
METHOD OF ESTIMATING PROBABILITY DISTRIBUTIONS OF THE
PRESENCE AND NON-PRESENCE OF INTRUSIONS IN A
SURVEILLANCE AREA The present invention relates to the
general field of acoustic submarine detection. It more
particularly relates to the conducting of
antisubmarine warfare operations, aiming notably to
protect certain areas of the submarine environment
from any intrusion. When conducting antisubmarine
warfare (LSM) operations, operations conducted from a
boat or boats (or aircraft) such as a frigate for
example, the officer in charge of these operations has
the task of preventing any intrusion into the area
that he is responsible for surveilling. To do this, he
tries, generally, to estimate the places of this area
in which an enemy submarine, or more generally an
intruder, could be at the present instant given what
has happened up to that instant. Similarly, he tries
to determine where such a submarine may be in the near
future given the behaviour predicted for the submarine
and for the surveillance ship, and the actions that
will be undertaken. This step-by-step prediction is
genuinely useful for determining the actions that it
seems relevant to execute in the future to keep on
completing the mission, bearing in mind that the
available detection capabilities do not generally
allow all the area to be protected to be covered from
the position occupied at a given instant. This search
for intruders, mainly offensive in purpose, is
generally based on an estimation of presence
distribution of an undesirable submarine at the
present instant at each point of the portion of
submarine space being surveilled. It represents a
difficult task because this distribution depends on
numerous factors, among which can be cited : - the
past actions of all the naval force present in the
area, that is, the movements of the boats, the effects
of the use of their sonars, of their radars and of the
radiofrequency transmissions, - the assumptions
relating to the possible behaviour of an enemy 



submarine, behaviour that can be estimated from its
assumed kinematiccapabilities (speed, submersion,
autonomy), the assumed performance characteristics of
its sensors and the mission that it is assumed to
fulfil, - the characteristics of the aquatic
environment that condition in particular the
performance characteristics of the sonars. The quality
of the result of the estimation performed is therefore
greatly dependent on the quality (i.e. of the
conformity to reality) of the assumptions made
concerning the submarine, in particular concerning its
behaviour and its abilities to evade the surveillance.
It is in this dependency that the estimation
difficulty lies, because, in principle, these
assumptions are unsafe given that they result from
limited choices made from a large number of behaviour
possibilities. To date, a growing number of tools have
been developed to provide help in estimating this
presence probability distribution. These tools are
intended to be implemented in the decision-aid systems
(or "Combat Decision Systems") with which the
antisubmarine warfare boats are equipped.
Conventionally, the estimation of the probability
distribution of presence of an intrusive submarine is
made on the basis of a probabilistic behaviour model
assumed to represent as faithfully as possible the
behaviour of an intrusive submarine given assumptions
made a priori concerning this submarine. Generally, it
is a reactive model, that is, a model dependent on the
actions of the naval force as they can be perceived by
the submarine. It is even possible to use a more
sophisticated behaviour model, itself consisting of a
combination of several elementary models with a priori
probabilities assigned to each elementary model.
Normally, this model corresponds to the best
assumption(s) that can be made concerning the
behaviour of the enemy submarine. Also conventionally,
the estimation proper is generally based on a
Monte-Carlo method, for which several thousands of
instances of movement, of a submarine located in the
area concerned, are analysed. These instances are
drawn at random, applied and maintained over time
(starting from a 



certain initial distribution) independently of each
other. The distribution of the probability of presence
PSM of a submarine is estimated at each instant from
the positions assigned to these instances,taking into
account for each instant aggregate probabilities, up
to the instant concerned, that this instance has been
detected. These instances are, moreover, maintained by
assuming that the submarine associated with each of
them follows the chosen behaviour model. Then,
according to the PSM calculated in different places of
the surveillance area, the antisubmarine warfare ship
adopts the behaviour and performs the actions most
likely to improve the situation over the whole area,
that is, prevent the submarine from being able to
fulfil its mission. Starting from this principle, it
is clear that the relevance of the estimation of the
distribution of the presence PSM of the submarine in
each place of the area is very highly dependent on the
validity of the behaviour model or models used for the
submarine and therefore on the assumptions made.
Furthermore, the relevance of this estimation is
highly dependent on the number of instances analysed,
a number that in turn depends on the computation power
available for making the calculations. Furthermore,
the estimation difficulty is further increased by the
fact that, faced with the attempt made by the
commander of the antisubmarine warfare ship to
estimate and model the behaviour of the submarine, the
role of the commander of the submarine will be to try
to work out the assumptions that can be made regarding
its behaviour and act by taking these assumptions into
account. Consequently, he tries to adopt a behaviour
that minimizes the chances that the assumptions made
by the frigate are correct. Regarding the offensive
aspect of the mission fulfilled by the antisubmarine
warfare ship, an aspect that consists in maximizing
the chances of detecting and then destroying the
submarine, this known approach that is widely
described in the state of the art, appears perfectly
suitable for estimating the probable location of an
undesirable submarine (therefore PSM) as accurately as
possible. In practice, it is often impossible to
perform a simultaneous search in all the places where
a threat could be, 



such an exhaustive search being indispensible in the
absence of assumptions concerning its behaviour. In
other words, bearing in mind that an exhaustive search
is not possible, it is better to make location
assumptions that seem valid than to search at random.
The chances of its success are increased.Thus, by
proceeding in this way, it is possible to determine
places of the area being surveilled where threats are
probably located, and to do so with chances of success
that are greater than that offered by a search
performed without making any assumption concerning the
behaviour of the submarine. On the other hand, it is
impossible to guarantee that, outside these places
with high probability of presence of a threat, the
probability of presence of a threat is necessarily
very low or even zero. An approach such as that
described previously does not make it possible to
guarantee with a sufficient chance of success, even by
prohibitively multiplying the number of draws and
instances analysed, that no intrusive submarine,
corresponding to an instance that is not considered,
will not be surveilled in the sensitive area. Such is,
for example, the case if the submarine concerned
adopts a behaviour that is substantially or even
radically different from the behaviour model retained.
Consequently, for want of any appropriate method to
implement, there is at the present time no method that
can really satisfactorily guarantee both that a
sufficient detection probability is available and that
the risk that certain real threats are not detected is
sufficiently low. One aim of the invention is to solve
the problem stated above and more specifically to
propose a solution that enables an operator
responsible for supervising the antisubmarine warfare
operations, to determine, as safely as possible, the
places of the surveillance area that require extra
attention and those that require only a little
attention. One of the aims sought is also to best
exploit the available detection equipment, given its
performance characteristics. In other words, one aim
of the invention is to propose a means for
determining, in a fixed area, the places likely to
host threats so as to devote 



to their surveillance the maximum of resources and
time, while best estimating the low possible remaining
distribution of the threat in the areas a priori not
likely to host such a threat. To this end, the subject
of the invention is a method for determining in a
given surveillance area, the places likely to host an
intruder, the determination being performed by a (or
several) surveillance ship(s) (oraircraft) moving
above the surveillance area and applying, at given
instants t , means for detecting the presence of a
target in the surveillance area. The inventive method
applies the following steps : - a first step of
estimating the position of potential intruders in the
surveillance area, this estimation being performed by
determining the probability of presence PsMd(t) of an
intruder at each point of the surveillance area for a
given instant t , said intruder being assigned a
behaviour according to a predefined, noise-affected
deterministic reactive model ; - a second step of
estimating the places of the surveillance area in
which an intruder is not likely to move, this step
comprising : - a first substep of estimating the
probability of presence PsMa(t) of an intruder at each
point of the surveillance area for a given instant t ,
said intruder being assigned an almost random
behaviour defined by a kinematic model ; - a second
substep of calculating the probability of non-presence
PSMa (t) corresponding to the probability of presence
PsMa(t) estimated in the first substep and defined by
the relation : The two estimations are performed
simultaneously by different methods so that the
presence distribution law and the non-presence
distribution law determined in this way are not
deduced from each other. The probabilities PsMd(t) and
PsMa(t) defined in a given place of the surveillance
area taking into account probabilities Pd(t) of
detection of a target by the detection means,
determined for each instant t at each place of the
surveillance area. According to a particular
embodiment, the inventive method also comprises a
third step during which the estimations obtained in
the first two 



steps are associated, so as to decide, based on given
criteria, which of the * two information items PSMd
and PSMa is the most relevant at each point of the
area being surveilled for each instant t . According
to a particular embodiment, the first step is
implemented by estimating the probability of presence
of an intruder by a Monte Carlo method, the instances
of intruders being studied being moved according to
anoise-affected deterministic reactive behaviour and
the probability of presence at each point and at each
instant t being obtained from the local density of the
instances at that point and their aggregate
probabilities of having been detected in past
applications of the detection means. According to a
particular embodiment, the second step is implemented
by estimating the probability of presence of an
intruder by an HMM method, the associated transition
matrix reflecting an almost random and non-reactive
behaviour, the detection probabilities of the
detection means at each point and at each instant t
providing the observation function in the HMM process.
By combining the two information items delivered by
the first two steps of the inventive method, it is
advantageously possible for the operator to
concentrate his surveillance on the places of the
space being surveilled for which the probability of
presence of an intruder is high and judge the
effectiveness of his past or planned action by
observing the distribution of the probability of
"non-presence" of an intruder. The characteristics and
advantages of the invention will be better appreciated
from the following description, which explains the
invention through a particular embodiment taken as a
non-limiting example and which is based on the
appended figures, the figures representing : - Figure
1, an illustration relating to an exemplary
application of the inventive method relating to the
protection of a strait forming the inlet to a maritime
area to be protected ; - Figure 2, a theoretical flow
diagram of the main steps of the method according to
the invention ; - Figure 3, an illustration relating
to a possible use of the results 



obtained by the first step of the method according to
the invention ; - Figures 4 to 6, illustrations
relating to the operating principle of the second step
of the method according to the invention ; - Figure 7,
an illustration relating to a possible use of the
results obtained by the second and the third steps of
the method according to the invention ;- Figure 8, an
illustration relating to the joint use of all the
results obtained by the method according to the
invention ; - Figure 9, an illustration relating to
the implementation of the combination of the two steps
of the method according to the invention. For reasons
of clarity in the explanation, the rest of the
document describes the invention through its
application to the protection of a submarine space,
access to which is provided by a strait. However, this
particular application should not be considered to
limit the scope of the invention, because the general
characteristics of the inventive method make the
latter easily applicable to the surveillance and
protection of a variety of areas. Figure 1 illustrates
this application. The protection of the area 11 being
considered here is provided by controlling the
presence of intruding submarines in the area 12 of the
strait that separates the area 11 from the
uncontrolled area 13. In the exemplary application
described, interest is therefore focused on the means
of protecting the area 11 concerned against possible
submarine intrusions occurring via the strait, by
providing surveillance from the surface by means of
one or more antisubmarine warfare ships (or aircraft),
each ship patrolling in the area of the strait
according to an itinerary defined by the person in
charge of the antisubmarine warfare mission, the
itinerary being symbolized by the line 14 in figure 1.
To this end, these ships carry out, during the
mission, detection operations that are more or less
spaced apart in time according to requirements, the
operations being symbolized by the circles 15 in
Figure 1. Depending on the operational situation and
the available resources, 



the surveillance area 12 may be surveilled by more or
less significant means. In particular, the
surveillance area 12 may be covered by one or more
ships. However, whatever the extent of the means
deployed, it is rarely possible to provide effective
surveillance, using detection means, at all the points
of the volume of water of the surveillance area
simultaneously. Consequently, it is necessary, at all
times, to choose the place (or the places) of the
surveillance area 12 to which this effective
surveillance should more particularly be applied. The
object of the method according to the invention is to
enable theperson in charge of the antisubmarine
warfare to make these choices judiciously and safely,
while being able to judge the degree of effectiveness
of the past or planned actions. Figure 2 is a flow
diagram presenting the main steps that make up the
method according to the invention. As can be seen in
the figure, it is an iterative method intended to be
executed periodically throughout the duration of the
surveillance mission, while the ship responsible for
this surveillance is moving in the surveillance area
12, by from time to time carrying out a detection
operation. This detection operation can be conducted
using an active device and can, for example, consist
in emitting a sonar pulse and collecting and
processing the reflected echoes. It can even,
alternatively, consist in passively listening for
noise sources present in the area of the submarine
space under surveillance. The method according to the
invention consists of two main steps, a first step 2 1
and a second step 22 during which, for a current
instant t , the probability of presence of a threat at
each point of the surveillance area 12 is estimated.
According to the invention, each of the two steps
independently provides an estimation of the
probability of presence of a threat at any place of
the surveillance area 12, the estimation method used
being different from one step to the next. In the step
2 1, the estimation PsMd is performed by a method
based on assigning the possible intruders a type of
noise-affected deterministic reactive behaviour
(behaviour called "determinist" hereinafter in the
text to 



distinguish it from the behaviour assigned in the
second step). In the step 22, the estimation PSMa is
performed by a method based on almost random
non-reactive behaviour of these possible intruders.
The step 22 is also associated with a step 23 during
which the estimation PSMa performed in the step 22 is
used to calculate the estimation of the probability of
"non-presence" P Ma in any place of the surveillance
area 12, the latter being defined by the relation :
PsMa = - PsMa) [ ]According to the invention, the
methods of estimating the probability of presence of
an intruder also take into account the results of the
detection operations performed so that the estimated
probability of presence of an intruder in any given
place is possibly assigned to an instant given by
these measurement results. Each of the steps 2 1 and
22 of the inventive method provides information that
makes it possible to construct a map of the
surveillance area 12. The step 2 1 can be used to
construct a map 26 which associates with each of the
places of the area 12 a given probability of presence,
whereas the step 22 can be used to construct a map 27
which associates with each of the places of the area
12 a given probability of "non-presence". The
inventive method also comprises an additional step 25
of associating the information items produced by the
two steps 2 1 and 22, the purpose of this step being
to construct a composite map of the surveillance area
12. Producing this composite map 29 entails assigning
to each place of the area being surveilled 12 showing
a high and validly estimated probability of presence
PsMd, the value of this probability PsMd and, to each
place of the area being surveilled 12 showing an
excessively low or badly estimated probability of
presence PsMd , the value of the probability of
"non-presence" PsMa According to the invention, as
illustrated by the broken circular arrow 28 in Figure
2, the succession of the steps 2 1 and 22 is also
repeated so as to regularly refresh the estimations of
the probabilities of presence PsMd and * 



of "non-presence" P Ma so as to enable the
corresponding maps to be kept up to date. According to
the invention, the aim of the first step 2 1 is
notably to facilitate the conducting of the offensive
aspect of the surveillance mission which involves
choosing a movement itinerary for the surveillance
system, the antisubmarine warfare ship for example.
More generally, its aim is to enable the operator to
adopt an active warfare behaviour which is not simply
the product of chance or experience. To this end, the
estimation method implemented is a conventional
Monte-Carlo-type method which consists in
statistically analysing the trend over time of the
movement of a population of typical intruders, the
initialposition of which is drawn at random, each
intruder having a behaviour conforming to a given
noise-affected deterministic model affecting a given
number of parameters (position, speed, direction of
movement, etc.). This estimation method determines, at
each estimation instant and for each instance, the
behaviour of the corresponding intruder. This
behaviour is established by randomly drawing the
values of the parameters retained to describe the
behaviour of the intruder, the draws being performed
according to distribution laws chosen elsewhere. The
behaviour assigned to the intruder is in this case a
reactive behaviour, that is, a behaviour that notably
takes into account the actions of the surveillance
ships up to the instant concerned, the assumed
objective assigned to this intruder and, its capacity
to perceive the events (detection operations, movement
of the surveillance means) that occur in a more or
less close vicinity. Consequently, the probability
PsMd of presence of a target, at a given instant, in a
given place of the surveillance area 12, is determined
from the density of instances of intruders in this
place and their aggregate probabilities of having been
detected. Thus, by assuming that the chosen behaviour
model is close to a real behaviour, and by having
means for analysing a sufficient number of instances,
it is possible to estimate satisfactorily the
probability of presence of a threat of one or more
given types in different places of the surveillance 



area 12. This estimation is, moreover, advantageously
associated with the results of the detection
operations so as to make the trend of each of the
instances analysed dependent on these detection
operations. Consequently, the probability of presence
in a place is weighted by the probability Pd of
detection in that place. The estimations of the
probability of presence in each of the places of the
surveillance area obtained in this way can be used in
different ways, the aim being that, rather than follow
a path determined somewhat by chance, the ship
responsible for the surveillance of the area 12
concerned adopts a path that takes into account the
results of the estimations of the probability of
presence made.It is, for example, possible to
periodically maintain a map 26 of the probabilities of
presence in the form of a table of coordinates in
which, for each place, the associated probability of
presence is recorded, this table being transmitted to
processing means so as to be analysed either
automatically to determine the appropriate behaviour
of the surveillance means, or manually by a human
operator, the officer responsible for the
antisubmarine warfare for example. It is then
possible, as Figure 3 illustrates, to use this data in
a graphic form such as an annotated map of the
surveillance area 12. This annotated map represents,
for example, the route 14 followed by the surveillance
ship, the spots where active detection operations have
been performed, and geographically differentiated
areas in which the probability of presence is
contained in a given range. This way, the operator can
advantageously easily distinguish the areas 3 1 where
the estimated probability of presence of a ship whose
behaviour conforms to the adopted model is high from
the areas 32 or 33 where it is lower, even the areas
34 where it is close to zero. This first estimation
step 2 1, based on the application of a Monte-
Carlo-type method can advantageously be used to
improve the offensive action of the surveillance
system by enabling the operator to focus his attention
on the places with high probability of presence.
However, regarding 



the places with low probability of presence, its
effectiveness is, as is known, limited mainly by two
factors : - a quantitative factor concerning the
number of instances that it is possible to maintain in
a time slot Dt that is sufficiently small to allow for
periodic refreshing, at a rate that is satisfactory
from an operational point of view, of the estimations
of probability of presence PsMd; - a qualitative
factor concerning the choice of the behaviour and
aptitude model that is applied to the instances being
analysed. Consequently, if the behaviour model is
correctly chosen and if the number of instances
analysed is sufficient, the use of a Monte-Carlo-type
method makes it possible to safely determine the
places where the probability of locating an intruder
is high. However, this determination is not in
principle exhaustive notably because intruders whose
behaviour does not conform to the model may be
situated in places presenting a low probabilityof
presence in light of the assumptions made and of the
number of instances, places which, based on other
behaviour assumptions or with a higher number of
instances, would present a higher probability of
presence. In other words, the use of a
Monte-Carlo-type method makes it possible to determine
the places with high probability of presence according
to the chosen criteria without in any way
guaranteeing, sufficiently safely, the absence of
intruders in the places with low probability of
presence according to the same criteria. Therefore,
limiting the surveillance of these places presents an
operational risk. According to the invention, the role
of the second estimation step 22 consists, as stated
previously, in securing the estimation PsMd made, in
particular for the places for which the first step 2 1
has produced an estimation of insufficient quality of
the probability of presence PsMd- For this, the step
22 in turn comprises two substeps 23 and 24. The
substep 23 establishes an estimation of the
probability of presence of an intruder PSMa relying on
an almost random non-determinist method, based on the
use of a model of the "Hidden Markov Model", or HMM,
type. Practically, the method implemented during this
substep 23 is based 



on the following principles : - breakdown of the
submarine space corresponding to the surveillance area
12 into a plurality of elementary cells, the set of
cells covering all of the surveillance area. The set
of cells defines a status space in which each cell is
characterized by the probability of presence PSMa of
an intruder in that cell ; - determination of a
rudimentary kinematic model of the movement of an
intruder ; - definition of a transition matrix T
indicating the probability that the intruder passes
from a cell (x, y, z) at the instant t to the cell
(x+i, y+j, z+k) at the instant t+1 , the dimension and
the coefficients of the matrix depending on the
kinematic model chosen ; - assignment of an initial
distribution PsMa(O) to the set of cells and an entry
distribution on the cells situated along certain
limits of the surveillance area 12.Consequently, the
method used consists in iteratively repeating the
following operations : - application of the transition
matrix T to determine an estimation of the probability
P(t) of each of the cells at the instant t concerned
based on the probabilities P(t - Dt) ; - consideration
of the results of any detection operations performed
by the available detection means and assignment of a
detection probability Pd to each of the cells ; -
consideration of Pd in the estimation of the
probability of presence of an intruder in each of the
cells, PsMa(t) being defined by the relation : PsMa(t)
= ( 1 -Pd) P(I) [2] The transition matrix T reflects
the possible movements of an intruder in a time period
between two estimation instants t and t+Dt . It
characterizes the probability that an intruder located
in a given cell at the instant t has passed from that
cell to a destination cell more or less distant from
the original cell. According to the invention, the
dimensions of the transition matrix and the values of
its coefficients ai j are defined according to the
breakdown of the area to be surveilled, the form, the
arrangement of the cells 



and the rudimentary model of possible movement
assigned to the intruder. The rudimentary model of
possible movement considered is in this case a simple
kinematic model defined in particular by the range of
possible horizontal speeds [0, Vmax] within which is
necessarily situated the speed v that an intruder can
adopt. This speed variation range has a distribution
law associated with it which characterizes the
probability that the intruder adopts a given speed.
This distribution law is, for example, a normal or
uniform type statistical law. Thus, the intruder can
move between two consecutive estimation instants t and
t+Dt , with a given speed, in all directions. Another
Vmax can be defined to characterize the changes of
submersion. Figures 4 to 6 illustrate the principle of
the estimation method used through a deliberately
simplified situation in which the movement of an
intruder in the surveillance area is limited to the
movement in a plane. This simplification that makes it
possible to explain simply the operating principle of
the method, can moreover easily be applied generally
to a movement in the three dimensions defining the
space forming the surveillance area.According to the
invention, the application of the method used entails
breaking down the surveillance area (in this case, a
flat area) into a plurality of contiguous square cells
4 1 arranged along two perpendicular axes Ox and Oy.
Each cell is, for example, identified by the
coordinates of its centre on the two axes relative to
a fixed origin O. At a given instant, each cell 4 1 is
also assigned a parameter PSMa corresponding to the
probability of presence of an intruder in that cell.
According to the invention, on initialization of the
process, an initial value is assigned to each cell
(for example zero or a uniform distribution according
to a choice made by the user). As stated previously,
the transition matrix defines, as illustrated by
Figure 5, the set of cells 52 that are likely to be
reached, in the time Dt between two estimations, by an
intruder whose kinematics fall within a chosen range
[O, Vmax] , starting from any cell 5 1. The
coefficients ay of this matrix each correspond here to
the probability for the intruder to reach the cell 52
with which it is associated, given the speed that must
drive the intruder for it to reach that cell from the
original cell 5 1. This probability is 



naturally linked to the probability associated with
the speed concerned by the chosen distribution law. In
this case, in the interests of simplicity, the speed
range [Vmin , Vmax] chosen in the context of figures 4
and 5 is such that the cells 52 that can be reached
from an original cell are limited to only the cells
contiguous to the cell 5 1 concerned, or eight cells
in all. There is then obtained a transition matrix T
in the form : a-1,1 a o,i ai,i T = a-1,0 ao.o ai,o [3]
a-1,-1 a o- i a_i_i In which the coefficients a are
relatively indexed in relation to the original cell 5
1. Consequently, for a cell 5 1 of coordinates (x, y)
the estimated probability of presence of an intruder
at the instant t , denoted Px,y(t), will be
distributed at the next instant t+Dt to the set of
eight adjacent destination cells 52 as follows
:Px.1,y+1 (t+Dt) = a- 1 1Px,y (t) Px-i,y (t+Dt) = a-
i,oPc,y(t) Px.1,y.1(t+Dt) = a-1,. 1Px,y (t) Px,y+1
(t+Dt) = ao,i Pc,y (t) Pc,y(t+ D t ) = a<>,oPc,y(t) Px
,y.1 (t+ D t ) = a0 ,.i Pc,y(t) Px+1, y+ 1 (t+ D t ) =
a 1,i Pc,y(t) Pc+1,y(t+D t ) = a 1 OPc,y(t) Px+1, y-1
(t+ D t ) = a 1,.1Pc,y (t) Thus, knowing the
probability of presence of an intruder at an instant t
of each of the cells 4 1 forming the surveillance
area, it is possible to determine its contribution to
the probability of presence of that intruder in the
destination cells. The probability of presence of an
intruder at the instant t+Dt in a cell is then equal
to the sum of the contributions of each of the cells
for which it constitutes a destination for the next
instant. Thus, as illustrated by Figure 6, the
probability of presence at the 



instant t+Dt in the cell 6 1 of coordinates (X0, Yo)
will be obtained by adding together the contributions
of the eight cells 62 that surround it as follows : Px
0 Y0 (t + Dt ) = a - _i Px 0 Y0+1 (t) + a10 Pco- i ,go
(t) + Pco_i ,go_i(t) + ao - i PcO go+i (t) + ao,o
Pco,Yo ( + a o,i Px 0 Yo-I(O [4 + a_i_i Px 0+-I Y0+-I
(t) + a_i 0 Pc0+i ,g0 (t) + a_-,-, PXo+1 U o_-,(t)
Consequently, by periodically carrying out the
corresponding calculation for each of the cells
forming the area being surveilled, an almost random
periodic estimation of the distribution of the
probability of presence over the area is obtained.
According to the invention, as stated previously, the
probability of presence calculated in this way is
moreover modified according to the probability of
detection Pd that can be associated with the cell
concerned, in as much as the detection operations have
been performed in a given space covering that cell.
That way, the probability of presence PsMa(t) of the
cell concerned, of coordinates (x, y), is not equal to
the estimated probabilityP ..(t) as described by the
relation [4], but by the estimated probability of
presence defined by the following relation : PsMa(t) =
( 1 - Pd) Pc,y(t) [5] The detection probabilities of
the detection means at each point and at each instant
t here provide the observation function of the HMM
process. The principle of the method as described by
limiting the surveillance area to a flat area and by
limiting the speed range considered for the movement
of an intruder, can be generalized on the basis of the
above explanation to situations that are less limited
and more in accordance with reality. The speed range
can in particular be chosen so that the cells 52 that
can be reached from an original cell 5 1 are not only
the cells contiguous to the cell concerned, but also
more distant cells. The generalization of the
principle described in the case of an operation in
three dimensions can also be approached by considering
the same assumptions as in the preceding simple
example. The cells 52 that can be reached from an
original cell 5 1, limited to only the cells
contiguous to the cell concerned, are then the 26
cells contiguous to the cell concerned. The submarine
volume corresponding to 



the surveillance area is then divided into elementary
cells, aligned parallel to three perpendicular axes
Ox, Oy and Oz for example. The transition matrix then
comprises, in these more general cases, a larger
number of coefficients, taking into account a bigger
environment of each cell and in particular the fact
that an intruder situated in a given cell at a given
instant t is able to move in three directions in the
space. It should, however, be noted that, for each
cell concerned, the associated detection probability
depends on the position of the cell in the submarine
volume corresponding to the surveillance area. It
should also be noted that, for one and the same
object, this detection probability varies not only
with the distance that separates the detection means
from the object, but also with the depth at which the
object is located, the propagation conditions being
essentially variable with depth. In a simplified
alternative variant, the submersion movements are not
directly taken into account. Inthis alternative
variant embodiment, illustrated by Figure 7, the
estimation of the probability of presence PsMa(t) is
made during the substep 23 by taking, for each cell 7
1 of coordinates (x, y, z), a detection probability Pd
equal to the lowest detection probability out of those
associated with the cells 72 having x and y
coordinates identical to those of the cell concerned.
Thus, in the example of Figure 7, the probability
assigned to each of the cells of coordinates (x0, yo,
z,) will be equal to Pd = 0, the lowest detection
probability (that normally associated with the cells
of coordinates (x0, yo, z0) and (x0, yo, Z3)). As can
be observed, on reading the above explanation, the
second estimation method implemented in the substep 23
of the inventive method based on a remarkably limited
number of parameters, does not require past events to
be taken into account in order to make an estimation
at a given instant t . That way, it is advantageously
possible to calculate a probability of presence in any
place of the surveillance area. However, the
probability of presence calculated in this way does
not lead to a clear definition of areas with high
probability of presence, the positioning of the places
with high probability of presence being more diffuse.
It is not therefore very informative 



in terms of probability of presence and therefore
cannot replace the method used in the first step 2 1
to facilitate the search for any intruders. On the
other hand, it does make it possible to determine, by
contrast, very accurately and reliably, the places
where the probability of presence of an intruder is
very low, even substantially zero, so that the
surveillance of these places is not necessary. This is
why the second step 22 includes a second substep 24
which consists in calculating, from the estimation of
the probability of presence PsMa(t), the probability
of "non-presence" PSMa (t) defined by the following
relation : PsMa(t) = 1- PSMa(t) [6] The probability of
non-presence is thus defined as the probability of not
detecting any intruder in the cell concerned. The
estimation of the probability of non-presence makes it
possible to create a map of the area to be surveilled
which highlights the different placesof that area
according to the probability that those places host no
threat. Consequently, the places for which the
probability of non-presence is high can be considered
to be places requiring lesser surveillance. However,
this undifferentiated map is proposed here for each
cell of the submarine space. Like the estimation of
the probability of presence Psivi(t) performed during
the first step of the method, the probability of
non-presence PSMa (t) obtained in this way can be used
in different ways, depending on the surveillance means
implemented. It is, for example, possible to
periodically maintain a map 27 of the probabilities of
non-presence in the form of a table of coordinates in
which, for each place, in particular for the places
for which the estimated probability of presence
Psivi(t) is low, the associated probability of
non-presence is recorded. This table can be
transmitted to processing means so as to be analysed
either automatically to determine the appropriate
behaviour of the surveillance means, or manually by a
human operator. It is possible in the latter case, as
illustrated by Figure 8, to use this data in a graphic
form such as an annotated map of the surveillance area
12. This annotated map shows, for example, in the
manner of the annotated map shown in Figure 3,
graphically differentiated areas in which the
probability of 



non-presence is contained in a given range. This way,
the operator can advantageously easily distinguish the
areas 8 1 where the estimated probability of
non-presence is high from the areas 82 or 83 where it
is lower, even from the areas 84 where it is close to
zero, the areas 8 1 with high probability of
non-presence constituting for the operator the areas
requiring less surveillance. Consequently, given that,
on completion of the step 22, information relating
both to the probability of presence and to the
probability of nonpresence of an intruder is
available, the inventive method is complemented by a
step 25 in which the probabilities of presence and of
non-presence in the space corresponding to the
surveillance area 12 are associated. This association
consists on the one hand in characterizing, by the
associated PsMd, the places of the surveillance area
that present a high PSMd and a sufficient density of
instances to ensure a good estimation of PSMd- It also
consists in characterizing, by the associated PSMa (t)
, the other places, that is, the places presenting a
low PSMd or an insufficient density ofinstances to
ensure a good estimation of PSMd- This way, it is
possible to produce an intelligent map 29 of the
surveillance area 12. This map can be presented
graphically to an operator in the form of a map
showing a double annotation as illustrated by Figure
9. Advantageously, such a map simultaneously shows the
areas 3 1 to 33 presenting a significant probability
of presence, in which the probability of locating an
intruder is higher and the areas 8 1 to 83 presenting
a probability of non-presence that is also
significant, in which the probability of locating an
intruder is almost zero.CLAIMS 1. Method for
determining in a given surveillance area ( 1 2), the
places likely to host an intruder, the determination
being performed by a surveillance ship or aircraft
moving above the surveillance area and applying ( 1
5), at given instants, means for detecting the
presence of a target in the surveillance area,
characterized in that it applies the following steps :
- a first step (21 ) of estimating the position of
potential intruders in the surveillance area ( 1 2),
this estimation being performed by 



determining the probability of presence PsMd(t) of an
intruder at each point of the surveillance area for a
given instant t , said intruder being assigned a
behaviour according to a predefined, noise-affected
deterministic reactive model ; - a second step (22) of
estimating the places of the surveillance area in
which an intruder is not likely to move, this step
comprising : - a first substep (23) of estimating the
probability of presence PsMa(t) of an intruder at each
point of the surveillance area for a given instant t ,
said intruder being assigned an almost random
non-reactive behaviour defined by a rudimentary
kinematic model ; - a second substep (24) of
calculating the probability of non-presence PSMa (t)
corresponding to the probability of presence PsMa(t)
estimated in the first substep and defined by the
relation : ( The two estimations being performed
simultaneously by different methods so that the
presence distribution law PsMa(t) and the nonpresence
distribution law P*sMa(t) determined in this way are
not deduced from each other; the probabilities PsMd(t)
and PsMa(t) defined in a given place of the
surveillance area taking into account probabilities
Pd(t) of detection of a target by the detection means,
determined for each instant t and each place of the
surveillance area ( 1 2).2. Method according to Claim
1, characterized in that it also comprises a third
step (25) of associating, to decide based on given *
criteria which of the two information items PsMd and
PSMa is the most relevant at each point of the area
being surveilled ( 12) and at each instant t . 3.
Method according to one of Claims 1 or 2,
characterized in that the first step (21 ) consists in
estimating the probability of presence of an intruder
by a Monte Carlo method, the instances of intruders
being 



studied being moved according to a noise-affected
deterministic reactive behaviour and the probability
of presence at each point and at each instant t being
obtained from the local density of the instances at
that point and their aggregate probabilities of having
been detected in past applications of the detection
means. 4. Method according to any one of the preceding
claims, characterized in that the second step (22)
consists in estimating the probability of presence of
an intruder by an HMM method, the associated
transition matrix reflecting an almost random and
nonreactive behaviour, the detection probabilities of
the detection means at each point and at each instant
t providing the observation function in the HMM
process. 


