Mode S anti-reflection algorithm for eliminating false tracks due to reflected replies in ground radar
systems [0001] The present application claims priority to Italian Patent Application No.
RM2011A000633, filed on November 30, 2011, which is incorporated herein by reference in its
entirety. FIELD [0002] The disclosure disclosure relates to a Mode S anti-reflection algorithm for
eliminating false tracks due to reflected replies in ground radar systems. [0003] The Mode S is a
technology for data transmission utilised by the second surveillance radar (SSR) for the control of the
air traffic of aircrafts prowidesh iR AERASRANERIHHN G S HRAHR Ja5ialeRiNGIub o Kadicates the
possibility of interrogating the aircraft in a selective way by means of univocal 24-bits address,
possibility that is not offered by the prior ISEHRLIBGTOY R RAAHTBHE™S" (or "Mode 3") and "Mode C".
[0004] The mode S is a standard of communication complying with regulations and recommendations

et

principles and techniques of the international air navigation, the routes and the airports and promoting

the design and thd 98¥klopip e BRthaP MieriRRi SHAPaIPTIAS EH YabRh § AtcifofeRiEEtRR A regular.

[0005] The mode fdata lindoisseharacteiseddaydbis aotivity of thgdata exchangsdostwaenground
radar station and aircratft. [00.06% The characteristic of the technologies prior to mode S in the field

secondary radars [&HaI°61 e R4 Mg transmission of the broadcast type, by exploiting: the spatial
selectivity of the radar antenna (dimension of the main beam of 2 around 2,4); the presence of a
beam purposely stueheerfor the suppression of the lateral lobes both in "uplink” (ISLS) and in
"downlink" (RSLS) to resolve the aircrafts very close to each other. ~ With "uplink” it is meant the
connection betwedP%2grothsddistiamEn 4HEANEIFPyERiBn2 Witread Wik ESHE B pibeseitBe dfhection.
[0007] Since the indemagationseaacrated bydheratrpaeingtagddreases/spasifically to an aircraft, the
targets in the main beam respond always with a reply that can, hence, arrive at the radar antenna as
SU|oerirnf|00~°:egI to ?ﬁ%%regmﬁmtj@tbe{sair@@%%)c@df@ligtag%p%ﬁﬁsgmpaam&ng@ (Ifll_spv,\éeowéi:]h th?
name of "garbling). oreover, since the transmjssions of radar cannot be distinguishing from
those of another INt&Y ’[‘berfﬁdﬁ{e\(/%éfﬂeﬁgrg?, ‘é‘f’f‘g&??socﬁftﬁﬁu?ﬂaﬁrﬁﬁ?lﬁrféﬁéﬁﬁgfﬁseﬁﬁ?éfé‘# rOUhd systems
are created. Therefergpandsefulreply)' i eagéndoatéekbytiive interrogatitraet thie speaitdiny rddar, can
find itself "immersed" i t of replies.which_are. i ot jacent yadars
(phenomenon kno%%%ﬁnv%ﬁ%t?ﬁge%{gr%%ég tf%ﬁl%nsgag%ilgg(t%?%ﬁg?ﬁ{%ga%g %?Iﬁggéﬁ%%ﬁc?d;%%%bially in the
central European &pesbittiyidaaie 2y, fidcthbyghs|fepatishsiogisasalsttiopderastad Mideraditional
system at the bougglaryafiitspotential performances and to the necessity of introducing a selective
ground-onboard-gound interrogation system. [0010] In the protocol of Mode S, standardised in ICAO

Annex 10, Vol. IV, ihgqddigss,alocated fathed adanisAglingd as pvinterooatonodemgr Il
"Interrogator Identifier", whilst that of the tgg);et is defined as Mode S Kd ress or even "ICAO 24 bit

Address". [0011] TRERHFELEFRRERTIENT StAETH FO M REE ASdamif Usrveaionvén the Rody

entrusted for developing the principles and techniques of the international air
navigation, the routes and the airports and promoting the design and the development

of the International air transport making it more secure and regular.

10005] The mode S data link is characterised by this activity of the data exchange

between ground radar station and aircraft.

[G006] The characteristic of the technologies prior to mode S in the field secondary

radars is that of effectuating transmission of the broadcast type, by exploiting:

- the spatial selectivity of the radar antenna (dimension of the main beam of



relatively restricted area (200x200 nautical miles) and assumes values ranging from 0 to 16 (some of
which are reserved for testing or military aims). On the contrary, the 3 address of the target is
assigned directly by a national body within a set of addresses that ICAO assigns, worldwide, to each
country. [0012] Therefore, the basic requirement of the mode S protocol is that the mode S address be
"discrete", i.e. that the hypothesis that two aircrafts with the Same mode S address cannot exist in the
area covered by an only radar is valid. [0013] As in other traditional radar systems, there is here the
problem of discriminating betwegf reghand false targets generated by the reflection of the replies
against natural or artificial obstacles. 100141 Although the Mode S address is theoretically discrete,

there exist surveys, studied andublighe Py RACQNLRAL: dealinguih.siamplss lairorals with
€no

equal Mode S Addresses. The cause of such.a p menon is typically connected to the transfer of
the aircrafts from an airline td°2ROHREP Fhe Hhdkh& Non-BRIgHANtHA 1’6%/ tHE8-IrboarertrasPnder
address. In the civil aircrafts, singegdy thecpileticansosdecede to the programming of the mode S
address on the transponder and moreover, being the mode S address a "technical" address, it is not
explicitly presented to the flightwemtreesi1 001 alkhbepresencr pbakealtspvithdhasameamode S
address makes therefore the t pic%l ,]XIodi_ t,r?}ditional. algorithm unusable and even harmful, falling
back to the general prEHIRH SFtHE brisr doRne o WS H S dition to the replies due to natural
targets, there are replies due to the non-univocity of the air codes. 10016] The classical solution to the
above described pfOéh LA IUEHARY ML STREH e RUiTEHa YR e feldioicd g Hibcebhsequent
elimination of the undesiiiechfargets:gredtetidydhehrasargxiiaelomas e tbonsphuancennitiedeplies
reflections against the reflectors (natural or artificial objects different from the aircraft tar e(? [0017]
The usable paramgﬁgse, #\(ﬁ%\?i %déﬁ;a %J%re?]ﬁ]gcg?né}ilﬂgtl% %é\%rgo%go% welnlfpaillreé{Ttﬁe ?8ﬁ%‘vﬁﬁ‘§:‘"‘ ﬁﬁ?oa éi S address
(for example: 0x30000EA Aot Ryfarcaraisie e @ak Sigieatedmd itlentifier that is unique for
each flight, for example: AZ3581); comparison with pre-defined reflectors maps. Unfortunately each of
these parameters, i#0A8bdd B;oomeswubedbesumedishié hdoaursecthe dnodeushaddiess flascabove
said. cannot be uniyagal; (e, meded: i dieMAde.? BsHAl SPagk.PilieEARE LAlLNG agrals

("conspicuity code A1000"); moreover, this is not always present in all the replies (but only in some
selective interrogatibTte areriest | Tesagiprednupudiocihae e SETRE IR BISTRENSRISIIS! a track
or when the same iscagdgoniimedby fewitadardeteaiiansdor accartaisptisae) Bior, partictarly, the
mode S acquisition grotoc&){)tenﬁst restrict the &&émber of Mode A |1rt1£eélrggatlonf,,t§uv¥tard a flight; the

call sign is theoreti%é}Fﬁaﬁenlv & ,663 Jﬁci%ngre S/S eﬁﬂglte%%%,?ﬁgrne%re, cotitd be wronlgn% ‘cause of a

typing error. The frequency of such errors is.relatively high, Moreover also the call sign is not present
in all the replies; fiﬁ%ﬂﬁzitﬁé%maﬁs%*lmﬁﬁﬁr@ riHSCRSTE AP TS SVER) EHERTR FHGNSGE even if
there exists a practical phjectivediffituityomn tfierdefihitiotiont asufficidrtiyadafimed samandlia the
updating thereof boundary of its potential performances and to the necessity of introducing a selective

ground-onboard-gound interrogation systen.

[0010] In the protocol of Mode §, standardised in ICAC Annex 10, Vol. IV, the
address allocated to the radar is defined as IC, "Interrogator Code", or Il "Interrogator
Identifier", whilst that of the target is defined as Mode S Address or even "ICAO 24
bit Address".

[6011] The address of the ground station is not necessarily univocal, even in a
relatively restricted area (200x200 nautical miles) and assumes values ranging from 0

to 16 (some of which are reserved for testing or military aims). On the contrary, the



100181 The flow chart of the above mentioned anti-reflection algorithm can be schematically
represented as in Fig. I. 10019] In the practice however, the combination of the above mentioned
decision 5 criteria, i.e. the result of the described algorithm, cannot be considered as wholly effective.
100201 Document US20020180631 discloses a similar met@od, wherein a cinematic analisys is
performed on tracks that have a valide mode code to update a reflectors map. However, in a Mode S
SSR environment (air space) the so-called conspicuity code will be adopted, that is all the aircrafts
equipped with modgiGdranspenaers willkshate thesame identical MedeAugadestAJOQRkdalrevent
mode A leakage due to the proliferation, of air traffic. Therefore the algorithm of US20020180631 would
delete all the Modé gtﬁl(éfh%)s?fﬁéﬁf ?{‘]g“g fel? B1the"BPEEent disclosure to provide a method for
eliminating the Base tracks in the radar detections, which solves the problems and overcomes the
drawbacks of the g8 #56751 theidotecasrens Hrabdit medfod wosprévida hedredant systems
conFig.d to performdiessiethadeahiect. of the prasantidiselosureoSUMMMARYL 10023 Aecarding to a
first aspect of the digglosyre..a methadfor eliminaing falze aode, 5, SR 0r 3A code tracks on radar
display created by a radar extractor Of a radar as a coﬁsequgnce of talse replies, i.e. replies reflections
against reflectors, Eﬂfﬁg S}or.bein@ natur It,or rtifi%ial object diff?rent from an aircraft tgr et, the radar
comprising the radar extractdl afti A radSr Atk He FethBd d6orSiny the ekeliis  ofthe
following steps: A, Greatingtaigdwivideoarngodthatdsaesdendecriediy dreacfovérediitheiiadar and is
subdivided into ceI!&%m@ﬂg@p&qgiﬁmg%@g&seam cell delimiting a portion of the area wherein a
aircraft target can be present, to each cell being associated a probability of presence of false replies in

such a cell; B.For g ityation H%ﬁQ%Qi gdo,ascan b}%he adar: 6 BO. Identifying replies clusters,
i.e. two or more replies Eets nggser to eaé% otﬁ‘er?‘r?msazlfmutﬂr%t{ﬁcofl1 r%ndglsemt%g’n%glﬁggﬁsgns&%gy E)’redefined

threshold values; Bfudigd geihting b shbh EEROCRY AR videalmap ithpoweplesvel rectilied' by the radar

in the correspondingareaderiQRidR2s EXtactina s rRIRL ol hefBRISS SIS AVSTAGRRAUNS
determined in case a replies set has a number of replies greater than a pre-defined threshold, by the

S
radar extractor: Bst;hégﬁfaﬁf% B ARSI AN S AR SR HRSERBY HErBRRA BRI BPEERb ATty of
presence of false répliehéarthesegimtevuliicsthay tespedtivety ieloidg:dBée Ciddelatiogadoydmeans of

the radar tracker, (e rAgks [SlfVALI9S.plete. Adan0 ihs, Alicady.existing Uacks o fie radar
display and initiating new tracks using one or more track initiation"tf r.eshoﬁ s'chosen on the basis of
said probability of predefcaddfdise repliesdaledited i stappBaplicitly presented to the flight

controller,

[0015] The presence of aircrafts with the same mode S address makes therefore the
typical Mode S traditional algorithm unusable and even harmful, falling back to the
general problem of the prior comections, wherein in addition to the replies due to

natural targets, there are replies due to the non-univocity of the air codes.

[0016} The classical solution to the above described problem is that of utilising the
other conditions for the detection and the consequent elimination of the undesired
targets created by the radar extractor as a consequence of the replies reflections against

the reflectors (natural or artificial objects different from the aircraft target).

[0017] The usable parametres, individually or in combination among them, are the

following:



C.With respect to the all tracks of step B4, determining, by means of the radar tracker, false tracks and
relevant initial points (in fact, the radar tracker determines the presence of false tracks by using
several criteria, the disclosure method concentrating on avoiding to initiate false tracks and not on the
particular method of discovering false tracks, which can vary yvith the progress in the field); DOn the
basis of the initial points of the false tracks determined in step C, calculating the probability of
presence of said false replies in the cells corresponding to said initial points and updating the raw
video map of step A; E.Repeaitin Stefisdss Yol @024lcAls8a000fRhe radar is the detection of the radar
detection in a certain time window. 7 [0025] The definition of plot given in B2 is the standard definition
known to the skilled person. lifetlowstihakihgsumberof plots are not necessarily equal to the number
of clusters. [0026] For example, concerning step B4, the threshold can be the number of correlating

consecutive plots needed to initigtesthe track i&enia inReLsRBbe chagemprepastionallyito said
probability of presence. The sggée% erson will undersand how to use such a probability of presence
with respect to the different tr i ﬁation criteria. [00271 According to another aspect of the present
disclosure, iii step B4, a track initiation threshold is used, which is a pre-defined number of correlating
consecutive plots, said tfack FFRABHPPALR[dERY 5@%%&%@@ function of said probability of
presence of false replies calculated in step B3. [0028] According to another aspect of the present
disclosure, the power level ad&dferataday saeh cbitirssieprancisseterMied Sy aermdhdryhst the reply
signal(s) within the the cell, saideprahakiiysef presence for the cell being calculated over multiple radar
scans as: E {Thot * Nscaion / PmAx Nscan TOT} wherein: N"," with reflection is the number of radar

scans for which false tracks hayvefeen determinaddr:thgicelhih step.fvd¥scan TOT is the number of
multiple radar scans; P'l'indicates the power of the signal received from the i-th reply falling in the

cell, withwhere k is the total nymhgxofrepligs inshe seland depends.cnthergengiaphicah gxtension

of the same cell; P mAXx indicates the highest power receivable from the cell; )
{"conspicuity code A1000"); moreover, this is not always present in ali the

replies (but only in some selective interrogations called "ROLL CALL"
and effectuated at the moment of initialisation of a track or when the same
is not confirmed by new radar detections for a cerfain time) and,
particularly, the mode S acquisition protocol tends to restrict the number of

Mode A interrogations towards a flight;

- the call sign is theoretically univocal, but it is set by the pilot and,
therefore, could be wrong because of a typing error. The frequency of
such errors is relatively high. Moreover also the call sign is not present in

all the replies;

- finally, the comparison with the reflectors maps is a very etfective method,
even if there exists a practical objective difficulty in the definition of a

sufficiently defined map and in the updating thereof.

[0018] The flow chart of the above mentioned anti-reflection algorithm can be

schematically represented as in Fig. 1.

[00619] In the practice however, the combination of the above mentioned decision



S And where E{} indicates an average operation executed on the replies in the cell. 100291 According
to another aspect of the present disclosure, said probability of presence in each cell is calculated as a
percentage of the current average power stored in the cell Pr": = Pr" wherein b is a configurable
parameter. 100301 According to another aspect of the present disclosure, in step BI, for each cell, the
power level received in the current scan P" is averaged with a power level P"'-1 already associated to
the cell, and an averaged value Pr' is currently associated to the cell, according to the following: If Pr>
P,n-1, then Pr" = Eisedy Fea fe tefnn) 87 \Whierdinl aaigoaitien) bambicsanvgighiieegual forall, cells,
parametrising a "n”é%@c I e" of cell average power that affects the one or more track initiation thresholds
in step B4, the value a being suitable to be pre-set to meet changing detection situations such as

traffic density and iropment changi 1d, once a.track has been identified as false in step
G value it b SV gD TR o bt o REnOIyFB7 e 1R Whok. [0031)
According to anotherlaspestpefitheplresamdistiesbnes in stbpeCridvte radarttrapkete deteflinss false

tracks on the basis,gf, ong,0LMOte PraAeined €TIRrA.#RISE I 3Fk-0PIRg Q%Qﬁ'géﬂ%ﬁs}é{%%a track:

has an unsteady trajectory defined by a variance of the range and/or azimuth speed larger than a
pre-defined threshgste WiEHSsedrRet:-oh#ive heks atify tABRH S ioaeds hdareaendpig will
manoeuvenng at thie samestimeideirEeindnanouer ng cundiiprisesivnatedearser dirgdarthe

innovation energy criterium of the Kalman filtering, by ¢ Iculﬁ;[én r istance petween the two
tracks and using fgﬁ(cj)?\%%ﬁ%ﬁglé)lcé%ﬁ éﬁ%%l rgf;c;: rtg%gagg%rig anc%ﬂ%?%%gﬁ%?gﬁ a“b?‘é%eé\%{r?gd range
distance thresholdglpudiblddel§ faglas.range accuracy, the track with the largest range distance is
chosen; o otherwise the track is chosen that is the first track terminated ine; The false track is the one

of two tracks havirguttid gamebeade Srageress disclvdiehdhedal<alhiaterdo@atitnsrdamothsucceed; Is

chosen by an operator ¥Vh9 mathallx(f'n LS ipforma ior}11in }he radar t e}cker,agout which one of the
(racks aré false trAdks, 10031 RCEeTAInG 15 ARGther SepSct 8f e Brosant daclssurer duriig step D,
the radar tracker comivhesticaféBethaaigtial points of the false tracks individuated in step C to the radar

extractor, which carries out the calculation of probability of presence.
[0022] It is object of the present disclosure to provide means and systems conFig.d to

perform the method object of the present disclosure.
SUMMARY

[0023] According to a first aspect of the disclosure, a method for eliminating false
Mode S SSR or 3A code tracks on radar display created by a radar extractor of a radar
as a consequence of false replies, i.e. replies reflections against reflectors, a reflector
being natural or artificial object different from an aircraft target, the radar comprising
the radar extractor and a radar tracker, the method comprising the execution of the

following steps:

A.  Creating a raw video map, that is extended to the area covered by the radar and
is subdivided into cells of predefinable dimensions, each cell delimiting a
portion of the area wherein a aircraft target can be present, to each cell being

associated a probability of presence of false replies in such a cell;

B.  For a situation corresponding to a scan by the radar;



[0033] According to another aspect of the present disclosure, during step A, when the system ADS-B
is at disposal, in case an ADS-B plot is present which is correlating in position with a SSR plot, all the
remaining plots will be marked as reflections and the relevant cells of the raw video map will be
marked with probability 100%. 10034! It is further specific sug)ject-matter of the present disclosure a
computer program characterised in that it comprises code means conFig.d to carry out, when
operating on a computer, step A-E of the method for eliminating false Mode S SSR or 3A code tracks
on radar display createdbyiactaidgnexiptietonasess conseqguanaerotdpicfalae repties, acaantitg to
according to the disclosure. L%Oaé?r%u%ignwrrtgeg %Qg%gg_ﬁ;egu(pﬁgg-mlaet er nOfdt g;eg)fg(e):rl]%e‘%tl L%igclosure a
memory medium readable by a computer, h ing a progPam riemorized on It, characterised in that the
program is the computeﬁpr%g am t_acc‘(:)rding toiith?tgisclosu[ie. 10 [0036] It is [urther S ecific
subject-matter of the présent™distiosuré 4 system for fiminating f21I88 Meue S SSR 63K ¢6de tracks
on a radar display created by=radahesdrestondisgaconsaguence of false replies, the system being
characterised in that it comprises means to execute the method according to the disclosure, the
system comprising: a railar extractorg thelpiding. elegiienidumneans egabpignt iteeeariomdisteps A, BO-B3,
D: & radar tracker, including gleeUonigmeRNS LONTIRLLQ REURIMS1GHS Bl A0ST e, detalls of
one or more embodiments of the disclosure are set fofth in‘the accompanying grawmgs and the
description below. Further erfiisoaientggipPthe disclosure will be apparent from the description and
drawings, and from the claims. BRIEF DESCRIPTION OF DRAWINGS [0038] The accompanying
drawings, which are incBiporatediiatbarrdredasitate ta panadfittisckpedificatioh sildstreitebdrie or more
embodiments of the present 51@%9%@0@@9349&9@%%%@@tg%gg‘p@%@ gsgg@q]@%gm?diments,
serve to explain the principles and implementations of the disclosure. 100391 Fig. I shows the
oo o S e G s L ALTE AU
example of raw video without landing target (a) can and with take-off target (b, c, dO and 3]; 100411

Fig. 3 shows an examplé#tgechsetivasy assiar eorolevihes I oy 2190 2t i8R GRF Eafkst
hypothesis about the pagitign®tthe milectersindhadaw wideg ok Fige a4l igs2 Frowsa second

hypothesis about the position of the reflectors in the raw 11 video, of Fig. 3; [0044] Fig. 6 shows a
third hypothesis about (& BB 8Y R Ve ALEABFE T e PR Dol P 5

C.  With respect to the all tracks of step B4, determining, by means of the radar
tracker, false tracks and relevant initial points (in fact, the radar tracker
determines the presence of false tracks by using several criteria, the disclosure
method concentrating on avoiding to initiate false tracks and not on the

particular method of discovering false tracks, which can vary with the progress

in the field);

D. On the basis of the initial points of the false tracks determined in step C,
calculating the probability of presence of said false replies in the cells

corresponding to said initial points and updating the raw video map of step A,
E.  Repeating steps B-D.

[0024] A scan of the radar is the detection of the radar detection in a certain time

window.,



[0045] Fig. 7 shows an "RVM" updating in the case of the second hypothesis illustrated in Fig. 5;
[0046] Fig. 8 shows an example of false tracks calculated on the basis of the replies time correlation
and the duration of the track (which is evolving along time without geometrical criterium); [0047] Fig. 9
shows an example of false track calculated on the basis of the time correlation and duration of the
track (which evolves along time with the geometrical criterium which is specular to another track);
(0048] Fig. 10 shows a block diagram an embodiment of the system according to the disclosure;
[0049] F g.s | 1 a-neshsprihe depaating af the RV mapascardingntothadiselosuremethogle [0050] In
the system accordipg,iq an ambpciment I acgordange wih e disdlosure, e alqarith o, reflections
elimination is based on the coritrol of: mode S addfess or 3A'Cods of the Gircrafts, and reciprocal
position of the ancraftdawith @grabmode S address or 3A code. [0051] Therefore the algorithm is
based on the mode S address or 3A code that is the only information that is present in all the mode S
or 3A code replies|tg2t) & follovainglvyecwillarefer mamnlB4o the nhodbdos] simcevit igthewachaal gtandard on
European sky, but meds e A 116 ikaJs saupb pasaRle iR (e.Hisdasnie.[08e2l g solution

according to the present disclosure is that of cancelling one o wo tracks according to an
exemplary proces$@estiiedirctiaidanebarigty [00Bsienae phspdsiad ereniprat weitisen isotfiat of using
the raw video trangfojiedyinto, digitalfarmetagetbewithar-sgl-ef Rradefingedeciaianiiwgadn order to
charge automatically a reflectors map. [0054] Such an algorithm, moreover, will be able to integrate
the ADS-B reportsf8$Hgtividuate the real position of the target and automatically construct (and keep
up-to-date) the reflectors map. [0055] For the sake of explanation completeness, ADS-B, Automatic
Dependent Surveilffdd AeiUatEakt, 184eb-Bperhtivete e J6F et trdFB By falfieATC)
particularly useful foitithies Wentiiichiionf aikerafis and-veticie sofbte dipahgiguadstadhe viewpoint
of traffic managemq(r)lttsin t1 eu%é;'i o ,iagd t%l%\s/%ij %ossiballgeiggrlgssi%nsﬁi]n cti e absel ceO%f 1})/iﬁlbi(l)i}y or traffic
congestion. Each Bircraitis proviéllec?m a mode gn%fgansponéer fhat s able to calcufate s own GPS
position and to semeieperiodidatiyeirithedthaleihisaishe Bway that special receivers of ADS-B typology
be able to identify the position of the transmitting target. 10056] The replies sent by each aircrafts
within the observatidl&imewidogwidefintt:byetheazimithapapertudeddtre, afite nrevarddntégrated
(correlated) in azimuf inialine d sencallad Biok (WRiaeiomhY e FAIIRSBPRAS NG RGRIons of a
possible target at a certain time instant. [0057] Time sequences of plots Showing a geometrical
correlation complyi§hinithedbeaisikiriain 2iebppiciprdspare gty dte ¢ sHtb Lo caledatehere", which
present themselveggnikevigeae-ak the controller as symbols positioned in certain points (to which
kinematic and identity information are associated). [0058] Fig. 2 represents the case of reflections
connected to the presence of aigngar and tower iban eperatiye site. 100591 The white lines on the

11

RMM ("Radar Maintenance Monitor") display represent

wherein:

= Nican with refleciion 18 the number of radar scans for which false tracks have

been determined in the cell in step C;
- Nyan ror 18 the number of multiple radar scans;

- Py indicates the power of the signal received from the i-th reply falling in
the cell, with i=1,...k where £ 1s the total number of replies in the cell and

depends on the geographical extension of the same cell;

- Pyayindicates the highest power receivable from the cell,



13 the ALL CALL replies (in the mode S standard the replies are not addressed, and in this case they
are called "ALL CALL", or they are selective, and in this case they are called "ROLL CALL") received
by the radar by taking-off aircrafts (according to ICAO, Annex 10, Vol. IV, the aircraft on the ground
should not emit ALL CALL replies, but even in this case, as fgr the mode S address and the Call Sign,
there are many cases in which the international standard is not fully respected; since the mode S
replies are longer than the conventional ones and, with respect to them, they transport a larger
energetic contributiand Ridve{ Pulsadiesiian Madpatienitjonededatidminiteaphot andplitute
modulation), the presence of so many replies in a complex environment like an airport implies serious
degradations of thejgneiall peraignancadhdhespenser) tackertallyiasingle targetwating of the

runway generates very much replies (Fig. 2 (c)),that are absolutely false and frequently generate plots
and. 1 some caced TAIEEH AR SO0 RGP L T o8 O o e PRt
contribution of the regliese{bfthe level of raw video, i.e. before the process of the extraction of the
plots) with the aim of calculating the position of the reflectors. The presence of ADS-B reports, if
available, will allow to facilitate, thé &rfalysis process, otherwise it will be effectuated a geometrical
analysis of the distribution of the replies and will be compared with the plot (or the plots) extracted by
the radar sensor. Thecpessibility offigorielaagateang time the moving of the plots, their place of origin
and average duration of the tracks generated by them will allow to understand whether the plot is
relevant to a reflectigner AldR61 Mdiercape:the desisienidlistrilertian s Bkenr satgfleotors map is
updated automatic .ILy in order t? avaid the ﬁjnablin of the}'gnizializatio ofr(%lhe track ip th}aéya.rjea.
10062] The first stép It THE ProEeSEAEHMHIRY (& tdﬁ%%}osu‘rse%‘ée%ﬁ%"gé"’d etricdiTaentification of
"clusters" having theérsainesmode StA detreds, drd. setsadfgeplisledhat areudosty toeatiedtioehin azimuth
and range, accordiggitgcgc% etf(iqﬁlgkglg)g\g@gtrical 14 criteimm (Fig. 2). 100631 Subsequently, the
clusters will be associated to the plots having the same mode S address (Fig. 3), because, clearly,
here one proceeds to the iden_l' ip;l}iqn %ea true. rcraft among tracks having the same mode S
address, otherwise the distinction is imimediate. [00641 The so found clusters are reported on a map
(Raw Video Map, RVM) that is sub,pljyid%d into cells.of predefinable dimensions, each one delimiting a
zone wherein the target can B}ﬁfep?éséﬁlt. The ln?é)lﬁj provides therefore a spatial localisation of all the
replies of the target. To each cell, one will associate a Parameter of energy level which is determined
by the intensity of th&@s&lical syl SRR s £aH8 con. Aoty mseirditaeahpasHAL infa cell will

be analysed on the hagis:ebihe kinematigRvotution.althe kacls horasampledias grigjaaean be the
following: tracks that evolves during time in a randomic way without geometrical criterium; this will be a
false track (see cal¥ SPEROLESEPIRL BYBREE dOrMY e ife dolsBMetieAIces &AM that is
specular to anotherriraickiciiyisr ehdecpaisenthersbierigsistepetdisatide Jalser onek 1ROBERhThantfitarium can
also be a manual entﬁg/ by the ogeratqri. Thencgell Wi|t| beéJgdate_d ?ccordinogl%..ln the example of Fig. 3,
the two groups of rEpHeS PAKE 5 genaPste Rl e S resh STy pibt arie on & SR ABHE Rse one.
The group of repliescianstééd, desramdt generate any plot. In this example one supposes that the plot
generated by the replies group | be representative of a true aircraft. 100671 The algorithm will take into
account all the pogsiskities,ccerdfygpothasisel {kigetd)f the pletcgererateddyitheseplias gadup | is the
true one: hypothesis 2 (ig, 2 e plot generaled by e Foplss rauR 2 i le e ang; fypomesis 3
(Fig. 6): the two plots are 6th ones true.

track being determined when a track:

- has an unsteady trajectory defined by a variance of the range and/or azimuth

speed larger than a pre-defined threshold;

- is chosen out of two tracks having the same Mode S address and manoeuvering

at the same time, wherein manouvering condition is estimated according to the



15 100681 Making reference to Fig. 7, consequent to the above-mentioned analysis, the
above-mentioned RVM map will be updated, and, to each one of its cells, associated the following
information: - probability of presence of a reflector; - origin position of the reflection. 100691 The
probabilistic contribution will be for example obtained by using the ratio: E {irx * Nscan la reflection
PAIAX * NSCOR TOT} wherein: Nscan will, reflection is the scans amount during which replies
extractions occur; Nscon 70T is the total scans amount; Pik indicates the power of the signal received
on the i-th reply falling in tinat;mibwﬁti&ﬂéy cﬁtwﬂefeakti&theﬁﬁaal fuwnhensf caplingip theefeand
depends on the geographlc I ext nS|on Ele %I;r%)lf@tl Q\d]%%at s()theecn}@l%mum obtainable
power from that distance & ens |vet'y ro]I1 IS corr dcby the extractor, therefore

the system according to the disclosure will not ne d to be confiau ed to tak it into 1); E{}
indicates the operation of avetag e?f&?té TFoh heTepha esalﬁrﬁféjtﬁlc%%?% %’%%’ ing so, the
proability of having a reflecthvammkiatisaedsldm datgxmm&bhdﬂh&bgamevnhnibéalgémﬂegudrmnletected

and the average power of thelgs&gggég received in that cell, Therefore, making an example, if within 10
scans 1 reflection is detected and the average power of the received signal is equal to the maximum

power as obtainable 16 from pat d'Stfhnj ctkh gs%%t?fnl't fhh?v'ngrac'ﬂ?ﬁr Ilelgnr&ef (FC'[IOFI will be of 10%.
If instead, within the samé 10'sCans a ref een generated by very weak

ection is detected utt IS has
signals with respect to the maxjmum theo etlcaIIy obtaina Ie the bability wé[e

introduction of a weight tﬁaﬂ ?t?ﬁé"ﬁc ERUPAVSEINSONEYS lfﬁgl aralfoivs beéﬁs-{gfe the
effects due to double refledtichn thithudutalinbalameinenshie atgenithendtowards deC|S|ons of excessive
cancellation and moreover it provides an adaptivity level to moving reflectors whose displacements are
comparable to the observatiansting (farspxamplehmemogerana tieeshHaaYe dnuyviddrefecker

about which one of the tracks are false tracks.

[60832] According to another aspect of the present disclosure, during step D, the radar
tracker communicates the initial points of the false tracks individuated in step C to the

radar extractor, which carries out the calculation of probability of presence.

[0033] According to another aspect of the present disclosure, during step A, when the
system ADS-B is at disposal, in case an ADS-B plot is present which is correlating in
position with a SSR plot, all the remaining plots will be marked as reflections and the

relevant cells of the raw video map will be marked with probability 100%.

[6034] Tt is further specific subject-matter of the present disclosure a computer
program characterised in that it comprises code means conFig.d to camry out, when
operating on a computer, step A-E of the method for eliminating false Mode S SSR or
3A code tracks on radar display created by a radar extractor as a consequence of the

false replies, according to according to the disclosure.

0635} 1t is further specitic subject-matter of the present disclosure a memory medium
readable by a computer, having a program memorized on 1t, characterised in that the

program is the computer program according to the disclosure.



[0071] The total scans number will be sufficiently higher than the time of permanency of an aircraft on
the strip in order to decorrelate the observations (e.g.: Nscan TOT: 250 scans). [0072] The algorithm
according to the disclosure will take into account this probability in order to avoid the initialisation of a
track that originates in a cell with high probability of false alarm, or to delay such an initialisation.
[0073] The origin position of the reflection will be evaluated on the basis of the assumed hypothesis, in
the case of Fig. 3 it will be that corresponding to hypothesis I. Obviously the RVM maps become
therefore N, where Nos6l)catesithexdiuspbetiofspractioante hypathesis sStadingdam the stating
geometrical situation,. 0074}]}; is is,an i tant effect in the present disclosure, that allows to keep
only the true tracks,&élr%’én%? éhl&ssgn]?[eo |?nge]§t§éeofr:3t% 5%%:%%%% %E gl%%%n(gs ?&(\)irf (?Eﬁ(gégt?nré(%} the RVM
map, updating that wiltalowadetteeressgrififidsofthiécsubsetsient hauks 075} del dagbadife has at
disposal the ADS-B gysfeny themihe pasitian issathwthe-aitsraftanddhizalions tddeniity
immediatly the clusters generated by reflection and therefore to update |mmed|ateiy the map. Itis here
to be recalled that tA&RBSE is an system alternative to the secondary radar, is dependent from the
GPS system, with all the corresponding drawbacks. 17 [0076] In case a plot ADS-B is present that is
correlating in position with-a 3SRigslextallitherelrbnginly oot ralied wsrrsfeetiorrs dnd the
relevant cells of the RVM mapwithbg.marked with probability 100%. [0077] The presence of a ADS-B
plot eliminates therefore all the RVM maps in the discarded hypothesis, therefore, as a matter of fact, it

simplifies very much the imp's%ﬂgsé};g%ﬁemctmail{%@?eargaj@&@4995%&1%9@'& AliamAGERIGAg to the
disclosure. The SIR-S extracts the ADS-B report. [0078] Finally the output of the operative tracker will

be projected onto the maps and, on the basis of predefined set of rules (tracks evolving in

randomic/specular manner etc.) will be decided whether the track was a reflection or not. [0079] In the
example of Fig. 8, a0abjddrsianting onctiae muieybgémersies réflatsipgrspesthgheethestimate

of a standing vehiclg.isspibigatediavery high eerarscHhridiltasdbat inhibits thednizializatignef new
tracks and is based on the minimal speed does not become operative, and a track is generated, which
follows a randomic Pt TEaNYORSAPBUERRIAE) URASHHERD e drRHe T tion GediiBses replies
contributions and the plot dies. The lifes of the truck, as measured in a number of scans, and the
kinematic randomnBEEADES¢AUE 21 DA A ck. [0080] In the example of Fig. 9, instead, a
flying target effectuates a manoeuvre but a reflector generates a target having specular or
quasi-specular kindA938t Bratercanstrsc[dosIpEyERIA tisieagaciuedafitriad eraekiwillbeerminated

after few scans, i.eo AgisQpiL @2 dfienCAnditions Rf Jefligetionnvilibaaonradapkinsbasavseofdhe aircraft
movement. The analysis of the track path wi&?’ respect to the ori%ina! one will be ilq%icator,s of the
presence of a refletEAFARRHE AHEERAACN AT EREHGTIOR e betdre) {GEBIT LS a8 the ADS-B
report will allow to eritifylemambiguadsty thekruedarget from the false one. It is clear that the system
of the present disclosure will apply 18 conveniently to the case in which the ADS-B reports are not
always available, offEs9yiEg thel@cogiaitiomn ¢ dnambigusus. {QQ83ddTibeat antpaiistonbebdesn the
RVM and the "rule-based" remarks on the tracks will allow the identification of the reflection and

cancellation thereot or 0 iNdicates that it deals with the reflected track (red arrow in Fig. 10). Detailed
example

L.'... uhY2

[0040] Fig. 2 shows an example of raw video without landing target (a} can and with

take-off target (b, ¢, d, and d);
[0041] Fig. 3 shows an example of geometrical analysis of the row video;

[6042] Fig. 4 shows a first hypothesis about the position of the reflectors in the raw
video of Fig. 3;

[0043] Fig. 5 shows a second hypothesis about the position of the reflectors in the raw



100841 This example describes the operating steps of the method according to the disclosure in a
realistic scenario. 3.1RVM description - scenario definition [00851 The scenario is outlined from the
"radar point of view", therefore radar extractor output is described in the following for several scans.
Tracker output is described in terms of tracks, assuming that; - The track initiation threshold is set to 2
(two plots needed to initiate a stable track); The track termination threshold is set to 2 (two consecutive
missings to terminate a track). 100861 The exemplary results during the steps of radar recognition
(which are given as@pubtrthesdisclosure method) are for example as follows: Radar Scan O - Radar
radiation is switched on; 19 Radar Scan 1 - Radar extracts two "real" plots (namely PAT and P81),0

plots generated by foe4detastioniehrealtageisAndisRosar®eamriorRadas exrRels wamdreal" plots
(namely PA2 and P82), ag in generated by the detection of real targets A, B. Radar Scan 3 - Radar
extracts three plots {(amely PA3, P83 and PAR3) PARS3 is the plot generated by a reflector upon
reception of the signal coining from target A. Radar Scan 4, 5, 6 - Radar extracts three plots all

correlating from a ki&HEEEpSiIntSFSiel ahd YheFofbiddciBatliig @ ack. Badsoadl dnertesiRadar

extracts only two plotsstRedan Bgam, 9 - Tracker terminates the track given by PAR plot sequence
informing the radar extractor that it was a false track (i.e.: matched one of the false track identification

criteria). [0087] Thejdolieying tablessuimraaiisss tanocadu eaniihhe sasulivefithe exampie, Radar
Scan Plot Output Tgacker @) tp

ut . . . . .
mme correfation and the duration of the track (which is evolving along time without

geometrical criterium);

[0047] Fig. 9 shows an example of false track calculated on the basis of the time
correlation and duration of the track (which evolves along time with the geometrical

criterium which is specular to another track),

[0048] Fig. 10 shows a block diagram in an embodiment of the system according to

the disclosure;

[6049] Fig.s 1la-n show the updating of the RVM map according to the disclosure

method.

{0050] In the system according to an ambodiment in accordance with the disclosure,

the algorithm for reflections elimination s based on the control of:
— mode S address or 3A code of the aircrafis, and
- reciprocal position of the aircrafts with equal mode § address or 3A code.

[0051] Therefore the algorithm is based on the mode S address or 3A code that is the
only information that is present in all the mode S or 3A code replies. In the folowing
we will refer mainly to the mode S, since it is the actual standard on European sky, but

mode 3A and the like is equally possible within the disclosure.

[0052] The solution according to the present disclosure is that of cancelling one of the



Radar Scan 0 No plots No tracks Radar Scan 1 PA and PB No tracks Radar Scan 2 PA2 and PB No
tracks Radar Scan 3 PAP83 and PAR3 TA and Radar Scan 4 PA4, Pe4 and PAR4 TA and TB Radar

Scan 5 PAS, PB and PAR4 TA, TB and TAR 20
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two tracks according to an exemplary process described in the following.

[0053} The proposed exemplary solution is that of using the raw video transformed

inte digital form, together with a set of predefined decision rules in order to charge

automatically a reflectors map.

[0054] Such an algorithm, moreover, will be able to integrate the ADS-B reports to

mdividuate the real position of the target and automatically construct (and keep up-to-

date} the reflectors map.

{0055} For the sake of explanation completeness, ADS-B, Automatic Dependent
Surveillance - Broadcast, is a co-operative technique for the control of air traffic
(ATC) particularly useful for their identification of aircrafts and vehicles on the airport
grounds in the viewpoint of traffic management in the airport and to avoid possible
collisions in the absence of visibility or traffic congestion. Each aircraft is provided
with a mode S transponder that is able to calculate its own GPS position and to send it
periodically 1n the ether in such a way that special receivers of ADS-B typology be

able to identify the position of the transmitting target.

{0056] The replies sent by each aircrafts within the observation time window defined
by the azimuthal aperture of the antenna are mtegrated (correlated) in azimuth to
define a so-called "plot" (detection) which corresponds to the positions of a possible

target at a certain time instant.

10057} Time sequences of plots showing a geometrical correlation complying with
certain kinematic principles are aggregated into so-called "tracks", which present
themselves on the video of the controller as symbols positioned in certain points (to

which kinematic and identity information are associated).

[0058] Fig. 2 represents the case of reflections connected to the presence of a hangar

and tower in an operative site.

[0G59] The white lines on the RMM ("Radar Maintenance Monitor™) display represent



Radar Scan 6 PA6, P86 and PARG6 TA, TB and TAR Radar Scan 7 PA and P87 TA, TB and TAR
Radar Scan 8 PA7 and P87 TA, TB and TAR Radar Scan 9 PA and PB TA and TB Radar Scan 10
PA7 and PB7 TA and TB r Radar Scan ii A'and PB TA and TB Table 1
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the ALL CALL replies (in the mode S standard the replies are not addressed, and in
this case they are called "ALL CALL", or they are selective, and in this case they are
called "ROLL CALL"} received by the radar by taking-off aircrafts (according to
ICAO, Annex 10, Vol. 1V, the aircraft on the ground should not emit ALL CAILL
replies, but even in this case, as for the mode S address and the Call Sign, there are
many cases in which the international standard is not fully respected; since the mode S
replies are longer than the conventional ones and, with respect to them, they transport
a larger energetic confribution (PPM ("Pulse Position Modulation") modulation
instead of amplitude modulation), the presence of so many replies in a complex
environment like an airport implies serious degradations of the overall performance of
the sensor). Incidentally a single target waiting on the runway generates very much
replies (Fig. 2 {c)) that are absolutely false and frequently generate plots and, in some

cases, false tracks.

[0060] The proposed algorithm will analyse the information contribution of the replies
(at the level of raw video, i.e. before the process of the extraction of the plots) with the
aim of calculating the position of the reflectors. The presence of ADS-B reports, if
available, will allow to facilitate the analysis process, otherwise it will be effectuated a
geometrical analysis of the distribution of the replies and will be compared with the
plot (or the plots) extracted by the radar sensor. The possibility of correlating along
time the moving of the plots, their place of origin and average duration of the tracks

generated by them will allow to understand whether the plot is relevant to a reflection

or not.

[0061] In the case the decision of "reflection” is taken, a reflectors map is updated

automatically in order to avoid the enabling of the inizialization of the track in that

area.

[0062] The first step of the process according to the disclosure is the geometrical
identification of "clusters” having the same mode S Address, i.e. sets of replies that are

close to each other in azimuth and range, according to a predefinable geometrical



3.2RVM description - RVM size [00881 Now the creation and updating of the RVM map according to
the disclosure is described. [00891 Let's represent the RVM maps evolution in the aforementioned
scans. In Fig.s 1 la-1 In only for drawing simplicity RVM is depicted as a 3x3 matrix. In real cases it
would represent the whole airspace covered by the radar, thtla efore, assuming a 256 Nautical Miles
(NM) over 360 with a range resolution of R. = 30m and an azimuthal encoding of 12bit (212 = 4096),
the RVM would have: 256*1852 / Rr rows, where 1852 is the conversion factor from NM to meters;
212 columns, eachgpbumn fegresenting an azimuthal step of 0.08. [00901 Since reflectors may
change position or disappear (mobile cranes, environmental conditions due to snow), an algorithm is

needed that allows iR UM deyioRgethiwvhishis.alsacalied RMMidisshanoedhnfalse traaks
position. 21 100911 This is achieved by averaging the cluster received power value to be stored in
each cell of the RVMAIRThE Bne alf R pFLlgeit FFtR&EelTerRali& HEiAdmBertng Aol alue
stored in the RVM iihaéll-and gelevienhioithalscanscumpddensSladPetheopewaky dlaelfamet i ster
received in the curr%%g%ﬁg@ in the i-th cell; P," the power value stored in the RVM at the current scan
in the i-th cell; 1009 en the following is performed: If Pr> Pel'l 4 P," = P, Else P12 =cz P ( a)

131-1 [0093] Note lue (£1) determines the "memory" of the method gccording. to the
disclosure about céﬁ@\ﬂ%esﬁg\cfv%r tﬁ}g %1% dences te(e(13 ?élls%nfggc f}‘r‘ﬁ{tiﬁ%ﬁ Bﬁ}& a%%& gla\l;allsue is
configurable to meetlidafficdensity/lenvircdrenbehdinging rmitesic o[04 Tk follond nghtable gives

the results in a spegifi,easedpne 7AdWhee Aa0eRdheRa R0 RIgnalisitesriyed i the i-th cell

(scan 3to 5 and 12 to 16). Values are %iven in percentage of the maximum power value (typically 22

dbm). The table aldBPfSidedafgcvallit FrbseneaniNglieHedeithr dIrtrafoRbRrREEPATEYraph. 22

a which is determined by the mtensity of the replica signal(s} within the same cell.

{0065] The tracks appearing in a cell will be analysed on the basis of the kinematic

evolution of the tracks. For example, the criteria can be the following:

- tracks that evolves during time in a randomic way without geometrical

criterium: this will be a false track (see case of Fig. 8);

- tracks that evolves during time with a geometrical criterium that is specular to

another track: in such a case the shortest track is the false one.

[0066] The criterium can also be a manual entry by the operator. The cell will be
updated accordingly. In the example of Fig. 3, the two groups of replies 1 and 3
generate two corresponding plot, a true one and another false one. The group of replies
2, instead, does not generate any plot. In this example one supposes that the plot

generated by the replies group 1 be representative of a true aircraft.

[0067] The algorithm will take into account all the possibilities, i.e.:
- hypothesis 1 (Fig. 4): the plot generated by the replies group 1 is the true one;
- hypothesis 2 (Fig. 5): the plot generated by the replies group 3 is the true one;

- hypothesis 3 (Fig. 6): the two plots are both ones true.



ar Scan 0,40 0,01 Pr Pm-1 Pmn 1 0,00% 0% 0,00% 2 0,00% 0% 0,00% 3 20,00% 0% 20,00% 4
20,00% 20%
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{00681 Making reference to Fig. 7, consequent to the above-mentioned analysis, the

above-mentioned RVM map will be updated, and, to each one of its cells, associated

the following information:
- probability of presence of a reflector;
- origin position of the reflection.

[6069] The probabilistic contribution will be for example obtained by using the ratio:

E {10] RX an with reflection /P MAY *NSCE‘N TO']'}

wherein:

= Nican with reflection 15 the scans amount during which replies extractions occur;
= Niean vor 18 the total scans amount;

- Py indicates the power of the signal received on the i-th reply falling in
that cell, with i=1,...&k where £ is the total number of replies in the cell and

depends on the geographical extension of the same cell;

- Puay indicates the maximum obtainable power from that distance (the
“Sensitivity Time Control”, STC, is corrected by the extractor, therefore

the system according to the disclosure will not need to be configurated to

take it into account);

- E{} indicates the operation of average effectuated on the replies in a

particular cell.

[6070] By doing so, the proability of having a reflection in that cell is determined both
by the number of reflections detected and the average power of the signals received in
that cell. Therefore, making an example, if within 10 scans 1 reflection is detected and

the average power of the received signal is equal to the maximum power as obtainable



20,00% 5 20,00% 20% 20,00% 6 0,00% 20% 12,00% 7 0,00% 12% 7,20% 8 0,00% 7% 4,32% 9
0,00% 4%
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from that distance, the probability of having another reflection will be of 10%. If
instead, within the same 10 scans a reflection is detected buf this has been generated
by very weak signals with respect to the maximum theoretically obtainable, the
probability will be lower. The mtroduction of a weight that is linked to the average
power of the signal allows to compensate the effects due to double reflection without
unbalancing the algorithm towards decisions of excessive cancellation and moreover it
provides an adaptivity leve! to moving reflectors whose displacements are comparable

to the observation time {for example: moving crane, trees moved by wind etc.).

{0071} The total scans number will be sufficiently higher than the time of permanency
of an aircraft on the strip in order to decorrelate the observations {e.g.. Nscan TOT:

250 scans).

[0072] The algorithm according to the disclosure will take into account this
probability in order to avoid the initialisation of a track that originates in a cell with

high probability of false alarm, or to delay such an initialisation.

[0073] The origin position of the reflection will be evaluated on the basis of the
assumed hypothesis, in the case of Fig. 3 it will be that corresponding to hypothesis 1.
Obvionsly the RVM maps become therefore N, where N indicates the number of

practicable hypothesis starting from the starting geometrical situation.

[0074] This is an important effect in the present disclosure, that allows to keep only
the true tracks, and at the same time take into account the false ones for the updating
of the RVM map, updating that will allow a better recognizing of the subsequent

tracks.

[6075] In case one has at disposal the ADS-B system, then the position is sent by the
aircraft and this allows to identify immediatly the clusters generated by reflection and
therefore to update immediately the map. It is here to be recalled that the ADS-B is an
system alternative to the secondary radar, is dependent from the GPS system, with all

the corresponding drawbacks.



2,59% 10 0,00% 3% 1,56% 11 0,00% 2% 0,93% 12 30,00% 1% 30,00% 13 30,00% 30% 30,00% 14
30,00% 30%
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[0G76] In case a plot ADS-B is present that is correlating in position with a SSR plot,

all the remaining plots will be marked as reflections and the relevant cells of the RVM

map will be marked with probability 100%.

[0077] The presence of a ADS-B plot eliminates therefore all the RVM maps in the
discarded hypothesis, therefore, as a matter of fact, it simplifies very much the
implementation and the impact of the algorithm caleulation according to the

disclosure. The SIR-S extracts the ADS-B report.

0978} Finally the output of the operative tracker will be projected onto the maps and,
on the basis of predefined set of rules (tracks evolving in randomic/specular manner

etc.) will be decided whether the track was a reflection or not.

[0079] In the example of Fig. & an object standing on the taxiway generates
reflections. Since the speed estimate of a standing vehicle is subjected to very high
errors, the filter that inhibits the inizialization of new tracks and is based on the
minimal speed does not become operative, and a track is generated, which follows a
randonuc path (Randomic Path Rule). Afterwards, it exits the reflection area, loses
replies contributions and the plot dies. The lifespan of the truck, as measured in a

number of scans, and the kinematic randomness will be indicators of a reflected track.

[0080] In the example of Fig. 9, instead, a flying target effectuates a manoeuvre but a

reflector generates a target having specular or quasi-specular kinematic characteristics.

[0081] Even in this case the reflected track will be terminated after few scans, i.e. as
soon as the conditions of reflection will become lacking because of the aircraft
movement. The analysis of the track path with respect to the original one will be

mdicators of the presence of a reflected track (the false track will extinguish itself

before).

[0082] Here also the ADS-B report will allow to identify unambiguously the true

target from the false one. It is clear that the system of the present disclosure will apply



30,00% 15 30,00% 30% 30,00% 16 30,00% 30% 30,00% 17 0,00% 30% 18,00% 18 0,00% 18%
10,80% Table 2 3.3RVM description - False track communication
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conveniently to the case in which the ADS-B reports are not always available,

otherwise the recognition is unambiguous.

[0083] The comparison between the RVM and the "rule-based" remarks on the tracks
will allow the identification of the reflection and cancellation thereof or to indicates

that 1t deals with the reflected track (red arrow in Fig. 10).

Detailed example

[0084] This example describes the operating steps of the method according to the

disclosure in a realistic scenario.

3.1 RVM description — scenario definition

[0085] The scenario is outlined from the “radar point of view”, therefore radar
extractor output is described in the following for several scans. Tracker output is

described in terms of tracks, assuming that:

— The track mitiation threshold is set to 2 (two plots needed to initiate a stable
track);
— The track termination threshold is set to 2 (two consecutive missings to

terminate a track).

0G86] The exemplary results during the steps of radar recognition (which are given as

mpui to the disclosure method) are for example as follows:

Radar Scan (0 — Radar radiation is switched on;



100951 In the aforementioned scenario, we have assumed that a false track is initiated and terminated
in the same cell. Of course this will not be always the case in real life application. Therefore, according
to the disclosure, in the real life application the radar tracker shall inform the system about the
"initiation” position of a track that has been identified as false, (and possibly even the series of cells
crossed by the false track), i.e. that matches the false track identification criteria. 23 100961 Once a
track has been identified as false, tracker will communicate this occurrence to the system according to

the disclosure alonqrudih S@mmatmmtf@asamathemmﬁp@nma@ eell midl Be markedasislikely to

originate false tracks", el?g%w rﬁo{%%%%?r éi value W e set to a different value ar. Note it is
typically a, <ato inérease afa]o m memory 0 ﬁég?alsé rack. 10097] The followmg table illustrates

the difference whe valu |sa lied to the ¢ ‘ﬁ te tha trbe "decay" time of the average
power s longer thalk BEIrE™ 34 R8I GOVATS 610008 Bo e 50lBE50 Ot A7 1) i genericd
by the detection of real targets A, B.

Radar Scan 3 — Radar extracts three plots (namely P’ s Py’ and PARB). PAR3 is the plot

generated by a reflector upon reception of the signal coming from target A.

Radar Scan 4, 5, 6 — Radar extracts three plots all correlating from a kinematic point of

view and, therefore, creating a track.
Radar Scan 7, 8 — Radar extracts only two plots.

Radar Scan 9 - Tracker terminates the track given by Pagr plot sequence informing the

radar extractor that it was a false frack (i.e.: matched ome of the false track

identification criteria).

[0087] The following table summarises the procedure with the results of the example.

Radar Scan Plot Qutput Tracker Output
Radar Scan 0 No plots No tracks
Radar Scan 1 P,!and PB.1 No tracks
Radar Scan 2 P, and Py’ No tracks
Radar Scan 3 P.°, Py and Pap Ty and Ty

| Radar Scan 4 PA4, PB4 and PAR4 Ty and Ty
Radar Scan 5 P.’, Py’ and Pag” T, Trand Tag
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Radar Scan. 6 | Pa%, P’ and Pag” Ta Tzand Tag
Radar Scan 7 P, and Py’ T, Tpand Tap
Radar Scan 8 P, and Py’ Ty, Tpand Tax
Radar Scan 9 P, and Py’ | Ta and Ty
Radar Scan 10 | P, and Py’ Ts and Ty
Radar Scan 11 P, and Py’ Ty and Ty
%

Table 1

3.2 RVM description — RVM size

[0088] Now the creation and updating of the RVM map according to the disclosure is
described.

[0089] Let’s represent the RVM maps evolution in the aforementioned scans. In Fig.s
11a-11n only for drawing simplicity RVM i1s depicted as a 3x3 matrix. In real cases it
woudd represent the whole airspace covered by the radar, therefore, assuming a 256
Nautical Miles (NM) over 360° with a range resolution of R, = 30m and an azimuthal

encoding of 12bit (212 = 4096), the RVM would have:

e  256%1852/ R, rows, where 1852 is the conversion factor from NM to meters;

i . .
e 2" columns, each column representing an azimuthal step of 0.08°.

[0090] Since reflectors may change position or disappear (mobile cranes,
environmental conditions due to snow), an algorithm is needed that allows the RVM to

“forget” (which is also called “RVM discharge”) the false tracks position.
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{0091} This is achieved by averaging the cluster received power value to be stored in

each cell of the RVM with the one already present in the cell. That is, being:

o P/ the power value stored in the RVM i-th cell and relevant to the scans
up to n-1;
¢ P, the power value for the cluster received in the current scan in the i-th

cell;

e P the power value stored in the RVM at the current scan in the i-th cell;

[0092} Then the following is performed:

IfP,>P" > P'=Pp,

Else Prn = ¢ P+ (]_a) P;«”J

[0093] Note that o value (<1) determines the “memory” of the method according to
the disclosure about cell average power that influences the false track imitiation
probability. o value is configurable to meet traffic density, environment changing rate

efc.

[6094] The following table gives the results in a specific case for o = 0.4 when a 20%
and then a 30% signal is received in the i-th cell (scan 3 to 5 and 12 to 16). Values are
given in percentage of the maximum power value (typically 22 dbm). The table also

includes an o, value whose meaning is desciibed in the following paragraph.
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o 0,40
or 0,01
Scan Pr Prn-1 Prn
1 0,00% 0% 0,00%
2 0,00% 0% 0,00%
3 20,00% 0% 20,00%
4 20,00% 20% 20,00%
5 20,00% 20% 20,00%
6 0,00% 20% 12,00%
7 0,00% 12% 7,20%
8 0,00% 7% 4,32%
9 0,00% 4% 2,59%
10 0,00% 3% 1,56%
11 0,00% 2% 0,93%
12 30,00% 1% 30,00%
13 30,00% 30% 30,00%
14 30,00% 30% 30,00%
15 30,00% 30% 30,00%
16 30,00% 30% 30,00%
17 0,00% 30% 18,00%
18 0,00% 13% 10,80%
Table 2
3.3 RVM description — False track communication

[0095] In the aforementioned scenario, we have assumed that a false track is initiated
and terminated in the same cell. Of course this will not be always the case in real life
application. Therefore, according to the disclosure, in the real life application the radar
tracker shall inform the system about the “initiation™ position of a track that has been
identified as false (and possibly even the series of cells crossed by the false track), i.e.

that matches the false track identification criteria.
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10096} Once a irack has been identified as false, tracker will communicate this
occurrence to the system according to the disclosure along with its initiation position
and the corresponding cell will be marked as “likely to originate false tracks™. From
this moment on, & value will be set to a different value o, Note it is typically o, < o to

increase algorithm memory of the false track.

[0097] The following table illustrates the difference when the new o, value is applied

to the cell. Note that the “decay” time of the average power is longer than before.



Table 3 25 3.4RVM description - Cell reset [0098] The cell is "reset", i.e. it is marked again as
"unlikely to originate false tracks-, when the average power value decreases to 0. The following table
illustrates this procedure (the rows can be considered the final part of the previous table which has
been cut for illustration purpose): 767 0,00% 0% 0,01% 7682,00% 0% 0,01% 769 0,00% 0% 0,01%

770 2
e 040
or 01
Scan Pr PFrn-1 Prin
1 0,00% 0% 0,00%
b 08,00% 0% 0,00%
3 20,00% 0% 20,00%
4 20,00% 209 20,0005
5 20,00% 0% 20,00%
& 0.00% 20% 12,00%
7 0,00% 12% 1,20%
E 0,00% 7% 4,32%
9 0,00% 4% 2,59%
10 0,00% 3% 1,56%
11 £, 000 3% 0,93%
¥ 30,00% 1% 30,009
13 30,00% 30% 30,00%
14 30,00% 30% 30,00%
15 30,00% 30% 30,00%
16 30,00% 30% A0,00%
i7 0,00% 30% 18,00%
18 0,00% 18% 10,80%
18 D,00% 11% 10,69%
20 0,00% 11% 10,59%
21 0,00% 11% 10,48%
22 0,00% 10% 10,37%
73 8,00% 1% 10,77%
24 0,00% 108 10,17%
25 3,00% 10% 10,07%
25 0,00% 0% 9,97%
27 03,00% 10% 9.87%
p 0,00% 10% 9,77%
29 0,00% 10% 9,67%
30 0,00% 10% 9,57%

Table 3



0,00% 0% 0,01% 771 0,00% 0% 0,01% 772 0,00% 0% 0,01% 773 0,00% 0% 0,01% 774 0,00% 0%
0,01% 775

25

34 RVM description — Cell reset

[0098] The cell is “reset”, i.e. it is marked again as “unlikely to originate false tracks”,
when the average power value decreases to 0. The following table illustrates this
procedure (the rows can be considered the final part of the previous table which has

been cut for illustration purpose):

787 0,00% 0% 0,01%
768 0,00% % 0,01%
769 0,00% 0% 0,01%
776 0,00% 0% 0,01%
VL 04,00% 0% 0,01%
772 0,00% 0% 0,01%
73 0.00% 0% 0,01%
774 0,008 0% 0,01%
775 0,00% 0% 0,01%
778 0.00% 0% 0.01%
777 5,00% 0% 0,01%
78 0,00% 0% 0,01%
778 0,00% D% 0,01%
780 0,00% 0% 0,01%
781 G,00% 0% 0,01%
782 0,00% 0% 0,00%
783 4,00% 0% 0,00%
784 0,00% 0% 0,00%
785 0,00% 0% 0,00%
786 0,00% 0% 0,00%
787 0,00% 0% 0,00%
788 0,00% 0% 0,00%
788 0,00% 0% 0,00%

Table 4
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3.5 RVM description — Probability of false track

[0099] Finally, every time a new plot is sent {o the tracker, the system according to the
disclosure checks if the relevant cell has a probability fo originate false tracks and, if

so, informs the tracker to take this into account.

{00100] The tracker will then raise the initiation thresholds for that particular

plot in order to prevent false tracks creation.

[00101] Probability is calculated as a percentage of the average power stored in

the cell;

Pf,n — b P;—n

wherein b is a configurable parameter.

3.6 System behavior in the scenario,

[00102] Fig.s 11a-11n summanze the evolution in time of the RVM 3x3 matrix

as a consequence of the scenario above described.

[00103] In scan 1 (Fig. 11a) there is no plot, in scan 2 (Fig. 11b) P,' and Py’ are
the extracted plot, which persist till (last) scan 11 (Fig. 11n). In scan 4 plot Par’
appears and persist till scan 6 (Fig. 11g) when it is found that the track generated by

such a plot is found to be a false track.

[0G104] From scan 7 (Fig. 11h) on, the power of the third plot P Mf diminishes
(or in general varies) so that in scan 9 only the plots relevant to targets A and B are
initialised, while maintaining memory of the fact that in cell (1,3) a false frack (C)

appeared, according to the above description.
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[06105) The mnovation contribution of the algorithm according to the disclosure
lies i the proposed analysis technique: indeed 1t is not based only on the comparison
of replies, according to what 1s made by the extraction processes that are typically used
in the radar sensors, nor on the only "scan-by-scan" correlation, according to what the
tracking algorithms do, but on the global mformation from the extraction/tracking
process. Furthermore, the ADS-B contribution 1s also integrated, if present. Therefore
the algerithm is transversal with respect to the traditional architecture of the radar
systems and represents the application of a more general methodology of

characterisation of the surrounding environment.

[06106] Coming back on the method of above-mentioned document
US20020180631, even neglecting the problem of cancelling the aircrafts tracks
relevant to mode S with the same conspicuity code, such a method is based on the
estimation of the physical position of the reflector. However, an estimation made on
the basis of a single detection event relevant to a real target with respect to a reflector
would be different from an estimation of another event generated by the same reflector
but relevant to another real target, due to the actual different positions of the real
targets. Therefore there is a high uncertainty about the position of the reflector,
hindering an effective prevention of false tracks. This is why the present disclosure
does not attempt to estimate the actual position of reflectors, but concentrates on
determination of the probability to have false tracks within a predetermined area {cell),
irrespective of where the reflector is actually placed. This has the effect of a dynamical
monitoring (and then cancelation) of false tracks within short time spans even in the
case of imited air traffic to be monitored. Indeed, the prior art method fails to rapidly

calculate the reflector position where only few reflections occur (small airports).

(601687} The examples set forth above are provided to give those of ordinary
skill in the art a complete disclosure and description of how to make and use the
embodiments of the Mode S anti-reflection algorithm for eliminating false tracks due
to reflected replies in ground radar systems of the disclosure, and are not intended to

limit the scope of what the mventors regard as their disclosure. Modifications of the
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above-described modes for carrying out the disclosure can be used by persons of skill

in the art, and are intended to be within the scope of the following claims.

[601068] Modifications of the above-described modes for carrying out the
methods and systems herein disclosed that are obvious (o persons of skill in the art are
intended to be within the scope of the following claims. All patents and publications
mentioned in the specification are indicative of the levels of skill of those skilled i the
art to which the disclosure pertains. All references cited in this disclosure are
incorporated by reference to the same extent as if each reference had been

incorporated by reference in its entirety individually.

[66109] 1t is to be understood that the disclosure is not limited to particular methods or
systems, which can, of course, vary. It is also to be understood that the terminology
used herein is for the purpose of describing particular embodiments only, and is not
intended to be limiting. As used in this specification and the appended claims, the
singular forms "a", "an", and "the" include plural referents unless the content clearly
dictates otherwise. The term "plurality” includes two or more referents unless the
content clearly dictates otherwise. Unless defined otherwise, all technical and

scientific terms used herein have the same meaning as commonly understood by one

of ordinary skill in the art to which the disclosure pertains.

{00110 A number of embodiments of the disclosure have been described.
Nevertheless, it will be understood that various modifications can be made without
departing from the spirit and scope of the present disclosure. Accordingly, other

embodiments are within the scope of the following claims.

[8o111] The preferred embodiments have been above described and some
maodifications of this disclosure have been suggested, but it should be understood that
those skilled in the art can make variations and changes, without so departing from the

related scope of protection, as defined by the following claims.



Table 4 3.5RVM description - Probabil [0099] Finally, every time a new plot is sent to the tracker, the
system according to the disclosure checks if the relevant cell has a probability to originate false tracks
and, if so, informs the tracker to take this into account. 1001001 The tracker will then raise the initiation
thresholds for that particular plot in order to prevent fgJse tracks creation. [00101]Probability is
calculated as a percentage of the average power stored in the cell: Pp=b Prn wherein b is a
configurable parameter. 3.6System behavior in the scenario. [001021Fig.s 1 la-1 in summarize the
evolution in tipe, gf#e RVM 3x3 matrix as a consequence of the scenario above described. [00103]In
scan 1 (Fig. 11a) there is no plot, in scan 2 (Fig. 11b) PAI and P81 are the extracted plot, which persist
till (last) scan %ﬁﬂgcﬂa:l@ed? scan 4 plot PAR3 appears and persist till scan 6 (Fig. 11g) when iF is
found that the track generatecf by such a plot is found to be a false track. [00104]From scan 7 (Fig.

11h) on, the power of the third plot PAR3 dimjnishes (qr in general varies) so that in scan 9 only the
plots relevantfo &Iﬁé&dAft%fnalﬁiHi%uﬁﬁtigﬂ%%Mmlé matntaitg FEnEREks tre radadeirel (1,3) a
false track (Clappgirgds as¢ardingttciherabaymaeseipdiagdehce of false replies, i.e. replies

reflections against reflectors, a reflector being natural or artificial object different
from an aircraft target, the radar comprising the radar extractor and a radar tracker, the

method being characterised by the execution of the following steps:

A, Creating a raw video map, that is extended to the area covered by the radar and
is subdivided into cells of predefinable dimensions, each cell delimiting a
portion of the area wherein a aircraft target can be present, to each cell being

associated a probability of presence of false replies in such a cell;
B. For asituation corresponding to a scan by the radar:

BO. Identifying replies clusters, i.e. two or more replies sets closer to cach
other in azimuth and range than corresponding predefined threshold

values;

Bl. Associating to each cell of the raw video map a power level received by

the radar in the corresponding area portion;

B2. Extracting the plots, i.e. replies cluster average points determined in case a
replics set has a number of replies greater than a pre-defined threshold, by

the radar extractor;

B3. Sending the extracted plots to the radar tracker along with said probability

of presence of false replies in the cells to which they respectively belong;

B4. Caiculating, by means of the radar tracker, the tracks relevant to the plots,

updating the already existing tracks on the radar display and initiating new tracks



[00105]The innovation contribution of the algorithm according to the disclosure lies in the proposed
analysis technique: indeed it is not based only on the comparison of replies, according to what is made
by the extraction processes that are typically used in the radar sensors, nor on the only "scan-by-scan"
correlation, according to what the tracking algorithms do, but on the global information from the
extraction/tracking process. Furthermore, the ADS-B@ontribution is also integrated, if present.
Therefore the algorithm is transversal with respect to the traditional architecture of the radar systems
and represents the application of a more general methodology of characterisation of the surrounding

environment. 10018862& g @bARRENTRE B PSB! Hpevheldemicasy gacthndmsiyseherin80631,

even neglecting thq)]w@ygﬁy@ﬁf@@@g&@@gﬁ%@i{gﬁﬁ%égﬁh&g@lg}/@@bt@gpode S with the same
conspicuity code, such a method is based on the estimation of the physical position of the reflector.

However, an estimgi on t ' a single detection event relevant to a.real target with
respect to a r(;&fj?ectg\fI @vﬁoﬁg%%t J%&%r%ﬁ??&g%nogs#ﬁ?a‘%ﬁ %?%ﬁg%ﬁglrgé\?’gn{né%%sepate&dﬁ brf‘i%é same
reflector but relevatreeantilse tredistandet]l duatmnitiel aoingl;different positions of the real targets.
Therefore there is a high uncertainty about the position of the reflector, hindering an effective
prevention of false Gack® bhiskisMvibetheipiesomWisgasyredeesnakaiamplieesingals e actual
position of reflectors, btit concentrates on determination of the probability to have false tracks within a

predetermined are&C8IA ¥ PR RIRPBY iRl tHESShsE M isSaidudnlypiasliesTins thes sslseffect of a
dynamical monitoriag-(@peritien easselatian) ﬁﬂiﬁ@@&@@&&t&%@hﬁb&@@fwﬁé@rﬁ%% &¥enin the case of
limited air traffic to be monitored. Indeed, the prior art method fails to rapidly calculate the reflector
position wher@'onlx{f&ygaqﬁ{?%%g%%pur (small airports). [00107)The examples set forth above are
provided to give those of ordinary skill in the art a complete disclosure and description of how to make
and use the eﬁnt@]di %nts of the Mode S a?ti-r flection algorithm for eliminating false tracks due to
reflected repligs in-ground Tadarssy St&idof tHa ¢idd 1 183 B SR th debATMMIE R S cope of
what the invettershobgtr dad thaifotisclopuwelRodiicatibasafdec d8abairwascibastinages for

carrying out the q(iscl.?s re c ersons of rt, and are intended to be within the
{rack nih

n %e db ! $shl%jll in.the ; _
scope of the f6il6WIRG %’%Eﬁrﬁﬁ i@ﬁ@fﬁ'é&dﬂfﬁ@%’? DHERE Wl BEP AR foPEsfRfifg out the
methods and sf&tbms:picreiruidisaleddd that Bte obvious to persons of skill in the art are intended to be
within the scope of the following claims. All patents and publications mentioned in the specification are

indicative of the ionets@hskihahihese sl'edimitg aitlobich e diRelosuEe Reralng. Mldgferences

cited in this disclosure are incorporated by reference to the same extent as if each reference had been
incorporated By fefBresibinistar Bhtiretipteranagd dy todneosiviofdliserepiteistsds tvdtitivetbisclosure is
not limited to prrtichlanMeALB RS EIRUIRh BRNA SRS aNAdl 15 RIS IR Ygs stood that
the terminology used herein is for the purpose of describing particular embodiments only, and is not
intended to b&3it#ititig. As used in this specification and the appended claims, the singular forms "a",
"an", and "the" include plural referents unless the content clearly dictates otherwise. The term
"plurality” includes two of f¥dre Feferents unless e coitent glearly dictates otherwise. Unless defined
otherwise, all technical and scientific terms used herein have the same meaning as commonly
understood byaaeiaf ordinary skill in the art to which the disclosure pertains. [00110] A number of
embodiments of the disclosure have been described. Nevertheless, it will be understood that various
modifications can be mage without departing from the spirit and scape af the present disclosure
Accordingly, other embz\g??ﬁé”ﬁ S it met%\nélrgcgﬁé) ?ﬁégf%?%nﬁiggc%%%.%ﬁ%ﬁ ﬁséh%‘%ferred
embodiments have beebeghdetedranibadangi$onstembdifications of this disclosure have been
suggested, but it should be understood that those skilled in the art can make variations and changes,

without so departing-from the elaibe saaper of piotestiondassdgfined by the following claims. 29
CLAIMS What is claimed is: I. Method for eliminating false Mode S SSR or 3A code tracks on radar

display created by a radar extractor of 2 fadar as.g.consaduenc false replies, i.e.replies reflections
against reflectors, a refiector being natuéil or artificial %E?ect é}ﬁg(r%%? roﬁlnez%lhaﬁ%agf{atg{r%g%wthe radar
comprising the radar extigciel-aridha/rddarktrabiusr fisemdthddobeihg cHaxatterisethbydhieuakecution of

the following steps: depends on the geographical extension of the same cell;



A. Creating a raw video map, that is extended to the area covered by the radar and is subdivided into
cells of predefinable dimensions, each cell delimiting a portion of the area wherein a aircraft target can
be present, to each cell being associated a probability of presence of false replies in such a cell; B. For
a situation corresponding to a scan by the radar: BO. Identifying replies clusters, i.e. two or more
replies sets closer to each other in azimuth and rang&lthan corresponding predefined threshold values;
B 1. Associating to each cell of the raw video map a power level received by the radar in the
corresponding area portion; B2. Extracting the plots, i.e. replies cluster average points determined in
case a replies set has a%m%%?éﬁﬁ%@‘@?@é‘tépﬂﬁ%m wyraklefirea theeshold, by the radar extractor;
B3. Sending the extracted plots to the radar tracker along with said probability of presence of false
replies in the delid devbiclk {Heydespactivelyhetong;radn Catcutating, thy rephnsofithediadar tracker,
the tracks relevant to the plots, updating the already existing tracks on the radar display and initiating
new tracks 30 usifghene:QdonRne iack {ntiation theesholdrchessn ovihalasisPlsaidpighability of

presence of false replies calculated in step B3; C. With respect to the all tracks of step B4,
determining, RFPRERHE SHRESSeREs: i SacB cqlIkechisuiatedris reRsyasittass Al Shfrrerentoremechasis of
the initial poinis etthefalsm iacksidetermined in step C, calculating the probability of presence of said
false replies in the cells corresponding to said initial points and updating the raw video map of step A,
E. Repeating steps B-D. 2. Method according to claim 1, characterised in that in step B4 a track
initiation threshold is used, which is a pre-defined number of correlating consecutive plots, said track
initiation threshold being an increasing function of said probability of presence of false replies

calculated in step B3. 3:Klethdd according to claim 1 or 2, characterised in that the power level
associated to each cell in step B1 is deteimined by the intensity of the reply signal(s) within the the
cell, said probability of presence for the cell being calculated over multiple radar scans as: E {PiRx *
Nscan with reflection IPMAX * Nscan TOT} wherein: Nscan with reflection is the number of radar
scans for whichhfalse fracksddienbedneiarenined in the cell in step C; '

5. Method according to any one of the preceding claims, characterised in that in B1,
for each cell, the power level received in the current scan P, is averaged with a power -
level P already associated to the cell, and an averaged value P, is currently

associated to the cell, according to the following:
IfP,> P/ then P = P,
Else P, = o P, + (1-a) P,

Wherein o is a real number weight, equal for all cells, parametrising a “memory” of
cell average power that affects the one or more track initiation thresholds in step B4,
the value o being suitable to be pre-set to meet changing detection situations such as

traffic density and environment changing speed, and, once a track has been identified



Nscan TOT is the number of multiple radar scans; indicates the power of the signal received from the
i-th reply falling in the cell, withwhere k is the total number of replies in the cell and depends on the
geographical extension of the same cell; 31 P MAX indicates the highest power receivable from the
cell; And wherein ED indicates an average operation executed on the replies in the cell. 4. Method
according to any one of the preceding claim, characterised in that said probability of presence in each
cell is calculated as a percentage of the current average power stored in the cell Pr": Piet= b Pr"
wherein b is a configurable parameter. 5. Method according to any one of the preceding claims,
characteriseddh g it B8P for @ adeen e ssierasiErreeeirder; ﬁﬁdﬁeobmﬂ@ﬁt@éaﬁiwméha%raged

with a power ﬁ\éﬁtfrfr’ﬂt“ﬁl&%@é asspciated to the cell, and an averaged value Pr" is currently
associated to the ce accordlng to the foIIowmg If Pr? Pr'-1, then Pr" = Pr Else Pr* =a Pr + (I-a) P,"1

Wherein a is ber aI for | cells, ara etrlsm a "memo cell average power
that affects th '(i)n%t (f' a(c)?%%ﬁj ?narﬂ 1315 & %lla%e "G&YBY | @Wﬁﬁgsg({)gh%agt}ﬁéﬁ% 0 be

pre-set to medtmhadtglngad&ﬁemmmtlﬁﬂsesuehmsﬁaﬁiﬁ desisityfansk envinane eré-gbanging speed,
and, once a track has een id fled éﬁ as faI step C,.a value will be set to a different value a, <

ato increase a’fgorl m msgnt%ry 0 %m'tl%c eﬁ/l%fﬁao&accordlng to any one of the preceding

claims, characterised in that in step C the radar tracker determines false tracks on the basis of one or
more pre-defined critéfigraisedrabripenty defaradifedaniseianceratithehenngn andéesadintrdiectory

defined by a varlancepgg@hgré@pgﬁﬁg%gr_ %%t%§&%%fjd!arger than a pre-defined threshold;

- 1s chosen out of two tracks having the same Mode S address and manoeuvering
at the same time, wherein manouvering condition is estimated according to the
innovation energy criterium of the Kalman filtering, by calculating the range

distance between the two tracks and using following choice criteria:

o if said range distance is larger than a pre-defined range distance threshold,
particularly radar range accuracy, the track with the largest range distance

is chosen;
o otherwise the track is chosen that is the first track terminated in time;

- The false track is the one of two tracks having the same mode S address, for

which the roll call interrogations do not succeed;

- Is chosen by an operator who manually inputs information in the radar tracker

about which one of the tracks are false tracks.

7. Method according to any one of the preceding claims, characterised in that during
step D, the radar tracker communicates the initial points of the false tracks
individuated in step C to the radar extractor, which carries out the calculation of

probability of presence.

8. Method according to any one of the preceding claims, characterised in that, during

step A, when the system ADS-B is at disposal, in case an ADS-B plot is present which



is chosen out of two tracks having the same Mode S address and manoeuvering at the same time,
wherein manouvering condition is estimated according to the innovation energy criterium of the
Kalman filtering, by calculating the range distance between the two tracks and using following choice
criteria: o if said range distance is larger than a pre-defined range distance threshold, particularly radar
range accuracy, the track with the largest range distaice is chosen; o otherwise the track is chosen
that is the first track terminated in time; The false track is the one of two tracks having the same mode
S address, for which the roll call interrogations do not succeed; Is chosen by an operator who

manually input® FOFEFIARRS AT PRSP th A RERaBlNGt Whitls sHaadtinenlakky drdareledois. 7.
Method accoreingdeanuena ot Aressling &'@W'&B@ﬂa}ﬁ%@ﬁﬂﬂ@_MQH%&%&%Q&I&W radar
tracker communicates the initial points of the false tracks individuated in step C to the radar extractor,
which carries 68 the calculation of probability of presence. 8. Method according to any one of the
preceding claims, characterised in that, during step A, when the system ADS-B is at disposal, in case
an ADS-B plofis‘presentievhicizd8 isredurelatingrinipgsitompithra GBI platiall theirgnainiog plots will
be marked as,reflect nd thedelevant cells of the raw video, map will ked with probability

1 : : -
100%. 9. A co{?%b%%g(?%éo%}%ﬁ%np%rdﬁ% ‘comprising. 1é‘%{(::rofr% SOter s ABTR nj%:g lﬁqr%f tﬁ}g\ﬁhﬁk‘%ﬁ@& logic
stored thereinsfonoisipdasedviiplatér $6Bxaciite stépsracks afithadmethpthioceliraingtingrfdlse Mode S

SSR or 3A coglg ragks, on 58‘%(,;%31

display.created by a.radar extractor.as a consequence,of the false
replies, according to the met %?%%%%ﬁ%afti%s.&%ﬁ%%lea %%%?n%lr%}?ntegi%}}rﬁtr gé)g é‘lBﬁ/la computer,

having a program men%(irized on it, characterised in that the program is the computer program

according to cldin] $1EPIe SO BrUmAsiRPIaRE MouRrSigshayng & poerriracrenraahdar
display createghhy, avadaeaxpipler AT FRNSBALRNRE wnﬁ?sl_@@rrﬁm@&ﬂ@%\f&ﬁm@%ig&@afaﬂerised

in that it comprises means to execute the method according to claim 1, the system comprising: a radar
extractor, inclyging SleRRIGEANTEOAIGLIAAJ0 BM,SUep b AGHR B 2 IR98" JgSKS"
including electronic means configuredto perform steps B4, C.
created by a radar extractor as a consequence of false replies, the system being
characterised in that it comprises means to execute the method according to claim 1,

the system comprising:

— a radar extractor, including electronic means configured to perform steps
A, B0-B3, D;

~— aradar tracker, including electronic means configured to perform steps B4,
C.



