements of each of said one or nore data sets,
treshabt ie igreitad tham thésacondthresheldshol di ng st ep (b)
conprises the step of conparing each of the normalised
data elenents to at least first and second threshol ds,
vher eiam a?b@raﬁis fa8éorfing &S e} 6hel of cHHiRALE o 291ABE EdMEprEeEH ﬁdquency
t hr eshol 30. An apparatus according to any one of
glodiltedagntiguopy veaa(FMEeMpriadegledicer equency nodul at ed
conti nuous wave (FMCW radar device. 31. An apparatus
according to claim 30, wherein the FMCWradar device

B$. ar nangesrah® atardingitd clﬁﬂﬁi Baytviemeih @i FGCAY fadacdenayis arranged
gheater than 35 GHiz. 32. A radar deV| ce._as

atsat iediafign heres pFetemey gt tad WA reference to
figure 7. 33. A processing nmethod as substantially
her ei nbef ore described with reference to figures 1 to
82. A radar device as substantially hereinbefore described with reference to figure 7.

33. A processing method as substantially hereinbefore described with reference to

“figures 1 to 6.



