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METHOD OF ESTI MATI NG PROBABI LI TY DI STRI BUTI ONS OF THE
PRESENCE AND NON- PRESENCE OF | NTRUSIONS IN A

WEURVBII4EANCE AREA The present invention rel at BGI/ER200$1¢56838

general field of acoustic submarine detection. It nore
particularly relates to the conducting of

anti submari ne warfare operati ons ai m ng not abI y to

p rotect certain_areas i ne_envi

r &fF B QQﬁE%TH\AATW@rP%@BA\RJHF DA%FB&%H%@N%OF THE
warfar RESINCEpANR NON-PRIESENCERE IDIRUBIQNS AN a
boat or boats (or aiSURMEILLANGE AREAfrigate for
exanpl e, the officer in charge of these operations has
the task of preventing any intrusion into the area

t hat SrdEsP nsb e|II|n To, do  Lhi he ..
tri st RGNy TVERIER. faB el adenc'ar Tale of abbustic
smbm,lannel deteehemry ls uboee | peeficdarlyoratatgenés alhley canducting  of

Ariné® In‘g %’%p?hatfotﬁlghg n‘ﬁﬁgmoéé@?ttarﬁro%cﬁ%a{tmaéreas of

appene
tﬁ@%Hh@@%ﬂm@nWﬁeﬂee@UﬂﬁnéUWUBH%@Pﬁe may be in the near
future glven t he behavi our predicted for the submarine

and f he surveill ance shi apd t g ctions that
o) Binei casidlak B anfviamepng i e 4l Snf et asts, pperations
cemduoied frousatboat bobodet @r airoiafiy stibke ascd frigase fdraixaniple, the

SfRRP il PRt thf?%eié‘é%%‘t‘@garhﬁ%&ﬁ et SR IR TR intrusion

eNaithabareaddraiche da espabsible ifers sduveiling. gEned@lthys, he tries,
?%ﬁé’i‘éﬂlg' fo éﬁﬁnéﬁeqﬂeé{ga&% Bf fliestefid whl%fﬁ & ﬁgle tﬂﬂérine

ition occupl glven I nst ant
pbmqrﬂeﬁu@@w arrrmtwﬁ?r &m% P\l they pﬁ@ﬁ%g@stamsgwen what has

BEMesRdd Vp bc@Slfh@t Qﬂ\stéﬁ‘t ﬁf-nhlﬁﬁ | R tAés %Wﬁne where such a
di strlbutlon ‘e suqHarlne at th

priBafne may Qﬁt'”a ee%%fﬂ Wﬁ’tg'éﬁ?” € fsbiavoo FHPd'Cted for the
sulbmarin@easgaioe thel sgrwiltareel Isagh, ahdreer estobs that will be
Hhéé %t task because this distribution depends on
nurrerous factors, anong which can be cited : - the
past &bisi siep-yfstepl praskctioavisl geoviselyprselehtiol detaimining the

é(?tﬁﬁﬁs fnBait ée%»m F@e@ﬁ%"@?&%u ntt'ﬁ@ fGRﬁ‘éSte k‘é@ﬁ il ?@ﬁlﬁ%tmg

use of elrr sonars t ejr radars a

%F@:&%*%MWQ e é@atdhe availghle deieghon |Caﬁ§b'“t'es do not
geh&ailpallbw slhendrassd b Behsrbisiadito Bk esverd@Mom the position

occupied at a given instant.

This search for intruders, mainly offensive in purpose, is generally
based on an estimation of presence distribution of an undesirable submarine
at the present instant at each point of the portion of submarine space being
surveilled. It represents a difficult task because this distribution depends on
numerous factors, among which can be cited :

- the past actions of all the naval force present in the area, that is, the
movements of the boats, the effects of the use of their sonars, of their radars
and of the radiofrequency transmissions,

- the assumptions relating to the possible behaviour of an enemy
submarine, behaviour that can be estimated from its assumed kinematic
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submari ne, behaviour that can be estimated fromits
assuned ki nematiccapabilities (speed, subnersion,

wa@eilo/0e¥py , the assuned performance charact er i BCT/EB2009/056838

its sensors and the mission that it is assunmed to
fulfil, - the characteristic2 of the aquatic
environnent that condition in particular the
performance characteristics of the sonars. The quality

ohpddittiosegebeéedf stibmeesibhjredutonomey,f ﬂi’msmé@ eps@rfcmnance
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ion
di ffi coetgualitef H‘@cé@@ét of nthgr palEMptien Retksmed is therefore

g ?‘gﬁéyﬁé}ﬁjeﬁfteorﬂﬂﬁéf%@l*twf(ﬂetBﬁtthéf@ihféﬁﬁw o f rteamy of the

d choi ces oma |large nu
B%%&T‘B"?’?St e egneRing e '”ﬁudﬂe‘?arg?’“'%&o§cﬂ%{\/’ég its
beleaimd@rvah@mtedaldulmegrtoveumjehmlepsumeleamenﬂt iy thie dependency
PR A8 BRIy, bEERIEE, MngdAPES el Sodffpigns ae

oo$afe@mthabéhess resultSyemdimnited Qh@lhemaﬂe from a Iarge number

Ridsar e boats are equi pped.
%onventl orpcﬁ%l the estimation of the probability
di stribution of presence of an intrusive submarine is

made 7§ ddie, Q&ﬁbﬁnr@{ n@m@f@@*@?%élsﬂav@ b@é@ﬂbgﬁ;‘lbp?ﬁd@prowde
sen as a Sl e
BRRAUT Sistifnhl i threS8ues wiinaliinf SR iERRhos st pels are

mmimm poi bei implecenedgint Hhe detis@niaid. smemsal by ,"Gdmbat

%lcfneaéfzét{\éﬁ] ADAGh Wﬂf’cth o %ﬁwlﬁggﬁhaﬂﬁge%‘?fétreo%gégéy are

'ons 0 naval force as ey can bé percerve
eﬁ@pﬁaﬁnarlne It is even possible to use a nore

SOph'@bh@éﬁt%aﬂ?hat‘ﬁbo%snﬂ%i%'n’ dft Stﬁéfp%ﬁ?ﬁillﬁ% @I‘Ebtl%utﬁ)n of
onbi nat i on of Several elenentar S Wt

pr
BFQ?@QS?IQ frandntaisiieg ﬁ@am@an@aé Hn%‘ﬁ%r?@ni 9a%dﬁl a prObab'“St'C

b@h@iﬁburymotjbl Ssguptlsd td:mp“r@mraésamfutliﬂeskp@%tsuble the behaviour
Sunﬁ&' onésg t hat can be nade .concer
BeA3V f

i WWeW%MW%”SNmQQ cagWSHt‘fo&‘r‘gf g9 this
shiemasné.nenerallyr dpsra reaajieaenati¢ly theisieda onodel dependent on

Mén cgﬁg%;dfg?érﬁbbgl%rcfeoés W?e‘a/céhrﬁ@é/ ﬁéﬁdee \feg)gtéfﬁ%d&ﬂ?ﬁ%rme Itis
QV%'?) Pes&sible: ivedse arrﬁo'@ﬁﬁq)%ét@at%@§@awﬁ§f amsied, itgedf consisting
gf @V\@Olﬁ‘l‘blﬁa&!@ﬁom sapela @erﬂ@ﬁtd@' rﬂbéél@eﬂntﬁVﬁrprtdrﬁ%robabllltles

ggst,larrwéclj ?cgeach n]ementary model. Normally, this model corresponds to the
best assumption(s) that can be made concerning the behaviour of the enemy
submarine.

Also conventionally, the estimation proper is generally based on a
Monte-Carlo method, for which several thousands of instances of movement,
of a submarine located in the area concerned, are analysed. These instances
are drawn at random, applied and maintained over time (starting from a
certain initial distribution) independently of each other.

The distribution of the probability of presence Pgy of a submarine is
estimated at each instant from the positions assigned to these instances,
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certain initial distribution) independently of each
other. The distribution of the probability of presence

WOEBM0o43428 subnmarine is estinmated at each i nst aPCT/EPI9AY/056838

the positions assigned to these instances,taking into

account for each instant aggBegate probabilities, up

to the instant concerned, that this instance has been

detected. These instances are, noreover, maintained by
Bkinginig atcbadinttfoe eaoibn nfmtamﬁag@‘egateipgiﬂ)lawltlﬁs eag o dhe instant

v e Then,

é@@%g?ﬁ&ﬂ%@ﬂy%%s%&%ﬁﬂqsbﬁ?% ggtléc];g i fferent pI aces of

t he slhess lingtaoeezaraze, noreosat,i saintainiede byaassunginghinat the

?@(aﬂ%ﬁné hes RNy O\HLh aé‘é*crpedff MR ﬁbh@wﬁcﬂfeo '&ﬁo&?ﬁt behaviour

to I nprove e situation over
meslel. i §herp_>,r é%mj”tgwéo sthenEsinnealevlaiachén ifferene nlaces of the

suveillanké Sar@ra SthieO4ntisBbAtdrindowhFan Ehllptsadlﬁpttﬁ Cth@lb@havbur and
I.matl on

I | h
hediTalnd adioge astiRUCRN Bt bearts SHiAME ail Fraitle area,
et s, praventdfie sbemariae ficen bermg dblghd Mﬁiletsemc&mn on the
val i dijogiof 455 BEDAIAUECTRISL Abamel S uSRdelfloet BP the

submarine e assunpti

psiimaéenmor éhe girtribyiasnyahthe presenice Rst Dhﬁta elnbmgrlne in each
[ et

Pl o leparaos, gy ool choPEoRIER Sk

B\p&lel abIneodels Uﬁﬁﬂlfﬁbth%é“%@ﬁ@ﬂﬁa?fﬂdoﬂ'@refpiﬁ Pﬁeﬁhﬁoﬁﬁumpt'ons
melee FurthBtrmore, dhé frevhhye ios tfﬁléfééﬁlﬁiatldhcll’serﬂ%ﬁlqr dupdnaent on

B bRt ot Ao L4 BT R8: B i Redepends on tne
esmpotetie ngoiverciailabledobetakingoihe calculat@orsubmari ne, the
role Pwtﬁ&%cﬁ%%%@ﬁm@‘noﬁqﬁ R%Ht?yn% 'flﬁ‘r‘?nél}“ mgré’aesehob%rﬂ)(e fact

to wor

thag, i@@ﬁdwmﬁh%mtemt pade dni e t:chr@msa@bm%ﬁhecﬁr&lsuhmnne
Aafrarnth Q@@s@metdw mid@el fH@@eﬁ@u&ﬂO&tth@ Wﬁrﬂa}l&he role

h h
BCt%@r@Trﬁr'ng S2obe Sirstie Wikl PRt BiF egagptions
tafaoecan otaﬁt headv Sregamufgllt Ezal belﬁla\kwu(: henchrddt s b mediking  these
[ S a S ln |
F0l Rnforio oo, Rfiadn? Rng SRk RO Rlsd: oaMi € Eha%our that
guimazéide chaincek mvatriha@ssoaplion$ atadesbynhdelrigate are correct.
deSCfEPgQrdu fy LR %f%fn%n/éf ééb%ctaréf' tﬁ@pﬁﬁé oHefJ@Féd Yoy the

suita for? estimatl robabl e | oca
anidehmame Vé%lﬁafﬁr ISH@ (@'he@%@%‘rt ethlaSmo%éStac'@umﬁ%W'% the

BRSRida! &f bléltel@hﬁ@t hR&. tHen 'dias%S/Fh@ 'tﬁ@0§l§br’ﬁbﬁné0thls known
gp@rp@gg]ttﬁ@ﬁiﬁn@maé d(()ascrlgéeél in the staa[e of the grltangpears perfectly
suitable for estimating the probable location of an undesirable submarine
(therefore Pgy) as accurately as possible. In practice, it is often impossible to
perform a simultaneous search in all the places where a threat could be,
such an exhaustive search being indispensible in the absence of
assumptions concerning its behaviour. In other words, bearing in mind that
an exhaustive search is not possible, it is better to make location
assumptions that seem valid than to search at random. The chances of its
success are increased.
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such an exhaustive search being indispensible in the
absence of assunptions concerning its behaviour. In

wo@ehen43ss ds, bearing in mnd that an exhaust i REI/BRAOYIS6838

is not possible, it is better to nmake |ocation
assunptions that seemvalid #han to search at random

The chances of its success are increased. Thus, by
proceeding in this way, it is possible to determ ne

pl aceShgd, byhpraveedineinntis wayeitlis edseivts ¢ deteratise plates of

ot ée'aﬁ‘:%%?'"?ﬁ BindfaBestf e p6AR0 IEEaEH. 260 so
péhf chharegswot Isoaceseakiatgasngreateurthan dhat efieeecibyg at hearch

PSrtF R/Vét‘ﬁfouE rﬁ?ak?‘h’i g é’t%unﬁlo%h@orgfepﬁﬁg BdrreHa{wduSr of the

oss uar a out S|
Wbrﬁaﬁﬂﬁhoﬁﬂr H@a@thqrt @/af%ﬂ 'bﬁ%é@ﬁ’@és'@\‘e éptgwaé%nteetthat outside

Heababhihtéd w.mfhugh asepakiligf ofaplté%éﬁéé df Sahﬂﬁégttssaé idr¥bability of
SucC as

|
BRS04 A ERAtda e Sanaily RBDY RRKE BV 585 b aperoach such
gsiahandescrivethpreviousfy doesihot hmi@eltcﬁossme@guamae twith a
BB bR o Wy 08 K PHERRI by P 3RE mumoer o
deSealp@ntata@cGtSoamiymtttthatc@o tﬂimsmessu’ma@mmsacm@seandmg to

lihstaRde F‘Fat%ﬁ&?bér‘uﬁ&’er‘eﬂ Ien 5LihvEfiedliRdne %gﬁ&‘iti{/é area.

or exanp e case submari ne concer ne
aHept S: d‘obe%ﬁml%'ﬁr thRafase '§utlb§t gHbmaring gpnesregd adopts a
bésgadd l\ha@lllé tepsantiainoor then badiexipdifardeteiromethal Betthviour

Con E%ent for want of any appropriate nmethod to
FVPSS there is at the present tine no nethod that

can r€ahsgqusattlys faxatvanti df yanyuspmaopeatieboethodhatimgplement, there

| ' :
B P IARE LERORRDA Luitol, SURUABBIE, AR oo
hat 1 sifeientdeteatiorppeokgbifitnis available anditbat the risk et gertain

F2 tireal &1 it fcbsbial fy suB@nfipidw speci fical Iy to
propose a sol ution that enables an operator

responsi bl e for supervising the antisubmarine warfare
oper aDinengim ‘of thletievention, isa® sarﬁ/eIMeaprorbMIéaht@d tbeve and

RePEPeBlicalas HatBspideopughiPal SgeS Yt ofrditr Bsponsiole
o tsependsing Ghe aofisyihroadnersvasaug loperaticalss to dete@ite, as safely
§§ ?Jfo%lsfblé htﬁe‘}ﬂﬁbé?% ‘Fhéj%hﬁféll\q(?{bee?@apfﬁ%@trggﬁw %Qtrhtéttentlon

rmarice characteristics
lﬂdttmsei ek FRqUTe RlY Bdithe aPeaton (e Rk thepims sought S also to

S@éte e’%ﬁfblﬂqghe' Bvailddisedetecen EQGipRlategivdrkaty péformance
ats so as to devote
charac eristics.

In other words, one aim of the invention is to propose a means for
determining, in a fixed area, the places likely to host threats so as to devote
to their surveillance the maximum of resources and time, while best
estimating the low possible remaining distribution of the threat in the areas a

priori not likely to host such a threat.

To this end, the subject of the invention is a method for determining in
a given surveillance area, the places likely to host an intruder, the
determination being performed by a (or several) surveillance ship(s) (or
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to their surveillance the maxi nrum of resources and
time, while best estimating the | ow possible renaining

wa@leEbosdaes i on of the threat in the areas a priBCI/EPID9I/056838

likely to host such a threat. To this end, the subject

of the invention is a nmethod3for deternmining in a

gi ven surveillance area, the places likely to host an

i ntruder, the determ nation being perforned by a (or
siesrafthlmoving sleovd arcsursbillphse ated and apdfying, M \giveh instants t,

RS b BetetihgL e PeRoREE B TryBBP I i sulVeuippeprea. The
'megéwe methdckappliesstinel falhawingradeps The i nventi ve net hod
appli eg d/be sLng o@"és‘ﬁ%aﬁﬁ the osﬁoﬁ' 6fsh?tr%tﬂgﬁl ?dctruder?1 in the

esti mating IS|t|on potent ! al
§WN@@EFP%n@@93ar , @ﬁl@a@ft Ibﬂﬂg oReteinea pléYf‘aﬁtﬁﬁra”Wig the

gﬁib%bmwbn?résléﬂcemgpﬂ j &ff &Y irffuder @ eaer powvtftthe @Dr@ﬂlance
| nt riuder ce, area

e e iant o5l M ceidesnB Essgnaee b iaur aodbrding
teed predeiined¢ noisdiaiipcted deuarradasﬁtlm@mtlvmrr&mjeaf fected

det o1 MRt SER%Y ME OB the niRReEORh ShERiIRhce area in

estima aces surv Tl Ance
whmraramtruder isoieot |iK§|Yri@tmDV¢<,eihys step eOUWrising s st ep

conpr i é'ﬂ'?& subst%)r bf é§ﬁm§Hrp%hlfé’ bea%‘ﬂﬁi/ IR 'r ﬁc@q:’s,wag[ ) of an

pr obabl | esence Ps an_in

BFiuRer cﬁt Q%@ QMR th@qéervﬂ@acmrea @rv%rg'Y%t'%ﬂﬂni L Sa'd

mdiudiel Belnddgssiedd enassloghethddim deABgibur dBfieed by a kinematic
ehgrlour defined by a kinematic nodel ; - a second

ep of calculating the probability of non-presence
PSMVa { &) sexomde spbsigpngf taaldtating dbabprlobapilibf qﬁr eSEpeEsence

Phs b oafR5RORAGH b fo BERAHIRY of hlSeeF e Rrnf Riliiaiclin the
ﬁﬂsﬁghbﬁes |(yef dddaftfhl%rr%fgl thods so that the

prese u( aw and the non-presence
di stri ‘Iaw etermned in this way are not

deduc?ﬂe Ev%n @é‘t‘ﬁhaﬁ’érﬁ?rareﬂkﬁarﬂﬂﬁ%b'dlﬂnhltﬁﬁecﬁﬁé}{fj(59 afférent

PSNBSG’% def ned, in a g% ce. of the surveill ance
Khd ?httBGaE’E%%WlC epPhApHLAN laW  BRe; fheys non-presence

detrittitionnawfderetraingeétin khyis Wey alet msttdedluceddrsm each other. The

CEIGLM P Reel) BB6 Vorh] BBlinbe & LG50 RUFFE P tnd Birveitance

areso thkirgtintot Aecdumy qrrobakilites Fal) af stetectigr o estarget by the
{jﬁﬂeeﬁﬁ?rﬁtstﬁn%taagf'd&emhéa fdrecah! MRIAANE APLatRCHIdcR of the

surveillance area.

According to a particular embodiment, the inventive method also
comprises a third step during which the estimations obtained in the first two
steps are associated, so as to decide, based on given criteria, which of the

two information items Pgug and P;Ma is the most relevant at each point of the

area being surveilled for each instant t.

According to a particular embodiment, the first step is implemented by
estimating the probability of presence of an intruder by a Monte Carlo
method, the instances of intruders being studied being moved according to a
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steps are associ ated, so as to decide, based on given
criteria, which of the * two information itens PSMI

W@rdoPENes i s t he nost rel evant at each poi nt oOPCT/ER2009/056838

area being surveilled for each instant t . According
to a particular enbodi nent, 6he first step is

i npl emented by estimating the probability of presence
of an intruder by a Monte Carlo nethod, the instances

nbiserdffegtt sddermmisticudieadtiviei bghawy@d @t othd ngobability of

BR%eREe Hr ey Soff BRfAread el S biBo RaHRE o Mg roca

dﬁl%lb/nt)f théensignots 6&"[ rﬂadt fooonh amek theic sdgalegatiet probibiliies of
hg'ﬂ)%%ﬁ d@teét@?tm g |'3Qt|6$bf th% E%nemeans

pr 0 Vi n e

bilities o een tecte
applications of the detection nmeans. Accordlng to a

parti {x?%cgta:rfyﬁ@ fp ﬁﬂmglgrtghlﬁ’?ct&ﬁﬁ@ﬂﬂ tfgggcbﬁd sty ieMRIpledflented
B R T By e P o RAR W oSt Rke a6 BRTGHGRT D% af GiviMpmethod,
theet agsociatéd mhsmlgnanamkrreﬁectrr@mr) ainaost rapdemesatt hoereactive
t i .
HERTA i ete B B APIRER AN G483, . epn poin
pnodai aaely inshantdipseyidigi tba doseotation fu ncttcrmlnmwwvlwb@r@@ess

By conmbining the two information items delivered by
the first two steps of the inventive nethod,

it
advanB&é’@Hlﬁ'F'?g6'&%§W%I'fg0fr8?t'qrhﬁe'6‘|§é1%!ﬁ’%rreo't*?)V the first two steps
@pmeem\realmeehm&tw \4?l|é |a60§ﬁ?ta@@ob§1§ posxuss fof th@ebperator to

BSa%EWb e 2‘?5 §ﬁﬁv\éﬁ{a,ngaeqn ﬁge waﬁﬁsaﬂi ﬁ %%%quéng survellled for

ehfobc thes qprebabibly b sprpasmcearofpalanlnafddalctla; dmgbyand judge the

gﬁé&rv\é'nggstohﬁmdbé:s& rB}H dé’étlohqkﬁ/e %g?'ggthé)é' ibution of the

resence eristics
Q@W@bﬂ@g@&”ﬁﬁ‘P%@eﬂﬁﬁéﬁﬁHU@UWﬁBr be better appreC|ated
fromthe follomnng descri ption, which explains the
inven%hgn t hrou

|

particul ar enbadj ment taken
non- | t?*}?ja%tﬁgﬁ%qse a&ﬁda%ratﬁge% ﬁa@@d'%nf'% wil b better
tmeklj frgrar & fblttﬁmﬁggdé@csnmu@pr agisioh i egplains fHegumeention
u r t 0. an exe
%ggvéh TRt BB e iht A s IR B Ryampig g0 which
isriztsech drotheodiprersteddiguré s rthe higutdserepnésanting :a mari ti ne
area to be protected ; - Figure 2, a theoretical flow

di agram of the main steps of the method according t
t he i nbignte dn an illusirgtiers relatigg tp| am LxeatAldiy @I@P'@ﬁi'ﬂ@ of the

inentiROF9etRbE réﬁﬁn@ftot fhe pR%btioh of a strait forming the inlet to a
maritime area to be protected ;

- Figure 2, a theoretical flow diagram of the main steps of the method
according to the invention ;

- Figure 3, an illustration relating to a possible use of the results
obtained by the first step of the method according to the invention ;

- Figures 4 to 6, illustrations relating to the operating principle of the
second step of the method according to the invention ;

- Figure 7, an illustration relating to a possible use of the results
obtained by the second and the third steps of the method according to the
invention ;
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obtained by the first step of the nethod according to
the invention ; - Figures 4 to 6, illustrations

WO 20100433g8 t 0 t he operating principle of the seRCHEPRDEII6838

of the nmethod according to the invention ; - Figure 7,

an illustration relating to @ possi ble use of the

results obtained by the second and the third steps of

the nethod according to the invention ;- Figure 8, an

i |1 ust Figjurers, ran allugigtibn itdmmgaltmtthelqemofu@ bf tdliethe results

@ﬁw@am B YAD8 TR Aagpil S Lo the
t he i npigenendataronllgdtratien celatingatd otheofimplamentatisn epk the
Bémbp'%rtlﬂﬁtd?% G s the midifod BY %eéé‘rtd' r‘r’@“to tﬁ%fmv@r%%”s

Ity in t e expl anati on, rest
docunent describes the invention through |ts

appl i pat 'r@é‘sdr@ bh%ld@i’[@tnﬁ?%éOékménﬁloﬁuhﬁéfﬂe@? &Qﬁéedocument

J6SEts) Tnd Dhsknlich PhIIIE I ariicelion ins Be+ Biptegion of a
tsmh)marm@esmcepeaooésst he whichnisi provideec dysa dtiudt. gémeewdr, this

ﬁattg eé‘ésoﬁfchﬁén Ho@"@é‘ﬁg\’w‘éud@‘?&cﬁ“’[ﬁl ancehghgcope of the

e survel
ipventen, |Qﬁca@rseat e@en@w wfaragtessticsrofgtiednuentivieusieitacemake

il @ P@aﬁﬁ)ﬁtg:pgncabw% Rh&t % difdh aﬁ{i"ﬁrﬁfge%?gri%f%%&ﬂety of

consi dere i's provided by contro
pré$ence of intruding submarines in the area 12 of the

st r ai Figubat |Iﬁm@t@é ﬂﬁs bbsllcﬁi’u@a Iﬂ;efprr@tlébtldilﬁ of the area 11 being
uncontrol | ed icati

HOEI0E e, hele s Supringty by SoB EMRga te Ssefite. Al dntuding
smbrpannm:nn the ahen AR the stmiicivahedpagdesnsihe possilbl feom the

ﬁngdIIQS bfgar Yg qﬂsth%cg%mpﬁirg\’é@o Fc'éﬁoﬁttﬁgéctnbegy Interest is

rveill ance

theéef@re fﬁﬂt@eémn thepmeanaef Raeteaiieg &e pey a)i caneemgrt ggainst

Séﬁibléh'ﬁb‘h@éﬁr@ | |'nﬂglsio"r‘13t hecaf@y Ofiat ReSist@itt by providing
accor di n [ t| n def i ned gy t he person 1n

eHAPYaNG heMRAAE aPle OMies 81 JROTY rrAtisubmarine
watfaes eshypsbegongan@vaft)pleazzﬁdsb}o phgollingeinlthd raréa gofr €nel .strait

To this shi [ ng
fieilod, Heiast (FBfE0eARIFEhe by e aPHISAEF dhohaag, of the
apiistdunanee waifare imiesiacciedtingrary beagusyrebelizes), by Hee line 14
ALijons being symbolized by the circles 15 in
pﬁg%‘{ne 1. Depending on the operational situation and
t he avQij 1|h3<.b|e@dr e966¢ cgyps carry out, during the mission, detection

operations that are more or less spaced apart in time according to
requirements, the operations being symbolized by the circles 15 in Figure 1.
Depending on the operational situation and the available resources,
the surveillance area 12 may be surveilled by more or less significant means.
In particular, the surveillance area 12 may be covered by one or more ships.
However, whatever the extent of the means deployed, it is rarely possible to
provide effective surveillance, using detection means, at all the points of the
volume of water of the surveillance area simultaneously. Consequently, it is
necessary, at all times, to choose the place (or the places) of the surveillance
area 12 to which this effective surveillance should more particularly be
applied. The object of the method according to the invention is to enable the
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the surveillance area 12 may be surveilled by nore or
| ess significant neans. In particular, the

W@ enveid4bsance area 12 may be covered by one or PGADER2009/056838

shi ps. However, whatever the extent of the neans

depl oyed, it is rarely possiBle to provide effective
surveil l ance, using detection neans, at all the points
of the volune of water of the surveillance area

persoht amemiasdey . ofCoes Eeqwlenbirwlnbt wiasfare aes sake, tladsealdhoices

@bﬁcﬁ%ly} %qggsoagél Evﬁe pong\r\%&e] 9&% %@ggftﬁéeqsq)qlgé of r(13?"fect|veness

slithegidst anpansiedidationsr e particul arly be applied. The
obj ect of the nethod according to the inventi on isto

enabl e t heperson in charge of the antisubmarin
war f aF Ui 2rigReavn digramapressniingiing oaé §te@ﬁdh§tam@k9 up the

Wittt &d Q@(b(ﬂ@m@hb&hé(ih\}éﬂﬁgﬁ the degree of effectiveness

f th t | ti 2 i fl
G agr Aneanca® seBngn the i, Livat ke melndh nifited to be
er¢duted quarioditiatg thoou dreut nvendli@ition Asf dmsba/eﬂ;lmw mission,
Ve 8 B0 5 G RERRE A GRY d G ance
88ay 8i2l | ey deonmri ty“geow tiviret |oarltym mtpard-;eip@nm isperation. This
BQﬂe%EéHro:f%réﬂl&}P%ﬁn'ﬁe %Hﬁlﬁ‘&ebrhélr'?& a%“éc‘! (febél?l%é aFRan, for

time to tinme carr tection

6{3@%‘8&% GANSishinseAEtivg @ ANas Sé% ﬁ%‘ﬁ C@Hl?Ptkb@ aRFhalraesaing the
HSflcREEcRBCIREdd. VECAR \GveR, am@Irncamelyf @@nﬁstampb@ssuwmsﬁetmng for

BPi5E dobidr RsSRUR B At ol B b ifie Aadiiinder surveiliance.
al t er fia¢ inethpd acmosdisgy to rihpdsesntieinycdrsiste rdf rigrof main steps, a

f‘r%'t 1 3o 24 i alkdeafif tstéb‘ z‘é“rﬁur%rgt@\hh‘i’%w tRP o8 %tHF@r{t iRStant t, the

e ‘under survel ance. accor ?
mb@ubtlltxoﬂf pssense of grthre@ arwiash odpxf the surwillancerrgan 2 is
gématezecond step 22 during which, for a current

Instant t the probability of pr nce of a thr
each PEFQIHIng te h@‘esd‘r‘&?&“PPar?@@haPEéﬁtaW% <ep$ %Be”ée”t'y

pesided @@ estmiakien iof Yies pralabilka o p@ésdrim@ éfvettebapat any place

Bf@f?p SEfbhds B g BB G he? 50 ping. giftgrent from

Dnestaﬂtodhlelrmxte area 12, the estimation nethod used

be' ngnﬁﬂg@fesg%ﬁ%t fr{)egé%%@ igH Pg“éd .g é)te’%rr%@ﬂtba/ 3 Fheﬁﬁ@d BLEd on
ﬁ%@@@m@n thes spefsilklg tf‘r’ﬁ@q%% sabiy®ei ®f r ualéesafteCtgﬁbéﬂe;termmlstlc

R ciGe AR icRA (Qéhﬁ\rnﬁhﬂ'céﬂéd? "H@t@‘ﬁr‘nln\lﬁ" beh&iMbAEr in the text to
hawoutr cal | % determ ni st" %re inafter in the
&éﬁpg&uah from the ehaV|ouraSS|gned in the second step).

In the step 22, the estimation Pgya is performed by a method based on
almost random non-reactive behaviour of these possible intruders. The step
22 is also associated with a step 23 during which the estimation Pgua
performed in the step 22 is used to calculate the estimation of the probability
of "non-presence" Pgya in any place of the surveillance area 12, the latter

being defined by the relation :

Psuta = (1-Psya) [1]
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di stinguish it fromthe behavi our assigned in the
second step). In the step 22, the estimation PSMa is

w@erhosae’l by a net hod based on al nost random PCT/EP2009/056838

non-reacti ve behavi our of these possible intruders.
The step 22 is also associat®d with a step 23 during
whi ch the estinmation PSMa perfornmed in the step 22 is
used to calculate the estinmation of the probability of
" non- pcesreimeeto tRe Mavamioanhepinetieod oft drtinsatmeethlel @robebility of

@[q%%n&g of%%étﬂ{éﬁ? A@clg(g tglg% 3&9 OQ&%)&W rﬁ@‘g ﬁg%@kag ﬂge detection

opetatidss giertestmedasd rigat hiee @stibwbed inrgbabilifyr ek pnesense of an
F?ﬁ‘ru'd@? Wgﬁg g‘?\} SPplbRkSs g%%@lbﬁé%@é?@ﬁeiY@aHQﬁéﬂahF RentdiPthese

detection Pens at 2t he et Prat e
B’\e@ﬁufﬁm%veéﬂt%resence of an intruder in any given

flhaceEaéh PéTS$hé>|éte|§§521|Jtr@fﬁb tE@ ﬁ:ﬁ tﬁestumrént@bvmtm(d prowdes
ese ne u resu S ac

S RN AR TERe [P RBIE 4o SPBoT e Mapci! s sopvaifalice area
mekEheidtep@iscdnt eet usarbttstonsttua arapapP6twieich associates with

U B MG MR R b relf2 3 60oR chabaN o 33dght, hereas

onstru ass Clat
ffleasiep 28 carhkee aused tqzoas@tu&tawrn@npc&Vawhlqht @Bs@ﬁlqtefewhcﬁ@ph of

m%%ﬁé‘és Bf‘ﬂ’qe%r%& bpﬁoH?SﬂW‘&"ﬁ réé’?ﬁcea map 27
associ at es eac the area
12 a Eh%ewvﬁpﬁ‘ﬁbbmlem%ﬂ #lso n%?anF'%%fen%% addifignal step 25 of

am&tlngetwéehmmamloﬁme?rﬁmrwﬁsedaby atsltwo @igds 21 emd222, the
of asso nformati

Bl PS8 05’ Qg ¥ REARKLAT: LR oHE MG S Y st Rilance
aeac tsk rogeting thenpars po siteTE@po29 ehmllsmsxsegrilrh@tmeam ekace of
1% ey 28y, 2 TRERM £ TR SR0SRb Bl AYBREL 8 oy
af nwe@ﬁnaﬁcfsma,l thel vales of His eaoakilin i avi @pdoto pa@@@iﬁf@ of the
5_’%\41 berbe sMAleiiROH ot §‘h§wﬁbogﬁbé>lde%¥lv8f§/'\/ﬂ>v@rﬁi bé@lye@é%hnated

e area peing sur QWM
ES@@E@!M W@P%ﬁ,@C@rB eé/ q%kgbe@,r%tba:{wtqu% 'ngp-presence”

pgﬁsence Psl\/bl , the vaI ue of the probability of
non- presence" PsMa Accor di n& to the invention, as
i 11 usf\eeqrdingoip theeinweokem as Hlggiraiedaly dve Reoken Ergylrearrow

?.38 in 'F‘?glﬁré@‘?ﬁé 's%c@ésﬁr’ﬂ@f ﬁ\teeé’télpg 24 é’fﬁtﬂj2§33 lafscPteHRated so as

res e estlmations, of

Ee%ﬁq{g/ v@?qe, é egsﬁlgrﬁtgnégsrfpgée@m aatﬂ les of presence Psuq and

of non-presence" PSMa S0 as to enable the corresponding maps to be kept

up to date.

According to the invention, the aim of the first step 21 is notably to
facilitate the conducting of the offensive aspect of the surveillance mission
which involves choosing a movement itinerary for the surveillance system,
the antisubmarine warfare ship for example. More generally, its aim is to
enable the operator to adopt an active warfare behaviour which is not simply
the product of chance or experience.

To this end, the estimation method implemented is a conventional
Monte-Carlo-type method which consists in statistically analysing the trend
over time of the movement of a population of typical intruders, the initial
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of "non-presence” P Ma so as to enable the
correspondi ng maps to be kept up to date. According to

W@ b@aogs4esti on, the aimof the first step 2 1 PGI/EP2009/056838

notably to facilitate the conducting of the offensive
aspect of the surveillance niGsi on which invol ves
choosing a novenent itinerary for the surveillance
system the antisubmarine warfare ship for exanple.
bbgiao@aﬁewaldhyls drswmii ab Fshdom,epadh enttnhuerohamagoa tbehaviour

haBlr B AT ¥N3ﬁ’?ﬂ§°&§é%fgﬁg'%@&%ﬁ@ﬁ“t orioRel BB ﬁ%g'ven

pgmibentof paraneters pngtlen;espeaﬂ idirextioornfenovemaht, etc...). This

é@tﬂﬁﬁt‘&?%ﬁﬂﬁﬂpﬂe SI n \"ﬁ! “etécﬁo SiiRbfon r\nstan% arhd for each

StatIStICa ana e tren over tine

instaseentthef b%hwan af.t B eArrespending imfydaieridis thghaviour is
?ﬁttlatronsg%edgp@yf/ﬂaﬂaoﬁﬂ w%\g.rmoh §1egmwe§ %ifnthé%%e@@t%hretamed to
s dtbihesY ol e @ider Akl Beiod dhyftai aspording
mml‘smbuobn e s cRbSES elspaiete. Oe Isgresvdourdi gsiptaadoio thé intruder
fé"hﬁe{ﬁ%‘[:aﬁegt ractiy Q'b;e#t%% dJFaﬁHa?r?s ”Etﬂé%% &g&g@&? ﬁﬁ%bﬁakes

éach | Off 1 NSt and tTor each .
e acceunt the aph@nmf thespomelilance afipaderto tmaiigstant concerned,

f?\%héé’éméd 'oﬁ e%‘ﬁbé@sb@'ﬁ%@ tB%hfsaiﬂgrgHbV aﬂa ajd Egpéaﬁ to perceive

val ue par aneters retaine escr

B’@w%‘(ﬁ’ﬁﬁr(dgﬁeci'% O RtRNSs MeueneRiisthBeiiyeihRNG Pasms) that

@@cﬁmﬂlanﬂote)odnesércldyetvu@imtyavvs chosen el sewhere. The
behavjiour a33|g’ndtoth rlgrud i n t.hi
| ﬁ} A

renct POLSeAREIFL e blynabiink P BERiteosP rad Rt @iy oiven
inslkes, inné @ieoc place afhtbeamitrveitan o atdee 18uisvaetelraimee from the

8%‘159@/ &9n§tﬁn5@§ of i'ﬁ‘?ﬁﬂ@ﬁq%otﬂfsﬁélﬁ@g anmﬁel?ﬁéy%‘éte grot{abllltles

I ve assi ruder "and
Ob Peng bres Cielt\%Ct@dent s (detection operations, novement

of 1 h‘?h@é”bﬁﬁaéébﬁﬁ‘lﬁ tﬂ&ﬁﬂ‘ﬁ) chid¥dh Wodr%@dé‘ﬂé%lﬁe to a real
ess .cl ose yi ci ni nseunntIX t.he probabi | X
bShAvGH . pred oh Qﬁ%%% SRRSO aRNAYENGeR SHOCIGR, Nymbgr of
@Ismesl ade pmfsslblltet@ @sﬂ?até eaﬁﬁaatbaty fhe, pncmad&tyebrrpr&énce
| 1 NS [u

bl Sah/elh o7 B0 o Bt DR VERS AR s RERRGRs dh o sEpetiance
destaet?.ed. Thus by assum ng that the chosen behavi our
model T egmﬁnm 8 aleolEN Ul iHia0BAkIPYa dBKINEY with the

means for analysSing dient nu I nst
rasuits Pdssi %@t@cwcm @@@raf@mé shepsiPadeleithg trend of 2ach of the

sedeis| d riaty seld %@Fﬁ@%@ oAfthasé @@ﬁaﬁtloﬂfo Qtlé}’fs r(!Hrﬁ;equently,
ﬁ{e proba%q?y ofnprelsen er in Bllace is welghped % e pro%agﬁa"ty Pq of
detection in that place.

The estimations of the probability of presence in each of the places of
the surveillance area obtained in this way can be used in different ways, the
aim being that, rather than follow a path determined somewhat by chance,
the ship responsible for the surveillance of the area 12 concerned adopts a
path that takes into account the results of the estimations of the probability of
presence made.
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area 12. This estimation is, noreover, advantageously
associated with the results of the detection

wopanatidehs so as to make the trend of each of PETIEP2009/056838
i nstances anal ysed dependent on these detection
operations. Consequently, thde probability of presence
in a place is weighted by the probability Pd of
detection in that place. The estimations of the
pr obabhéi for @fanwpslesposabiewtw@eho@‘baMWenaahmea afapt B6 of the

RSBy RS E WPN Bird B bl B GRS Pby, o

aa@atmaqmtthenamlaiedmmbablbw ohameggnaehes sddquded, this table
6&?1 ORSin ghﬁtté@rt gﬁoéé%sYﬁlh%%Ee% EEet@r@@ &IgaJ%IEGd either

con erne into acc
Aelomatically t@hge@émmﬁatthﬁn@pﬁfﬁpf'ﬁ@ BEBBYUBLI |ny”'@f surveillance

RicRPEN©e MBaAgallyt bga H@ﬁa@wétgr fes sfflle? re8ponsible for the

i R R

tthiusk, tHisrdatacm @ agaphit hiorms sach adedarpravirabatedt ynapl of the
0 £80805e el 320 THR nddibind AR SEBRAGL (BRSBARBRY 16 route
aﬁtimﬂawedabyytheo sdetedfanicee shige Appspelsi atherdedetivMeogietection
8{)eﬁa‘ﬁ8n§Wa\(/@' tBééW[é@erﬁﬁé‘é raftd g @Bgf‘@ﬂldéllgydlﬁeﬂ@rﬁﬂﬁféd areas in

erat or cer responsi bl
Wﬁtqhshhsr%tpbﬁ@“wffpéﬁ%eﬂ@r isceabpned in @ gien rige. This way, the

@p@@rtckﬂ ean aéd\Farﬂalg@oLley Iéasﬂyr@tsﬁﬁguuw tlh@eatéass Hawher® the
as an
BaipaRd SinbBbIhEA T 32088 of 30T WS Bhichy Boptrms to the

adoptedampdel, ist highrfoarhehé4artab 132ved 3Bywhére & us Vewvéd, avea the
%ma‘%’&f ﬁe?eo?dsscl%gﬁt@zéfot I ve detection operations have
een :

geographically differentiated
areas in which the probab|I|ty of presence is

cont airpdridsh e%tlma‘t’léﬂ étéﬁgﬁ B_Qé&j WY the EE I‘Fﬁ?ﬁlbﬁt@fr aC%nte-
a%\éggégé;eou easily djsti ngw Eh t he areas 3

1:\4 S’dp?% veNiagesHshy Be s I@pg@ﬁept%@gfgnswe
b@ﬁtﬂvlotﬁunhecelmufv@rllramcéOSydn@nadypémblmdﬂie lc@elmitgh tbrimUs his

LSR5 pllogE Jultl iR Arbiob ity Y res 36 e frc barding

Hteeplaked wumalgwpr@ubabme/ apptaseatepits effectivdmese-is, as is known,
ﬁ}ﬂ[ﬂ;& nﬁé’ﬂﬁdﬁ}nf& .advant ageously be used to
fe

nprove t nS|ve ‘action of the surveillance
syst end LS ven RoldeCoMRaraingr theo nEBOgS aii igsiancentthahit is
dsdibe # ﬂffa%tam imahtige floekakhhi o sofficRn@§esigN to allow for
perlocyc refres%qng, at g rate that is satisfactory from an operational point of
view, of the estimations of probability of presence Pgyq;

- a qualitative factor concerning the choice of the behaviour and
aptitude model that is applied to the instances being analysed.

Consequently, if the behaviour model is correctly chosen and if the
number of instances analysed is sufficient, the use of a Monte-Carlo-type
method makes it possible to safely determine the places where the
probability of locating an intruder is high. However, this determination is not
in principle exhaustive notably because intruders whose behaviour does not
conform to the model may be situated in places presenting a low probability
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the places with | ow probability of presence, its
effectiveness is, as is known, |[imted mainly by two

WO 200043828 - a quantitative factor concerni ng PEEEP2009/056838

nunber of instances that it is possible to maintain in
atime slot Dt that is suffit@ently small to allow for
periodic refreshing, at a rate that is satisfactory

froman operational point of view, of the estimtions

of piesehadir light adifth@aesemnpeoms Méide-arl diuialkei fumhbereof instances,

B B e eh"BuObRafou, EalPRALDE S, 308, gisner

anabgs etlinsEness gwenid gresemt a hightee pacbhatility b gegseinse.
cor rerhtl h&rh%fc?‘s ap Js %? é‘LWiJBﬁ e- eﬁﬁgqméggﬁod makes it

anal is sufficlient
RESH 6 tﬁa@@i@rmmeﬁbgg@lmeﬁ Wﬂh M@IP&OQ@”GIV @f sesence accordlng

) Beeshodear ité e withebemi %’2% ?0%9; g'ta?%rﬂbérh@ auffubrétnruy%arew, the
bBselie AR hE HrtSsvyn e a4 e Sengasaspording

tee hizey | saume coigsrianoT hewfibi@; niriting hihemedeveillmaygebef these places

esenting a | ow probabilityof
éreé%gnc%n oﬁefé{t%ﬁ?? the assunpti ons nmade and of the
nunber of instances, places which, based on other

behaVA@é’drdﬁ%fH"’ﬂfé PEnfén V‘t‘hbhro BI‘ %@Eeg&fﬂ’%étnﬂ%tlon step 22

i nst ances resent 'a oba
gprgg%tﬁc@s Biated I‘RF?V‘\%§WS |nt$ﬁ§;uu|§g gstlmatlon Psma made, in

Uﬁnbala%fdrotﬁevrpﬂad‘&t hed Wﬁ‘:l&ih‘n‘sthlet flmSQIGW 21t padepridiced an
esence cordlng

el RUSE D oahgiart Ba B ARt ptodarTin B REgFERee s

guar ahvetiisngthesstepiad entury coafises tinvesatsteps 3odnd 24. The
él%g’[g[geéSS e'sfébtl gﬁeipl %ngl'lqr%lﬁg‘n lo‘?"i’h@%ﬁﬁb*h%%f g{resence of an

sence acco criteria
Intrcler Rgwi Fﬁéylﬁg Qe RETQS randemea- detetminigaetiods baaed on

OPALRLOR B Sk e gangh Mk MopauE Aol (o
previ %L?sqt'ﬁam ﬁﬁgéﬁgﬁ\oﬁ‘gmﬂ BMEBIShE i ”ﬂ@l\ﬁﬂm%ﬁi%% i5 based
pathé fllbaing printipespl aces fo][ Wl cpft he first st?p 2f 1

h insuffi of

the bt SisABAPN P dfe sPRlaR e Spekh S8ksisBpfitho et stipfinance
aa h2 iniora plongdity Qéeletmmtaqbsegltqoé‘,h@?,emﬁjcém coMesing all of the
§M}?/Eﬁlgﬁfgar§a?tﬁ@ éétrbef%eﬂé‘ ﬁﬁéérﬁtété’[ %fpag%‘/gn Wh|ICh each cell is

resence O an I nt ru

fharapmgﬁdrtyrta@rﬁr%abluétcgmﬁme Fﬁmami@n ECEE] 'Brfhﬁh%e”

use of daerpfRttionfoftdpudimerhead Kitskanc MRl 'of tRE ndPdment of
éﬁpe. ractl cally, the nmethod inplenented during this

33 is based
- definition of a transition matrix T indicating the probability that the

intruder passes from a cell (x, y, z) at the instant t to the cell (x+i, y+j, z+k) at
the instant t+1, the dimension and the coefficients of the matrix depending on
the kinematic model chosen ;

- assignment of an initial distribution Psua(0) to the set of cells and an
entry distribution on the cells situated along certain limits of the surveillance
area 12.
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on the follow ng principles : - breakdown of the
submari ne space corresponding to the surveillance area

waimsa2a plurality of elenentary cells, the BEL/EPRf009/056838

cells covering all of the surveillance area. The set

of cells defines a status splkte in which each cell is
characterized by the probability of presence PSMa of
an intruder in that cell ; - determ nation of a

rudi nebheequéﬁtlly?ml’@éimetlhiod?hseﬁ cbhsistwireiterdtivefy sspeating the
pntruder oo - finition of a transition matrix T

@éwﬁﬂq {’%%fapﬂggprobabi ity that the intruder passes

f r om -aapElldatipor of yhe ransition natiinJt tardeterninetaneesighation of the

éﬁaﬂablh‘g Pt Zo*fkéac,%t ?ft Hﬁebéli%t Aine ihdtan tt*L%n%Fmﬂf b5 the

mat ri x depen i ng on
RiokaRiitipe Pr{bdét) ;chosen ; - assignment of an initial

di s: :1 %éﬁél@éhﬁ@h% EP)% Eﬁmth%ffaﬁgtdeﬁée&ﬁid ép@@ﬂoﬁ@ p@ﬁbered by
S | S SILU

fevvailble dfteclion MeareanesSsnaies: & 08iEEht Rydoatiizy P to

eathhofitheseadisgonsi sts in iteratively repeating the

foll

ot 1 (AL ABRB KBS 1 1o BB EEBH P ol BB o

a intrusierémenchof theecells, Psuwat) beirg dﬁ&m@dwbytthe;ceiamrned

basedpgn gtgllempsg)bpg# ities P(t - Dt) ; - consideratiofp

of the’r y detection operations perfornmed
by the avail abl e detecti on neans and assi gnnment of a

det ecTh@rapisiidAbhhirixyT Pefldds @W@bo@élbtehmovéhieﬁts of an intruder
confE i der at.i

h
Sais PRrpd Beteat shE Sodmain Riantos Snel ekt Ghasagierizes
’d’@l bmbakdivathat beiinguder latatedyn tahgiveeal @ali ah the Rsdvagt § has

%ése]d To ﬂ'z)ltt%tj ):elﬁ % % Q:Fesﬁlﬁﬁpéﬁ tdeﬂnm%% rdrxle-gts,r&fs,fa%‘f’tf?ora the

ntrude
@@@lﬂ@bﬁeﬂ \N!S\Cégtdlmﬁattpowel HyeaheR, th%ﬂﬂnemﬂpns oft the transition

FRAMRGENRN tHEYafs Bf ﬂ@a&éfﬁélénishat a?r@ befindlelcchbRfd) 88 the
btk 58 eroriq e SLBia IS s e 458 S BapREH PLibe cell
ahe tios fwlm@htar§2|nhode4~©¢ possibe movément ayﬁgmé@m tHehﬁtruder
1o oonf inePasndB, MR o' GlhbBuERRal (GniBeliE iSn wis
bagea R dimpleokinematiareadeldddimesluinasirticudal, by ke fangg ot pessible
REASHENES e d [0, RE,.98MtSin which is necessarily situated the speed v
that an intruder can adopt. This speed variation range has a distribution law
associated with it which characterizes the probability that the intruder adopts
a given speed. This distribution law is, for example, a normal or uniform type
statistical law. Thus, the intruder can move between two consecutive
estimation instants t and t+At, with a given speed, in all directions. Another
Vmax €an be defined to characterize the changes of submersion.

Figures 4 to 6 illustrate the principle of the estimation method used
through a deliberately simplified situation in which the movement of an
intruder in the surveillance area is limited to the movement in a plane. This
simplification that makes it possible to explain simply the operating principle
of the method, can moreover easily be applied generally to a movement in
the three dimensions defining the space forming the surveillance area.
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and the rudi nentary nodel of possible novenent
assigned to the intruder. The rudi nentary nodel of

W@ossikd4es novement considered is in this case BCEEPI#056838

ki nemati c nodel defined in particular by the range of
possi bl e horizontal speeds [T Vmax] within which is
necessarily situated the speed v that an intruder can
adopt. This speed variation range has a distribution

| aw agscmtiigetd thict ihvehtion)ithe appticatidreof eesmielitod used entails

S b 0 i GRS B e ARG sty

oh¢drdigmoug sguataacelts 4 t arranged aldngsiwa pergemdiautisraxesrOx and
@&VEaBﬁtc)éﬁ?é“ 61X o Bl%eﬁzlétn‘tuﬁéd %gttpggbb@néteébﬁﬂiﬁehﬁé% the

mﬁxeaﬁelaavm@ .anf@@ct @n@lﬁa@aé\t &rgiyen imgagh saghscadi41 is also
as@gﬁé@ aq:raramewmiw ‘boh‘és@ohdjlhg% 13 BrodidilRy bﬂéfeﬁsleﬁc@fof an

BT i et el ARtesdne s B tiYepHEm o Eiaizalieh & the process,

antinitidervalue measstgneeil td @ach eeledfdrsexampleedetoo ot hee uniform

| that mak t
OBURTERh dcBoRyfly &5 LPRsTURBY SRR SBBHE o' nci pl o of
the nBs rejdiedc previairsiiovidie trassitign b‘eaﬁupdef@mee‘g;eatﬁanIMSErytted by
F ufe @Vtﬁgeéﬁt biﬂclél'fb‘3 sbh{h%]? b TR %‘%ed?éal(f%ag in fﬂﬁ% time At

ace formn survel ance area. Accor

bﬂky@m Mo ¢ Hn%t;!ﬂﬂﬁ c*é\fuadh”@thuci%ewﬁ@ﬁﬂo*é!n%@gc%nfﬁﬂu yighin a
bﬂi@@ﬁ rem%éopm \:hg, gtarrwg? Irﬂoan@ﬂy&r efias 1.iThe Bbsffieirs ag of this

I BRER o Pafi Mt Thuh s R Bp SR, AL IHE BUEL S0l the

Ealtib2cealith whjchf dr iseassquliatedi diven ftihedspegdt that must drive the

RAREEL 581 Fo0kabh InSPEI Rl OB i R LA yBos6iLy is

rven
aRisi6albyslE k@deta the @mmw raspenatashwite s REEEE coacemed by the

Bh&APhikirtoytieh 18y esence of an intruder in that cell.
Accordin nyention, on initialization of e

he
pr ocelsth ?%ﬁaﬁ"’%'ﬁlt ¢ INEIeRS 0§ SHERiGMe NG BPRRREFANAS [Vimin, Vima]
Ehedereixatinel @nextof diguesinidrer Bniglsath tHuitthorehs sQrilangan be

e R T et bl SRR ERA Lot 1o o

eelyit eoﬁcennled eleelgbf celd inxalb2 that are Ilkel y to be
reachedare 8 i bia“i‘?edjé tt%%%%ﬁ%&ft?ﬁ ﬁﬁHh'é%Prﬁ”S by an

i nt ruder oS |nenat|cs chosen range
[O Vmax] , startlng fromany cell 5 1 The
coefficients,ay af .thi i X each correspond here to
t he prob b%r f %89 thzhﬁﬁt uder to reach the cell 52
with WE ha+t0|saassocﬁa0ed gi ven the speed that nust3]
drive th frud@g org it ;tp reach that cell fromthe
origi nal Lcel -%hls br ability is

In which the coefficients a;j are relatively indexed in relation to the original
cell 51.

Consequently, for a cell 51 of coordinates (x, y) the estimated
probability of presence of an intruder at the instant t, denoted P, (t), will be
distributed at the next instant t+At to the set of eight adjacent destination
cells 52 as follows :
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naturally linked to the probability associated with
t he speed concerned by the chosen distribution law. In

W@ hi18/0¢Hee, in the interests of sinplicity, theCHPR®AI056838

range [Vmn , Vmax] chosen in the context of figures 4
and 5 is such that the cellsl®%2 that can be reached
froman original cell are limted to only the cells
contiguous to the cell 5 1 concerned, or eight cells
in alP x1y+ﬁ‘(ﬂﬁt =sa-t ey, (19 bt a| ned atransition matrix T

|nth 1 ) ,i T=a10 ao.o ai,o [3]
% hﬂg& Zawplxvﬁ% whi ch the coefficients a are

reI at Pue)- MtﬂA’()ﬂ@)eeddPny Helation to the original cell 5
1. Copseque fpor cell 5 1 of coordinates (X, V)
t he esf’i*ﬁ‘g probé% )?lty of presence of an intruder
at t hBx Hsﬁt)aﬁtaop wibenoted Px,y(t), will be

di strpbutehtpt h1¢v t instant t+Dt to the set of
ei ght a%j}t aét‘ﬁbt est O@%il on cells 52 as follows

: Px. 17 Pytge Jasarll 1px,y (t) Px-i,y (t+Dt) = a-

( og;:Py&WHB%}lDaﬁbPi (lt)*DtP) =(a-1b- 1)P><,y (t) Ex,yzrl) o

t+ P, ¥ c,y(t+ t = a<>, oPc, y(t X
1 P(JMY%?J{AS? X Uﬁxy Pc,y(t) Px+l, y+ 1 (t+ Dt ) =

a1| Pc,y(t) Pc+l,y(t+D t ) =a1(]=>c y(t) Px+1, y-1

(t+ L[Jé kno@w tHeDErdbaQo'iIDty BFH%se'ﬁBQVMf%% ihttder at an insfant t

probabi T 'ty of presence of” an’i nttuder at an fnstant
gff e3&Bhobtt @h@alléeld'ﬂ sfoIming dhei sy veranedirafea) i drossible to

éél%@mmé its BoRPIBSLIG €0 e ﬁﬁitﬁbmtyﬂ@f pteﬁse(h@étdfltbalttlhm]déloln the

babi |
HeSiPBr o Lo SloMgRg AF Budiance !l HEET el B Gant a
|ma rcetes thagn eqeali tostharﬂurm ©Dbthe poatribatibns sf ehem o dgualcells for

}%vﬂicthaﬁcéﬁgﬂt@festﬁ?ﬁﬁﬁﬁgi%Wtjhg'}fex? spafh of the cells
or rch it constitutes a des "hation for the next
i nst ahbus, Tasidllusiated [hys Figwre d.biherpgbabildy afheresence at the

PiseRARLAL 1Yt cOr 83 BIC@AREINERS (Xo, Yo) will be obtained by adding
together the contributions of the eight cells 62 that surround it as follows :

Pxo.Yo (t+At) = @41 - Pxy1v,+1(t) + @10 - Pxg-1y, (1) + @11 - Pxo—,y,-1(1)
+ 80,1 Pxg,Yo+1(t) + Q0,0 - Pxg,vo (1) + @01 - Pxg,vo-1(1) [4]
+ @41 Pxgatyo+1(Y) + @10 - Pxgtvp (1) + @11 - Pxg+1,vp-1(t)

Consequently, by periodically carrying out the corresponding calculation for
each of the cells forming the area being surveilled, an almost random
periodic estimation of the distribution of the probability of presence over the
area is obtained.

According to the invention, as stated previously, the probability of
presence calculated in this way is moreover modified according to the
probability of detection P4 that can be associated with the cell concerned, in
as much as the detection operations have been performed in a given space
covering that cell. That way, the probability of presence Pgua(t) of the cell
concerned, of coordinates (x, y), is not equal to the estimated probability
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instant t+Dt in the cell 6 1 of coordinates (X0, Yo)
w Il be obtained by addi ng together the contributions

w@Roiles4e8 ght cells 62 that surround it as fol POIBP2009%56838

O YO (t +Dt ) =a- _i Px0Y0+1 (t) + al0 Pco- i ,go
(t) + Pco_i ,go_i(t) + ao - 16 PcO go+i (t) + ao,o0
Pco,Yo ( + a o,i Px O Yo-1(O[4 + a_i_i Px O0+-1 YO+-1

%é) + a_i 0 PcO+i ,go (t) +a-,-, PXot1 Uo_-,(t) ..
peefedesgibagy bpdhe galadian I#].cutr By we estimated probability of
correspondi ng cal cul ation for each of the cells
Pﬁﬁﬁﬂﬁ@d@ﬂ@eap¥dh%gﬂﬁﬁwg®fﬂép¢méd, an al nbost random
periodic estinmation of the distribution of the

probabl| i ty_ of_dnesen over the area is obtained.
Accorg?wﬁ&¥oﬁtﬁgﬁiﬁ§éﬁ ion, as stated previously, theﬁ]
probability of presence calculated in this way is

SBe SR GioMRR obBIEERPIE deebfol Ml d0 i biof o at cacn
nsterdit Meds pravidss theuothseagatidrefunetien of the I arocess. have

been perfornmed in a given space covering that cell.

That way, the probability of presence PsMa(t) of the.
cel | EBdd¥ingide obthe saptaPdAasedesxibeg) by iligitieg theysurveilance
bR €5t TRE estelr aR@bhy ilifhg - the) sgsedleangeé beshsierblefor the

GRABIRER ciok B b Pe VAR Al SR T b B g aove

éxdlanatish tdsitydtiond tat Ere Idsd dintilednama oharbi ini 4coesdaxice with
. t

[0 Sl PR o OB B BRLef o BRI e

pam besreactree fram mai pliginalf celhg1 rase od ondy thes celisheenttgrous to

}He’f_bél!l %ntkﬁgweﬂﬂraég'éléé%Sr@H?ﬁ%ﬁtoc I 1B YeRerdRdidY of the

Imtin e speed range considered for tHhe novenent
Bfinciple; ‘gﬁﬁ%'@@ﬂ,'n 4B cgee i Ady aperadian dm thiee ¢Eansians gafealso
BO QHréAcHaN BY i (hsideriigt the 5ame aéwme_ﬂi@sl 8§sn!thsi prededing
SHPIF P Baile cLiSIcoDs SonbebieBct HeRehaholedl RS el 5.
traited éo peychedefls comguaurs tgithalcett ebhcérnedaaee then thaldp cells
LSUFELL S0 Lol SRRl T 8oLy fTEE e Brethafing o
e swveilanerarea isetenrdivided datoeclemeatary wetiat alignednparallel to
E@é@%&béﬁlé&lﬁﬂ?xé@@ﬁ' €)% al?lt%l @GP ﬁbP@Q%%I&WH@Pﬁhgiﬂbh "Hatrix
Lagi TETSFve T L1958 916 gRteraLondss, AOAIIREA VRO oefTcients,
pikirg b axeblnbalbighemeheidorimennbly ebbie celldrad in particular the
T it 2t S 1 & SR B8 b e Clis e fmove

wothreredicectioanspo itk sgate

It should, however, be noted that, for each cell concerned, the
associated detection probability depends on the position of the cell in the
submarine volume corresponding to the surveillance area. It should also be
noted that, for one and the same object, this detection probability varies not
only with the distance that separates the detection means from the object,
but also with the depth at which the object is located, the propagation
conditions being essentially variable with depth. In a simplified alternative
variant, the submersion movements are not directly taken into account. In
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the surveillance area is then divided into el enentary
cells, aligned parallel to three perpendi cul ar axes

waxqroy4ahd Oz for exanple. The transition matPCREPI0@9056838

conprises, in these nore general cases, a |arger

nunber of coefficients, takity i nto account a bigger

envi ronnent of each cell and in particular the fact

that an intruder situated in a given cell at a given

this bhsitnativé vasibheemboaivent, ﬂltlstra@j By Fequreonshe restiheation of

BB P Roahlin? HERI<Seng8 sl i B Pk Staieh 28y taking.

e et ced v 1t dfecquudinpiem(Xofy/, eha dgkttiamprababdiiy Raeignal to the
hbWéél'i’gng%gubﬁg}?%% Ptg chﬁ of tﬂﬁ?sSéJéé’ﬁic'lét@Q %%ha{h%%enlstm having x

h
304 e Coord nalegeieativani lhassoiof (s vall cegow@edoitys, in the

Bkarh Feh%de@U?é‘Cﬁ thmat Ir@@@@n@t %%sigh@ddﬁf esddhof N@ngells of
al SO

t
6%?@&1&%&oox@t@dﬂvmt%ewﬁ”afm ot o] BRLECUEN myoBabilty
ghatendinadllyyassaicizadd evithi thie abdistdi.coondiaateisngab,i Yo, esh and (xo, Yo,
gﬁlﬁ ernative variant, the subnersion npvenents are not

‘ectly taken into account. Inthis alternative
vari ant enbodi nment, illustrated by Figure 7, the

est i "ﬁé'd’a‘h Bé dﬂ’s%r\gé‘cpb@rp'rééca)bfg QEE%mnéﬁplgﬁﬁfﬁ{i ZE’[PFSsecond

made during fhe subste for eac
gstnalib e Ha@é@pé%ewedz'j‘ th& M%@@IQ&’IOBF%WQ”PY? mpgithod

BasEd ohQ Félﬁar‘k@bﬁﬁlﬁmﬁ@(lﬂ I*i‘n@?rh?b;ﬂ difpwélb]lelterts)/dééé not rédieeepast
e cells i

d
BRSS! Rute e ine GebSun® iy Sl p hakie 2 pumation gt given
iAistest ti Mhatheapxianpbevaritagequsie p@ssmmetopcajballatd atprobability of
@Rﬂ%e%?qn @%B?Ck{f th%ﬁ%hé ﬁé a %howreg@wg&ﬁ é‘gwro%’oility of
pm&alelqadqplqteﬁaﬂ thisr way Idpessreicirad da a/vuctelartdeém&@lnl ef areas
@/fthclﬂ@hdﬂ)r'i‘)@taﬁﬁlt ¥ 69, ré@en@é))th@n oélﬁinnpomf ﬁ?@ Iac‘é% &R high

A A ??é%ﬂe%%%{ T4 FifReu s sl Tharblote abt Giormative

of tetrine of][pfrebabvs' @fepﬂe@énb@aadttheraoweeamdmhbplalcerthéendethod
[ n [ [

DR o R B ool tE A be ol BB SpR b8 otner

hana, igdoes rmaiwlt |ap033|ble fﬁmtevmmle by dostrady aenagecwrstaly and

éﬁ gb r{fe Epﬁacﬁ% \R/Hle?e]f &a%ge bt ngfeQéndE SESHCuﬁttheraféyvery

Survel

&V‘bt@’@inl $lﬂt§5t@'ﬁt'%lye%@ﬁcéodaﬁtm%ﬁéwel”ﬂn?ﬁlCg thage draes is not

ASEedsB bé\ri Tlﬂsais‘d‘\hl%a"[hé’%%bﬁhcﬂ's@é‘p gh Wcms%tdécﬁhﬁfbubste 24
i

th t
B Goghsts haBHERE)Gr EsbReeshBigl ndt aha: p?qu@‘??y of
bﬁesbﬁc@qﬁs“}ahprmteombm@my ohf'RGMRteseMce" P, (t) defined by the

following relation :
Psma (t) =1-Pswma (1) [6]

The probability of non-presence is thus defined as the probability of
not detecting any intruder in the cell concerned.

The estimation of the probability of non-presence makes it possible to
create a map of the area to be surveilled which highlights the different places
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in ternms of probability of presence and therefore
cannot replace the nethod used in the first step 2 1

W@ 01ha¢i4b8 t at e the search for any intruders. OPCT/ER2009/056838

other hand, it does make it possible to determ ne, by
contrast, very accurately aniBreliably, the places

where the probability of presence of an intruder is

very |l ow, even substantially zero, so that the

suthati dleangecardiinghies eheplp mnity that thsseepkaey. hddhimo itlsreat.

RendTiEy 20 e R D 1S BRI R o

cére ber odveideredytodie plae:eewequ%gd@e%r swweqhao@@kiﬁbweyer this
Bﬁ |ff8%1|%5&fﬁ%g>%)o? r@% 8?%] Qe‘flhéf‘ﬁef rﬂegsp ce.

ation e proba |tyo
non presence is thus deflned as t he probab|I|ty of not

det eCleégth@nést'nﬂhfé’fﬁijT the brdadity of Presenas. Psmz performed
estimati on of the r11)robab| 1ty of ‘non-presence es -t

Jing B N SieR A dha Ao thenBrokabilly o BONUPsanta dy. ()

el 18 sl 5RBohi v T BB e 2beBifoe o e

sinvedlanc&onsanuémpleyentéd blincies exampii possittle to periodically
H{aﬂﬁam %1'n'ié’ o J19fs B fifes! of %@Er@'ﬁc@% ?@%%rﬂ?ﬁ?g table

requirirng esser surv |'ance
@hp@,ordmt% &1 whiGhaf@eagtp Plagep opardistian detheoplages for which

Rl éstﬁﬁatbh%réb@ﬁﬁt;y' dfprebasee Pgl{néfﬁlstlbﬁ/ e a@%dlzﬁ@d Hrobability

b SoRIFPBETAA 1Y btarHRS s ERRE e e be PERT ST EY 18 brotbssing
mﬂpr?muﬁbé’swalyéed eﬁbeaamvted]atmatlyltcsdmyrlnlumthleeapmeplnate

. . vel :
bEfGeE e VaLaCE A0 of Iy g L BoBRASE 11
pessiblei inalhieylaiter eaaenas ilisirazad o TigereBobabiskei thisdats in a
g%bhﬂf FHENGBich rhst R ARk ﬁ]a‘paéh’ %@%u%ﬂﬁ%‘c@%r@% {8 This

for eac ace, In I cul ar
%fi‘Ot\#ﬁdcm%Hwé @‘é’ﬁq PRt %arﬁp dBltﬁ?t@‘aﬁﬂebpéé%@émmated map

Elsdwh (i Flgbﬁfe|$@rabh@al§£3ﬂ@#ﬁit%@?@gfﬂéﬁ%@d wgmqhe probability of
IS apl e can e

BB RGTCEAS BT ORC LT AYeRdaNgeso as to be anal ysed
ei t hefhisautivaypatthe abpgratar den eadwantaddorishp prasiy i @stnguish the

%%@Vép%h@r thge %?ﬁlﬁé’tgaOdraﬂgﬁilifﬁgpﬁ%n-ﬁrre%a*sl Pfighyfrc?fn the

era cas
Brdas<e? at 83 wslyerrsu l@lﬁr'@V\@r everulem Hiesaigas B84 whargyitapklase to

Eé’rbmtlﬁél%*ﬁeé’ss 84‘%%?\%@!}%%#@ of nbheprégérY@é bbﬁ‘étﬁ@tlr?g’ f5t the

annot at ed shows,’ for exarrp e, in

RBPIFERT 19f ArRRS FRMBIRG Sr%'ﬁveéllﬁﬂﬁﬁ in Figure 3,
gr aphccabéqu@tlfyf gt irattednacaagietion Wit §tBp 22, information

Pelé)Pnagb'bo i Yo %e probability of presence and to the probability of non-
presence of an intruder is available, the inventive method is complemented
by a step 25 in which the probabilities of presence and of non-presence in
the space corresponding to the surveillance area 12 are associated.

This association consists on the one hand in characterizing, by the
associated Pswuq, the places of the surveillance area that present a high Pgug
and a sufficient density of instances to ensure a good estimation of Pgyg. It

also consists in characterizing, by the associated P;Ma(t), the other places,

that is, the places presenting a low Psuq or an insufficient density of



non- presence is contained in a given range. This way,

t he operator can advantageously easily distinguish the
WQe@a94828. where the estimated probability of PCTI/EP2009/056838

non-presence is high fromthe areas 82 or 83 where it

is lower, even fromthe area® 84 where it is close to

zero, the areas 8 1 with high probability of

non- presence constituting for the operator the areas

iInetinoesN® ersiFresalrgod éanﬂatiom@ms:eé@gefﬁhlsywagj iteis pdestible to

BT kot beB, 2 S0 pu B3RO s g TRl ko can be

prasieatdd grtaphifallydo@resperadoroh the formraidemapsshowing a double

ARG P oo, MU BNRTT B CEREITT D, AOGATROEORI S AR 3 man
R IiGnesERly SNows e aioaees it PRSHERNINg @ Gignieeant probabiliy

éupﬁ@bhb@nmambﬁQhé%r@b@omaﬂ%@ém@ al mtﬁJoﬁl}?S§¢1i r%ﬁhd the
consi ts onﬁé hand in,ch racter zin

ESS At & I\Bres?ﬂté”%l %c@@b@P i e0fs @P@e"i’%ﬁ%’f‘%‘e Eds also
sigaificang $ewhich thiegiroBPabitityasfdo@atsgf dn mtreicter dealmdsy zefo.

i nstances to ensure a good estimation of PSMi- It al so
consists in characterizing, by the associated PSMa (t)
, the other places, that is, the places presenting a

| ow PSMd or an insufficient density ofinstances to
ensure a good estinmation of PSMI- This way, it is
possi ble to produce an intelligent map 29 of the
surveillance area 12. This map can be presented
graphically to an operator in the formof a map
showi ng a doubl e annotation as illustrated by Figure
9. Advant ageously, such a map sinultaneously shows the
areas 3 1 to 33 presenting a significant probability
of presence, in which the probability of locating an
intruder is higher and the areas 8 1 to 83 presenting
a probability of non-presence that is also
significant, in which the probability of l[ocating an
intruder is alnost zero. CLAIMS 1. Method for
determining in a given surveillance area ( 1 2), the
places likely to host an intruder, the determ nation
bei ng perfornmed by a surveillance ship or aircraft
nmovi ng above the surveillance area and applying ( 1
5), at given instants, neans for detecting the
presence of a target in the surveillance area,
characterized in that it applies the follow ng steps :
- afirst step (21 ) of estimating the position of
potential intruders in the surveillance area ( 1 2),
this estimtion being perforned by
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determ ning the probability of presence PsMi(t) of an
i ntruder at each point of the surveillance area for a

wQ@emendidpst ant t , said intruder being assi gneRICHEP2009/056838

behavi our according to a predefined, noise-affected
determnistic reactive nodel2Q - a second step (22) of
estimating the places of the surveillance area in
which an intruder is not ljikely to nove, this step
conprising : - a first su MQZB) of estimating the
probability of presence PsMa(t) of an intruder at each
point of the surveillance area for a given instant t

sl & 1 (haiESq ) BRIGRTNARCR IO SLARREE area (12), the

non- reactlve our d
ki nendlaeesnti@dy to hastansatrgder, §%§@@éwwpn&emg performed by

gglr ?gla@léurvgnlhhée Bh@b@béﬁdrhﬁ n@cﬁwﬁ@'&b@b?iﬁ@@rv@ﬁ%cé@rea and
ot i mohing et ovel Tiladiecieans TabHsRER Gy 1a A sehce of a

rel at |tawge1 |(1 thbestnwoilleatée rarbaprhataztarizepeirf otateid applies the
S|rrultr ¥[£Sy different nethods so that the

pr esen SISt i on | aw PsMa(t) and the nonpresence
distri but i oa fllr@tvstm &) of edlimnating thedodsitiarhdispatantiairietruders
not d@ﬁ'w?@ds %ﬁe@ha@bhgfzv) ttH%  BegRahbd 18difg FSMbtiied by
and PsMa I ned en place o

sur velqelt%m(‘ﬂ@'nﬁrtéﬁ RrakaRifty; Pt rareéee@fa MsMgE) o¥fadn inttydes at each

Pd(t) p@fmtctﬁttﬁétguweumno@ drepget a@véﬂnmsﬂ@rﬁtetcba@nmtraae%emg
determ ned fo ant t. an

surveidsined s Henavipls) 88orkieBnan A Brstiefiger o disipfipcted
1, chaebemenistiedeaciivehabdelt; al so conprises a third

cri Lot i o whrSRarS oRe [ & BeUFRuft e pRE W Slpitance
PSMa iafea Hewhinbtan lteigignts @@t liketyntopvpve, this stee canyuising :

bei ng surveill ed, ( t
Met hod accor di nqi f|r§t2)su5§fépat(2@a%|9 éﬁﬁﬁéﬁﬁg the Brobability of

character i Eﬁeﬂgeﬁw@ (Ek ‘Plfea’f if}t@tdeé@éﬁaehpojnt&iﬁ%‘? spevsiliance
esti mati ngatgze fer abghviehi tnstaft pr@@ienm@rudér Emelm@tatssdﬁfed an
byal\/bnte|CarIo net had, the instan of intru el
bei ng HostC TAndom” non-reactvé Behaviodr ' defire by a
rudimentary kinematic model ;
- a second substep (24) of calculating the probability of

non-presence P;Ma(t) corresponding to the probability of

presence Pswa(t) estimated in the first substep and defined by
the relation :
PS*Ma H=1- Pova (t)

The two estimations being performed simultaneously by different
methods so that the presence distribution law Psma(t) and the non-
presence distribution law P sua(t) determined in this way are not
deduced from each other; the probabilities Psuq(t) and Pswma(t) defined
in a given place of the surveillance area taking into account
probabilities Pg4(t) of detection of a target by the detection means,
determined for each instant t and each place of the surveillance area
(12).
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process.

3. Method according to one of Claims 1 or 2, characterized in that the
first step (21) consists in estimating the probability of presence of an
intruder by a Monte Carlo method, the instances of intruders being
studied being moved according to a noise-affected deterministic
reactive behaviour and the probability of presence at each point and
at each instant t being obtained from the local density of the instances
at that point and their aggregate probabilities of having been detected
in past applications of the detection means.

4. Method according to any one of the preceding claims,
characterized in that the second step (22) consists in estimating the
probability of presence of an intruder by an HMM method, the
associated transition matrix reflecting an almost random and non-
reactive behaviour, the detection probabilities of the detection means
at each point and at each instant t providing the observation function
in the HMM process.



