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(57) Abregé/Abstract:

The present invention relates to the general problem of detection by sonar or radar. It iIs concerned In particular with the Initial
detection of a signal of interest in a data stream corresponding to the signal received by such equipment. This Initial detection Is
transmitted to the equipment charged with performing the tracking of the objects of interest that were the subject of a detection.
The method according to the invention considers that a signal of interest is characterized by a state model x(t) with values in a finite
set {x,, ..., Xy}, to which there corresponds a finite set {o,, ..., @} of N values of an observation variable o, characteristic of this

signal. To detect the presence of a signal of interest the method simultaneously calculates the value of a detection criterion A (1) In
two different ways: - as being a function of the product of the probability P_ of the state x, and of the ratio of the conditional
probabilities p, and p, of the datum y(i, ®_) containing the signal, in the absence and in the presence of a signal, - as being a
function of the product of one of the N values of the criterion that were calculated at the previous instant t—1, of the probability of
transition Pn,m between the state x_ for which this value was calculated at the instant {1 and the state x_ considered, and of the
ratio of the conditional probabillities p, and p, of the datum y(t, @ ) In the absence and in the presence of a signal, the larger of the
two calculated values Is assigned to the criterion of A_(t) which Is then compared with a detection threshola.
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ABSTRACT

The present invention relates to the general problem of detection by sonar or
radar. lf is concerned in particular with the initial detection of a signal of
interest in a data stream corresponding {o the signal received by such
equipment. This initial detection is transmitted to the equipment charged with

performing the tracking of the objects of interest that were the subject of a
detection.

The method according to the invention considers that a signal of interest is

characterized by a state model x(t) with values in a finite set {xy, ..., xx}, to

which there corresponds a finite set {wq, ..., wn} of N values of an observation
variable w, characteristic of this signal.

To detect the presence of a signal of interest the method simultaneously
calculaies the value of a detection criterion Any(t) in two different ways:

- as being a function of the product of the probability P, of the state
Xn, anda of the ratio of the conditional probabilities py and pg of the datum y(t,
®n) containing the signal, in the absence and in the presence of a signal,

- as being a function of the product of one of the N values of the
criterion that were calculated at the previous instant t—1, of the probability of

transition P, between the state x,, for which this value was calculated at the
instant t—1 and the state x, considered, and of the ratio of the conditicnhal

probabillities py and py of the datum y(t, ®,) in the absence and in the
presence of a signal,

the larger of the two calculated values is assigned to the criterion of Ap(t)
which is then compared with a detection threshold.

Figure 1
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Markov sequential detector.

FIELD OF THE INVENTION

Ihe present invention relates to the general problem of detection by
sonar or radar. li is concerned in particular with the initial detection of a signal
of interest in a data stream corresponding to the signal received by such
equipment, also called a sensor.

CONTEXT OF THE INVENTION - PRIOR ART

The general Automatic Detection and Tracking function (ADT in English) is a
function commonly used in sonars and radars. The object of this function is to
process the data stream received by the system considered so as to detect
the presence of signals of interest and o analyze the evolution of the contact
from which this signal originates. This evolution generally occurs in the
spatial domain and/or in the frequency domain. The data analyzed can be
represented by functions of the form y(t, ) dependent on a time variable {
and an observation variable ® which may be for example the frequency of
the signal received or else the direction of arrival (bearing) of the signal.

Generally the ADT function operates on a contact in two successive phases.

First of all, the ADT function determines, for each instant t considered and for
each value of the observation variable ®, whether a signal emanating from
an object of interest is or is not present. This is the detection phase.

Thereafter, when a positive decision has been taken for an instant ty.. the
ADT function evaiuates the value w(t) of the observation variable ®, and
possibly of the state x(t), of the detected object, for subsequent instants t (t >

taet). This is the tracking phase. The detection phase is also called the track
initialization phase.

The initialization phase and the tracking phase both constitute processes for

~associating data over time. But, while tracking works only on a restricted

amount of data in the vicinity of the tracks, track initialization is carried out on
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all the data present. This is why track initialization (detection) is carried out

with processing operations that are simple to implement, while tracking is
generally implemented by means of powerful processing algorithms,

requiring a big calculation load, such as algorithms based on utilizing state
models.

This constitutes per se a rather unsatisfactory situation since the quality of

the detection very obviously suffers from the relative simplicity of the track
initialization algorithms.

In most existing sonars and radars, the initialization phase is based on an
algorithm that more or less directly implements a known detection principle:
detection of the "P out of N" type. Here, the integer N represents the duration
of the detection test window along a discretized time axis. According to this
known principle, detection is performed by taking into account, for the
duration of the window, the number of instants for which an event that meets
a determined simple criterion arises. Detection can therefore, for example,
consist in calculating the number of instants n during the time span of the
window, for which at least one signal sample, included in the window,
exceeds a detection threshold ry and in comparing this number n with a

number P (P < N). Thus, a signal is detected when there are such events at
least P times in the window (n > P).

In certain known applications, this general principle is refined by adding the
further condition that the mean value of the P largest events must be greater
than a second detection threshold ry, itself greater than the first threshold r.

In a known manner, the false alarm probability of the methods implementing
this known principle depends on 11, on r2 and on the size of the test window
in the domain of the observation data . In particular, increasing the size of
the test window Aw in the domain of the observation data leads to an
increase in the false alarm probability, but makes it possible to better
circumvent detection losses related to the drifting over time of the signal in
the observation domain.

n practice, these contradictory data lead to the need to search for more or
less satisfactory compromises. Thus, to ensure an appropriate detection
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probability without overly favoring the occurrence of false alarms, Aw is
generally chosen so as to be, at the most, equal to the resolution of the
sensor and the duration N of the test is chosen to be small enough for it not
to be possible for the drifting of the signal over the duration of the
measurement {0 exceed Aw. Moreover, the duration N of the window must
not greafly exceed the duration of the shortest signal to be detected,
otherwise the probability of detecting signals of this type, for a fixed false
alarm probability, decreases.

This compromise leads to the need in particular to choose a duration N
imited to a few units, a constraint which prevents full exploitation of the
potential rise in the detection probability for signals of long duration. Thus,
whatever variant of the "P out of N" detection principle is used, it always

leads to the need to limit the duration N of the test window used. N generally
peing less than 10.

PV, —

The implementation of an ADT function can also be carried out Dy using a
known method consisting in forming, before detection, trial tracks, called
candiaate tracks, for which validation tests are performed. When a candidate
track positively passes its validation test, a detection is signaled and the track
becomes a validated track, subsequently managed by the tracking.

In this approach, known by the English term "Track before detect” (TBD),
track initialization therefore consists in forming and testing candidate tracks
on the data received. The data received are integrated along these tracks
that are selected in accordance with a determined dynamical model,
assigned to the type of object that one wishes to detect. The use of such a
model makes it possible to integrate these data over a longer test duration
than in the case where the "P out of N" criterion is employed. This approach
s therefore particularly suitable for processing signals having a low signal-to-
noise ratio. On the other hand, just as for the implementation of the "P out of
N" criterion, here the processing is usuaily carried out on data blocks of fixed
duration. It is then necessary either to make a compromise between
detecting the short signals and detecting the long signals by fixing an
intermediate duration, or to carry out several processing operations in
parailel, having different durations of integration, thereby correspondingly
muliiplying the calculation cost.
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PRESENTATION OF THE INVENTION

One of the aims of the invention is to propose a detection method making it
possible in particular to perform track initialization of "Track before Detect"
type whose duration of integration is not fixed but adapted to exploit the
duration of the signal of interest received, so as to obtain a high detection
probability while maintaining a low false alarm probability.

For this purpose the subject of the invention is a continuous method of
defecting a signal s(t) present in a data stream y(t, ) dependent on a

discrete time variable t and an observation variable w, the signal being
characterized by a state model x(t) with values in a finite set {x4, ..., X}, to
which there corresponds a finite set {wy, ..., oy} of N values of the
observation variable .

The method according to the invention formulates for each instant t and for
each state x, a detection criterion An(t), whose value at each instant t, for a
state X, is calculated simultaneously in two different ways:

- as being a function of the product of the probability P, of the state x,,
and of the ratio of the conditional probabilities ps and pg of the datum y(t, w,)
in the absence and in the presence of a signal,

- as being a function of the product of one of the N values of the
criterion that were calculated at the previous instant t—1, of the probability of

transition P, ,, between the state x., for which this value was calculated at the
instant t—1 and the state x,, considered, and of the ratio of the conditional

probabilities p1 and po of the datum y(t, ®,) in the absence and in the
presence of a signal.

The results of the two calculations are compared and the larger of the two
caiculated values is assigned to the criterion of Ax(t).

According to the invention, the method comprises at least:

- an Initialization step A where the N values of the detection criterion
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An at the instant ip—1 preceding the first instant of the data to be processed tg
are fixed at predetermined values,

- a sfep B of calculating the N values of the criterion A, at the current
Instant t,

- a step C of detecting by comparison with a threshold the N values of
the criterion that were determined at phase B, the overshooting of the detection
threshold by a value of the criterion determining the presence of a signal in the
state x, corresponding to this value of the criterion, at the current instant.

Steps B and C are carried out in an iterative manner until the detection
criterion A\, exceeds the fixed detection threshold at the instant t4.:. A track is
ihen created with the state x, at this instant. The values of the detection

criterion An(lget) for the states X, in a neighborhood of x, which are
influenced by the maximum attained at the state x,, are furthermore set to
zero so as to prevent it being possible for these values that are close to the
detection threshold to cause the initialization of a new track at the following
instant tget +1.

According to the known art, the tracking, which consists in updating the
esiimation of the state x(t) of each already initialized track, is performed at
each instant before the implementation of the track initialization method of
the present invention. The data associated with the fracks by the tracking are
replaced with the mean value of the noise, so that these data cannot favor
the initialization of new tracks. The track initialization processing of the

Invention can be coupled according to this principle with any tracking
processing whatsoever.

According to the invention, the detection criterion A, is defined by the general
relations:

An(to)ZF K1 , p1(y(t0,(1)n))P A

and

- \ ( \‘w
An(t): max< F K2 . p1(y(tts(0n )) . maX{Pn,m Am(t__zﬁ)} ,F K1 _ p’i(y(t,wn ))p '
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where to represents an initial instant, where ps and po represent the
conditional probability laws for the data y(t, w) in the absence and in the

presence of a signal, where F is an increasing function and K; and K, are two
constants.

The method according to the invention advantageously implements an
iterative algorithm based on utilizing a hidden Markov model (HMM according

to English terminoiogy) with which it associates an automatic reinitialization

operation for the criterion A, conditioned by comparison between the initial
probability P, and the quantity: K- max{P, .. - A (t—1)}.

1<m<N
According to a variant implementation of the method, the factor K; or the
factor Ky, are regulated so as to maintain a reinitialization rate for the

recursive calculation of A, that is near to a specified value R. The
reinitialization rate is determined by the condition

' ’ : '0%». P A (t—1 )
L Polvlban)) C 7 Poly(t o)) gfng{ A )}).

According to a variant implementation of the method R is chosen equal to
0.5.

The method according to the invention can advantageously be used for

initializing sonar tracks on spectral lines on the basis of observation data y(i,
w) for which ® is a frequency datum.

The method according to the invention can also advantageously be used for

initializing sonar tracks on spectral lines on the basis of observation data y(t,
w) for which w is a data pair (frequency, bearing).
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6a
In one aspect, the invention provides a method for detecting a source of signal

from the signal received by a detector said received signal being in the form of a
data stream y(t, w) dependent on a discrete time variable t and an observation
variable w, relative to the source, said source being characterized by a state
model x(t) with values determined among a finite set {x4, . . . , Xy} of N values, to
which there corresponds a finite set {wy, . . . , wa} of N values of said
observation variable w, said method producing for each instant t a detection
information d(t, x,), pointing out for each value x, of the state model X(t) if a
source was detected, said detection information being produced by calculating
for each instant t and for each value x, of the state modei a value of a detection
criterion A,(t) and comparing this value to a predetermined detection threshold,
the detection information d(t, x,) pointing out that a source was detected by a
value X, when the values of A,(t) calculated for this value x, exceeds the
threshold; said method comprising the following steps:

a first step wherein, for each instant t the calcuiation of Ayt) is
performed in a recursive manner for each state x,, by two different calculation
operations conducted simultaneously:

a first operation calculating A,(t) as a function of the product of the
probability P, of the state x,, and of the ratio of the conditional probabilities p;
and p, of the corresponding datum y(t, w,) in the absence and in the presence
of a signal;

a second operation calculating A,(t) as a function of the product of one
of the N values of the criterion that were calculated at the previous instant t-1,
of the probability of transition P, ,, between the state x,, for which this value was
calculated at the instant t—1 and the state x, considered, and of the ratio of the
conditional probabilities p; and p, of the corresponding datum y(t, w,) in the
absence and in the presence of a signal;

the larger of the two calculated values of A,(t) being retained as being
the value the criterion A,(t);

a second step wherein the retained value of A,(t) is compared to said

detection threshold.
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DESCRIPTION OF THE FIGURES

Other characteristics and advantages willi appear through the description
which follows and the appended figure 1 which represents a basic flowchart
of the method according to the invention.

DETAILED DESCRIPTION

We present subsequently in the description the detection principle using a
hidden Markov model, on which the detection method according to the
invention is based; then the detection principle according to the invention
itself.

Detection by means of a hidden Markov model is based on the following
considerations:

An object of interest that one tries to detect through a signal s(t) along a path
ws(t) in the observation space has an evolution x(t) in the state space over
fime which is a priori not known.

This evolution can be modeled by a Markov process model that, at each
observation instant t, can take a value included in a state space E comprising
N possible states {X4, ..., Xn}. TO each state X, there corresponds a value m,
of the observation variable w. This observation can for example pertain to a
single variable such as the set of frequency components of the signal
received or else (o several associated variables such as the frequency and
the direction of observation (bearing).

The series of states x(t) that the object can take during its evolution over a

time lying between an initial instant t; and an instant {g+At is called a
candidate track. This series is denoted X(tO,A‘t):(x(t))tzto,_._,tow.

The N probabilities P, = P[x(tp) = X,] of each of the states x, of the state
space corresponding to the initial state x(ty), as well as the N probabilities
Phm = PIx(t) = xn | X(t-1) = Xn] associated with the various possible transitions
between states, consfitute known parameters associated with the chosen
hidden Markov moadel.

So, the a priori probability that the behavior of the object follows any
candidate frack X(ig, Af) is equal to the product of the probability of the state
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X{fo) times the probabilities of the transitions between the successive states
X(t-1) and x(t) for {p+1 < t < {o+AL

The value of the observation variable corresponding to the state x(t) is

5 denoted wy(t). The series of data Yx(tmm):Mtvmx(t)»t:to,,..,tow corresponding

to the candidate track X(ly, At) is modeled by an independent random
process and Its probability densities in the presence of noise only and in the
presence of a signal and noise are denoted pg and p1 respectively:

Ply(t, oy ()| Ho 1]

]

10 poy(t oy (1))

Jf

p1(y(t 0y (1)) =Ply(t, oy (t)] x() 2]

where Hy represents the assumption of an absence of signal corresponding
15 {0 an object of interest in the processed data stream.

It results from the Markovian character of the random process with state x(t)
and the independance of the random process with data y(t,m.(t)) that the
expression for the joint probability of X(tg, At) and Y(tg, At) is:
20
P[X(to,At), Yx (to, At)] = Ply(to + At, oy (tg + At)) [ X(tg, At)]- P[Yx (tg, At —1) X(to, At)]
Plx(tg +At) [x(tg + At —1)]- P[X(tg, At —1)] 3]

In a hidden Markov model, the assumption is moreover made that the

25 dependency of a datum y(ty + At, wy(t)) with respect to the state process is its
dependency with respect to the state x(tp + At) only. Accordingly the joint
probability of X(ts, At) and Y(ip, At) takes the following recursive form:

P[X(tg,At), Yx(tg,At),]= pq(y(ty +At @, (tg + At)))- Plx(t, F AL X(tg +At—1)].
30 P[X(tg,At=1), Yy (to, At —1)]. [4]

The probability of the series Yx(fg, At) under the assumption Hy being equal
t=tp+At

to P[Yx(tO,At)| Hol= TTpo(y(t oy (1), the likelihood ratio Axy(to, At) of the

i={g
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association of the observation Yx(tg, At) and of the model path X(tg, At) is
then determined by the following relations:

t 30 — p1(y(t03w)((t0))).p t 5
5 Ax v (to.0) 0o (y(to. @ (to ) [x(to)] 5]

p1(y(t0 +At,ﬂ)x(t0 ”At)))
A (o, Al) = |
X, (to, At) oo (V{to - AL o (tg + AD) 6]

Plx(tg +At) [x(tg + At=1)]- Ax v (tg, At —1).

It Is recalled here that at t = tot+At, x(t) can a priori take any value x,
10  whatsoever of the state space.

It is accordingly possible to determine for all the paths X(to, At) for which x(t)
takes the value x, at the instant t = {y+At, the path for which the detection
criterion takes its maximum value, denoted A(X,, to, At). This determination
15 can for example be done by using an iterative algorithm such as the Viterbi

algorithm for example. A(Xn, to, At) will then be calculated by means of the
following relations:

A(X,to,0) = p'i(Y(tOs(’Jn))p
o to.0) pO(Y(tOsmn))

n /]

20

p1(y(to + At @, )
A(Xn,tn,Al) = max Pnm A(Xm, o, At —1 8
( ns+0 ) po(y(to-l-ﬁt,(ﬁn))&msl\!{ n,m ( m: 0 )} 8]

Thus, after the observation time At the set of paths which maximize, for each

possible value of Xx(ip+At), the detection criterion Axvy(ty, At) is known.
25 Detection can then be completed by fretaihing from these paths only those for

which the value A(xn, o, At) is greater than a given threshold.

Each detection can thereafter be used to initialize a track which will be

processed elsewhere.

30 As may therefore be noted, the use of a hidden Markov mode! to account for
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10

the evolution of the parameters of an object of Interest makes it possible to
carry out a detection of this object by analyzing the likelihood ratio of only N
evolution assumptions for the parameters of the object at each instant of the
measurement, these evolution assumptions giving rise to N assumptions
about the evolution ws(t) of the signal observation variable.

By comparing the values of A(xn, to, Af) with a threshold for 1 < n s N, it is
possible to execute a detection test pertaining to the set of data y(t,w)
present during the time span At. If the test is positive in the state x,, then the
data stream analyzed during the time At is considered to include the signhal of
an object to be detected having the state x, at the instant ty + Af.

Advantageously, among the known detection tests which operate on data
received in a fixed time span, this detection test is that which makes it
possible to maximize the probability of detecting an object of interest for a
given false alarm probability. On the other hand, like all the tests pertaining to
a window of finite duration, the use of a hidden Markov model associated
with a detection criterion such as that defined by relations 7 and 8 can be
improved if the duration of the observation window is adapted to take account
of the duration of the signal of interest. Accordingly, it is known to carry out
the processing described for all the possible values of {y and At, or at least In
practice, for a certain number of judiciously chosen values. This choice
generally results from a compromise to be found between the calculation cost
and the detection performance.

In order to avoid resorting to a compromise regarding the choice of the size
of the observation window, the method according to the invention
implements, on the basis of a hidden Markov model, a modified detection
criterion. This new detection criterion is calculated in a continuocus manner
from an origin instant ty until a detection occurs. As previously, this detection
IS characterized by the overshooting, by the detection criterion, of a given
threshold. The method according o the invention thus combines the principle
of sequential detection with that of detection on the basis of a hidden Markov
modadel.
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11

According to the invention, the maximum value for x,, at the instant t, of the
detection criterion is no longer determined on the basis of relations [7] and [8]
of the Viterbi algorithm, but, for example, by the following relations:

p1(y(t0,(ﬂn))

A (ty)= P 9
0 polylt0n) 8
A () = P1(ylt @) max<rK max{P,,. A, (t=O}P. 1 [10]

pO (y(t! (On )) § T<m<N | )

In relation [10], K corresponds to a constant factor less than or equal to 1.

As may be noted, relation [9] corresponds to a particular way of expressing
relation [10] for which Ax(tg-1) = O for all the values of n.

As for a conventional sequential detection, the calculation of the criterion A,
does not make it necessary to fix a duration At of given value.

According to the invention, the calculation of the detection criterion A,
according to relation [10] involves a factor

A =maxsK- max{Pn,m .Am(t—1)},Pn &

The factor A of relation [10] differs from the corresponding factor contained in
relation [8]. This factor A according to the invention advantageously makes it
possible to be able to carry out the test of the observation data in a
continuous manner. The time span for which the test is carried out is
therefore no longer here a span of fixed duration At but a span making it
possible to take into account the real duration of the signal.

The factor A also advantageously makes it possible to take into account the
fact that a signal of interest can be present only for a fraction of the
observation window and makes it possible not to integrate into the test of the
data corresponding to the signal of interest, data present for the duration of
the observation window and corresponding only to noise.

As may be noted the criterion A,(t) according to relation [10], taken as
nonlimiting example, is related to the criterion A(x,, 1y, At) of the Viterbi
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12

algoritnm by the following relation:

An(t)=KTOA (X, tg,t— ) [11]

where 1, represents the instant of the last reinitialization of Ax(t). According to

the invention, the factor K is chosen in such a way that the following relation
nolds:

Pl K max P, - A(t-D)}>P, [Hy

1<m<N

= [12]

o

where Hy is the assumption that there is no signal of interest in the observed
data stream.

This relation requires that the probabilities that a candidate track X(to, t—to) is
abandoned or continues to be explored are equal in the absence of a signal.

The detection criterion according to the invention, A,(t), can be calculated on
the basis of the recursive relations [9] and [10]. This calculation can be

performed in a similar manner to the Viterbi algorithm, apart from the
reinitialization process.

The detection criterion Ap(t) such as described in the foregoing is
advantageously implemented on the data y(t, ®) by the detection method
according to the invention, according to a general operating scheme similar
to that Hllustrated by Figure 1.

During the initialization phase A, the values of the criterion for the N states

are calculated according to relation [10] by taking An(to-1) = 0 for all the
values of n.

During phase B which follows, the detection criterion is calculated for the N
states at the successive instants according to relation [10]. This calculation is
performed in a recursive manner until, for a given instant t, A,(t) exceeds the
detection threshold for at least one value of n. The occurrence of such an
overshoof causes the creation of a validated track, whose state at this instant
Is that where the overshoot of the detection threshold occurred, and the
resetting to zero of the value of the criterion for this same state as well as for
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the neighboring states. The recursive calculation of phase B then can
resume.

Relations [9] and [10] give, by way of example, a particular expression for the
detection criterion implemented by the method according to the invention.
More generally, the criterion Ay(t) can be defined by the following relations:

An(t()‘“li) = O, “ 3]

. \ \
A () =max{ F| K, - p1(y%’m“))amax{Pn,m A (t-1)) ,F(K1 Palylton)p | [14]

where F Is an increasing function, K¢ and K, are two constants, possibly
regulated as a function of the values of the detection criterion for the N
states. It 1s thus possible, for example, to fix K4 and K, so as to maintain the

reinitialization rate for the criterion close to a fixed value R, equal for example
to 0.5.

Relations [9] and [10] are a particular case of relations [13] and [14] where F
Is the identity function, K4 being equal to 1 and K, to K. Among the other
possible choices for the function F, there are notably the logarithm functions
which render the processing totally additive.

The diagram of figure 1 schematically summarizes the detection method
according to the invention.

This method mainly comprises an initialization phase A, a phase B of
calculating the value of a detection criterion by implementing a recursive

calculation algorithm, and a phase C of testing the criterion calculated with
respect to a detection threshold.

During phase A, the detection criterion Ay(t) is initialized for a given instant to-
1, by putting An(te-1) = 0 for all the values of n.
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Thereafter, during phase B, for each instant t > ty, the calculation of the
detection criterion A,(t) is performed in an iterative manner for each state x,
by two calculation operations 11 and 12 conducted simultaneously and

corresponding to relation [14]. The results are compared and the maximum
vaiue for each state n is retained.

On completion of each iteration, during phase C, the values A4(t), ..., An(t)
retained are compared with the detection threshold.

If the test is negative for all the states x, the iteration loop continues at the
next instant t+1 with a new pass through phase B.

If on the other hand the test is positive for a state x,, a detection is signaled
giving rise to the creation of a validated track at the state x, for the instant t.
The values of the criterion for the state x, and the neighboring states then
form the subject of a reset to zero 13. Then, the iteration loop continues at
the next instant (phase B).

The detection method according to the invention can advantageously sit
within a large number of applications. It is possible in particular to cite by way
of example the sonar detection of objects whose evolution is observed
through the variation over time of the frequency f of the signal received and

the slope of variation f' of this frequency, also called the "frequency slope” in
cnglish.

In such an application the state variable x(t) is defined by the pair {f(t), f'(t)}.
The method according to the invention is then applied to the observed data

which represent for example the amplitude squared of the spectral
components of a signal that are obtained by fast Fourier transform (FFT)

operating on a sliding window and whose expression is y(t, f) = ES(H) . The
observation variable ® is in this case the frequency f of the spectral lines
obtained by FFT.

In the case where the noise component of the signal A(t,f), of which y(t,f)
represents the modulus squared, is Gaussian, with zero mean and unit
variance, and the component of A(t,f) consisting of the signal to be detected
is of constant amplitude, with signal-to-noise ratio rq, the densities po(y) and
p1(y) follow laws of the %2 type with two degrees of freedom, respectively
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centered and uncentered, with the expression:

po(y)=exp(-y) [15]
p1(¥)=exp(—y—fo)'lo(2 E'oy) [16]
: 1 ¢m Z COS
with HO(Z):% IO g?costOqg

Let Trr be the length of the sliding time window of the Fourier transformation.
ke and kf the coefficients such that the temporal sampling interval for the data
y (t, f) is equal to Ter/k; and the frequency sampling interval for the states is
equal to Ter ' /ki. The frequency slope interval for the states is then fixed
equal to Ter*-ki/k;, the ratio of the frequency interval to the temporal interval.
The state space E is then defined as a finite network, with mesh cells of
dimensions (TFT-1/kf, TFT-2°kt/kf).

If we have no a priori knowledge about the frequency or the slope of the
signals that we seek to detect, we put P, = 1/N. The probabilities of transition

from one state to another can be for example defined in the following
manner:

if il <f, —f "ntlm Ter e [17]
2K TeT 2 K  2K¢TeT
(1, 2 A
Ke T

then P,y =h fk il j"a"n—-f‘m\ [18]

L )
where h represents a decreasing function such that:
h(0)+2> h(i)=1. [19]

=1

Such an expression for the transition probability conveys the fact that the
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probability of passing from the state (fy, f'm) to the state (f,, 1) is not zero if
and only if the difference between the frequency deviation f,-f, and the mean
value (f'n+f'm)/2 of the two slopes, multiplied by the temporal interval Ter/k,, is
less than half the frequency interval Ter'/ki. In this case, the transition
probability is a decreasing function of | -f, |.

For a given state (f, 'v) and a given slope deviation (f',-f',), there is only one

frequency f, which satisfies relation [17]. Relation [19] is therefore equivalent
to the condition > P, =1, which expresses the fact that the sum of the
N

conditional probabilities P[x(t)=x, | x(t-1) = x.] of the N possible states,
knowing the previous state x.,, is equal to 1.

In practice, in this particular case, the function h which determines the
transition probabillities is fixed in an arbitrary manner since a statistical model
of the evolution of the frequency of the signals to be detected is only rarely
available. It may however be recalled that the wider the top of the function h
at 0, the better able is the processing to cope with the fast fluctuation of the
frequency variation, but the lower is the performance of the processing as

regardas the detecting of the signals having a constant, or indeed zero,
frequency slope f'.




CA 02611978 2013-07-22

17
The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A method for detecting a source of signal from the signal received by a detector
sald received signal being in the form of a data stream y(t, w) dependent on a discrete
time variable t and an observation variable w, relative to the source, said source being
characterized by a state model x(t) with values determined among a finite set {x,, . . .,
Xy} Of N values, to which there corresponds a finite set {w+, . . . , wy} of N values of said
observation variable w, said method producing for each instant t a detection information
d(t, x,), pointing out for each value x, of the state model X(t) if a source was detected,
said detection information being produced by calculating for each instant t and for each
value x, of the state model a value of a detection criterion A,(t) and comparing this value
to a predetermined detection threshold, the detection information d(t, x,) pointing out
that a source was detected by a value x, when the values of A,(t) calculated for this
value x, exceeds the threshold; said method comprising the following steps:

a first step wherein, for each instant t the calculation of A,(t) is performed in a
recursive manner for each state x,, by two different calculation operations conducted
simultaneously:

a first operation calculating A,(t) as a function of the product of the probability P,
of the state x,, and of the ratio of the conditionai probabilities p; and p, of the
corresponding datum y(t, w,) in the absence and in the presence of a signai;

a second operation calculating A,(t) as a function of the product of one of the N
values of the criterion that were caiculated at the previous instant t—1, of the probability
of transition P, ,, between the state x,, for which this value was calculated at the instant

t—1 and the state x, considered, and of the ratio of the conditional probabilities p; and p,

of the corresponding datum y(t, w,) in the absence and in the presence of a signal,

the larger of the two calculated values of A,(t) being retained as being the value

the criterion A, (1);
a second step wherein the retained value of A,(t) is compared to said detection

threshold.

2. The method as claimed in claim 1 wherein the N values of the detection criterion
N\, at the instant t,—1 preceding the instant t, of the beginning of the data stream

processing are fixed at predetermined values.
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3. The method as claimed in claim 2, wherein when A,(t) is greater than the

detection threshold for a given instant t, the value of A,(t+1) for the following instant t—1

IS calculated by the first operation by reinitializing A,(t) to zero.

4. The method as claimed in claim 3, in which the detection criterion A,(t) is defined

from the results of the two calculating operations by the following relations:

Aylto—11=0,

o pl L}({* f"’i‘i “ _ -
FlKy» ——""= max {Pom- Al = 1},
Py, wy)) LamsN ¢

| i, wy)) )
F (K . E_l_{___.f___ pn}
I)a{ Jf{f \ J Zi ” ¢

A1) = max

where {, is the first instant of the data to be processed, w, is the locus of the
signal source in the observation space corresponding to the state x,, where p; and p,
represent the conditional probability laws for the data y(t, w) in the absence and in the
presence of a signal, where F is an increasing function, and where K, and K, are two

arbitrarily chosen factors.

5. The method as claimed in claim 4, wherein the factor K, or the factor K, is

regulated so as to maintain a reinitialization rate for the recursive calculation of A, that is
determined by the condition

(:}-’(f, f‘)ﬁ)) | b'
: i - max { P Appld - 1)}:1‘

e, wy))
FlK, 2 PrAT On))
PG{}'{: . {Oﬁ)} sl ]

© Pl @) Pn‘} 4 F(.hz

near to a specified value R.

6. The method as claimed in claim 5, wherein R is equal to 0.5.

7. The method as claimed in any one of claims 1 to 6, applied to the initialization of

sonar tracks on spectral lines on the basis of observation data y(t, w) for which w is a

frequency datum.

8. The method as claimed in any one of claims 1 to 6, applied to the initialization of
sonar tracks on spectral lines on the basis of observation data y(t, w) for which w is a

data pair (frequency, bearing).
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