IN THE MATTER OF a Si ngapore Application corresponding to PCT Application
PCT/ EP2011/ 062119 RWs G oup Ltd, of Europa House, Chiltern Park, Chiltern
Hll, Chalfont St Peter, Buckinghanmshire, United Ki ngdom hereby solemly
and sincerely declares that, to the best of its know edge and belief, the
foll ow ng docunment, prepared by one of its translators conpetent in the art
and conversant with the English and French | anguages, is a true and correct
transl ation of the PCT Application filed under No. PCT/EP2011/062119. Date:

6 February 2@1153%{&0 Eogsuw{wilf fmunapnmmagim TRIE EHARACTEIRISTAOS! ati on
Di vi sion For_ an n RWs (G oup Lt 1 METHOD FOR OPTI MALLY

DETERM NI NG AP MEM@?T@ Wﬂlﬁﬁ@ﬂ%ﬂﬁ%ﬁoﬁ MONGORINGHS FOR
MONI TORI NG AN AREA 5The subject of thggppiesent invention is a method for

determ ning the characteristics and arrangenent of a set of devices or
sensors for nonitoring a zone of interest. It applies notably in aiding the

design of a syst for .monitoring a,zone of .interest fhrough a network of
fixed se{insors angﬂ]ﬁrﬁ%‘fﬁ%”ﬁ?ﬁ SR IMENIRDI TFnnEEAY fos etRTENIBRE them

adj ust ment @hatRESRIRENEASalrAnbdiReaO T Wndel & rhit %’kvgéhsfo%swra;“t&

The invention applies to any type of device or sensor in particular
canera, a ragaitoriagserens of ioteragiousti ¢ sensor or el se a notion detection

devi ce. It applies notably in aiding the design of a system for monitoring a
zone of interest through a network of fixed sensors and in determining the
10 optimum position and optimum adjustment of these sensors in the zone
under a set of given constraints.
The invention applies to any type of device or sensor in particular a
camera, a radar, a seismic or acoustic sensor or else a motion detection
device.

15
The technical problem at which the present invention is aimed

relates to the automatic allocation of a set of sensors, operating in a
network, in a manner adapted to the monitoring of a predefined zone of
interest. This problem is notably encountered by a monitoring system

20 desigher or a user of such a system. It consists, on the basis of a set of
sensors each having specific characteristics according to particular
technologies, of a set of absolute constrainis to be complied with and of a
set of properties that it is desired to optimize, in determining the
combination, in terms of number and fype from among those available, of

25  sensors making i possible to satisfy these absolute constraints and to
optimize these properties. A second problem is also aimed at determining
the optimum position and optimum adjustment of the sensors determined
previously within the monitering zone so as to optimize performance for
constrained resources.

30 The network of sensors chosen must comply with one or more
absolute constraints, for example, a maximum budget, maximum energy

reserve, maximum carriage or minimum detection performance.



15 The technical problemat which the present invention is ained
relates to the automatic allocation of a set of sensors, operating in a
network, in a manner adapted to the nonitoring of a predefined zone of
interest. This problemis notably encountered by a nonitoring system 20
designer or a user of such a system It consists, on the basis of a set of
sensors each having specific characteristics according to particul ar

technol ogi es, of a set of absolute constraints to be conplied with and of a
set of propertieJhehappetiesdo desiptietzedanpfonmezemplen tistetorsipritenss thbe

conbi nation, in terns, of .nun‘g?r apg ;(/:Fe from anong those avail able, of 25
sensors makPHEM $HBEBaNILY OF targe ?{P 'Ras@N A5SEraRYeClcleRaiamimivo &hd to

optim ze t heggBePHRIRERIiIbRS  TReS BRPHIOL OREC T AS e i i ni ng
the optimum position and opti rrgm adjfus?é}njgnpéosf%etah%%s@hgs%&s%&e?%rrarﬁn(’%]ed
previ ousl y wanificancée nonitoring zone so as to optinize performance for

constrained resources., 30The twork of sensors chosen nust conply with one
or nore EIglbso! ut e*ESﬁgfp@Fﬂit%ﬁOB%& ak Wi e ] %ﬁﬂYﬁ'Hl?&g‘ét?m}?QxiSn%m ener gy
reserve, MaprdBMGAICOh8Bsinel MilifeMuAbA 8bAGIZRBARSTd Q8B Meferogpeoys  The

properties to be optim zed are, for exa he total price OP tHe system

¢ ] . le, t
a probabi | i E9stotnetignseef ardfmé@mQﬂmpiawtxac@dmsac@umﬁomwatngoablertothmo@r t hree

di mensi ons. . t | ass irically by relative

si gnifi cancg&ggﬁég@g%hérﬁ?%gﬁagp gﬂ%iﬁﬁe'gqi%"c?gﬁw&%ﬁ?é)sré?ﬂn'?‘?ﬂ)tmuén is

ai med is a gifebdrembef ocnosidiftdraethbiel Stk dTsh@mtePhayTha alxbRisseb By set of
het er ogeneous cost functions of arbitrary conplexity.” These functi‘ons being

abl e to'lbe YRR WEISENRat o @ATBRHIGI (e il Riceriharrysiam calrespends tuous or
e expr esseq ByPrir ATk s M (BB RENG A B R WShER! of °t he”
syst em cor ribspaystEmtie ascsobpiredsbyrtra stifieofthieogsighfs bt SagPBShddrUEH S.

Li kew se tk%g t %al wei gr}%ﬁof the systemis also obtained by the sumof the
wei ghts of & gehiday. otear Pﬁ@f@‘%‘érafﬁdﬁaéeiéfiﬁéf mespSOMmaieR &unptiensodel ed by
Tore compl e | ABBab YIS | dBoRIEPabthiy Of dBLERll N9 4, Largety can

depend on an a priori pr obabi density of €sénce “target,

t he t arl§et -pehsbifitydiiensitycel presenckeefl thehtarpet, éheitsigaitisbhyor dietancacyr of

| ocati on based fusj on ween sensor,s can involve the probabilities of
det ecti on, *Pﬁ%e‘gggﬁr* %M§£§#y'eﬁﬁ%ﬁ?ﬁrﬁ 'F?ﬁ%é?ﬂ ORSRE sOR fHSIPR D PhMeRAl

rel ative posinsbancapl ihiives aR8OpRobaRiliBe 5! ditbefsh Ofhd hRcBFABSs 85t Whi ch
address the problemof the optimzation of sensor networks relate

essenti al | \elemeniasy mgsissyemantsainchibevovuiue! tflative pbeiienslefiheesnands.ar e ai med

at optim zing the means of communi cation. The problem area thus tackled
relates in particular to the maintaining of the service and the autonony of

the ankennas andheoboluieng TPtheTpAisl PN whiict 2eIdeEMetRIDrblef BPNhkor i ng
zone as a function of diverse constraints on the sensors. Concer ni ng

t he probl eMPiFiZatoN pheeoper mefwybsielaini erpestialinipt bei dgpiopmsnt xf pat ent

applicatio 95195 pr.op. a vi.ce. i the representation of a
het wor k of mggf\??%gs(,% ﬁ’ﬁgﬁg’?@%‘g |Soﬁﬂgfér§a 'aﬁqu} @%taﬁ%ng 35‘8&’8@53 &d the
posi ti oni ngoofmeritatiee&e prolRahentaapps itsatie®neldfes’ #O884uiafmbaRBnt s a

stochastic optjm zation technique essentially focused on the conservation
of energy pggpra rniag of the service and the autonomy of the antennas and not the

25  optimization of the coverage of a monitoring zone as a function of diverse
constraints on the sensors.

Concerning the problem area of the optimal positioning of monitoring
sensors, patent application US 7395195 proposes a device allowing the
representation of a network of devices, the aliocation of caiculation

30 resources and the positioning of said sensors. Patent application US
7693049 implements a stochastic optimization technique essentially

focused on the conservation of energy resources.



3 In addition to the fact that the two aforenenti oned patent
applications are ained at only part of the w der problemthat the present

i nvention proposes to solve, they also exhibit limtations in relation to
the optim zation constraints that they ¥an take into account. GCenerally,
the 5 known schenes inpl enment conventional optimzation schenes such as the
gradi ent schene. Such schenes exhibit the foll ow ng drawbacks. They afford
a solution to the global optimzation problemonly if the optim zation
constraints are fhwdetdiioby tdi thieer faut i Hizte thenowd omforetargionedr @aesHti ng a

si gni ficant tation that esent .invention is ained at renoving. 10

| i m h
Mor eover t h@?lgmé%'r?é‘ﬁe%red%' aﬁﬁB& part ﬁ(ﬁé ¢ yy'deg groliemathehdhg Repssfdna of
l'ocal m ni mgn@htiBAYrBBo¥Y & shRBI BRSNLISHNSAhi liRfbAbNs ?r‘?'ré'l%:h{?ﬁ%o tht s also

possible to use schenes based on a genetic algorithm but ese are not
appl i cabl e ©ptializatioaseomsiradntsothat dshay dcato taket ijoaacotiuee Geneeilgerthe to a

valid soéuti ent i nvention nmakes it

I |l cases. 15 . The pres I
possi bl e tokﬁg%\r}gﬁ?ﬁ’gsl' ??@?P%?%“VSP“%% %ﬁ'ﬁ"&i?ﬁfms VPIRFD pUch A tae
conpl etel y gridimmt cherpbUSUGR §6Hented @KRIDH BHE tfmv@ﬁ@%%iae;(%eﬁﬂé of
nunber, type_and position. For this purpose, the subject of the |n¥/ent| on

is an itera€ffQ8 aschdon tedhergiokatantisizaljor prahlewr onlpfil et optirviedtidesi gn of

a systemfo 5 LQr | r i [isi a plurality of
ensor s of P PRAE: S seaRa A ARl o0, GRS Bt FelrS G o s
each conponeighifiebniviingtationdireat 8% tphesdntpivanton e alas@cieré®mbipg. of a
sensor and M‘ﬂ?ﬁ (Eosi tion in said zone, said systemexhibiting a plurality of
absol ut ¥ t etIFRPRQr 0BPR SEREMES domr{dnakendt prssiieita @veishihecri@nioreena n t hat

it conprise ; ; ' S : ipitializing the
vector S toég%tscgl ﬁ‘?ﬁ@?\é %g,é%ig%mg:hotﬁgéﬁrﬁr@?%tg%ﬁcgé?e%’s%ﬁ@‘snéki'%g up the
sol uti on Soalab passible &r até aohemekrgmednon bayarhtiai digerithew mamgksabes sol ution

5,1 at the 30 _iteration pof index n+]l, said perturbation entailing changing
the type or & nlicatledpi al F%Stgpn%tioﬂai%gf‘gdid@en@fglé%‘ﬁaf@@ewgem%?%ossi bl e
sensor typegvalidoiNshUbngzgedumy type whose 4 characteristics have no

i npact on the global cost of the solution S, o a step of evaluating the

cost oft5said solution srkmon the basis of a global cost function C(S)
determ ned as a gonbination o sub-critelr,ia Ck(S), for

.a 5 plurality o a (
optimzing ar |68 Plsent Ayentied mafis Grssbicte BRava st imwans pe
sol ution S the HMRESEY proposing a completely automated solution for determining

the sensors in terms of number, type and position.
For this purpose, the subject of the invention is an iterative method,
20 implemented by computer, of optimized design of a system for monitoring a
geographical zone comprising a plurality of sensors of different types and
characteristics represented by a vector S each component of which
indicates the type and the characteristics of a sensor and its position in said
zone, said system exhibiting a plurality of absolute technical constraints,
25 said method being characterized in that it comprises at least the following
steps:
o a step of initializing the vector S to a solution Sy,
o a step of perturbing the sensors making up the solution S, at the
iteration of index n, fo obtain a new candidate solution s,.+ at the
30 iteration of index n+1, said perturbation entailing changing the
type or a characteristic of at least one of said sensors, the

possible sensor types aiso including a dummy type whose



0 a step of selecting the new current solution Sn+l at the iteration

n+lont hebasi sof aprobabilityof transition 10P transition =77 (C (S n), C
(S n_E )) which decreases as a function of (C (s", ) - C(Sr ))
culmnating in the selection of the new candi date solution 5b4-1= 5e+l1 or
in the retaining of the previous solution S+1 =S, a step of storing, at
each iteration, the best solution Sbest 15o0btained which satisfies the
relation: if C(sl) < C(Sbh",),Sbes, = a test step for stopping or

continui ng the it erchdracierieficsshave metirmadict ontes dibisaisdoxpRif B E68RitiohS
positive, a final step of producing the 20 optinmal solution Sbest

contai ning the nunber, the type, the characteristics and the position of

the sensors sui t@bl@sféyofr@\mluﬁ@ ersgd furt%%{e%)mﬁﬁ CSC% *}%Q@Qfg 03’“ ant

enbodi nent of the invention r nor e tep of
di spl ayi ng the posia |ghﬂ:saidfossefmdctmn§(§8$ dleiaémmgedlmd hecapbinagbnsedl gt i on

Shest i n t he geogr i us nt ace. .. In another variant
enbodi net of t he |‘ﬂ é"ﬁfl 09?0 C”tﬁf'?l g'{ é)atfgénoé’f'@f?“&mﬁ?i lgast apneeast the

foll ow ng sub- st epsharacteristic of s@id a@%r@%ﬁ%hi‘éﬁ gg | liyRegofigeach of
said sensors from anong 30t he avail abl e types, inc in e dumy type, 0

random sel ecti on ofCOMMEOSESsi ti on of each of said sensors,
o a step of selecting the new current solution S,.4 at the iteration

ntl on the basis of a probabilty of transition

10 P nsiion = NCC(S,), C(s,.,)) which decreases as a function

of (C(s,,)—C{(S,)) culminating in the selection of the new

candidate solution Sn.= $p4q or in the retaining of the previous
solution S.+=8,,
o a step of storing, at each iteration, the best solution Spes

15 obtained which satisfies the relation:
If C(Szwi) < C( 5351)7 .IJasr = SJH] H

o a test step for stopping or continuing the iterations of said
method,
o when the stopping test is positive, a final step of producing the
20 optimal solution Spes; containing the number, the type, the
characteristics and the position of the sensors suitable for

monitoring said geographical zone.

in a variant embodiment of the invention, the method furthermore
25  comprises a step of displaying the positions of said sensors making up the
optimal solution Spest in the geographical zone on a user interface.
| In another variant embodiment of the invention, the initialization step
comprises at least the following sub-steps:
o random selection of the type of each of said sensors from among
30 the available types, including the dummy type,

o random selection of the position of each of said sensors,



o verification of conpliance, by the solution So, with all the absolute
constraints. I n anot her variant enbodi nent of the invention, said
sensors are of passive type and are at |east taken fromthe follow ng set:
a canera, a 5 radar, a seismc sensor, ®n acoustic sensor, a notion
detection device, a detection device based on electrical contact, a device
for detecting radioelectric sources, a device for detecting nuclear
sources, a magnetic, capacitive, inductive, chem cal or bacteriol ogical

det ection devi ce.o | verdficatibe of vampinhce iyads eitiodd S, hetH AV ert sskbiugai d
sensors are of 10 active type and are at |east taken fromthe foll ow ng
set: a radar, an actiNAYadustic detector, a LI DAR detector, a detector

based on neut r@nzasikY a9 RhbUET i _%ﬁe tect | n anot her
vari ant enbodi msﬁt of théI ﬁtn\(/agﬂ]tl onl,eﬁgr?tpggéoiﬁg?e ég%aﬂcl?csﬁ%sgps ar?ﬁoﬂstrai nt
i s a const r piassiveftypednduatevat dgbastomkemxiomnthpriotewbry oét: bhRigrameaccur acy

of location over a given geographical zone. In another variant enbodi nent
of the i%veﬁ? Hnd %eq%fﬁé?r%%is@?i égiaéoaﬁf'%s%?%ra Ewhiphidatactiars daeicghe, its

price, its peeabhl tbVicel haed®Csh NGlcdircal I@intadt! Sy IGLGEL I R HafldRy | N
anot her variant enbodi ment of the invention, an optimzation sub- =20
criterion i&dipglegirghanurors, ghdeyicet oe detectioy satidasensoes, armabeei, obal

i f th . of .sai d he d f e of th i d
Done or oAt e I iR b A argab SRk deEtHaArbPed zone. said

sub-criterion |heamghebhariziet Beboammutieds METeRiaaohy S sbhe r%eﬁré’fofsens.or S
maki ng up the solution S. 25In another variant enbodi nent o?-t e invention,

at | east0 onaclyfe tre ansharecat leasy tekae e she follovdng set:ia ratze, ammatiie ch

all ocates f h ell , MhEh Lnates.,i . f the geographi cal
zone to be ?r%%"l%?%rg , aorlf";e atLll%hsiqgeg%tgha%ce(]s%}%?thg ﬁ;’ﬁ?%ﬁﬂ ?'ﬁc?g‘a@&% with
t he noni t or actiyvatiequam eotvg-bafricsdiadetesedtet | . 301 n anot her vari ant

enbodi ment of the inventjon, at |east ogne of the follow ng conventions is

applied to t he" Aniher Yasiank engbqgimespof e dpvasiioss anhabsalbtectecheidah i s
either a m pBuztl RNa0kofstPRN B 7A5LARm weight or maximum price or of

15 minimum accuracy of location over a given geographical zone.

In another variant embodiment of the invention, a characteristic of a
sensor comprises its weight, its price, its probability of detecting a target, its
detection radius.

In another variant embodiment of the invention, an optimization sub-

20  criterion is the global weight of the set of said sensors or the global price of
the set of said sensors or the degree of coverage of the monitored zone or
the accuracy of location of a target in the monitored zone, said sub-criterion
being able to be computed numerically for the set of sensors making up the
solution S.

25 In another variant embodiment of the invention, at least one of the sub-
criteria depends on a significance map which allocates for each mesh cell,
with coordinates ij, of the geographical zone to be monitored, a relative
significance value which increases with the monitoring requirement of said
mesh cell.

30 In another variant embodiment of the invention, at least one of the
following conventions is applied to the sub-criteria:

o the optimization of the sub-criteria is either a minimization or a

maximization,



6.0 the value of each sub-criterion is normalized between O and 1. In

anot her vari ant enbodi nent of the invention, the global cost function of
the solution Sis expressed with the aid of the follow ng relation: EAdick
cia* C(S)=1c=1 , where kk is a weightdgng coefficient, p and ak are EAk
k=1 5gi ven paraneters. I'n another variant enbodi ment of the invention,
the probability of transition is expressed with the aid of the follow ng
relations: 77(C(S), C(s,)) =1, if C(s" ,)< C(S") ri(CS,),C(s,))=e""), if
Cis,C(), 10w th ¥ nheashss ahedd suthoseriehfisabrinalita bemden ¢ ass 1pr obabl e

t he accept ance, of worse solutign at iteration n and conplying with the
following rel a iW%WhW)aigf(":‘bq ’Wﬁ@% ef fhg Bvgntiordhe siekataost fumssios val ue
is | ess thagslingndogtbst 8nfs @kéﬁés%@sﬁlitﬁoth%' aiq of the f%_irl}ﬁmiﬁgbh%{i?l%f the
i nvention is also a conputer program product, characterized in that it
conprises program gode instructions for the inplenmentation of the nethod

according to the invehfCds)™
C(S)= p= X , where Ay is a weighting coefficient, B and oy are

>4,
L]

5 given parameters.

in another variant embodiment of the invention, the probability of
transition is expressed with the aid of the following relations:
MC(S, ), Cls, =1, 1 C(s,,) <C(S,)
CO8,)-Clspn)
NCES)CE,N=e T i Cls,)2C(S,),

10 with T(n) a parameter whose effect is fo render less probable the
acceptance of a worse solution at iteration n and complying with the
following relation T(n+1)=pT(n), where p is a given parameter whose value
is less than 1 and substantially close to 1.

The subject of the invention is also a computer program product,

15 characterized in that it comprises program code instructions for the

implementation of the method according fo the invention.

Other characteristics will become apparent on - reading the
nonlimiting detailed description which foliows, given by way of example and
20 inrelation to appended drawings which represent:
Figure 1, an exemplary significance map according to the invention,
Figure 2, a flowchart illustrating the steps of implementing the
method according to the invention,
Figure 3, an illustration of the results obtained for a square uniform
25  monitoring zone and a single type of sensor,
rigure 4, an illustration of the results obtained for a square uniform

monitoring zone and four types of sensors,



O her characteristics wll becone apparent on reading the nonlimting
detail ed description which follows, given by way of exanple and 20in
relation to appended drawi ngs whi ch represent: Figure 1, an exenplary
significance map according to the invention, Figure 2, a flowhart
illustrating the steps of inplenenting the nethod according to the

i nventi on, Figure 3, an illustration of the results obtained
for a square uni form 25nonitoring zone and a single type of sensor,
Figure 4, an ill WRgurat §oanofiusthetionesiitiies rofiini bBthif@ fér §RUAIHiteRnEOr M
nonitoring zonec?Eg f our tiges of sensors, 7 Figure 5, an

i |1 ustrati ofO8f ¥ hOYESIARS OB I IFHEP t he nonitoring zone of Figure 1

and one type of $§%@re an iilustrﬁoﬂ;‘&gﬂ% r@ﬁ{{slahgt%ﬁﬁ&f 'fcﬂnteh%f 8#0*?1?(8%@%?”5

obtained for the nbnitoring zone o I gure two typ
Si gni fi canceonepf Figuke gaand tud typesmbsdnsemt of the invention is now
described. It relates to the optim zation of a systemfor nonitoring a zone

of geonetry defined by a rectangle. The invention applies in an identical
manner to any Bygfﬁfigbné@ ,ﬁ@ue of interest of arbitrary geometry. The

nmoni toring zone of rectangular shape is cut up into a plurality of

el ementary nesh Raticdar erdgidieenf ofrtbetiavaniioarissttapdesdiieds ¢t rotftesssh cel | s
constitutes i h cell of the grid is identifie jts

coor di nat es tﬁeg)ﬁlctfﬂiu.zﬁ@?%t %ﬁ%%f@%ﬁrirﬂﬂmﬁrg&? ﬁ@”@@é@@ome“fyh‘gef?{ﬁdemi on, the
shape of a resdciaegie. Thy iecdioh bpplies inlBnFibeNiG InsMRireSeaty HAlk Bxenpl ary

significance map according to the invention. The function of” a'significance
map is the iZ98RteTrinteaesinl aspitaen ggontetive Thei meniering zorant eestangilart he zone

to be nonit i sSor Jom Lon _constrajnts, depend on,the zone
cover ed. NO\%V?]E? Ri Jge%%ﬁggrraﬁgg %rP ‘@%l"‘ﬂé’ﬁé,‘eﬁ“gnﬁ%ﬁ Wieﬁédc%iﬁ Eg?‘{"’ﬁ@t 8f s that
are conpl ex rectangplaaishap. ahal g4tigfankbyh ards Adbrishrited Begrihapdch MRbstpe of

uni form signifi iin_ operational terns. In a prior Step, the nethod

i gance in. \ : : r S
accordi ng tﬁe['tfgag%ﬁv%r IO IfEdHSH St its ipopadisatasct pRg jt WEtheugsicpacinge map 10
associ ated w dg;érg I : i . [ h_cell of the
signifi canc\g‘Ohngi)ﬁe{gcb I ecftﬁé iriﬁ"%sn%!te\@\gth%o%% ieﬁéa}ctaegl%lshg‘%g%%}aie ?ﬁ&%{?ﬁ‘cance
value 4@ ,j) ifSigae 4l teprederds afhesemplang sighitearel @mpt Acordiegeot theof the
zone whi ch are not jrgtgnd&d to be npnitored. In this way, the areas to be
moni t ored cAYSREORs TS AHRGHion; ¢fa signficance Hage is hireideafifieation of zones nonzer o

and its val e réftind |si§rhﬁcdr®é9®ﬁhmaiﬂéez§ﬁetta%é%&\i{g&%@ggr%:ﬂgirat 8%@90:" s_of

interest. In particular, the interest In nonitorin els erm ned as
a function eplimiratignsvabirints/dgeerat of itelzoge aovenegeNotwh ¢hiieizonermay, t he

oo vmt ) orfot DAl GRS U PR T b et bt
equal 0 a gnall/fcanyvahdeonfole wrRIPhand, hBol Beuss LuinifRfesihficafte Of, val ues
C(i,j) have been determned for all the nesh B
operational terms. In a prior step, the method according to the invention
consists in constructing the significance map 10 associated with the
monitoring zone aimed at. For each mesh cell of the significance map
labeled by its two coordinates i and j, a significance value C(i]) is
25  allocated. This value is zero for the elements of the zone which are not
intended to be monitored. In this way, the areas to be monitored can be of
arbitrarity complex shape. The value C{i,j) is nonzero and its value is all
the larger value as the zone to be monitored is of interest; in particular, the
interest in monitoring a zone is determined as a function of the probability
30 of finding a target therein or of the sensitivity of the zone from the
monitoring point of view. If no information is associated with a zone, its
significance value C(i,j) is equal to a uniform value, for example the vaiue

1. Once the set of values C(i,j) have been determined for all the mesh



cells, they are nornmalized by the sumof all the values C(i,j). The
significance map according to the invention thus determ ned gives, for each
mesh cell, information regarding relative significance in relation to its
nonitoring. The scale 11 of the values f C(i,j) varies fromO to 1. The 5
nmonitoring zone 10 conprises unnonitored sectors 101, 103, secondary zones
of significance 105,106 and priority zones of significance 102,104, 107.
Sensors 10The objective of the nethod according to the invention is notably
to produce acelsl uhegnated riorpiaipbebyofthepsim 2t Apnhendgiieseralipl The
constraints. For this purpose, a solution consists of a set of' Nr nax
sensors reprY¥RHERICHYAP \AEEPHING tacke kwRaHeR thve dstenainedigives,yfe and

position. S (T4 it nsi dered but
Phey do not T sancohy P BHRoeEeR iRy e SR T P AT & o
accor di ng t ombhiorinmuetité aoaleHOWefethe tdheys 0bIGi |)Niaridshgogab gyl st TRA of the
cost fungti onal% devel oge further upstream of the descrigti on. By way of
exanpl e ?he TOMAMRDGON? stV CREIAIGES Wmanipsed iaseersof Ot dfidopecansianit i bl e

Wi th the methpfsacGorghmficate Mo MENLRAN- rertho%n%pBFt%@giﬁfrﬁ%the
scope of the invention any 20equi val ent sersor {s“&0ncervabra, The

i nvention apiild,#84.68dally well to passive sensors as to active detectors.
Passi ve sensors incorporate notably visible or infrared cameras with notion
detection, dated or otherw se, angular |ocation or scene recognition,
acousti c det ecBengoptiCh as m crophones or hydrophones 25 which can detect
a presence, perform angul ar and/or distance-w se |ocation and perform sound
recogni 1% on, péhatchigeidesef Hra maleed acoprling de Hhasneenjerpisonetably teal

detectors s i - g i,cal le. Such seismc detectaors nmay or
may not per]tbgr(rjn&gea? e%["géot%e@t?@?\%%@&f\@&'%@ﬁogéﬁngﬁ{ SeYfgR %O'?sgrc%@ Ftion.
Passi ve sensarshisqpmrpbsd)| £ solutibntdomspieseatset 3P N1V 8BRS BhRLPREPTPASS
sensors of FIR (Passive InfraRed) type which al so have t he capacity to

per f or m | ocdYi dYeCks: dBESR SepsasRisncleyaiiable dye soatresitioor Semsoes of
b k , i ] ..of I | { t tect
of 7 adh oel ok ed Do SRR ooREiEo BeAFSor8h ol bic MTRRCHriEt pbget her

with amb eqtfi@eeittionmpeor prodgeiagnehe omettaiaattdrdig i dus iiveditiogheni cal
or bacteri olé_&1 i cal detection. tive detectors enconpass notably radars,

A
active acou V§EL BBy g fntg dhe &%i%ﬂﬁﬁ%‘dﬁéf‘et%ﬂﬁéfoﬁiﬂPB@ﬁSrféEVIe based
d n H . I " o i N
etectors ofyAldPARbdirddn9 i tﬁ@%e%%ﬁtr)f?c?h.aa@fc im\%{‘gf BRample B ﬁhg\rmgrgé“n frent

perform ng detection based on neutron on or onin coustic
or visible éstiudes bdangeerumber af siesotesompetiblendiégr thef nditisdd Aedorsigiys or

types. Each,sensor type sesses iptrinsic, characteristics which cone into
the criteri 691%%”‘(’98&}'&{%&15@ ﬁ}@f)% h‘ieQﬁfgW fprpsthg %Q?Ip@t?oﬂ‘eomvﬁﬂﬂ% Y t he

met hod 20The eqdlaRRarREeF ii$ tdopeeRbbR. SENS MveMiBndsh Ifé%de(gdaifyhﬁeﬁe‘lto of
paraneters totally describing a type of sensor in the sense’of a (gl obal
cost functi BAssiThesasyRAsdotastive detactonsy be fixed when dealing with

b i nternal oA BUTg PRRSYaEET e TAnE YT A St aRco e et o T
i nter-visibiatioyt hRiteeRih, SeRSS or otherwise, angular location or scene
recognition, acoustic detectors such as microphones or hydrophones
25  which can detect a presence, perform angular and/or distance-wise
location and perform sound recognition, point-wise seismic detectors, such
as a geophone, lineal detectors such as a piezo-electrical cable. Such
seismic detectors may or may not perform dated detection together with
seismic noise recognition. Passive sensors compatible with the present
30 invention also encompass sensors of PIR (Passive InfraRed) type which
also have the capacity to perform location, detectors based on electrical
contact or contact breakage, motion detectors of accelerometer or

inclinometer type, detectors of radioelectric sources, of nuclear sources,



15 and nonitored point. The characteristics of a sensor may al so be
adj ust abl e by way of a nethod. Such is the case for exanple for the axis of

ai m of a canera. The type of a sensor designates a class of sensors
possessi ng common fixed characteristicsgg Several instances of one and the
sane type 20of sensor differ only by their variable characteristics. The

type of a sensor nmay be, but not solely, a canera, a radar, a seismc or
acoustic sensor or else a notion detection device. The characteristics of

sai d sensor spajvebaatinnedogetheh wish térey capsprhent tikplavmbetig ahageetd he
volume of a sensqr anpd also for its angul ar observation 295 fiéeld or the
nature of t WePRACHNEnINEIUGHYR Fhemicalny Paiariglegicaldetedingn measur enent s

i ncl ude the abggl i I MRy i | -1.0-pnoi se
rati o, neasur e?r\gﬁ%%g? &g %ﬁ?%ﬁ%?%? B@?yeké%éerg’r ?E%@Jara]éhg%?c gré%&?ﬂrgrrent s of
speed, of dicftaareaandotorardypensiybapedasaerrbavedelisectrs AJfa3ARf ("Lajgrget

detected. 3 her. characteristics may evqolve as a function of the solution.
Such is @heo%@g{t?%@np?}garbgipgé YRE ANdceRHIPRent geEeENY drtegtionikasedn of the

quantity of giene@tn abivein o ihitd, BBbuRIColAERld Sl abafibut | on. Certain

sensors are characterized by a performnce curve. € ‘case notably
for the 10 prdébéenoiesythsf ndethectdingistinctasgesomsyzed uBath eenedr tthee di st ance
of peasurenent of a

bet ween the s and. the target and al so .the accurac

sensor as apf%%%%edgn ’Bﬁrmﬂcs c%gﬂagcie?%ﬂﬁsowﬂ% QrYRalnte olfifoi¥¥erioft ifT Each
avai | abl e sessqratingPené Squliitg 8efa nesluden achiadd oY Ofhe0RaBbd M Rs
characteristics so 5 as to constitute a set of avdil able sensors which

serves HS i paracietisliost of ensenser ioe defineddbyngheosathel paraemiteentotitly t hi s set

of Treal s e .S r_of .du e jdeptified by the
type 0. Thi ?éggﬁ%'hgpcﬁg’sd en%@g%%éﬁngﬁgﬁ%gs I%b%%@i%géﬁ%”&ﬂ?%n?h??%t is to
say its charchatatéddticsmay @enfixedrahen kdetligy M garlahetBfd BRindid & YWd ght and
its range are zero. A solution 10 provided by the optim zation nethod

0
accordi ng t §SRY ?'W"éﬁtsi "Bﬁ_ %‘Bﬂ#ﬁ@%@@e'@ﬁreaﬂf/éc@%ﬂeﬁ_ oNiiR M roataudalivn ch are
represent ed ﬁ%t{oﬁg'éuc%yé’sexﬁé‘ESP&E%thx sﬁo&é'f{f? fn‘{é‘fig/’;'s{bﬁg\f: ;b%’%ﬂu%;ﬁ Qohsof 1YPE

incorporates all the intrinsi'c characteristics o ns
al so cdifpri sed fmnieaeh pdinsaiTte sehsacteristitor obtd aersel atiaRgalsd i

position (coqgrdinates in the plane r in 15 space) and/or its orientation
(direction éaj%iﬂr}ﬁ? :%Wd"@f of ﬁ‘e’ggg}?go%”.ch-‘@rﬂé‘? FaPE ot example fopdhe i he
sol ution vegt 9im Bf 9Qd4pRG;by the nethod according to the invention. Absolute

constraints 20The network of sensors is determ ned, notably, as a function
of a set of Mhehdwpaitef eossnsai nesignatdse acaiges ed setdorahpadsesenst it ut e

anot her input _datum of the nethod _accor.di to the invention. The absol ute
const r ai nts&{)'@nﬁ)@ @6%?51%3(3%??&050 etvﬁéafﬁ%%}%BF?SS Oﬁ%ﬁ@grtgecsﬁ&%wpﬁre t aken
from the fobf eusos diRdronty BY MEMArRIbISBH:MUBIsAES! wei ght of the set of
sensors 25 nmakin the network, a mninumor maxinumtotal price, a

bound on the Pdi ?Mﬂlégof)ﬁ sepsasymelitbef bt 9ol eleberscamerpea mdarniamum or
et ween T o Seiord SEELRI seloPh o e sRoly FHPHIR GToRBC U | 7ot 1 me
of a sensorcharad@XsItENENENYYsenesey Vien0beafitRNSslioh & khdlidaseMok NGe
weight or for the volume of a sensor and also for its angular observation
25  field or the nature of the elementary measurements carried out. Such
measurements include the absolute energy level or that in terms of signal-
fo-noise ratio, measurements of elevational or Euler bearing angles,
measurements of speed, of distances, of frequency specirum or eise of
class of target detected.
30 Other characteristics may evolve as a function of the solution. Such is
the case for the price which can be degressive as a function of the quantity
of sensors of the same type that are used in the solution. Certain sensors

are characterized by a performance curve. Such is the case notably for the



30 orientation of a sensor, alimt on the delay in transmtting the
information to a conmand post, a deploynent constraint such as a m ni num

di stance of a type of sensor with respect to an elenent of the terrain or

el se m ni mrum performance of the networlgin terns of range of detection, 11
| ocation or classification. The set of listed constraints is of course

whol Iy non-limting and any other absolute constraint relating to a sensor
whi ch is equivalent is conceivable wthout departing fromthe scope of the
i nvention. Gewoeobiityof eésebtindachiiat KO8FURGION of ha"BRERE MMvwachupet | on,

for 5exanple a Boolean function, v, (S ) nmaking it possible to verify

whet her each"¥BRsEPitHe (Ades apF 3ls0 o asawiasyi@dneasurement off & $emss. The

solution S i 3 sl f I ve LE, What ever. rying fro to M

o1 UL N, S Las SBRRKAPLE 1 oY 0 o lr URBLBYRLST ARLYERS LAl M

constraint sensor tygeguialtbu® defindd essuinefior be onei ghhsreoothaabidridgcs8AsSor s

consti tuéi ng tE}e 10solution S is ,%reater t han a- gi ven maxi num wei ght. V',

equal s 1°in %% EQﬂﬁs?g-l‘t@ea sl ayaliagie sengasy sicannes, aaimnpubbetintte

constrai nt ; : j - i ¥y i LLeri. 15The
R0 SROR SRR PP, T this SBEOET FBSMRF s @

optimal solution Sis nct i on

sub-cri t er i &dsledehsemustaf dutmenahgiehidentiétd by thetyupe @daltds ebnsdrehaehdod
according to_the invention., A sub-criterion corresponds to a characteristic
or a conbi nd?P8f! 8F ﬁaQ’QE?]eF?% Fraterigp, 18 rondR¥% s eFlaspstongiGh@ep t he
sol ution S. AUsED @R il n Ji Gl unct i _
contri-buting 20 to the c@?ctﬁﬁjzgt@?bﬁgg\gé@%g%dgbg%/%@% qu%%'{()i' %nét%igﬂ?rﬁe

net wor KIf  $apdded bythe joptimmzatiopr metitideatsording todbe inferttioa etshnd ciccor di ng

to the inventi it h th i.m of weightin he rel ative significance
thereof in {éh\éeocg o a'l{lm%‘oss?%s?'bs WaIch e eEé%?%”%ﬁfgbégé%Fw Wgé%-bdfr'?teri a
whi ch f ol | owaRree wpyihicalie 0O tbher, et hgde aGeairdbifled Oafl Nehd MKEHdION. as

wel | as any equivalent to one of _25 thése sub-criteria. It involves the
total wei ghthefaciayisties ofithegensere Thetsalutimsalisofconnerisas fot ieanh of saidraxi mum
detection p Ll A : 1h etection. probability. over the
whol e of 't heoaans iofmBGh BicfH30 1 BaRY (P4 FEAEF SEHE Bltne mlich

| ocati di§ er spacevemdidre itsharientdtidrhedireskon Lo saImigf &heanhbniehssgNsor

di st ances, ‘_@e m ﬁ'i rrug\g_ath between a fixed point of the 30 map and each
sensor, the §EPE9 %M 3 MYAsHRRAIE nger BrRiViRR sty npTasiuseraby dhefoethate set of

sensors of Qcé&ﬁﬁg’{bhﬁeﬁrﬂﬁﬁlﬁoﬁonsumti on of the set of sensors and al so
conposite constraints involving arbitrarily conplex el enents such 12

Absolute constraints

20 The network of sensors is determined, notably, as a function of a set of
M absoiute constraints to be complied with which constitute another input .
datum of the method according to the invention. The absolute constraints
to be complied with by the network of sensors chosen are taken from the
following set: a minimum or maximum total weight of the set of sensors

25  making up the network, a minimum or maximum total price, a bound on the
position of deployment of a given sensor type, a minimum or maximum
number of sensors of a given type, a minimum or maximum distance
between two sensors of one and the same type, a minimum or maximum
lifetime of a sensor, a maximum energy reserve of a sensor, a limit on the

30  orientation of a sensor, a limit on the delay in transmitting the information
to a command post, a deployment constraint such as a minimum distance
of a type of sensor with respect to an element of the terrain or else

minimum performance of the network in terms of range of detection,



as the mnimzation of the nean altitude of the sensors situated at a given
di stance froma part of the nonitored zone. This sub-criterion nust be
optim zed, for exanple mininzed or maximnzed. The termoptimzation is
used to designate the search for an extifenrum 5 maxi mum or m ni mum

By way of nonlimting exanple, the embodi nent chosen here uses K=4
sub-criteria, A first sub-criterion corresponds to the global weight of the
set of sensors constituting the solution S. This first sub-criterion is
nmodel ed by tlbeafimt bomasgifibﬁﬁcm.i iﬁhe Sw\&éiligf_?ﬁ(@dns{tﬂéir&mgr(ﬁ %&Jr%tﬁﬁ?lw s the
wei ght of each sensor of the soluytion S. e nmethod according to the

i nvgnt ion i sn%ﬁ'ﬁ‘@ m&tafﬁ{)?ay RINRY absedlta crpptranirlaingrinamenser which iﬁ obal
sub-criteri A bsd) i o] -] o} or.es e gl oba
price of thgéhslg;llétj%'?or]ls S%%%%%%?%dmpta Hﬁacf/édbagﬁr%dg?@d_thg g gg&?o{bfo%eng
function: prinegtgtion. Gdnenlbr, eaphiabsphite censtrantisi mogeledeyod feagibns fsrsor  of
the solution S. The tpﬁod ccording to the invention is ainmed at obtaining
a sol uti%n SXRIRIA E?n%?ir’io ai’eg‘”cqtl@”sd(br(& imakingrit Gb2¢iBle t0ehiyt Whether
sub-criterion corresponds to the degree of coverage of the zone actually
noni t or ed byeaoheCONSEabT N &F 05 EnRelr satishiad tfor ineesblison Be Thel satitam S.isThe

f ' ined,. f | . bei th tion_of the
mon tor od oG eRAPi T AE RABC SRR M EriRS SBEBIT 18 JT ol B ket 0BVt nan a
i S LRI L deSub-cei tepi on i s mmdel the fol | opi
Puncti on: &y Spgahibig gt irkliph £/ Bsd GuREWER e Rt onBRETYr e
|1 f th LN . I I [ d L.J) =1..f.th
S(raobz b?l i tyeeg?fagg't()eigﬁfxgﬁWﬁ J?%ae g&&gﬂﬁagg eatlﬁ A s&hbods) contstiilitirtd"She
10 solution S is greater than a given maximum weight. ¥. equals 1 in the

converse case. In an analogous manner, any absolute constraint can be

modeled by a function V..

Optimization criferia
15 The optimal solution S is determined as a function of a number K of

sub-criteria which constitute another set of input data of the method
according to the invention. A sub-criterion corresponds to a characteristic
or a combination of characteristics of one or more sensers making up the
solution S. A sub-criterion is a numerically evaluatable function contributing
20  to the calculation of a global cost function to the network of sensors. it is
interpretable by the user of the method according to the invention, with the
aim of weighting the relative significance thereof in the global cost to be
optimized. The examples of sub-criteria which follow are applicable fo the
method according to the invention, as well as any equivaient to one of
25  these sub-criteria. it involves the total weight of the solution, the {otal cost
of the solution, the maximum detection probability over a zone, the mean
detection probability over the whole of the zone, the minimum location error
over a zone, the mean location error over the whole of the zone, the sum of
the inter-sensor distances, the minimum path between a fixed point of the
30  map and each sensor, the delay in transmitting the detection information for
the set of sensors of a zone, the total consumption of the set of sensors

and also composite constraints involving arbitrarily complex elements such



13 situated in the mesh cell with coordinates i,j, of the significance map
is strictly greater than 0 and c(i, j)= 0 in the converse case. Cfii,|))
represents the significance value of the significance map at the point with
coordinates i,j. The probability of dettgction 1)(i, j) is determ ned as a
function of the 5unit probability of detection and of the position of each
sensor. By way of exanple, for an optronic sensor the probability of
detection can be obtained by casting rays fromthe position of the sensor
until they asdéhentienvigptien objhammskalttudeesthesaraoge siviated et aFgivean
acoustic sensor, the probability of detection can be cal cul ated by applying
t he known eaiﬁg‘?rit'(&?n#%mgﬂH@g%ﬁ%ﬁx\o@’toﬁ%}@%del of noise radiated by the
target. The Tﬁ?ébs&ibﬁt%rribﬂ%&t%@pﬁﬁ%ﬂg%rﬁﬁxaﬂﬁﬁeiﬁﬁﬂinﬂiggd %ﬁ‘ﬁaii%cﬁ n the

characteristics of each sensor and al so the significance value 1)
associ at ed Whehtesacoptiraightierlis usedtthedsdigmatei thensearohgdoc anr egpamndimg to t he
.Criteria of this type can be envi saged w t hout

noni torifNg zone e
departi nég fkﬁb"lj%?'PH'g‘g"c'@BEmHF”-t he invention. 15A fourth sub-criterion

corresponds to t B &g AenliitilgosadrmprR, #he antifGRbnVBheSek AR cdef i ned as
being the nean location error over the whole of the zone of coverage. The

| ocati on of Kg4tsbgiteiia, AdFtdisnbdritgrioreeefrerparslsdedhe el meighitaf tdel i ver ed
b | i - criterian t itself .d ds .on t hi r d
oubecr 1 ori S8 P ERoROt RS SOTuls LG ERERER € et eqon

t he basi s oby éhd fadlawirgsfungtidr:on of the location error with the aid of the
known t heoretical Craner Rao bound and depends, notably, on the relative

position of the set of sensors,_i te%s of tection range at the point
with codtdinates i,j. This exaq:rrpgg'é:s Wél&hﬁ&s €léveral sub-criteria 25may be
i nt erdependent. The sub-criterion reffating to | ocation accuracy may be

model ed by yherd @LigPN S the! BbigAPor edéh 8@ mf%”r‘sﬂegl%%%f&a”p' ©s

of sub-criteria illustrate their di vers??’}s.orﬂ@% rstBﬁ ub-criteria are
si npl e sunsacdeedisgsta Hbet mvedtisubisceimet i ainobtgieingsaosolutien agr angehirent of

t he sensor smarg%. al R oBti ﬁnal I é éhe 5 obstacl es between the sensor and
the target. Fi 5%83 Y T%ﬁ?‘?‘f‘ ubSkriteri on illustrates the possibility.of
subor di nat i Ag:dchad calteaditalibAcRfespBRAS UB-1BE! §IBDAPPriE® ANAENiution S

15  adopted. It may be modeled by the following function:

N

C(8) = ﬁ:‘pmem) @)

where price(n) is the unit price of each sensor of the solution S. The
method according to the invention is aimed at obtaining a solution S which
minimizes the sub-criterion C'»(S).

20 A third sub-criterion corresponds to the degree of coverage of the zone
actually monitored by the network of sensors constituied by the solution S.
The degree of coverage is defined, for exampie, as being the fraction of the
manitored zone which guarantees a detection probability of greater than a

given value 0. This third sub-criterion is modeled by the following function:

256 NCIG, )
25 C(8) == R (3)
NN, D CIG, j)

L

where NcN_ is the number of mesh cells of the significance map of

dimension R and ¢(i, /)=1 if the probability of detection £, (i, /) of a target



I n one enbodi ment of the invention, conventions are established for the
nodel i ng of the sub-criteria. A first convention consists in devising the
10 sub-criteria in such a way that the optim zation is a mnimzation for
all the sub-criteria or a maxim zationqfgor all the sub-criteria. If the
optimzation is a mnimzation, the third sub-criterion described
previously nust be replaced with C3 = 1-C13. A second conventi on consi sts
in normalizing between 0 and 1 each sub-criterion so as to render them

honogeneous sifiagsd irf $e n@ﬁ@@lﬂ@wﬂ*ﬂ@oé%ét@s Sgbbf?rﬂhé %ré,';rﬁf é%% 1@%%(%) - cu4

rewitten in the follow ng manner: CI1(95)
(5) =wher e PUEGtyramvaier\iaan B adx O j:)@h&erth@cM»teraeataE’eJ CElhxepregehtte wei ght
and price not to be exceeded. ErrorMax is the adm ssible maxi mum | ocation
error to guadb@SiEwicangsyaia @f %@ri’r'@i‘fﬁ*ﬁﬁ'&@? nEp fbihet prinkyih @vordinatssr d

|
CE e corr edBori ebabiRg Rl B, k2UP, f Sekhfine o Pt et . i n
t he caseswhempg ér@ﬁa@ﬁy‘ o é@tbbf*?cﬁh bfd afThBi SAHR Bf‘eaéﬁ' sEREoP ’ agc oft he K

sub-criteria Ck(S), one of the steps constitutin met h ording to
the inventi @ﬁaml%lfﬁéanaptrdemaamsmt@ Rrofpabisy of:«ﬁesteciﬁmmcam oralbtalmedh can be

ak al T ow noi A4S Rl ion HastreSt hEfsar uarChebare 5#%%%@%&? Ging to

its val ue. Bh@apRYrtrbyh 608hbE &F @RES FOK apl A Dstigls@hbye tM@ aflgyYr each
sub-criterion with respect to the others. Anong the art| ar cases, if p

= ak = 1 whietsgipnicanincargptasbby epplyingsthedkrown ﬁeaatl@‘cofrmermwmoof t he
sub-crif@ri a (K& or P BlpRLY b'yfthB targ%lf FENS5 Ol 3(tS>5’depends at

one and the same time on the characteristics of each sensor and also the
significance value CI(i,j) associated with each mesh cell of the significance
map corresponding to the monitoring zone. Other criteria of this type can
be envisaged without departing from the scope of the invention.

15 A fourth sub-criterion corresponds to the accuracy of iocation of a target
which can be defined as being the mean location error over the whole of
the zone of coverage. The location of a target is obtained by merging
several measuremenis delivered by several sensors. This sub-criterion
thus itself depends on the third sub-criterion relating to the degree of

20 coverage.
it is constructed on the basis of a local estimation of the location error with
the aid of the known theoretical Cramer Rao bound and depends, notably,
on the relative position of the set of sensors in terms of detection range at
the point with coordinates i,j. This example shows that several sub-criteria

25  may be interdependent. The sub-criterion relating to location accuracy may
be modeled by the following relation:

LGP0
ZErmrfoc(i, DCI{, 7)
Cy(8) = s (4)
2. CIG, j)

L7

A very large error can be assigned at any point where location is

impossible.



the global criterion C(S) tends to the maxi num of the sub-criteria Ck(S).
Rel ation (5) is an exenplary nodeling of the global criterion. Wthout
departing fromthe scope of the invention, any relation C(S) determ ned as
a conbination of the sub-criteria Ck (%% is conpatible with the invention.
In 10particular the function C(S) is not necessarily continuous or
differentiable at every point where it is defined. The et hod
according to the invention is notably ainmed at determ ning the solution S
whi ch m nimzes (or maxi m zes) the global cost 15 function C(S) while

conplying with thg previously defined absol ute constraints. The known
schermes based on 'ERATBIATMRNtNsEixaNYlas of Aub-citermaillusiratethein disssity.unct i ons
that are no i & td, AL k i bit | .extrema. .To sol ve
thse | m T o ons Cpa Py Eel Sre ShROCRmE b Sleke: Vi SWhendRoar a
"sinul ated depeadis gt tad gorarndemerd sblthe sdresc?Oapid migat bewLMRAIQbIRe

associ at ed 't%@}h ost function %{S}%v _Figure 2 represents a
T owchar? oPPEREIESREIRCEN o Sros Lo A S eE il HiecioLdn b aTierien
i nvention. |iRisfafds'thb polbibii@) b?&}wain%hﬁg t@?%ﬁleﬁ%tibﬂ'otf'oﬂh.s(b%r-'cgdtgg&get of

solution So is 25 selected.” It conprise e any solution
Nmax sensor ¥ desthaed by their type, their position and their technical

characteristics.,Sonme anong the ' .sensors may be sensors of dummy type
whose rel ative wil gHt epggoongSnﬁ %H[F%I'QY‘? [P 809?2%“%151 HeLFrshednst r ai nt s.
The pr esencmeomoa@mg%w e SABLEREITaY REfitSR BRSEhB ean%@ﬁﬁ%wstmg?ﬁéi ble to

al so determ ne the 30 optimum nunber of sensors since a dummy sensor serves
only in'Gol §¥lrgritetie iprashenusytthaole epliimizsticespamiininizatiserdsoall that i s
actual |y depl,oyed in. t f ; 6 The initial solution So is

det er ni ned oﬁr)xg%grarp reé]gnsaftljrgézggo%i%%}gg@ itterigs }f&ﬁw%%%@m'ﬁ Fhi s

sol uti on i smirdhiizhtionnee Mirdcanstritacibh afeschBed WiBYoSEPIRS ORI INcad th the
predefi ned absolute constraints. The positions of the dumry sensors are

drawn randoffity Gn=t & nohiSesPné FosvVeaw cansisinit neanglizing detween )

| uti S i | i f h t. d
Sostti on ofiha ReSY LB-OReASBds M RREC AR, FEbRET e o FH e
possi bitl5i t i sexconi@hend ofoutrthosulSeritdvizaimayl thent Bst evritienr ¢l ahé oBlbRidde

absolute constraints. If the solution is not acceptable fromthis point of
view, a neW'@Bl&tion is randomy drawn until a 10solution that is

conpatible with the« olute constraints is obtajned. The sol ution
So i s thered@f(SeeE Mﬁ@;ﬂ% g b&eiﬂgﬁﬁ_@upmﬂm Lyﬁ@dq&m@owe%}qmami ch

corresponds to tHEiBEdMaxpossi bl Briegdiom zat | onkrobrMare probl em In paral | el
wth this initialization,ste step. of initial adjustpent 202 of the _
par anet er s acﬂ‘][?ﬂ%e@ﬁ)t‘ ehi y—éetW%Whgﬁagrq%(cﬁrﬂqtgo%?@ref’ﬁeﬁgﬁa %@f'\éa’étﬁthew cal | ed
"si mul at ed RiMigabic Biax@hger lokhfion Wiy 8NRirhSted i@%%bﬁéf}ﬂ@_ &?fﬁ’rﬁ{ ce

Xe

so-call ed tenperature parameter 1(0) which is fi Initia , tor exanple,
at 1 arf a febilalyelem. cddhirdgonpantiorecensisis whassighimgpadatgevertainaryl ess t han

| he -val ues. of. di Ly infl h d
of conver gore b sHERII T hAPURaBRLERL A RepobEE Fodr ol Fopt e - an
initial 2Qotremeenatiie tincadeivherd theastiniga el AR heRinfiPRlorar € too | ow | ead

to very rapid convergence to |l ocal mninma or maxi ma. Conversely, high
val ues of these paraneters make it possible to converge to global optinma

but the cal cul atdppd 8BS oA k¥BSYriteria Cy(S), one of the steps constituting

25 the method according to the invention is aimed at determining a global cost

functional which can be written with the aid of the following relation:

2 ACSN"
C(8) = g4 (5)

z /’Lic

k=1




The nethod according to the invention is thereafter iterative. An
2b5iteration consists in carrying out the foll ow ng steps. In a step
203, a solution So+, which differs fromthe current solution So is sought.
Accordingly, the current solution So isgperturbed so as to deduce therefrom
an internedi ate solution s'o+, for each sensor of index i varying from1l to
Nmax constituting the solution S. 30ln a first sub-step 203-1, a
perturbation of the type of each sensor is caused. Accordingly, a uniform

random val uerpyy/icogsr | fothe val.ue obtajned is
| ess than a given p%ﬁgﬁﬁ% tgl;i/&gsqc iﬁg%g%q@%ﬁ&?y%eth& ﬁ?%%ts%fngoﬁybh new

type of senswiterkypattrdirdy aomitsraneant e fpihanBoeritbats &l aﬂéwar\és’?{‘;nﬁ\%b' e
types of sensor, is substituted for the fornmer type. The probability of
change of t 3)’}5%9?“%”% HapathseiP-@itetion With Hespedtntca the adherss imshgpth203- 2,

Serturbed aceicactads BT CHE Tk ek b SIORmEnamieds & Wabaosi ti on
of the senseonitingtit uf redsivcadrbr, 69 conibrsadonva) g‘ﬁ}dfftﬁ[inﬁﬁ?ﬁ' e of

Gaussi an type. The position of the sensor is peftu guency
det er mi ned Bye §iopa aiferien GIB) prrstsalbi theyaximushahge aifb-pesiikiGuspf t he

I f b | ) i.nt i St t hi 0 ntit f |
That the posit; on i SIS Eanp b e et Be gkl hterare Withau” ™ ©
per t ur bat i odepartmgpiroradherticype bf the BRFGoA! 2P MPkGN ee SR M SY as

i .
constraint. This perturbation step is also appli eé to twg sensors of dummy
type. In a EHidabigaticr pépheerbsritarireCacdpteanpatine efithtthe inednttdrorins' n+i

15 obt aimed j > 10 is.determned. |If the solution
Soner | 0 nopaHicBlarif FiticioRd(e1Ts B! M Ra At B Sifeiptad Gt Ut he
nunber of deeswy pddntamhede ibisciaigiedat e sol ution is not reached, step 203-1is

returned to so as to determ ne a new candidate solution S a+l which
conplies with the absolute constraints. If no acceptable solution is

determ ned after e t.he he, | sQl ut i sin+i obtained is
retained as cur rg&\? gg%ﬁ@o%‘g%ﬁ@ :’{BS?’F\%I Fvefiin %’n %%@Xoﬁ'ﬁng?jeﬁ 204, the
gl obal cost délenwiriing & Spiutien & ahicat sthifizest (1 ragkitizsy) thatlobal oSt

eval uat1i5on ‘js farr'g(a%(ou el t he basis_of the prjor evaluation 204-1 of the
set of ‘Sub-CrEHeY | (‘%ﬁ“%u%‘?f“ﬁ'é"'\ﬁasw'gés@ei HEaviosplvewiefned y abspitte of t hese

sub-crit erigorish@ints € ThBSERME sBhb s Obased bANEMLRAME ofRRed?: are not
compatible with cost functions that are non-differentiable and which may
exhibit local extrema. To solve these limitations, the invention consists in
adapting the known so-called "simulated annealing” algorithm to solve the

20 optimization problem associated with the cost function C(S).

Figure 2 represents a flowchart of the steps of carrying out the

method according to the invention.
In a first initialization step 201, an initial candidate solution Sy is
25 selected. It comprises, like any solution S, a set of Ny« sensors defined by
their type, their position and their technical characteristics. Some among
the Nmax sensors may be sensors of dummy type whose relative weight is
~zero in relation to the optimization constraints. The presence of sensors of
dummy type in a solution S makes it possible to also determine the
30 optimum number of sensors since a dummy sensor serves only in solving
the problem but does not correspond to a sensor that is actually deployed

in the field.



In a third step 205, the new current solution is selected by applying an
adaptation, according to the invention, of the so-called "sinulated

anneal ing" algorithm A probability of acceptance of the new solution, also
30cal led the transition probability, iggevaluated as a function 'n of the
costs of the solutions Sn and sr+l: P transition = (CC "+1)) 18 Any
function ri leading to a larger probability for a better solution is
acceptable, this amobunting to saying that the transition probability nust

decrease as a fumtieiiamiapkollifiot Shis deferiiined JoreantiamR! kuind bnpored

call ed convent i onal sinulated annealing algorithm this function may be
Swritten wi SARIGE! dumrey sensorsolThisisalytipel iatvalidssingg GySyorataiction) the, i f

Step 205 t hogminf SR omay it o=, brodeinet PRttt wabslaRls LTS 1y ng

10bet ween 0 pasitiofs asfdtten danm@ﬁrslengonst avd tdnaw/h erdndiogsn ah dhé 7 fenfoling(s. ., ) ) -
I f u(n) s Iessn}“han said threshold then the new solution sr,) becones the

cur r ent oI G igraativRly dgaviafalsalgion $¢163%§fﬁ@tb%ﬁ9®rﬁmlf@¢fé¥ BN | I
< e
u(n) <R(C(S, yefefidn  SF éefrcu!fiﬂg:) ggtsé?n&‘& I(%f)tgtéor i §Eﬁs%? @g@d&ir@é S p

206, the best of the so
b", =S dummy sensor as one of the possibilities. The solution Sy obtained is

tested in relation to the absolute constraints. If the solution is not
acceptable from this point of view, a new solution is randomly drawn until a
10  solution that is compatible with the absolute constraints is obtained.

The solution Sp is thereafter stored as being, temporarily, the
solution Spesy Which corresponds to the best possible optimization of the
problem. In parallel with this initialization step, a step of initial adjustment
202 of the parameters of the optimization algorithm is performed. For a so-

15 called "simulated annealing" algorithm, this entails a positive convergence
so-called temperature parameter T(0) which is fixed initially, for example, at
1 and a so-called "cooling" parameter p, which is positive and less than or
equal to 1. The values of these parameters directly influence the speed of
convergence of the algorithm and its ability to find global optima. An initial

20 temperature and initial cooling parameter that are too low lead fo very rapid
convergence to local minima or maxima. Conversely, high values of these
parameters make it possible fo converge to global optima but the
calculation times are longer.

The method according fo the invention is thereafter iterative. An

25  iteration consists in carrying out the following steps.

in a step 203, a solution S,+y which differs from the current solution
Sn Is sought. Accordingly, the current solution S, is perturbed so as to
deduce therefrom an intermediate soiution s'y+1 for each sensor of index i
varying from 1 to Npax constituting the solution S,

30 fn a first sub-step 203-1, a perturbation of the type of each sensor is
caused. Accordingly, a uniform random value lying between 0 and 1 is

generated. If the value obtained is iess than a given probability of change



At each iteration, the tenperature paraneter is nodified so as to render

|l ess probable the acceptance of a poorer solution at the foll ow ng
iteration. For a so-called conventional sinulated annealing algorithm this
is obtained 20t hrough the following reation: T(n+l )rp T(n) with p a value
|l ess than 1. Typically a value very close to 1 yields good results. A
stopping test 207 is perfornmed at each iteration so as to deci de whet her
stopping the search for a better solution. If the stopping condition is not
fulfilled, tdiaypd of 8id 888sc 8 KAy | p td le, the
25 st oppi ng teﬁ can consi st _in ve*q%g?ﬁ%@v\%et ee'?f)’t ﬁgé%tigétﬁdsdgﬂgﬁ?%ﬁpSI oes(
has been un@weieing set af avadahle Nypem of sensel, dassubistituied dor thees Bortikee

t i t i AR { d. di tp.th ti
el Tvers ¢ hamskROBo b B e T e s G bEineURRtRES consi st i n
fixing a maxi numimanberoref silh-etegt 0B, alllPe characteFRBcBERG S ding to

o
t he invegti on is inplenented by way of a conputer program A%igs%ftay
i nterface cdif BERNSRI&H indeXi @k Per&rpediaccering te Hee sehmroe of stem2Ad-1. he

sol ution Sb jne a+ he 1] : [ i zone. her
characteri s?i%tséa% slg’i g’{éﬁ%g’%@ %ﬂﬁ%eglsgégﬁgf%@%%ﬂ;g}ys @(ﬁnggot ﬁear ange or
the ori ent araruorivahied éal éxanpictdf @auksiare tipenAheSSHSOIn of the senddrayre 3
illustrates Eﬁﬁe results ob% ai ned by the nethod according to the invention
in the casePRREDE MUY @hd FERVPRPY-OoterMinest by guraramatanel aibabilty ofi f orm i n
terns of sigRihd BN SE e f i j I L. exhibits
a target det ectg?%%pg)?g%}ggi ?T%e Se%%g)ﬁ ?Oari%?ggfugé éoggg%ﬂg‘g%%(gstt%g]n{mﬁe sensor
and t helQ ar geantiy, fos sxaripia that ghe eosifienexdftthesenadi issreBtrivtet enbajivé® 0 in

of “the o {26 S GHAUPRIDA S, AP Bk PSTg PecaamsconBprdioroav® iven |
maxi mum gi vesnstein ThANge RuBERen sKeis aBoRAHHIATto e Wehsrd bi Hskindj s the

position of each sensor in the nonitoring zone w el'r zonée of ‘coverage
representedYB$- a circle centered on the position of the sensor and of

di | to t.he de ' i.us. .The bot f Fi gl h th
ool Ui oaual (2h"S HFLESUb el U3, il SRBAMD Y 4, ol 20 to
t he i nviént i atainetl 4fte peeRirbihgneki ansioR( S) isaﬁétleﬁhﬁ\%ﬁtiﬁ tref sélbﬁ%r?gnuem
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solutions and of the best solution respectively. en the ne stops, the

t heor et i cal 'St PRePPIABIFHBreGfion ép 8 absalriectpnsirainte aoddhibieenwhbeigure 3 is
equal to 2 i bt ai L ensors~4d $.not, re ar since
the i nposed%rg{(’)%sl?drraé"?dg%e ?asn(ﬁ:%e%%ﬁﬂr%@gtnﬁgﬁé%eﬁhgtsefoi%j"if's gy wi t hout

any 25r egulsar & yo detdretine@B. new candidat@eoritidnid ) Hathic eSmbliés WABUHeS
obt ai ned far tgg sanme, nonitoring zone as in Figure 3 but wth four types of
different d&pPlde cppelsain %-Aén%lia feriehle splvlipibi deteavinet aftardbeiNu. It is

T o O P R e gt O NE Bt TR TR LS.,
for a noni tSeriihgnaone associ ated with the significance map of Figure 1. A
single type of TERRerliB B The W RILPUDL: AR b, SAIR.RS fha used
the solution sniq. This evaluation is carried out on the basis of the prior
evaluation 204-1 of the set of sub-criteria C(S) such as was described
25 previously. Some of these sub-criteria require the generation of a
significance map 10.
In a third step 205, the new current solution is selected by applying
an adaptation, according to the invention, of the so-called "simuiated
annealing” algorithm. A probability of acceptance of the new solution, also
30 called the transition probability, is evaluated as a function 1 of the costs of

the solutions S, and s;+1:

Ptrcmsition = U(C(Sn )7 C(Sn+] )) .



20 Figure 6 illustrates the results obtained, still for the
significance map of Figure 1, but using two types of sensors, one of which
exhibits a substantially nore significant detection radius than the other.
5 The invention applies notably4g8o the nonitoring of industrial
sites, of town centers, of a building or of any other zone of interest. It
makes it possible to determne an optimal solution in terns of type, nunber
and position of a set of sensors with given characteristics under a set of

10 constrai wry éxmtiessgdidadindheof arlargdr protibiapl oy visdtieat sgon is
sub-criteria. The optinmal solution is determ ned by inproving, at each

i terati on offCERRIaRE: HB, 2MRENEDE rlentawieg dhatothe Massiionhowbabidir divugl t o t he
i nvention uses, in part, the k o%/\@ so- cal kg{j jl mul at ed anneal i ng" schene
whi ch is geREFRASH @R &dfUn6taREr i bdSind efol Auibn For exammipmintyaad-c
system This !1(?'5] SCherEer]i:ai useFI h(gre in.a distinct t%Qmati n which is that of
the optim z&PHh CORVEREPNEh siRE'ated] aneatiag Ridptthehi i Binciiosemayt beensor s
sui t abl e5 f oriRAIIRT iHRGaid B HYERIIGRAY AMYERE Zone. The met hod
according to the invention presents nhotably the advantage of allow ng a

sol ution toMe(®HbiHsne= byvie (wher @l5e) cost 20 functional C(S) used is not
a function which is differentiable at every point. It also nmakes it
possible to avoid sel ectingiaSelution in a |ocal extremum of this

function. 2ZHCCEAI®G,1)) An i {%FatjFe(mphhradS, ) npl enented by conputer, of
optim zed design of a 5 systemfor nonitoring a geographical zone
conprising a plurality of sensors of different types and characteristics

t ed . nent of.. whi ch i ndi cat t he t d
Lhe Ghar act SR 20Y 8 Co BRI, SAIRIANEE & Blio BRI BRTR T 4G st em
exhi bi tigng Betleenad kh 104n@hFebmbarih§ XWite Ble ﬁ@@%dséirﬂg&&r@@@é S_F hod being

characterized in that it 10conprises at |east the fol 1o a step
bert Ur bi ng 1A% & e Sk BBl Re, (R, ik hitin &d HBRATER of 1 ndex
n, to obtaicurenteslutandlrdilieccavendd casesthe llulidieS), lssietdingd of i ndex n+1,
east one of sai EoreBi< A RO PR TE € sencor {ypes al so i ncl uding & dummy
type whose char q@%@gl_ﬁ(%ﬁ”% S;)Qf% i pract on t he gl obal cost of the

solution S, o as I"erating the cost of said solution sn+, on

the 29 5baslhsarpzfzd(§t_i<ﬂiré?l%?ép Q%CE?%%%E beﬁg%ticﬂ%é&%t??q@ﬁqs Qfor8qcombi nation of

a plurality of sub-criteria or optimzin east one
char act eri gt i(gs,of <€48g, )s&nsess, of which the solution S is conposed,
At each iteration, the temperature parameter is modified so as to render
less probable the acceptance of a poorer solution at the following iteration.
For a so-called conventional simulated annealing algorithm, this is obtained
20 through the following relation: T(n+1)=p T(n) with p a value less than 1.
Typically a value very close to 1 yields good results.
A stopping test 207 is performed at each iteration so as to decide whether
stopping the search for a better solution. If the stopping condition is not
fulfilled, the iterations are continued. By way of nonlimiting example, the
25 stopping test can consist in verifying whether the best solution Spee has
been unchanged for at least Ny, iterations, in which case the stopping test
is positive and the method according fo the invention delivers the best
solution obtained. The stopping test can also consist in fixing a maximum

number of iterations.
30



0 a step (205) of selecting the new current solution Sot, at the

25i t erati onn+lont hebasi sof aprobabilityof transition P= 77 (C (S ,), C(sl))
whi ch decreases as a function of (C (s,", ) - C(S" )) culmnating in the
sel ection of the new candi date sol uti oggSo+1= so,, or in the retaining of
the previous solution So+1=Sn, 300 a step (206) of storing, at each
iteration, the best solution Soest obtained which satisfies the relation:
if C(S 17+1) < C(S best), S best-El 22 o0 a test step (207) for stopping

or continuing thery ' . sal : 0. S pin est is
positive, a fi nalerHs?E @{JE%E 00g?%ﬁg@ﬁf&dﬁhﬁhg%’ﬁi@n@I’S\A@Wﬁ{'\%ﬂm&ggMalgéi’i?ai ni ng
t he nunber, coheutgperogrire. éhdisplay énfesface aanise BEd RO SidW Bife @bsitibe grensor s
suitable for, nonitori nf% sai d | zone. The nethod as clained in

st
claim 1, chilacteSEedOmRichdte | ToIRRR rormoPELarp o Es the sidprained
di spl ayi ng theniRenlgt z8R8. Wiredl thaabRLTcITBk i&psér{ﬁﬁégﬁ%%rﬂg%séghgt' on

Sbest in_the geographical zone on a user interface: | ai med
in one of cHisphyet such, ashhractreyd zedtten drieatatiome whert idaliizat wip st ep

(201) conpri .at | east the follow ng sub-steps: random selection of the
type of eacﬂﬁgﬁ%ﬂ%iaeggﬁﬁors from anong the avail able types, including the
dummy type, random selection of the position of each of said sensors,
verification of conpliance, by the solution So, with all the absolute
constraints. ThEgue Roluaisates dhewasilis ohiaingd bhéhemeetbdd mgcotdingso

h teri d gt . Sal f. ' 1 d t | t
Caken | rom e PefiBtinBeabs ad b Sl PRRZa® S UBRORRE Sidndnaan

acoust i 10 seosifrm i tartrisoor slghificined) AleMigketyre SrEEHEI 00 a98YANE Harsed on
el ectrical contact, a device for detecting radioelectric sources, a device

for detecti f¥ Al Pdaroel sletedion riohapitivt eaual dadder ei distance detvese theheni cal
or bacteri obQd £aln(dRLGSIPBr R8Y5En a given detection radius D and equal to 0
in the converse case. The constraints taken into account are the
maximization of the monitored zone with a uniform significance map with a
15 given maximum given weight and budget. The top part of Figure 3
illustrates the position of each sensor in the monitoring zone with their zone
of coverage represented by a circle centered on the position of the sensor
and of radius equal to the detection radius. The bottom part of Figure 3
shows the evolution, in the course of the iterations of the method according
20 to the invention, of the cost functions C(S) and C(Spes) Of the current
solutions and of the best solution respectively. When the method stops, the
theoretical optimal number of sensors, which in the example of Figure 3 is
equal to 25, is obtained. The position of the sensors is not regular since the
imposed constraint is the maximization of the zone of coverage without any
25 regularity criterion.

Figure 4 fllustrates the results obtained for the same monitoring zone
as in Figure 3 but with four types of different devices presenting different
probabilities of detection. It is noted that in this case the degree of
coverage is improved.

30 Figure 5 illustrates the results obtained for the automatic placement
of sensors for a monitoring zone associated with the significance map of
Figure 1. A single type of sensor is taken into account, namely the same as

that used for the example of Figure 3.



The nethod as clainmed in one of clains 1 to 3, characterized in that said
sensors are of active type and are at |east taken fromthe follow ng set: a
radar, an active acoustic detector, a LIDAR detector, a detector based on
neutron activation, an active-barrier-bgsed detector. 23 6. The nethod as
claimed in one of the preceding clains, characterized in that an absol ute
technical constraint is a constraint of maxi num wei ght or maxi num price or
of mnimum accuracy of |ocation over a given geographical zone. 5 7. The

method as cl ai meds;iLn. 08¢ Q ra{e@ethgr ggﬁ% gg !%@Eﬁ-fc t%ﬁ?ngérgtrllc:@zlﬂecge b{]%{)ggf | ?t y

characteristic of sensor coip

of detecti ngfaFigarget,, bitt asxrhgtmd itpped afdi Yensck88 onkher Weé}ﬁ)%)@ﬁb@é g med in
one of the pr%cedl ng claims, characterized in that an optim zation

sub-crit eri GHOP@NR Y@%@élgﬂﬁﬁa@hﬂe@fiﬂﬁéa@éﬁ thén g dthsensors or the gl obal
price of the set of said sensors or the degree of coverage of the nonitored
zone or the accuracy of location of a target in the nonitored zone, said
sub-criterion being able to be conmputed 15nunerica||y for the set of

sensors making u th das C dinclaim8
characterized i nlerthtr(?ra}f| Véﬂhﬁeé& 'egn%&g?@qﬁetﬁg E'F‘?rf@r ?fajﬂge f)fé'ﬁg§&%$r P

si gni fi cancéowmpreniéreh odld boiding drost eaghothes osel bf, intdrbht. apgralidates i,

of the geogragggbﬁaa% zone to be 20nonitored, a relative significance val ue

whi ch incre G detRmiRg iAo PG al §8W‘P@rr@nfefﬁ’f5 ghivperesimbed lnd10. The
met hod as CF@M}BQ b 2088t OF LIrRLAS Vﬁtha&@\{%d G%B?%ﬁgﬁi[fézﬁﬁﬁ' nﬁt gg t | east

one of the follow ng conventions 1s ap o the
opti ni ZHt | opondtraine exiressad év itiee rfsrneldfh&nnermsmﬂyl NA@4tbBR Slb-2riteria,
maxi m zat i OTheO t.he ,val ue of gach sub rlterl on is nornalized between 0 and

1, TIRAITTHRd SRACEOL 5. Agiaraingd, asrf@pa@vmaeabﬁ@@l@diem@tm aif rtbe
charact eri zg@thdd, 30t Q,@Jrrehh@oﬂtlti@ﬁa"rhéQﬁéthBH'Kédo?&]anto YR8 ifAbh kel | S

expressed with t he aid

in part the known so-called "simulated annealing" scheme which is
generally used to describe the evolution of a thermodynamic system. This
15 scheme is used here in a distinct domain which is that of the optirﬁization of
the choice and of the positioning of a set of sensors suitable for monitoring

a given geographical zone.
The method according to the invention presents notably the
advantage of allowing a solution to be obtained even when the cost
20  functional C(S) used is not a function which is differentiable at every point.

It also makes it possible to avoid selecting a solution in a local extremum of
this function.



wei ghting coefficient, p and ak are given paraneters. 12. The nethod as
clainmed in one of the preceding clains, characterized in 5that the
probability of transition is expressed with the aid of the foll ow ng
relations: ))=1, if C(s"ti)<C(S") cis2h-(-(s",i) iy(C(S"),C(s"1))=eT("),
if C(s",,C(S"), with T(n) a paraneter the effect of which is to render |ess
probabl e the 10 acceptance of a poorer solution at iteration n and
conplying with the followi ng relation T(n+1)=pT(n), where p is a given

par anet er whose value is less than 1 and substantially close to 1. 13. A
conput er program product, characterized in that it conprises 15program code
instructions for the inplenentation ekAMME nethod as claimed in one of
clainms 1 to 12. 25 ABSTRACT METHOD FOR OPTI MALLY DETERM NI NG THE
CHARACTERI STI CS AND ARRANGEMENT OF A SET OF SENSORS FOR MONI TORI NG AN AREA

| terative mét hljteiatpeenethvddinmienenad by coofpubet bfibptaizesiangobf @ system
for nonitori n%é’aﬁﬁofgrg{ﬁhiifal Zzone co Li SL% a EI uraljity of sensors of
different typed® hdP3Rt¥H1% i @@09%5 ESerfP88 BYMRIGBEL BrPlgradibe 1pf
conponent of ¥rgBrd BiiEakSS thie éHcP@hé;%tért’s@icgEiéél%%bﬁféost%%rggfe%ftorasSensor

and its position in said zone, said system exhi ing ap Ity of
absol ut e t echriiashl caropgriiohvdictringinate the type and the characteristics of a

sensor and its position in said zone, said system exhibiting a plurality of
absolute technical constraints, said method being characterized in that it
10 comprises at least the folloWing steps:

o a step (201) of initializing the vector S to a solution S,

o a step (203} of perturbing the sensors making up the solution S,
at the iteration of index n, to obtain a new candidate solution Sp.+
at the iteration of index n+1, said perturbation entailing changing

15 the type or a characteristic of at least one of said sensors, the
possibie sensor types also including a dummy type whose
characteristics have no impact on the global cost of the solution
S,

o a step (204) of evaluating the cost of said solution s,.1 on the

20 basis of a global cost function C(S) determined as a combination
of a plurality of sub-criteria Cy«(S) for optimizing at least one
characteristic of said sensors of which the solution S is
composed,

o a step (205) of selecting the new current solution S,.: at the

25 iteration n+1 on the  basis of a probability of

transition £, i = 7(C(S,), C(s,.,)) which decreases as

a function of (C(s,,,)— C(S5,)) culminating in the selection of

the new candidate solution Sp.1= sniq or in the retaining of the
previous solution S,.1=S,,
30 o a step (206) of storing, at each iteration, the best solution Spes

obtained which satisfies the relation:

[f C(Snﬂ} < C(Sbesr)ﬂSbcst = Sifﬂ 4
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o a test step (207) for stopping or continuing the iterations of said
method,
o when the stopping test is positive, a final step of producing the
optimal solution Spest containing the number, the type, the
5 characteristics and the position of the sensors suitable for

monitoring said geographical zone.

2. The method as claimed in claim 1, characterized in that it furthermore
-comprises a step of displaying the positions of said sensors making up

10 the optimal solution Spes; in the geographical zone on a user interface.

3. The method as claimed in one of claims 1 or 2, characterized in that the
initialization step (201) comprises at least the following sub-steps:
o random selection of the type of each of said sensors from
15 among the available types, including the dummy type,
o random selection of the position of each of said sensors,
o verification of compliance, by the solution S, with all the absoiute

constraints.

20 4. The method as claimed in one of the preceding claims, characterized in
that said sensors are of passive type and are at least taken from the
following set: a camera, a radar, a seismic sensor, an acoustic sensor,
a motion detection device, a detection device based on electrical
contact, a device for detecting radioelectric sources, a device for

25 detecting nuclear sources, a magnetic, capacitive, inductive, chemical

or bacteriological de‘te'ction device.

5. The method as claimed in one of claims 1 to 3, characterized in that
said sensors are of active type and are at least taken from the following
30 set: a radar, an active acoustic detector, a LIDAR detector, a detector

based on neutron activation, an active-barrier-based detector.
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6. The method as claimed in one of the preceding claims, characterized in
that an absolute technical constraint is a constraint of maximum weight
or maximum price or of minimum accuracy of location over a given

geographical zone.

7. The method as claimed in one of the preceding claims, characterized in
that a characteristic of a sensor comprises its weight, its price, its

probability of detecting a target, its detection radius.

10 8. The method as claimed in one of the preceding claims, characterized in
that an optimization sub-criterion is the global weight of the set of said
sensors or the global price of the set of said sensors or the degree of
coverage of the monitored zone or the accuracy of location of a target in
the monitored zone, said sub-criterion being able to be computed

15 numerically for the set of sensors making up the solution S.

9. The method as claimed in claim 8, characterized in that at least one of
the sub-criteria depends on a significance map which allocates for each
mesh cell, with coordinates ij, of the geographical zone to be

20 monitored, a relative significance value which increases with the

monitoring requirement of said mesh cell.

10. The method as claimed in one of claims 8 and 9, characterized in that at
least one of the following conventions is applied to the sub-criteria:
25 o the optimization of the sub-criteria is either a minimization or a
maximization,
o the value of each sub-criterion is normalized between 0 and 1.

11. The method as claimed in one of the preceding claims, characterized in

30 that the global cost function of the solution S is expressed with the aid
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A
Z;Lk!ck(s)ﬂ '
of the following relation: C(S)= g+ ., where & is a

2
k=l

weighting coefficient, B and o are given parameters.

The method as claimed in one of the preceding claims, characterized in
that the probability of transition is expressed with the aid of the following
relations:
MC(S,), Cls,)) =1, i CCs,,) < C(S,)
MCES,).Clsu=e ™ if Cs,,)2C(S,),

with T(n) a parameter the effect of which is to render less probable the
acceptance of a poorer sclution at iteration n and complying with the
following relation T(n+1)=pT(n), where p is a given parameter whose

value is less than 1 and substantially close to 1.

A computer program product, characterized in that it comprises
program code Instructions for the implementation of the method as

claimed in one of claims 1 fo 12.



