¥1 METHOD FOR OPTI MALLY DETERM NI NG THE CHARACT ERI STI-CS AND--ARRANGEMENT OF A
SET OF SENSORS FOR MONI TORI NG AN AREA SIThe subj ect of tlm ﬂmm“mmnvent I on
is a method for determ ning the characteristics and arr ul a set of
devices or sensors for nonitoring a zone of interest. «1dofsoappl i es
notably in aiding the design of a systemfor nonitoring a zone of interest
t hrough a network of fixed sensors and in determning the io optinmm
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sensor in pANDARRANGERENTORA'SETOF SENSORSCFOR MONITORING AN OF
el se a notion detection device. 15 The technical problemat which the

present invention is ained relates t ARRBA autonatic allocation of a set of
sensors, operating in a network, in a nmanner adapted to the nonitoring of a
predefi ned zone of interest. This problemis notably encountered by a

noni torisng syst hedssijgoiesf the preseat imientiOn 98 chmeetisyd fe@miletermiramg itisé s,  on
the basis of a set of sensors each havi ntg specific characteristics

accor di ng CHapgteiistigsand arangsmgniefl a set af devices ongersais docmesiternats to
be conplie 'r;eh? a set of properties that it is desired to optim ze,
I n determ%ir% t @H%(;r%%tl’ nation, in terns of nunber and type from anong

t hose avai |l abl e lt appkemsotablyrirkiandjng tthp cdesidgn ef tao systens figr Bonitoeng absol ut e
constraints and to. optipize these properties. A second problemis also
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performance for constralned resources. The network of sensors
chosen nustundenplsgt wf giveorconstraings.e 30 absol ute constraints, for exanple, a
maxi num budget , Xi 1mu .ener% reserve, maxi mum carr.i age or m.ni mim
detection perforrp&n'@g?n lor) appiies 1o -ghy téfPSp rq(?vé%e £6 S58 8?){"] R?Etg’b‘ ard, for

exanpl e, thkanmdthakh Ridateacdeisii oY Heblistid sehedr bl Ididey a0motidhogdtedRdect i on,
an accuracy of location in tw or three dinmensions. The properties are

cl assed engievical |y by rel ative significance.
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 designer or a user of
20 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 constraints 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
type from among those available, of sensors making it possible to satisfy
25 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 preVioust within the monitoring zone

so as to optimize performance for constrained resources.
The network of sensors chosen must comply with one or more
30 absolute constraints, for example, a maximum budget, maximum energy

reserve, maximum carriage or minimum detection performance.
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*5Thé technical problemat which the present invention is ained is a problem
of constrained nulticriterion optim zatdyon of a set of heterogeneous cost
functions of arbitrary conplexity. These functions being able to be of

di verse nature, analytical or non-analytical, continuous or non-continuous,
differentiable or non-differentiable. Some constraints may be expressed by
10 sinple functions. For exanple, the total price of the system corresponds
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functions. Thus the probability of detecting a target can depend on an a
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di st ance O{I\E% the intervisibility. Accuracy of |ocation based on
fusi on bet h &ensors can invol ve the probabilities of detection, the

accuracigs of elmtdcmm}catrt:ﬁsuemntvmehﬂdhetr&eeetttumlven%mus\eempdsusté ons of
t he sensors. 20The_sol utions of the prior art which address the probl em of
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communi cation. The pro emar s tackled relates articular to the
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optirrizatio. of L cover age, of nptorin ne, as a functlon of , di verse
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device allow ng the rggr esentation of a network of devices, the allocation

of cal cul atalrnnler suofdbe mmesnef itheonsiuentsnlikgwise the totalewsight of the ent
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the fact tlpahert hend, véthef esmstRihtscaredmpasledtbyapdre Gammes findiosaThad at
only part of the wi der problemthat the present invention proposes to

sol ve, t heyhalrsebakilitybpt detagtingt @ dakgst FanefgpeRmh Ao apha m&rt RiobabilEy
constraj tsde‘ngﬂg g@ﬁéférgz& blice 'tét@%t%%oté et-eef % Liftﬁncé h&é’%\ﬁ‘ ghe”es
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Such scherre:steant;lbmty Abeurboy |afwoogtich daslsadken ﬂﬁbney\ aétvmsth aeaeénst cam to the
10 gl obal rg‘itllmzatlon r%;,)_l,emc()}rglylf theotlmzatloncnstralnts are
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limtation rﬁ@&éur&ﬁ%nﬁ’é 886G e | d@ﬁtrb%ﬁv ?o@Ln’SﬁQ Athd §€i‘?é’dr$9 Moreover these

schenes do not na It possi e to avol e ph enorrena of local mnim or
maxi ma whi ch represent unsatisfactory solutions. is also p055| ble to use
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in all casgptimization of sensor networks relate essentially to the deployment of
networks of wireless devices and are aimed at optimizing the means of
communication. The problem area thus tackled relates in particular to the
maintaining 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 allocation of calculation resources

30 and the positioning of said sensors. Patent application US 7693049



*Thepresent invention nmakes it possible to renove the limtations of the
prior art by proposing a conpletely autpnmated solution for determ ning 20
the sensors in terns of nunber, type and position. For this purpose,
the subject of the invention is an iterative nethod, inplenmented by
conmputer, of optimzed design of a systemfor nonitoring a geographical
zone conprising a plurality of sensors of different types and

characteristi resent.ed vector .S each conmpopent . of i ch i ndicates
35 the typdRRMERS € RIERF o imesle 1ouiiide STRRRED uetl it thESal g
zone, sai d consbr/mtieN idf Bhbidyresolfdesal ity of absolute technical constraints,
said nethod being characterized in that it conprises at |east the follomﬁng

steps: o a step of initializing the vector Sto a solution So, 0 a step
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of at |least one of said sensors, the possible sensor ttypes al so including a
dummy type RRPRRES IPasalve cieyalse exhipd 'HB'tfl’tfP@&c'f‘ rsiationetogthepeptirpigations t he
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basis of a cost unctlon det er m ned a conbi nation of a
plurality (ufnpmmemiradrwenao@d(cﬁ)timizatimpscmlazmesgsuah dsethet gradient lsghaoteer i sti ¢
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n+1)) which decreases as a function of (C (s, ) C(S")) culmnating in

t he sel ect |bgynd|ﬁferen1@biea\furmnasdmle reptasenting S&nsugmfmnt Imtatnntmnat rtlee ai ni ng
of the previous solution.Sntl= a steB ﬁ? st or each i Sr I on,
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represent unsatlsfactory solutions. It is also possible to use schemes based
15 on a genetic algorithm, but these are not applicable to all cost functionals and

do not guarantee convergence to a valid solution in all cases.

The present invention makes it possible to remove the limitations of

the prior art by proposing a completely automated solution for determining
20 the sensors in terms of number, type and position.

For this purpose, the subject of the invention is an iterative method,
implemented by cdmputer, 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

25 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 comprises at least the following steps:

o a step of initializing the vector S to a solution Sg,

o a step of perturbing the sensors making up the solution S, at the

30 - iteration of index n, to obtain a new candidate solution s,+¢ at the

iteration of index n+1, said perturbation entailing changing the type



“when the stopping test is positive, a final step of producing the optinal
sol ution Sbest containing the nunber, the type, the 20characteristics and
the position of the sensors suitable for nonitoring said geographical zone.
In a variant enbodi nent of the invention, the nethod furthernore conprises
a step of displaying the positions of said sensors making up the 25 opti nmal
sol ution Sbest in the geographical zone on a user interface. I n anot her

vari ant enbodi nent of i i gn initiall i t Q ises at

| east the follow n%P?u%@%?g%ig%rcgn%toﬁﬁggsélore}'c Pgﬁaécfts%ﬁgort%ygﬁe gqor%!;dé of
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anot her variant e i . i i . I, 4 Senso si ve
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sei sm ¢ ssensor, anglababsdstdusctiosoC(S adeatotrmineddat 2 combinatiowi afea plrality ect i on
devi ce based on electrjcal contact, a device for detecting radioelectric
sources, a device PoPUREriERg %g?ﬁh@reapt'@&mq:@é,'eastna@%eqh%é?cteaa%i ive,

i nductive, chem cal,igr. 1 \othieg| i ice. I n another variant
enbodi nent of thea{saﬁgﬁ?%i}s?éfg@%ﬂéﬁ%ég?@bﬁ%Isgébrfi@(;f%é‘\})g 10 type and are at

| east taken from tastédmbdl selectingtite new cadent salotian Shveatdbe iteratiordettct or, a
LI DAR detector, a detec%or ed on neutron activation
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geogr aphi cal zone. égfa o;@,er vari ant  enbodi nent of the invention, a
characteristic of @ &nkbe onpriSel iquminatigarin thesselectien of e eyabi 1ty
of detecting a target, its det.ection radius. In anot.her Vf’.il’i ant enbodi nent
of the invention, ggqugﬁeﬁg&%lp% n¢iify-Sn+1 OF In the retaining o the previous

solution Sp+1=S;,

o a step of storing, at each iteration, the best solution Syt Obtained

15 which satisfies the relation:

if C(5,,,) < C(Spy)s Sy =S

n+l n+l?

o atest step 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
20 characteristics and the position of the sensors suitable for

monitoring said geographical zone.

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

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



‘20 criterion is the gl obal weight of the set of said sensors or the gl obal
price of the set of said sensors. or the5 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 nunerically for the set of sensors
maki ng up the solution S. 251 n another variant enbodi nent of the invention,
at |l east one of the sub- criteria depends on a significance map which
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the nonitoring reqebngrgmms. of said nmesh cell. 30In another variant

enbodi nent of the invention, at |east one of the follow ng conventions is
appl i ed to thé& anpthari vyaniand: embodignemie opdbe ninyaptirh 8fidt Bensarp-afe Ofria is

5 nor i 1 PRSSEYRE Anfard ATEAT AR AP el BN et 0h cBa TRl of 't e
invention, a ssis@iobehsaroan dosnstic 88nsdr, a mbios detddtion device, exgetested w th

the aid of the following relation: , where kk is a weighting coefficient,
13 and ak &lexicexbasgryven plecHinal sgantact, a | devierifirerdetgeiingtragiagiRgtient of

(e e BB g s b gl e o
inductive, chemical or bacteriological detection device.

In another variant embodiment of the invention, said sensors are of active

10 type and are at least taken from the following set: a radar, an active acoustic
detector, a LIDAR detector, a detector based on neutron activation, an
active-barrier-based detector.

In another variant embodiment of the invention, an absolute technical
constraint is a constraint of maximum weight or maximum price or of

15 minimum accuracy of location over a given geographical zone.

In another variant embodiment of fhe 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 i,j, of the geographical zone to be monitored, a relative
significance value which increases with the monitoring requirement of séid
mesh cell.

30 in another variant embodiment of the invention, at least one of the

following conventions is applied to the sub-criteria:



‘c(so-c(s",,) q(CS),C(s",1))= e(ll) If C(s",1).. C(S"), with T(n) a
paranet er whose effect is to render 3? probabl e the acceptance of a worse
solution at iteration n and conplylng th the following rel ation
T(n+1)=pT(n), where p is a given paraneter whose value is less than 1 and
15 substantially close to 1. The subject of the invention is also a
conmput er program product, characterized in that it conprises progran1code
instructions for_ the i ntat n of th netho accordin

nvent s on. 200 Rer enBPUEEATPL, §1 0%, b chedh i Hip3F énribitzaten 4t 2 e
nonlimting detailgdxigigafioit i on which follows, glven by way of exanple and
in relation to appended dramﬁn S which_ represent Figure 1, an

exenpl ary si gni 1 ctece@luppf ae@fmsubﬁgtqr@mﬁé\qrmaémd bﬁtwerarg&a@dﬂ a

the i nvent i onf another Vadalf b8t FHHEFRBMiA she il Bt (eAGAEN o’ or

a squar e utihé osohutioni Bornsngexpmedndmm siheglaidt ypetref following refation:

Figure 4, an illu the results obtained for a square uniform

moni toring zone a %ﬁ pes of sensors, Figure 5, an illustration
of the results obtAi «§ the nDnitoring zone of Figure 1 and one type of
sensor, SFiIQ(S)e=gii=angblustr aihats of ié e weRHiioScobEbREh fld biare

noni toring zone ypes o sor |gn| i cance map

f Fi e 1 and two
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given parameters.
In another variant embodiment of the invention, the probability of
transition is expressed with the aid of the following relations:
10 | (C(S,),C(s, ) =1, if C(s,,,)<C(S,)
' C(8,)-Clspm)
mCES,),Cls,m)=e " if Cs,,)2C(S,),
with T(n) a parameter whose effect is to 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
15 substantially close to 1. _
The subject of the invention is also a computer program product,
characterized in that it comprises program code instructions for the

implementation of the method according to the invention.

20 Other characteristics will become apparent on reading the nonlimitihg
detailed description which follows, given by way of example and in relation 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

25 according to the invention,

Figure 3, an illustration of the results obtained for a square uniform

monitoring zone and a single type of sensor,



“A particul ar enbodi mrent of the invention is now described. It relates to 10
the optim zation of a systemfor nonitgring a zone of geonetry defined by a
rectangl e. The invention applies in an identical manner to any type of zone
of interest of arbitrary geonetry. The nonitoring zone of rectangul ar shape
is cut up into a plurality of elenmentary mesh cells |ikew se of rectangul ar
shape. The set of nesh cells constitutes a grid. Each nesh cell of the grid

is 15identified |t Lnates 4 . and | ' part.i he
scope of the i n\llzﬁlfrfeo%{, gﬁﬂiﬁéﬁiég %ﬂ‘ th% E?eééwsgéétg%#éy%gea 3%&% QE@MI gure 1
r epr esent s pohitiegRoneYarsd fur typey sfesgm@praiccording to the invention. The
function of a significance map is the identification of zones of relative
si gni fi cance wi ffguretheanzfustratiprpef thenfesyite @btained fomthegnesitoring zone

optim zati ral e he zone covered. Now, this zone may, on
one hand, ‘ggﬁﬁﬁ%t&]%&;&ﬁ?%?ﬂ% erotsr’ that are conplex to explain

anal yti cal | y and@iguret8)earoillbstratimndf theoteshits @btalned domthel rgohitoraneens n
operational ternms. In ,a prior step, the nmethod according to the invention
consi sts i Qf E8HEE AT P(é&%ﬁ)@ssqu‘ﬁ?ﬂs%ance map 10 associated with the 25
nonitoring zone ained at. For each nesh cell of the significance map

| abel ed by its two coordinates i and j, a significance value C(i,j) is

al | ocat ed. ThiSignHicancegnapro for the el enents of the zone which are not

i ntended to b itored. In thi . the t o, be_noni be of
b trari |y canprauBiragabodmieh (B niicn & Ren AsSErRg reiter 15 1 al i
the larger B8 oftiniigafisn bhg s58fen §6r RBNBANG @ RShe &f §éornBiry'dRSihed Iby a

particular, the interest In
rectangle. The invention applies in an identical manner to any type of zone

of interest of arbitrary geometry. The monitoring zone of rectangular shape is
cut up into a plurality of elementary mesh cells likewise of rectangular shape.
The set of mesh cells constitutes a grid. Each mesh cell of the grid is

15 identified by its coordinates i and j. Without departing from the scope of the
invention, the shape of a mesh cell may be arbitrary.

Figure 1 represents an exemplary significance map according to the
invention. The function of a significance map is the identification of zones of
relative significance within the zone to be monitored. Certain sensor

20 optimization constraints depend on the zone covered. Now, this zone may,
on one hand, be delimited by perimeters that are complex to explain
analytically and on the other hand, not be of uniform significance in
operational terms. In a prior step, the method according to the invention
consists in constructing the significance map 10 associated with the

25 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,j) is 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 arbitrarily
complex shape. The value C(i,j) is nonzero and its value is all the larger

30 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 of finding a



“nonirtoring a zone is determned as a function of the probability of finding
a target therein or of the sensitivity,of the zone fromthe nonitoring
point of view If no information is associated with a zone, its
significance value C(i,j) is equal to a uniformvalue, for exanple the
value 1. Once the set of values C(i,j) have been determined for all the
mesh cells, they are nornalized by 5 the sumof all the values C(i,j). The

significancg cordi to_the.i.nv i on r o .give or each
mesh cel |, ?@%&P&f‘?' norré%g\ed??{gs'tﬂvéﬁyaﬁ@@ é?@%?%’@gﬁgén%'ﬂ%?gﬁaﬁ'ﬁh Oio its
noni t or i ng. vidWe Ifssdirforkdatiin ishassoelaies wath £zonk) ity digrificancendlud C(ilj) The
nmoni toring zone 10 conprises unnonitored sectors 101, 103, secondary zones
of signifi darRsial i alwsfoamavalue olior exampie the Malues].fAnee theeet afovelees:, 107.
Sensors e | Y t ' ' j.on. 1, S
notably to Cp&@dﬂ%\zé g’%tgblcgeftggmnh{é g fag?pdr“ 8‘@?2’%%%‘%&3? i méya%ieéohgﬁﬁ@;eiﬁ (as%)(/er al
const r aint sthelbumoof tdii thep wapese C(k).sThet significanseé shap ohcoordia tof tirax
sensors represented by a vector. K These sensors are of variable type and

posi tion. SBMaBYAN Hius fgteamingsh oives. fRIseacbMesincell. JafosmatisnJraa but
they do nOtreﬁél[Y@Q hificQhcd E}?L%Qiiéﬂ 'tc?ﬂs‘fﬁ&ﬁi%rir@’.%éc 10¥ 1t SetEe{d198s
according to the 1nvention. wever, they co into the calculation of the
cost function@(ig) daned tpedOftart. hidre a®niipeng amectO cohmpdsss unptorsiore®y way

of exanple the fo ] | ist,_includes a |l.arge n of sensgrs conpatible
o th the mettersald b rRpcenaneonR ok SR o 0k 108 ERERIRY ZBRFE he
scope 0ofq t her digvinBanQM @Y 08aw7val ent sensor is conceivable. The invention
applies equally well to passive sensors as to active detectors. 25Passive
sensors incorporate notably visible or infrared cameras with notion

det ecti on, dagg or ot herw se, angular |ocation or scene recognition,
acoustic dete uch as m crophones or hydrophones which can detect a
presence, per fipeNobREUV&rofaMd Bietlbd tattofding s tHE aiveitioanid AStabsy & sound
recognition, point-w se seismc detectors, such as a geophone, |ineal 30
det ectors sRi®duag & splubipp-tol aqrreblem of aptimizationhusders fevergecerstaribtsmy or

ey not ; per fgr AL sLCh B dARRESE atld RS BbhisdirapraseRRgby  on- O

a vector. These sensors are of variable type and position. Sensors of fixed

type and position can also be considered but they do not form part of the
solution vector produced by the method according to the invention. However,
they come into the calculation of the cost functionals developed further

20 upstream of the description. By way of_ example the following list includes a
large number of sensors compatible with the method according to the
invention. Without departing from the scope of the invention any equivalent
sensor is conceivable: The invention applies equally well to passive sensors
as to active detectors.

25 Passive sensors incorporate notably visible or infrared cameras with
motion detection, dated or otherwise, angular location or scene recognition,
acoustic detectors such as microphones or hydrophones 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

30 detectors such as a piezo-electrical cable. Such seismic detectors may or

may not perform dated detection together with seismic noise recognition.



“Passive sensors conpatible with the present i.nvention al so enconpass
sensors of PIR (Passive InfraRed) type ich also have the capacity to
perform | ocation, detectors based on electrical contact or contact

breakage, notion detectors of accel eroneter or inclinoneter type, detectors
of 5 radioelectric sources, of nuclear sources, passive radars together

w th any equi pnent inplenenting magnetic, capacitive, inductive, chem cal

SCtive acolPRie seaRPEY cofbatible At ffie JFSERC IRTRERTRED, hfORBR aca >
detectors oderldoRA\Rf(PIR gPhssive DafraRedpnyse dvitel Gilsg ‘Havey e @agaeiguitgment

perform ng detection based on neutron activation or o' n infrared, acoustic
or visi bl e RRTGMElagatipnedetectors basgdtars eleslical fBRIACHPr §PBIECH break@9sor

types. Eac o] pPQs$s i [ NSL CGAGF rﬁﬁt{er i C i me into
the criter r@%ﬁ?@ragéa ugt %ﬁgséﬁﬂégﬁ%@tyatf'ngﬁ@% u ?orﬁ)tglbt gleirgé}:tjd} y%t?he

met hod. sTheratifioatéctriacorrdes, iof nunlear smrces, passivdefadaes tbyethbe wittt any
paranmeters totally describing a type of sensar. in the sense of a gl obal
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paranet ers patiEfiShal Qefedfiogensor such as the angular aperture of a camera
or internal calculation functions such as the cal culati on node for

i nt er - vi si bi | iAclive etelectaorss ensampassi netabip radars cactiusi acousticedethatoarsofri sti cs
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Several instances of one and the same type of sensor 25differ only by their
vari abl e cheguitareactivatios oroineinfraprd, gicodstieasysibimactive bastiernot solely, a

canmera, a radar, | Spl.C oust . ¢. r e t tection
devi ce. The cﬂ.;rde??}i% ZB%CQB}('SP%E&#@ désnggpie%?&g t@fgg?l >%frﬁo§3§ﬁ°'ldgty§ e case
for the wei ghésestes OintfiRgicVehdrmi@istizss avticti aowealintd fthe icriterivmguioar
observation field or the nature of the 30 el enmentary measurenpents_carried

out. Such n@wduringentng ialiigeot @ s4YPOr ObERBPYy e JBE SRetiRd: Theterns
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of class of désuripirig detypet efdsensor it ther seristr af beglodhl cestnfunctivel Theas a
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performance curve. Such 1s t case notably for the probability of
det ecti ng afunatigrs sash as thencalcalatioh mbde frantenoisithbtyvséweehesesnsosand and t he
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way of a method. Such is the case for example for the axis of aim of a
camera.

The type of a sensor designates a class of sensors possessing common
fixed characteristics. Several instances of one and the same type of sensor

25  differ only by their variable characteristics.

The type of a sensor may be, but not solely, a camera, a radar, a seismic
or acoustic sensor or else a motion detection device. The characteristics of
said sensors may be fixed, such is the case for the weight or for the volume
of a sensor and also for its angular observation field or the nature of the

30 elementary measurements carried out. Such measurements include the

absolute energy level or that in terms of signal-to-noise ratio, measurements



‘io type is thus defined as a function of one or nore characteristics so as
to constitute a set of avail able sensoqﬁ whi ch serves as input datumto the
nmet hod according to the invention. To this set of T reaF sensor types is
added a sensor of dummy type identified by the type 0. This sensor has no

i npact on the global cost criterion, that is to say its characteristics are
15 neutral. For exanple its price, its weight and its range are zero. A

sol ution provided. by, th tim.zation method accor di t o, the.i.nvention

consi st b OLbEEha b B BB RBAied el BB b0thde ol it | O

i ndexed by &f fréduehcyaipectian? 610858 of elaks ohtangeedereasdor ates all the

intrinsic characteristics of the sensor. The solution al so corrgrl ses for
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and the sane type, a mninumor nmaxinumlifetinme of a sensor, a maxi mum
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of the sensor. The solution also comprises for each of said sensors
20 information relating to its position (coordinates in the plane or in space)
and/or its orientation (direction of pointing of the sensor). Hereinafter, S will
denote the solution vector produced by the method according to the

invention.

25 Absolute constraints

The network of sensors is determined, notably, as a function of a set of M
absolute 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

30 following set: a minimum or maximum total weight of the set of sensors

making up the network, a minimum or maximum total price, a bound on the



"of all the sensors constituting the solution Sis greater than a given
maxi mum wei ght. V. equals 1 in the conVErse case. I n-an anal ogous nanner,
any absol ute constraint can be nodel ed by a function V.. 20 Optim zation
criteria The optimal solution Sis determned as a function of a nunmber K
of sub-criteria which constitute another set of input data of the nethod
according to the invention. A sub-criterion corresponds to a characteristic
or 25 a conbinatio f .char ct?ristics of on nor.e. Sensor s nakigg up the

sol uti on S, POSI, O GRRIOYIBRNY oF 2 QiNGE, SERseN NRPa 2, MBI OF PPgRY

contri buti ngurbet F Sadoits abf @n ghlena tEfedbal mifdiunt WIC hBimum tdistangs wor k  of
sensors. It is interpretable by the user of the nethod according to the

i nvention, Retweennwoapangars\efi one iand heesampadypeeasmiimunt ghdeaximaineof in

fort ow are TETmecF Setor BEEHlin ehfrof BEPAR o SRR UM adhe 50 el
as any equiordriation of arsznebr,td it cruthecdélagrin aransittingthe esformatibota@l

wei ght of the solution, the total cost of the solution, the maxi num
det ecti on p? 68E¥NENG Posly @ deploynent comrstraint syt as @i minipuBbEistanagyoicder t he

whol e of t i ' . - n
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conposi {@ candhhioMér AbReNItS cithstraltit irbRitihg to &P SRS WhieRBE equivatdhtds the
conceivable without departing from the scope of the invention. Generally,
each absolute constraint is rhodeled by a function, for example a Boolean
function, v, (S) making it possible to verify whether each constraint m is or

is not satisfied for the solution S. The solution S is acceptable if and only if,

15 whatever m varying from 1 to M, ¥.(S)=1_ By way of example, the function
Y. associated with the weight constraint equals 0 if the sum of the weights

of all the sensors constituting the 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 ¥».

20

Optimization criteria
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
25 a combination of characteristics of one or more sensors making up the
solution S. A sub-criterion is a numerically evaluatable function contributing
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

30 optimized. The examples of sub-criteria which follow are applicable to the



"o mnimzation of the nean altitude of the sensors situated at a given

di stance froma part of the nonitored ne. This sub-criterion nust be
“optimzed, for exanple mnimzed or maxfm zed. The termoptim zation is
used to designate the search for an extrenmum maxi mum or mni mum 15By way
of nonlimting exanple, the enbodi nent chosen here uses K=4 sub-criteria. A
first sub-criterion corresponds to the global weight of the set of sensors

constitutin This,.first s b-criterion b

POl ot g Nikthe gRoitindlo the KVeRron) &5 wpll sty SQL A AT BRE dTithete | pe
wei ght of eabltritemsat iMfolvdiettotdtal WRight oThﬁerwlhmh 3RE Qbtll RGst of the
invention is ainmed at obtaining a solution S which mnimzes the
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aimed at obtaining a solution S which mnimzes the sub-criterion Cl12(S).

13 A thi rd'rgabsewqreqi'ﬁmceér%@swaw Patthbehugpra thred-poist #hdhemame zone
actual |y ”‘éﬂpté’é&ﬂséﬂs&hﬂmé‘g%%@ fhnsi ?h&%?édtlet|ﬁﬂ>rﬁﬁgbp%?%é“'0” S.

The degree of coverage Is d or exa as be raction of
t he noni t osetiokseresortiiof b zpner the dal condemgtionaof the sbhbf semsorshngraim er than
a 5 given val ue Th| nh(lrd sub-crit he foll ow ng

functi on: ngpqSEi%/ ?qns ey @ln(gl)wrg qr Frgpﬁwpgmplexdeeleerger?t% 1such as the

10 minimization of the mean altitude of the sensors situated at a given distance
from a part of the monitored zone.

This sub-criterion must be optimized, for example minimized or maximized.
The term optimization is used to designate the search for an extremum,
maximum or minimum.

15 By way of nonlimiting example, the embodiment 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 modeled
by the following function:

Nimay
C(S)= Zweight(n) (1)
n=1

20 where weight(n) is the weight 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'1(S).

A second sub-criterion corresponds to the global price of the solution S
adopted. It may be modeled by the following function:

Nmax

25 Cy(S)= Y price(n) (2)

n=}
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).



‘where NCcNIL is the nunber of mesh cells of the significance map of
dinmension Rand C(i, j) =1 if the probakility of detection PD(i,j) of a
target situated in the nesh cell with coordinates i,j, of the
significance map is strictly greater 10 than 0 and C(i, j)= 0 in the
converse case. C (i,j) represents the significance value of the
significance map at the point with coordinates i,j. The probability of
detection RD(i.. ). s determ ned as a fupction of the unit probability of
dot sct | on Andhis srEerigisR MiglfeipdBu8 ol B 5B0re, o kpvafods iome. =63 an
optroni ¢ segallytrenisrebaly thé yedlomesesdnsdis GansiRtadd byitAesolticiast i ng
rays 15 fromthe position of the sensor until they are intercepted by a
nmask or redd® degrand¥ everage isrdefingd, eexamples asfring the fracioaisf the y of

a model _of MEEed Zfk BhEH, AiaERRes AoRd BHShAEMHE dr eller EinGE 0 1

at one andgiven AO® of THR third ISuB-crheri@e isanbatledbyothedafbwimgtanttieind al so t he
significance value 20 O (i,j) associated with each nmesh cell of the

significance map corresponding to tg pN| 1ng zone. Other criteria of
this type can be envisaged w thout ds ’r’t/M:ug&ier)omthe scope of the
invention. A fourth sub-critepn)j ioLLesgonds_t_o he accuracy of |ocation
of a .target which can be defign(gg a R{ei;&g?]t(?e.)nggn | ocation error over the
whol e of the 25 zone of coverage. The' llde i‘od’of a target is obtained by
nergi ng several neasurenents delivered by several sensors. This

sub-cri teriwHers NEN, | 15 38¢ huAfRiRe o Pnetih ¢dIe dfithé dighifitamtk irap endingérdiémg to
the degree of coverage. 14 It is constructed on the basis of a |ocal

est i mati on Randhé(i) el ifdheeprobability: of detectionl B, yhef lantanget: situated it al
Craner Rao bound and depends, notably, on the _relative position of the set
of sensors & "‘E‘%”‘r"}rﬁe@)f""@\e?‘é‘?ff’ir}ﬂﬁe$ éhgcg the Q'%’é’f'ﬁ@ﬂ‘%ﬁ MAR 1 slbisHyigReates i | j .
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relation: Bo bOhe sighili€aide mab §¥theSoint with coordinates i.j. The probability

of detection P,(i,/) is determined as a function of the unit probability of

detection and of the position of each sensor. By way of example, for an
optronic sensor the probability of detection can be obtained by casting rays
15 from the position of the sensor until they are intercepted by a mask or reach
a range of use. For an acoustic sensor, the probability of detection can be
calculated by applying the known equation of the sonar to a model of noise
radiated by the target. The sub-criterion C'3(S) depends at one and the same
time on the characteristics of each sensor and also the significance value
20 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.
A fourth sub-criterion corresponds to the accuracy of location of a target
which can be defined as being the mean location error over the whole of the
25 zone of coverage. The location of a target is obtained by merging several
measurements delivered by several sensors. This sub-criterion thus itself

depends on the third sub-criterion relating to the degree of coverage.



‘(4 cum E A very large error can be assigned at any point where

| ocation is inpossible. 10The aforenenﬁhoned exanpl es of sub-criteria
illustrate their diversity. The first two sub-criteria are sinple suns
whereas the third sub-criterion depends on the arrangenment of the sensors
and al so, optionally, the obstacles between the sensor and the target.
Finally the fourth sub-criterion illustrates the possibility of

one.embodi o CHRERIS hiahehatls BER BHA S BLltk lReRB8 T "
nodel i ng ofthé BRI 6BreKnoweT theordtidal Cramep ReRBduHY &eMakbpérds, oty semg t he
sub-criteria in such a way that the optimzation is a mnimzation for all
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P vt oal y Birtwilh, SBoRIMEEL AT TR ot Siione i S\ bRy Ob- RSk MEY. |

nor mal i z3 npebiriteveepefdantd Theeg8ab-csitdriar irélating o siocatiort @actearadgr malpebe
honbgeneous. The first, second and fourth sub-criteria nmay then be
rewitten imeqeied pyithefgliyvingrelationic, (s)c2 ()4 (S) (S) =, &4 ()
=wher e Wi ght Max Wei ght MaxPri ceMaxfhr or Max 25 and PriceMax are the weight

and price not to be exceeded. Err rDZV«)‘oﬂl&c(‘i,%CﬂﬁU}'ﬁSi bl e maxi mum | ocati on
error to guarantee reasonapl e perfprnance for the system A third

convention consists in asSudR) Ay a TargEoarbitrary ¥4) ue to
Y CIG, ))
i,j

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

10 The aforementioned examples of sub-criteria illustrate their diversity.
The first two sub-criteria are simple sums whereas the third sub-criterion
depends on the arrangement of the sensors and aiso, optionally, the
obstacles between the sensor and the target. Finally the fourth sub-criterion
illustrates the possibility of subordinating the calculation of one sub-criterion

15 to another.

In one embodiment of the invention, conventions are established for
the modeling of the sub-criteria. A first convention consists in devising the
sub-criteria in such a way that the optimization is a minimization for all the
sub-criteria or a maximization for all the sub-criteria. If the optimization is a

20 minimization, the third sub-criterion described previously must be replaced
with C3 = 1-C's. A second convention consists in normalizing between 0 and -
1 each sub-criterion so as to render them homogeneous. The first, second
and fourth sub-criteria may then be rewritten in the following manner:

G gy CalS

C,(S
Ty . 1 ag &2 = - , C4 (S) = —4-2—
WeightMax PriceMax

C (S = =
() ErrorMax

where WeightMax

25 and PriceMax are the weight and price not to be exceeded. ErrorMax is the
admissible maximum location error to guarantee reasonable performance for

the system. A third convention consists in assigning a large arbitrary value to



"15 a sub-criterion if it corresponds to an absolute constraint that is not
conplied with, in the case where the optim zation is a mnimzation.

On the basis of the K sub-criteria Ck(2§ one of the steps constituting 5
the nethod according to the invention is ained at determ ning a gl obal cost
functional which can be witten with the aid of the follow ng rel ation:
Akilck (s)r k=1 The coefficients ak all ow nonlinear nodul ati on of the

ka | ow & SHroRRBRGHPRAREERON R AbbBiuld b o REURRN PolfafBiod Che” °

ot hers.  Amyith, iMthePeddd WHeR theaspnizafiorli$ a nfifintizdtiohat ever k then C(S)
corresponds to a |linear conbination of the sub-criteria Ck(S). Conversely

if p=ak tends to infinity, the gl obal criterion C(S) tends to the nmaxi mum
of the sub-crit | t he

gl obal criteri o(rz\% aﬁoé g% Qlfgﬁég%asrﬁ |C’(r§gé ?‘gcr:ggp@%o t%ﬁgbh%gﬁlﬁq on, any
rel ati OEI Ctise nﬂahed rdogerting ta tn@nr‘memt)nqs airhedtm dﬂibrmlhirtgaalgio[ﬁd dosp is
conpatible with the inventjon. articular th unctl i s not
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defined. 20The nethod according to n is notably ainmed at

determ ning the solution S which m pNmM gs(Sv f« maxi m zes) the gl obal cost
function C(S) while conplying V\:lgtb E;%é'r &vi usly defined absol ute
constraints. The known schengS( {g) gr adi ents are not
conpatible with cost functions that| areoh-differentiable and which nmay
exhibit local extrema. To 25 solve hese_1I Imtations, the invention
consists in adapting the known so-called "sinulated anneal ing" algorithmto
sol ve the Jme eaefficieots quallovenoalineasiraeddatipn af thedimpsact of g i-QIﬁeIUIQTS) 16
Fi 2
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Relation (5) is an exemplary modeling of the global_criterion. Without

15 departing from the scope of the invention, any relation C(S) determined as a
combination of the sub-criteria Cx(S) is compatible with the invention. In
particular the function C(S) is not necessarily continuous or differentiable at

every point where it is defined.

20 The method according to the invention is notably aimed at determining
the solution S which minimizes (or maximizes) the global cost function C(S)
while complying with the previously defined absolute constraints. The known
schemes based on employing gradients are not compatible with cost
functions that are non-differentiable and which may exhibit local extrema. To

25 solve these limitations, the invention consists in adapting the known so-called
"simulated annealing" algorithm to solve the optimization problem associated
with the cost function C(S).



‘to does not correspond to a sensor that is actually deployed in the field.
The initial solution So is deternined gr exanpl e as bei ng conposed solely
of dummy sensors. This solution is valid since by construction the dunmy
sensors conply with the predefined absol ute constraints. The positions of
the dummy sensors are drawn randomy in the nonitoring zone. 15
Alternatively, the initial solution So can al so be determ ned by random
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dummy sensors comply with the predefined absolute constraints. The
positions of the dummy sensors are drawn randomly in the monitoring zone.

15 Alternatively, the initial solution Sg can also be determined by random
selection of each type and position of the Nmax sensors including the 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 solution that is

20 compatible with the absolute constraints is obtained.

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

25 "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 temperature and

30 initial cooling parameter that are too low lead to very rapid convergence to



‘51n'a step 203, a solution Sn+i which differs fromthe current solution Sn
i s sought. Accordingly, the current solytion Sn is perturbed so as to
deduce therefroman internedi ate solution s'n+i for each sensor of index i
varying from1l to Nmax constituting the solution Sn. In a first sub-step
203-1, a perturbation of the type of each sensor is 10 caused. Accordingly,
a uni formrandomvalue lying between 0 and 1 is generated. |If the val ue

bt ai ned i . th R i) it t th
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avai | abl e titypassisIé 16 ebAwirgeits giab obtitiaesutithe caltRildtRnihes ¥RSlongee
probability of change of type is a paraneter of the nethod. 15ln a second
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i are pert 203-1. For exanple, the
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perturbation is applied only in the case conpliance wit
const r ai nt frothildopésa eobstituting theepolutiomSso appl ied to the sensors of dummy
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example that the position of the sensor is restricted to a given zone, the

~ perturbation is applied only in the case of compliance with this constraint.
This perturbation step is also applied to the sensors of dummy type.

Iin a third sub-step 203-3, the aCceptabiIity of the solution s'41

25 obtained after perturbing the solution S, is determined. If the solution s',+1 is

not acceptable in relation to the absolute constraints and if the number of

draws Ngaw Of a candidate solution is not reached, step 203-1 is returned to

so as to determine a new candidate solution s'n.1 which complies with the

absolute constraints. If no acceptable solution is determined after the Ngraw

30 draws then the last solution s'y+1 obtained is retained as current solution, sn+1

= S'n+1 -



‘cal I'ed conventional sinulated annealing algorithm this function may be 15
witten with the aid of the follow ng ﬁgl ations: r7(C(Sn),C(s1))=1, if
C(s", 1)< CS,,) e(s")--e(s",,) =e7.(n), if C(s",,) CS) Step 205 thus
consists in generating a uniformrandomvariable u(n) lying 20 between 0
and 1 and in conparing it with the threshold n(C(S,7),C(s",1)). If u(n) is
| ess than said threshold then the new sol ution sn+, beconmes the current

solution. In th onv t t i al ned: _|f

i(n) <77 , S PhaRGEEBa, BE, Gl el R Sualedorthe 55
an addi ti orglutidhen. £ This éBuiest isiariié¢ oadbithe basielufahe peor evaltiaties: i f
C(s",1)< Sbes, ), Sbes, = Sci+1 19 so-called conventional sinmulated

anneal i ng 204ot iafthe s&l of isyibowitesiande(Shrssighhas Heas slasstbag Rreviustyn:

T(n+1l) =p T( | a : - ' g close to 1
yi el ds goo rrré%“gf ﬁjs?% e%”?%ﬁgf'%gé e'é{]ﬁ.%o(%e '.‘%gg%’?? t%#@'f;%dé%cﬁgmﬁgf ation so
as to deci de whé ehird ssémREb Nhet ey saaenhsdlatioa ideticetedsioy applging ah t he
stopping condition is not fulfilled, the iteraté\i%(ﬁns are continue

of nonl i ni BOAgtalieANArecrdingtosinGipyarfianef the o §¢§'§'r‘i‘wat?é‘r?rf’ﬁagi§‘9\%e\t/\ﬁgr
the best soldHritam. %?&bé@ﬁyb&eﬁcwﬁm_@ﬁ th@ned sbRAdh, MMPRalidLHRE | ONS,

in which case the stopping test Is positive and the method according to the
i nventi on dmnsitensprobabiliysis ewdluaiedrasld furnttoinng of thEneosts @b thergolutishs can

al so consist in fixing a maxi num nunber of iterations. The net hod
accordi ng o A¥eSnirrivention i s i npl enented by way of a conputer program A

For i gt hePsotiut | 1] Ghdsts okt bimed) over the det e m ned monitoring zone.
e S ST oot B A s ) BELNEE e
acceptable, this amounting to saying that the transition probability must
decrease as a function of (C(s,,,;)— C(S,)) . For example, for a so-
called conventional simulated annealing algorithm, this function may be
15 written with the aid of the foliowing relations:
n(C(S,), (s, =1, 1 Cls,) < C(S,)

C(Sn )_C(Sll-r] )

n(C(S,),Cs,,))=e ™™ |if C(s,,,)=C(S,)

Step 205 thus consists in generating a uniform random variable u(n) lying

20 between 0 and 1 and in comparing it with the threshold 7(C(S,),C(s,..)) |5

u(n) is less than said threshold then the new solution sp+1 becomes the
current solution. In the converse case the solution' Sy is retained:
it #() <TC(S,)sC (5,105 Sps = Sy
If u(m) 219(C(S,),C(5,1 ), S, =S,
25 In an additional step 206, the best of the solutions obtained is stored:

If C(SIH-]) < C(Sbest)’Sb = Sn+]

est

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



‘Figure 3 illustrates the results obtained by the nethod according to the 20
I nvention in the case where the nnnitoi'ng zone is of square shape and
uniformin terns of significance. A si 8Ie type of sensor is available and
it exhibits a target detection probability equal to 1 for a distance

bet ween the sensor and the target of less than a given detection radius D
and equal to O in the converse case. The constraints taken into account are
the 25 maxi m zation of the nonitored zone with a uniformsignificance nmap

with a gi veR-GRirAmeRNYentianahesighilatedd annggling silgerittyp. phis isf ohtagre@% 3

sone of - coduPag R 1Bl £8RG0a” A ENSCTDOWER i Vel SRR ' (e

sensor andwbudaﬂglausal@aua&y dlosé fe19R318s Hooa réddlisus. The bottom part of
Figure 3 shows t 0 evolution, in the course of the iterations of the

met hod accd¥ §tQﬁ>@lﬂQ)tQSﬁ@Q7nl§emerfmed)ﬁt eneh diesatianusetasoles deridp wihether Spost )

of e I SR A HHLT R 2ReREy WaRARS s 30 \GhnG SORRIdR. Yot Ve

the net hod™s gor et |ca opt hunbe sors I'n the

exanpl e of f&lﬂmau ethe iteratians! areoca@itinuet. oByammpd)f ﬁcbrﬂnnmﬂﬁg texzmnmé RHi@
Sensors i s not ar since the i osed nstraint is . the nmaxi m zation of
the zone ofSt QRR}%Q g%fé %ﬂt%ﬁtstm]yemfé{mﬂ whet ré%? PEat pejHtion Sbest has Begr 4

3 but w thTSLeSadel 3 Hehdt Nig RSRIbRE TP URIIE Cake hEosE Rt et f 1 OUre
probabi | i t ipesitive afet thet method accardimgt tecthehinventiort deliversisiee bhst steigtier of
coveragg, I ¢ btanﬁe(? '?he stopping test can also consist in fixing a maximum number of

iterations.

The method according to the invention is implemented by way of a

computer program. A display interface can be used to view the position of the

15 sensors forming the solution Spest Obtained over the determined monitoring
zone. Other characteristics of said sensors can also be displayed such as the

range or the orientation when dealing with a directional sensor.

Figure 3 illustrates the results obtained by the method according to the

20 invention in the case where the monitoring zone is of square shape and
uniform in terms of significance. A single type of sensor is available and it
exhibits a target detection probability equal to 1 for a distance between the
sensor and the target of less than a given detection radius D and equal to 0

in the converse case. The constraints taken into account are the

25 maximization of the monitored zone with a uniform significance map with a
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

30 evolution, in the course of the iterations of the method according to the

invention, of the cost functions C(S) and C(Spest) Of the current solutions and



‘10Firgure 5 illustrates the results obtained for the automatic pl acenent of
sensors for a nonitoring zone associ at with the significance map of
Figure 1. A single type of sensor is taken into account, nanely the sanme as
that used for the exanple of Figure 3. Figure 6 illustrates the
results obtained, still for the significance map of 15 Figure 1, but using
two types of sensors, one of which exhibits a substantially nore

significant detection radius than the other. The invention applies notably
to the nmoniof dhe et soluiRn respectyetreVhen the msipeed sters. stheothegretinal di ng or
of any ot her.: i : i I ] opti mal
col 1 on 1 PR Bufbel B SbfSors, i e ckaBAe bPFBuEE S9EELE 8328 % )

gi ven char abtaineédt The positionaof ¢he afensorstis aiott regekgr emeedthe impesédr m of
nunerically eval uatabl e sub-criteri a}?.FEThe oPti mal solution is dei er m ned by
i npr ovi ng, CaPSEAIRH IS e mExtRization RE INRZRRR) OF S8VeTREEMINUANYOTEGUIBHY The
met hod acceyigdys. to the invention uses, in part, the known so-called
"sinmul at ed anneal i ng" schenme which is generally used to describe the

evol ution of a tHigursodjlhstratesthet msult3 libtained doethessarmedmbeitaringhzaneli st i nct

domai n whi ch is_t hat he,.optim zatign .aof the choice and,.of the

posi ti oni ngSof GIAUE? Spul AR ypRs e BrenhAavess nbesgnangeéiﬁerém
geogr aphi cgrofbiRtiiacof detdction. It isTREtedBhBPH i eask Bk Hegiditof ERIMhGEON
presents notably the advantage of allowi ng a solution to be obtained even

when the cdéstmpronedi onal C(S) used is not a function which is

differefgiable at Lt Lt also es, | ossihl e.t i | ecting
a sol ut in%)n in aﬁ%@%ﬁé g'k‘?ﬁé%frﬁhgfregwlfsso%ﬁﬁq *(9& tﬁg%@*@ﬂiﬁ'q\éla%%mﬁﬁ“ ?’? erative
net hod, i maeAssRtfod alviosRdMiNg 26ne absculbtcd Wit e sigaificahcd nbas ¥SFRyré or
nonitoring a geographical zone conprising a plurality of sensors of

di fferent tlyfesSingiR typRicheeBsPsis takancinte asapddt, mamely dbe fane agcthat
conmponent %{em&c{heié;@rwg%? Ftiélﬁ'ef[@'pe and the characteristics of a sensor
[

and its positron in sard zone,”said systemexhibiting a plurality of
absol ut e t echni Fidguredhiiustratelsthe sasultswhtaredy stilhfpraharsigHifisancednap of hat it

10comprises . at |least the following steps: a step (201) of initializing the
vector 5t ?'%rgo‘nmqt&ﬁmgowo yPss seze%)s, gpe ﬁiw\?\%‘rfﬁ?w%m %’@ﬁ%}t@h)‘mk?ng
up the sol %6r‘é§i&§iﬁ@énttdb?eéﬁcﬁﬂ%td:j&:‘th fnth@%?fer“’ to obtain a new candi date

sol ution sn+i e iteration o ndex n+1, said perturbation entailing
changi ng t he :

The invention applies notably to the monitoring of industrial sites, of

20 town centers, of a building or of any other zone of interest. It makes it
possible to determine an optimal solution in terms of type, number and
position of a set of sensors with given characteristics under a set of
constraints expressed in the form of numerically evaluatable sub-criteria. The
optimal soiution is determined by improving, at each iteration of the method,

25 the current solution. The method according to the invention uses, in part, the
known so-called "simulated annealing” scheme which is generally used to
describe the evolution of a thermodynamic system. This scheme is used here

in a distinct domain which is that of the optimization of the choice and of the
positioning of a set of sensors suitable for monitoring a given geographical

30  zone.



‘15 type or a characteristic of at |east one of said sensors, the possible

sensor types also including a dummy ty whose characteristics have no

i npact on the gl obal cost of the solutfon S, a step (204) of evaluating
the cost of said solution sn+i on the basis of a global cost function C(S)
determ ned as a conbination of a 20plurality of sub-criteria Ck(S) for
optim zing at |east one characteristic of said sensors of which the

| uti S . Of i | uti
St the ©t on e Dathe AhoRtdRo e 4 iepfith Brds PGB HCHi S 1 ("
= (C (S n) of gll¢Wingla$diutivhite bedstainad eseaswiaer? fHeuosdtifomctivnal C($puded - C (Sn
)) culmnating. in the selection of the new candi date so]lution Sn+l= sn+i or

in the ret & Mo JHNEHRN pyRich dﬁsdﬁsr%ntialéie SH+pvagy, pOIat-slt_e@S()zm@feEf't
St of s PRESTE t9 Y SERoihd Wiffort Bldcal RRERLOPHAISERCN 0,

(207) for stopping or continuing the iterations of said nethod, when the
stopping test is positive, a final step of producing the

optimal solution Sbest containing the nunber, the type, the
5characteristics and the position of the sensors suitable for nonitoring
sai d geographical zone. 2. The nethod as clainmed in claim1l, characterized
inthat it furthernore conprises a step of displaying the positions of said
sensors making up 10the optinmal solution Sbest in the geographical zone on
a user interface. 3. The nethod as clained in one of clains 1 or 2,
characterized in that the initialization step (201) conprises at |east the
fol |l ow ng sub-steps:



random sel ection of the type of each of said sensors from anong 15t he
avai l abl e types, including the dummy type, random sel ecti on of
the position of each of said sensors, “Verification of conpliance, by the
solution So, with all the absolute constraints. 20 4. The nethod as cl ai ned
in one of the preceding clains, characterized in that said sensors are of
passive type and are at | east taken fromthe followng set: a canera, a
radar, a seismc sensor, an acoustic sensor, a notion detection device, a
det ecti on devi ce based on electrical contact, a device for detecting
radi oel ectric sources, a device for gea#dsS ng nucl ear 25sources, a
magneti c, capacitive, inductive, chem cal or bacteriol ogical detection
device. 5. The nethod as clained in one of clains 1 to 3, characterized in

For | owing Set Ang g, HetSa, e BRIy Fofdher, BHEAET dROTAEE o

det ect ors basesgystemnéort mmnntmihgvat geographicatt zore wamiprisind as eduddityeofor. 24
6. The nethod as cl ai_ne of the preceding clains, characterized in

that an absol $sArg Qi %Ele”&&%qsrﬁnﬁtchﬁéacée%ﬁtﬁe&r?ﬁerﬁ? Px® YERIRE? ght or
mexi mum pri CeeQ('S n?dﬁ'erﬂ"m’ MHH clicaté ltﬁ’eﬁwﬂéjgnagﬁé cﬁa?édf@ﬁstﬁﬁe@fgé aphi cal
od as cla al ns,

zone. 7. The rret imed 1n one o rece

char act eri zedsémsartand #s positinotiorsaid izonef saldss,y%@'n @dntpltlng@spiuraiityv@ifght
its price, its ropabi | it et.ecting, a tar its defectian dius. 10
5 “The. et hodstlbIE ErbaicAh SaRERIRTS, At el Rying SiareSietiar B bR bog i n
t hat an;ppti nbérﬂfbh@@s 5yiéagfiﬁeefb||@w,n|gssté§§ gl obal wei ght of the set of said
sensors or the price of the Set of said sensors or the degree of

coverage of the Cm)ﬁlsfiep 012 e nithalizing:thecaotercs tof sabdtian 8m of a target in
narer i cal 1y for & nd et P S Rl R 5B hoR BakBouth B SHTHH &5 at
the iteration of index n, to obtain a new candidate solution sp+ at
the iteration of index n+'1", said pe.rturbation entailing changing the
15 type or a characteristic of at ieast one of said sensors, the possible
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 sp+1 On the basis
of a global cost function C(S) determined as a combination of a
20 plurality of sub-criteria Cg(S) for optimizing at Ieast one
characteristic of said sensors of which the solution S is composed,
o a step (205) of selecting the new current solution Sp:1 at the

iteraton n+1 on the basis of a probability of

transition P, ion = N(C(S,), C(s,,,)) which decreases as a

25 function of (C(s,,;) — C(S,)) culminating in the selection of the

new candidate solution Sp+1= sn+1 Or in the retaining of the previous
solution S,+1=S,,
o a step (206) of storing, at each iteration, the best solution Spest
obtained which satisfies the relation:
30 if C(5,1) <C(Spu)sSpes =S,

est n4l ?



‘9. The nethod as claimed in claim8, characterized in that at | east one of

the sub-criteria depends on a signific

mesh 20 cel |,
noni tored, a

with coordinates i,j, of §{:'Jhe geogr aphi cal zone to be
relative significance value which increases with the

nmoni toring requirenment of said mesh cell. 10. The nethod as cl ai
one of clains 8 and 9, characterized in that at 25| east one of the

Lhe subcr i tor 14 i 5t ReP @OFY foh S br cokbihirbins o of e
25

each sub-criterionmigthdprmal i zed between 0 and 1.

follow ng rel

2.
10

3.
15
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25

5.
30

l1ck (s)Ir
ation: C(S) = k=1 , where kk is_a weighting _
o when the stopping test is positive, a final step of producing the
optimal solution Spest containing the number, the type, the
characteristics and the position of the sensors suitable for

monitoring said geographical zone.

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

the optimal solution Spestin the geographical zone on a user interface.

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 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 Sy, with all the absolute

constraints.

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 detecting nuclear
sources, a magnetic, capacitive, inductive, chemical or bacteriological

detection device.

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 set: a
radar, an active acoustic detector, a LIDAR detector, a detector based on

neutron activation, an active-barrier-based detector.

ce map which allocates for each
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'A=1- coefficient, 13 and ak are given paraneters. 12. The nethod as

clainmed in one of the preceding clai s, characterized in 5that the
probability of transition is expressed ﬂbith the aid of the follow ng
1, if C(s"_,1)< C(S) ccso-c(s,,) r7(C(S"),C(s",1))=eT(n), if
C(s".1) C(S"), with T(n) a paraneter the effect of which is to render
probable the i o acceptance of a poorer solution at iteration n and

rel ati ons:

conplying with the follow ng relation T(n+1)=pT(n),

par anet er whose value is less than 1 and substantially close to 1.

10

15

20

25

30

6.

10.

11.

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.

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.

. 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

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

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 i,j, of the geographical zone to be monitored, a
relative significance value which increases with the monitoring

requirement of said mesh cell.

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:
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.

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

that the global cost function of the solution S is expressed with the aid of

where p is a given

| ess



'13. A conput er program product, characterized in that it conprises program
15code instructions for the inplenenta&%on of .the nethod as clained in one
of claims Ito 12,

K
| 2 Alc s
the following relation: C(S)= g*=— , where A is a weighting

;&

coefficient, B and o are given parameters.

12. The method as claimed in one of the preceding claims, characterized in
5 that the probability of transition is expressed with the aid of the following
relations:
7(C(S,),C(s,)) =1, if C(s,,) < C(S,)
C(S,)=C(55.1)
n(C(S,)Cls,uN=e " if Cs,,)2C(S,),
with T(n) a parameter the effect of which is to render less probable the
10 acceptance of a poorer 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.

13. A computer program product, characterized in that it comprises program
15 code instructions for the implementation of the method as claimed in one
of claims 1 to 12.



