METHOD FOR DETECTI NG AND TRACKI NG PO NTLI KE TARGETS, IN AN OPTRONI C

SURVEI LLANCE SYSTEM The present invention relates to a nethod of detecting
and tracking pointlike targets, in an optronic nonitoring system based on
the observations of images provided by optronic sensors, for exanple
infrared sensors. The invention relates nore particularly to a nethod of
associating 5 singular points and of creating tracks that is particularly
suited to high speed sectorial or panoramc optroni c surveillance. In an
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possible threat. It thus conprises in particular a detection nodule, which
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cor r espordiserverioat various instants and associated by the tracking module, is called
15 atrack. Each track represents a potential target (a real object).
An example of such an optronic monitoring system is illustrated in
Figure 1. It is composed of optronic sensor(s) 1 making it possible to cover
the field of the scene 2 to be observed. This (these) optronic sensor(s)
delivers (deliver) at regular time intervals, via a data link, images Data,, of the
20 observation scene 2 to a digital signal processing computer 3. This computer
applies algorithmic functions to these images in real time.
In addition to the algorithms for processing the images proper
(filtering, restoration of defective pixels, etc) which are customarily provided,
the algorithmic functions carried out in real time by the computer 3 are
25 divided into two main modules, a detection module 4 and a tracking
module 5.
We are more especially interested in the context of the search for
a threat whose surface area and distances of appearance are such that it
ought to generate an optical spot on the optronic sensor of the size of a pixel.
30 Within this framework, the algorithmic functions of the detection and tracking
modules are defined for pointlike targets, that is to say ones corresponding to
a pixel of the image. In the case where a target were to correspond to several



a pixel of the image. In the case where a target were to correspond TO
several 2 pixels of the inmage, reduction functions (zoomair) are used
locally, in the detection nodule, to revert to the case of a pointlike
target. These imge processing features that are well known to the person
skilled in the art do not formthe sdﬁject of the invention proper, and

wll therefore not be detailed 5 here. Wthin the specified framework of
searching for pointlike targets, the processing perfornmed by the conputer 3
inreal time nmay be organized as follows: - The detection nodule 4 receives
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15 potential threat detected, called a track, to a higher order system, such as a
man/machine interface or a weapon system.
The creation of tracks consists in solving the following problem:
which are the plots detected arising from successive observed images which
have a common origin, that is to say one and the same moving source?
20 Thus, in practice, a track will be defined as a set of plots associated over
time. From this set of plots is deduced a kinematic behaviour of the target,
which makes it possible in particular to predict its movement in the scene
observed.
More particularly, the detection module 4 is customarily based on
25 analysis of the image. More precisely, the detection module may for example
undertake a local analysis of the noise observed in the image (comprising the
inherent noise of the sensor and the noise of the scene proper) so as to
extract the plots whose signal-to-noise ratio exceeds a certain threshold.
With each plot thus extracted is associated a certain number of
30 characteristics or attributes, as, for example, its angular position and its
signal level (radiometric level).
The use of the mast recent optronic sensors allows analysis of the
spatial and/or spectral characteristics of the image (according to the type of
information delivered by the sensor). Thus, it is possible to associate with
35 each plot, information on the spatial and spectral distribution of the



The use of the nbst recent optronic sensors allows analysis of the spatial
and/ or spectral characteristics of the inage (according to the type of
information delivered by the sensor). gThus, it is possible to associate with
35 each plot, information on the spatial and spectral distribution of the 3
background on which the plot has been extracted. For this purpose there is
provi ded an i nage deconposition nodul e whose objective is to identify the
various parts of the I mage that nay exhi bi t hoaneneity features, to group
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15 a point of the image consists in doing the following calculation:
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where S is the level of the radiometric signal (that is to say the grey level) of
the pixel considered, and =, and o, the mean and the standard deviation of

20 the radiometric signals (typically, the infrared levels) over the homogeneous
zone Z; associated with this pixel.

The signal-to-noise ratio SNR calculated at each pixel of the
image observed is compared with a predetermined detection threshold thq,
so as fo discriminate the plots for which we have SNR2thy. The plots which

25 satisfy this relation are the detected plots. These detected plots may
correspond either to contrasted objects of the scene, or to pixels marred by
noise.

In practice, the predetermined detection threshold thy is calculated
in such a way as to guarantee a given pair of probabilities of detection and of

30 false alarms for a pixel exhibiting a signal-to-noise ratio equal to that of a
target at the range limit. This value depends in practice on the target that one
wishes to detect and on the range required for this target.



In practice, the predeterm ned detection threshold the is calculated in
such a way as to guarantee a given pair of probabilities of detection and of
30 false alarns for a pixel exhibiting a signal-to-noise ratio equal to that
of atarget at the range |imt. This value depends in practice on the target
that one w shes to detect and on the range required for this target. 4 At
the output of the detection nodul e, output data DETouT are provi ded. These
out put data DETouT of the detection nodule are applied as input to the
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si gnal s over eneous zone ese attrib tes are used in
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track hypgchsgafe & ist with & nhdtiesisrackPbPh- validated track, and to predict
the position of these tracks in the following image observed (position, signal
level, speed, acceleration) are the basis of the attributes of each of the plots
of the hypothesis or validated track considered.
20 Dealing with the tracking module 5, two processes for associating
plots are implemented: the associating of plots with the aim of validating a
track hypothesis, and the associating of plots with the aim of upholding the
validated tracks. These two processes are ones which implement different
algorithms. On completion of these two association processes, if there
25 remains a plot which was unable to be associated either with a track
hypothesis or with a validated track, a new track hypothesis is created with
this plot.
The associating of a plot arising from the current observed image
with other plots arising from previous observations, inter-associated and
30 which form a hypothesis or validated track, generally relies on the existence
of a temporal and spatial coherence between all these plots. The techniques
of association are well known to the person skilled in the art. They are
generally based on kinematic or spatial criteria, through which a model of
motion common to the plots is determined.



The associating of a plot arising fromthe current observed image wth
other plots arising from previous observations, inter-associated and 30
whi ch forma hypothesis or validated#&rack, generally relies on the

exi stence of a tenporal and spatial coherence between all these plots. The
techni ques of association are well known to the person skilled in the art.
They are generally based on kinematic or spatial criteria, through which a
nodel of notion common to the plots is determned. 3 This nodel of notion
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zone of association around the position predicted at the previous step for
whether a plot has been detected by the detection module 3. If yes, the
fitering operations are applied to the two plots associated with this
20 hypothesis track, so as to update the model of motion and predict the
position of the target assumed in the next image etc.

According to the state of the art, a hypothesis track is validated
after Q successive observation images, if a number P of plots have been
associated out of these Q observations. The triplet (P, Q, thy) therefore

25  constitutes the validation criterion for a hypothesis track.

In practice, the values of P and Q and the detection threshold thy
are determined so as to ensure a predetermined probability pair (creation of
tracks, false tracks), for example equal to (90%, 10%): there is thus a 90%
chance of a track created on this criterion representing a real object (a

30  potential threat) present in the optronic scene, and a 10% chance of being a
false alarm, due to poor association of plots.

Thus, at the first observation, we detect a first plot (SNR2thy), a
corresponding hypothesis track is created. This hypothesis track will not be
validated until after the Qth observation, if at this Qth observation, it has been



In practice, the values of P and Q and the detection threshold thd are
determ ned so as to ensure a predeterm ned probability pair (creation of
tracks, false tracks), for exanple egual to (90% 10%: there is thus a 90%
chance of a track created on this criterion representing a real object (a 30
potential threat) present in the optronic scene, and a 10% chance of being a
fal se alarm due to poor association of plots. Thus, at the first
observation, we detect a first plot (SNR thd), a correspondi ng hypot hesis
track is created. This hypothesis track will not be wvalidated until after
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determined so that the plots detected, but which would correspond in reality
to noise, cannot serve to validate a hypothesis track or to uphold a track
already created. These values P, Q and thy therefore depend on the
20  probability FA of false alarms at the output of the detection for a target at the
range limit of the optronic sensor.
The probability of creating k false tracks per hour follows a

Poisson law. It may be written:
k

P(k):e"”%, where m is the mean number of false tracks

25 created per hour.

This mean number m of allowable false tracks per hour is in
practice linked to the pair (P, Q) and also to the value FA of the rate of faise
alarms arising from the detection.

Specifically, the means number m of false tracks per hour is equal

30 to 3600.f times the mean number Ny, of false tracks created per image (per
scan), f being the frequency of scanning of the zone covered by the
surveillance system, i.e:

m = 3600.f.Ny. (eq.1)
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mk P(k)=e-mk! , where mis the nean nunber of false tracks 25 created per
hour. This nmean nunber m of allowable false tracks per hour is in practice
linked to the pair (P, Q and also tg the value FA of the rate of false
alarnms arising fromthe detection, Specifically, the means nunber m of false
tracks per hour is equal 30 to 3600.f tines the mean nunber Nm of fal se
tracks created per inage (per scan), f being the frequency of scanni ng of
the zone covered by the surveillance system i.e: m= 3600.f.Nm (eq.1) 7
The mean nunmber N. of false tracks per scan is equal to the nunber Np; of
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bei ng expressable as fgll ows: "None of the pixels of the zone of
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i=P-1
The probability of getting an additional false alarm that is to be
associated with an existing track is the probability of the following event: “On
15 opening a zone of association of size R*R around the extrapolated position of
the track, at least one false alarm is found”. This event is the event contrary
to “On opening a zone of association around the extrapofated position of the
track, no false alarm is found”, this also being expressable as follows: “None
of the pixels of the zone of association has given rise to a false alarm’, the
20  probability of which event is (1-FART), where R*R represents the size of the
zone of association. From which it follows that the probability of getting an
additional false alarm to be associated with an existing track is equal to
1-(1-FARR),
The probability of the event “obtain i false alarms out of Q-1
25  observations” is the probability of obtaining i times “an additional false alarm
fo be associated with an existing track” and (Q-1-i) times “no false alarm in
the zone of association”.
This probability is therefore equal to ¢;, (I-a-F**R) (-Fa)**C-)
where Cq.1' designates the number of combinations of i elements out of Q-1.

L 2 ¥ 2epo1—i
30 Hence it follows that Pyp- ZCb_,(l—(l—FA)R ).(1—FA)R (©-1-)
i=P-1

Starting from m=3600.f.N.P, we therefore have:



20 probability of which event is (1-FA R*R), where R*R represents the size
of the zone of association. Fromwhich it follows that the probability of
getting an additional false al armt%be associated with an existing track
is equal to 1-(1-FA R*R). The probability of the event "obtain i false
alarnms out of Q1 25 observations” is the probability of obtaining i tines
"an additional false alarm to be associated with an existing track"” and
(Q1-i) times "no false alarmin the zone of association”. This probability
is therefore equal to cQ, , _FAAR R . (1-FA)RR(~- where CQl desi gnat es

t he nunber of coghhgatdRNe di gl =1y ) f opj Paf1-Q 1¢g Hence it follows
that Prp= ~cQ, (1-(i ﬂFA) ') O )(R (82 ) Starti %gq'??'om m=3600. f. Np; . P, p,
we therefore have: 8 m=3600. f- FAN, JCQ 111 (1-FAR ~ (1-FAR(Q1")
(eq.3). i=P-1 This relation between the nmean nunber m of all owable false
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al arnpr alexafipld tatafitfdrta ? en 4atecof fase trabks, me@iao%értb déJreéi\Eé tecr ease P,
we will be ablﬁggallow 50urs'3\lvest01ncr lar rate,
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ase
si nce we YAMFO he qepstrains. o8 Pn@sﬁoé’&éﬁoﬂlﬂ Ef@ﬁﬁﬁ? Qea ‘aqth
necessar Yracks dievpdasds, dbdrce h will e aacesmwnbaiwlease e valuec st B processi ng

stage regjdes,,i e-qonpl exit oy ne' s, backarpupd in which
he t ar gutice aiady rBCFAEE a8 to daibads theh P Bl P8R R SURLEH y pot nos <
track, ifdeteationar@etthe contrary, if we increase P, we will be able to allow
15 ourselves to increase the false alarm rate, since we have become more
demanding regarding the number of alarms necessary to create tracks.

A problem encountered in the tracking processing stage resides in
the complexity of the optronic scene’s background in which the target is
20  moving. For example, in the case of a validated hypothesis track, if the target
enters a complex zone, it might not be detected in the corresponding image.
Specifically, the radiometric signal of a target is a priori constant. The
signal-to-noise ratio of a pointlike target in a complex zone therefore tends to
decrease. If it becomes lower than the detection threshold thy, the target will
25 no longer be detected on a complex background such as this. However, if
there is no detection of the pointlike target in the current image, the kinematic
attributes (filtering operations) will be modified erroneously and the prediction
will itself be erroneous. There is a risk of losing target lock-on. This problem
of losing lock-on may also arise if the target goes to the range limit of the
30  optronic sensor: its radiometric signal becomes weaker. The signal-to-noise
ratio also decreases.
An object of the invention is thus to render the association process
more robust so as to avoid the problems of loss of lock-on.
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An idea on which the invention is based is to render the tracking
adaptive.

According to the invention, at each new plot detected, we

20 determine a comparison threshold or a plurality of comparison thresholds
associated with this plot, that are greater than or equal to the detection
threshold and we apply a criterion of validation of the associated hypothesis
track, dependent on the comparison thresholds associated with the plots of
the hypothesis track.

25 At each new plot associated with a track, we look to see whether a
track validation criterion is satisfied in relation to the threshold or to the
plurality of thresholds associated with each plot of the track. Thus, we go
from a fixed criterion (P, Q, thg) to an adaptive criterion, in which, through the
use of adapted thresholds, the values P and Q may vary according to the

30 conditions of observation.

Thus, as characterized, the invention relates to a method of
optronic processing of images, to ensure the detection of pointlike targets
and the following of the track of each target detected in the said images,
comprising a step of comparison at each pixel of an observed image, to

35 compare the signal-to-noise ratio with a detection threshold (ths) and a step



20 determ ne a conparison threshold or a plurality of conparison threshol ds
associated with this plot, that are greater than or equal to the detection
threshold and we apply a criterion ofgvalidation of the associated

hypot hesis track, dependent on the conparison thresholds associated with
the plots of the hypothesis track. 25 At each new plot associated with a
track, we | ook to see whether a track validation criterion is satisfied in
relation to the threshold or to the plurality of thresholds associated with
each plot  of the ma fixed criteri thd) to
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According to an aspect of the invention, the said comparison
thresholds associated with the plot detected are determined as a function of
the number of plots already associated with the hypothesis track considered.

20 Performance is further improved by providing for the adaptation of
the criterion as a function of the number, to which it is applied, of plots of the
track. A comparison threshold applicable as a function of the number i of
plots, to which the validation criterion is applied, of the hypothesis track is
thus determined for each plot.

25 If the hypothesis track comprises p plots, the criterion of validation
consists in verifying whether there exist i plots, i=1 to p, such that for each
plot out of the i plots, the signal-to-noise ratio is greater than the comparison
threshold applicable for i plots.

In particular, if a detected plot has a very large SNR, greater than

30 the comparison detection threshold for a plot that has been associated with it
according to the invention, then the track will be validated by applying the
validation criterion to this plot alone, independently of the signal-to-noise
ratios of the other plots. The reactivity of a surveillance system implementing
a method according 1o the invention is thus substantially improved.



According to an aspect of the invention, the said conparison thresholds
associated with the plot detected are determned as a function of the
nunber of plots already associ ated vvi1t1h t he hypot hesis track considered. 20
Performance is further inproved by providing for the adaptation of the
criterion as a function of the nunber, to which it is applied, of plots of
the track. A conparison threshold applicable as a function of the nunber i
of plots, to which the validation criterion is applied, of the hypothesis
track is thus determ ned for each plot. 25 |If the hypothesis track
conprises p pl ot $referablyy thecomplexity v thei lngabhackgreundten whiohea pfoji ng
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associ at i ghraractegstieanof the docal Traakground on which the future position of the
target corresponding to the validated track considered is predicted, the
detection module is controlled with a detection threshold that is less than the
20 nominal detection threshold thy, so as to obtain a probability of detection in
this zone of close to 100%. This aspect of the invention relies on the fact that
the track being validated, the false alarm probability has been decreased
significantly.
Other advantages and characteristics of the invention will become
25 more clearly apparent on reading the description which follows, offered by
way of nonlimiting indication of the invention and with reference to the
appended drawings, in which:
-Figure 1 already described is a block diagram of an optronic
surveillance system;
30 -Figure 2 already described is a block diagram of a detection
module 4 according to the state of the art regarding image data DATA
applied as input,
-Figure 3 illustrates the process of a tracking module 5 using
adaptive criteria according to the invention,



15 phantom plots wi Il advantageously make it possible not to | ose | ock-on of
the target in case of crossing of a conplex inmage zone. Here, as a function
of the characteristics of the |ocal4$ackground on which the future position
of the target corresponding to the validated track considered is predicted,
the detection nodule is controlled with a detection threshold that is |ess
than the 20 nom nal detection threshold thd, so as to obtain a probability
of detection in this zone of close to 100% This aspect of the invention
relies on the fact that, the track being validated, the fal se alarm
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depicts ocesses I nvent’l on detection
and trac ﬁpﬁgrdmwm the complgxity of the leeal rb@pbgroange@vasfwm@h dbe itaget ix eshol ds
defined @ephyidg/nction of the level of conplexity of the local background
accordi ng Po the 5 invention; -Figures 6 and 7 are representations of the
curvé€ of detection probability density, in relation to the sensor noise

and a WL ar get hSI gmbordu@gn-pm mqeﬁtibrt I@@cw’ﬁé §>pll<§t)is @btédﬁ@d irpa@hrrbm:kgrouEd
fime a pobsenetplc cbonpansat diiksBHld 35 sifR0h: phRompaBRpaPIEod: canol d or
pl ur al i t appficatderasr irackvalidativhodriterion is (are) defined, making it possible at
one and the same time to guarantee a target detection and false alarm rate,
15 and to rapidly validate a track under favourable conditions, when the target is
moving over a simple or fairly noncomplex background. Thus, the
performance of the system in terms of reactivity is improved while still
satisfying the system reliability criterion (detection rate, false alarm rate).
More particularly, according to an aspect of the invention, these
20 comparison thresholds are defined, by calculation, as a function of the
radiometric characteristics of the local background on which the plot has
been detected, and curves of detection and false alarm probability for this
plot.
Returning to Figure 2, provision is thus made for the detection
25  module to provide at each new observation:
-the set of homogeneous zones Z; of the image, with the attributes
of each zone, typically at least its position, its size, the mean noise
level », and the standard deviation signal o, of the radiometric
levels over the zone Z;;

30 -the set of plots detected with the attributes of each plot (position,
radiometric level S, mean noise level », and standard deviation

signal +, of the radiometric levels over the zone Z);

Thus, each time a plot has been detected in a new observation, it
is possible to determine a set of comparison thresholds (one threshold or a
35  plurality of thresholds), as a function of the radiometric characteristics of the



applicable as track validation criterion is (are) defined, making it
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This criterion is adaptive and dynamic, since it is re-evaluated
each time a new plot is associated with the hypothesis track:

as a function of the homogeneous zone on which it has been
detected, the target moving it, from one observation to the
next, we may not be on the same type of background at all;
hence the complexity may vary.

as a function of the number q of observations performed,
counted up. The thresholds are not as selective if we are at the
10™ observation as if we are at the first, this being related to
the statistical detection probability law.

as a function of the number p of plots associated with the
hypothesis track considered: for a predetermined number q of
observations, the thresholds are less selective depending on
whether we consider 4 plots or a single plot, this being related
to the statistical detection probability law.

This therefore makes it possible to increase the reactivity on the
alarms whose signal-to-noise ratio is high and which therefore have more
probability of exceeding thresholds thq associated with faster track setup.

We thus have an adaptive and dynamic method of validation,
which allows fast track setup {i.e., hypothesis track validation) in the case of



10 the track is taken imedi ately. Mre precisely the adaptive criterion
according to the invention consists in |ooking to see whether there exist i
plots, out of the p plots of the tragh, for which their signal-to-noise
ratio is greater than or equal to a defined conparison threshold for i

pl ots. Thus, the hypothesis track may be validated after 1, 2, ...p plots,

or not 15 validated, according to the conditions of observation. This
criterion is adaptive and dynan1c since it is re-evaluated each tinme a new
pl ot is associ othesjs track: - as a function of_ the
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contrast mfagehEhey asd alsﬂﬂetemed\asta/fmfctlbh@fshesnembles of pbrtsaffmt are npr oved.
are 5 cl sesllered R G EEREHRE") Ti P T ange. Thie process for valldating
a hydét hesi s t r adi praciigedtheydetermireation of the radiometric characteristics of
the local background to define the comparison thresholds applicable for each
plot detected may be facilitated to a greater or lesser extent according to the
mode of decomposition of the image into homogeneous zones.
A known method of decomposing an image into homogeneous
20 zones uses as criterion for defining a homogeneous zone, one and the same
radiometric level (grey level) at each pixel of the zone. According to this
procedure, a sort of radiography of the image observed is compiled, as
represented diagrammatically in the table below:




invention is triggered at each new observation, if in this observation, a
new plot has been associated with this hypothesis track. This nethod
necessitates the determ nation of thggconparison thresholds associated with
10 each plot detected in the image. These thresholds are determ ned fromthe
radi onetric characteristics associated with the honbgeneous zone on which
the plot has been detected, this being so for each plot and at each new

i mage. They are also determ ned as a function of the nunber of plots that
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According to a preferred embodiment, the mode of decomposition
of the image into homogeneous zones allows a modeliing of the complexity
of the local background. In this preferred embodiment, use is made of a
criterion of larger uniform neighbourhood around each pixel. Thus, in this
procedure, the homogeneous zones in the image are determined starting
from the pixel.

A uniformity criterion may be defined on the basis of a radiometric
distribution function. For example, it may be defined on the basis of the
standard deviation: a uniform zone is then a zone over which the standard
deviation of the radiometric level is constant, equal to the noise level of the
optronic sensor. Concepts of level ramps may also be integrated into the
definition.

According to such a decomposition into homogeneous zones, one
then has to determine, at each pixel of the image, the homogeneous zone Z;
which is the largest uniform neighbourhood zone around this pixel: this is the
largest zone around the pixel, excluding the pixel itself, over which the
uniformity criterion is satisfied. The algorithmic processing associated with
this procedure for decomposing an image into homogeneocus zones is well
known to the person skilled in the art and will not be detailed.

In practice, it is possible to model this decomposition using sizes
Tr, of windows lying between a maximum size TFy and a minimum size TF..

The decomposition then consists in looking to see, at each pixel, which size
of window meets the criterion of largest uniform neighbourhood. More
precisely, the image decomposition procedure consists at each pixel in



According to the invention, we then define a threshold or a plurality of
threshol ds as a function of the | ocal background defined by the honobgeneous
zone on which the plot has been dete d. However, such a procedure
requires additional calculation times to be inplenented for each plot
detected. According to a preferred enbodi nent, the node of deconposition of
the i mage i nto honbgeneous zones allows a nodelling of the conplexity of
the |l ocal background. In this preferred enbodi nent, use is nade of a
criterion of .larger uniform nei ghbourhood around each pixel. Thus, in this
pr ocedur e9P¢'HRI Q’ER%QE MAXHBYM $iZ¢ ke optigemaaize)dEtarnund dhapixet,i ng from
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and wi | | PRIge Faligy B3 given pixel of dke image is pefermed in oelatior to this s
deconposizgr@n using sizes TFk of wi ndows |ying between a nmaxi num si ze TF1l
and a m ni mum si ZﬁHTF : The.decgngggition t hen consists in |ooking to see,
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window TF;. With this convention, obtaining a window of maximum size TF,

signifies that the pixel considered is situated in a simple region of the scene

observed and obtaining a window of minimum size TF,, signifies that the pixel

considered is situated in a complex region of the scene observed. In such a

region, the probability of detecting plots is much lower than in a simple

region.

At the conclusion of this splitting phase, each pixel is thus
associated with a size TFy of window in the image observed. This size TFy of
window defines the homogeneous zone Z; (Z; is equal to the window of size
Tr¢ centred on the pixel considered). It is understood that we will find the
largest homogeneous zones in the “simple” regions of the scene observed
corresponding to fields, forests, etc., and the smallest homogeneous zones,
in the “complex” regions: roads, verges, etc.

The complexity of the background of the image has thus been
modelled by sizes of window.

According to a preferred embodiment of the invention, this
modelling makes it possible to predefine the comparison thresholds
associated with the plots detected, as a function of the size of the
homogeneous zone associated with each plot.



I's the largest uniformlocal nei ghbourhood zone within the sense specified
herein above. O herw se, the size of the w ndow around the pixel is reduced
and so on and so forth, down to the gpallest size of wi ndow TFt defined. At
the conpletion of this deconposition phase, each pixel is thus associated
with a wi ndow size TFk. The honpbgeneous zone Z; of each pixel is thus
defined by a wi ndow size TFk, and the cal cul ation of the signal-to- noise
ratio SNR at a given pixel of the inage is perfornmed in relation to this
zone. This deconposition based on a uniformradionetric distribution
criterion nmakes it possible to match each size TFk of w ndow, k varying from
1 tot, vm'th a ¢mi aepreferredoimpiemprdatiory off theciiventiohgraningptrdriic wve use t
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The use of a model of “hormalized” windows to represent the
complexity of the background allows a priori knowledge of the curves of
detection probability and false alarm density, for each size of window.
Specifically, when we are on a uniform background, the detection probability
density is a Gaussian whose parameters are related solely to the sensor
noise and to the target signal. It can thus be determined statistically. This is
what is used to predetermine a set Ei of comparison thresholds applicable for
each quantized level k of complexity of the background.

The implementation of the adaptive criterion then consists in
simply indexing the set of comparison thresholds that is applicable to the new
detected plot, on the size Tr¢ or on the criterion k of complexity of the
associated homogeneous zone, then in applying the validation criteria to the
corresponding hypothesis track by selecting the sets of comparison
thresholds thus indexed of the plots of the hypothesis track.

Thus, it is possible to decide with regard to the validation of a track
each time a new plot is detected, and to do so while ensuring the reliability of
the system (detection rate and false alarm rate).

Figure 5 gives a representation of a set Ex of comparison
thresholds determined as a function of the level k of complexity of the local
background according to the invention.



In a preferred inplenmentation of the invention, an optronic nonitoring
system which uses a splitting of the inage into honbgeneous zones is used,
based on a uniformradionetric distrygpution criterion, the said criterion
bei ng applied at each pixel of the inmge observed so as to determ ne the

| argest size of wi ndow applied around the said pixel and on which the said
criterion is satisfied. Wthin this framework, the level k of conplexity of
t he background associated with a detected plot is given by the size of the
w ndow associ at e with this plot, |n accqordance with this splitting. It is
t hus possibl e tog‘&u@ﬁﬂ’i seepLleanp i 18 \Figeread) sagh a8t dgfORESe v er k
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new det &bSeEVaYPBS, thenthyeshaldy arerfassoieletivientt we coBsIdgh 4P ofs 8hpf exity of

the assqpd aioﬁéide@n@ggﬁg@u?lo&pmm béﬁﬂE felateBpty ithe stadsticdli detbbon criteria
to the corrﬁ@erlldlgg hypot hesi s track by selecting the sets of conparison
t hr eshol OB i'#bxed of the plots of the hypothesis track. Thus, it is

possi bl e We ni@cthds wiiteh regard to the validation of a track each tine a new
pLot 1 s G&LECLEA,, Jand, 1, Jnsn k) ,S'[ée{r;:gp,s.ynj[jpg..,trg,,er__{&gg‘kl,.a%!dg}}y ofhis t he system

(detection rate dnd sé"allarmra " Figure 5givés a representation of a
set Ek ofcocespendingnin théarapof Figuetbaortheedlsna functi on of the |evel k of

conpl exity of the, lacglset £, we also have (on each row, in the array of Figure
5): thp.1x< thp 2k .. < thpay, (for a considered number p of plots, the thresholds
are not as selective if we are at the 10™ observation as if we are at the first,
related to the statistical detection probability law).

In this representation:

- the level k of complexity of the zone on which a plot has been
detected is used as pointer to the set Ex of thresholds to be
used for this plot in the validation process;

- the number q of observations performed since the first
associated plot of the hypothesis track considered, is used as
pointer for selecting the subset of thresholds Tqy in the set E
and

- the number p of plots asscciated with the hypothesis track is
used as pointer for selecting the first p thresholds of this
subset, i... |y, pt g a0ty il

In reality these thresholds form a validation multicriterion, since

they are all to be considered in succession, beginning with the first, thyqx. All
the thresholds are thus reviewed in succession until the last, unless a value
of i<p, for which the validation criterion is satisfied, that is to say if there exist



background according to the invention. 18 As may be seen clearly in this
Figure 5, each set Ek conprises PxQ thresholds h,,1,k, withi =1 to P and j
=1toQwth1<j, and where P 2 {gpresents the maxi mrum nunber of

associ ated plots and Q the maxi rum nunber of observations. In practice we
have P=Q Each set EKk is structured in the formof a table with two entries,
whi ch defines, for a nunber q of current observations (that is to say ones
al ready perforned, including the current observation), a subset Tq,k of q

conpari son thres ds thi,qg,k, i=1to g, with th2,gq.k>th2 g, k>h3 qg.k.....
>thj, q, kSPl.O.%PHtcPT]fgf, R R?ﬁoc}tsﬂms%ﬁh%hvep%es'sa SHEh 'ﬁagthet SR i ool as
are | essobeaetcof the iiglotesatiohes: BMR4 il pifer it aasodiatedevalgesf Her a single

plot, this being related to the statistical detection probability |aw. W)
may thus wite: J | Ek=1TIk-Irhllk},. T2, k=(thl, 2.k, th2, 2k}

.. T1.k-1rhl. 1.k, In Bh7exatkple. giveil Gy-Way ofillustratioh @fGhk} invehtisn,cther espondi ng
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nesoci at J1s BVBEAERIs fade NORRE a7 ook cons: dered, "1s used as poi nter for.
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plot has been detected.
According to the invention, the tracking module consists:
®-From the sets Ei of applicabl'e comparison thresholds, indexed
by the complexity levels k associated with the p plots of the hypothesis track
considered, in selecting the subsets indexed by the number g of current
observations, that is to say the subsets
Tk =Yg prthygu |-
@-In initializing a comparison loop with i=1, this loop consisting in
the following steps:
-a). Selection of the thresholds thigx of index i, in the
selected subsets Ty and application of the following criterion:
» |f there exist i plots out of the p plots of the
hypothesis track PH such that each plot out of
these i plots satisfies the following inequality:
SNR = thiqx for the value of the level of
complexity k associated with this plot.
¢ Then the track is validated - end of the
loop.
» ifnot, step b).

-b}. i=i+i.
»  While i<p, return to step a).
= Else, step c).



In reality these thresholds forma validation nulticriterion, since they
are all to be considered in succession, beginning with the first, thq,q, k.

Al the thresholds are thus revieweggin succession until the |ast, unless a
value of i< p, for which the validation criterion is satisfied, that is to
say if there exist 19 i plots out of the p associated plots of the

hypot hesi s track such that the SNR of each of the i plots satisfies: SNR >_
th;,q,k for its associated value of k. In an exanple given by way of

illustration of the inyentio e | dati on I‘OCESSI | emented by the
tracki ng nodul e may béc d@’f’oﬁhﬁﬂéhhe tr@%b!so'}‘?tﬁﬁ“ @df‘o?’l‘%m‘%pnot ations: we
are at the g-th observation for the hypothesis track PH (that is to say the
g-th observation since a first plot has been associated with the hypothesis

track, i.e., since the hypothesis track was created) and during this g-th
observation, &eassumpedor exampleothiabyed. liviehassume thatibetfest twa platsk. Ve have

Prack priot e hybtifegls sBR% hate 4T SodbcBh ABRRTk SHEELYA il el (15
this pl otherdwolplets ofdhe bypathesisdrack Imletmaaeomatedmttrmte kreguat tecki ng
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i ndexed b e co exlt \Y; ssocl at ots of the
hypot hem%'%'@&lthr ngﬁkisd@%/@d'e $h thedzcthiong” tthmz?uﬂhetstQ@@Cbae'B(}t t he number
q of curw%ubgétw Y ajhieRnTonipgites! the fBlGANg tth?emtﬁﬁiii B):-thi] 1, K

. thq, initializing a conparisSon |oop w't 1, thi's | oop
conS| sti %@HSR Mﬂ? %HBOV\A ng steps: -a). Selection of the thresholds th;
, g, k, of | ad@gampwrwémvesel ected subsets Tg.k and application of the

foIIovmng crlter her e I plQts out,qf the p plots of the
hypot hesi s track rbH%u@t‘ﬁ &‘é{t‘zéa it §73dt2”glﬁ s2tddse | plots satisfies the
fol | ow ng i nequakhqtss= 9>JhEy 3% 8 hjthOy Kk 4B P thig;258ue of the |evel of
complexity k associated with this plot. Then the track is validated - end

of the
The process for validating the track g=4-th observation is to look to

see:

-whether a plot out of the p associated plots satisfies
SNRsth, 4 for its associated value of k; if yes, the track is validated.
Else, in looking to see:

-if p>2, whether two plots out of the p associated plots each
satisfy SNR<th, 4« for their respective value of k: if yes, the track is
validated. Else, in looking to see:

-if p=3, whether three plots out of the p associated plots
each satisfy SNR<ths 4 for their respective value of k: if yes, the track
is validated. Else, in looking to see:

-if p=4, whether four plots out of the p associated plots each

satisfy SNR<th, 4 for their respective value of k. if yes, the

track is validated.

Else, the track is not validated.

For example, in the case of the hypothesis track described, if the
second plot (k=2) has an SNR of greater than 5.5 and if the third plot (k=3)
has an SNR of greater than 8, both of them fulfil the conditions for a creation
of track at P=2 on their respective complexity levels k, and hence the track

can be created.



|l oop. ~ if not, step b). -b). i=i+l. »~ Wiile iSp, return to step a). *

El se, step c). 20 -c).if i>p, Then the track is not validated - end of

| oop. We assune for exanple that g=4941f we assune that the first two plots
of the hypothesis track have an associated attribute k equal to 2, and that
the other two plots of the hypothesis track have an associated attribute k
equal to 3, we therefore select fromthe set E2, the subset T4, 2 which
conprises the following thresholds (Figure 5): thil, 4,2> th2,4,2> th3, 42>

th4,4,2 W also select , the sef. T4, whi ch conprjses the follow n
t hr eshol ds (Fi gufte'SS}‘."d?rﬁit‘?Qésg&t ['T?Z,tr@,"gﬁﬁtﬂ@',‘ﬂ',@g’%t 184 Ohtpingd, "élHPhaxarrgl e, we
have t hl fdstavt#fandin theabeofthe fixethSitdrich- €5 thyh éudtomatily used il the 39>

th2. 4, 3- 4. .3.4.6 >th4,4,3.3.8, The process for validating the track
g=4-th o%gaet%@m%%ﬂl s to look to see: -whether a plot out of the p
associated plots satisfies SNRsthl,4,k for its associated value of k; if
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exanp! e, VBIGRUAT Biages thanowhyigok AL dhe complerifisleue! asspoiatpd i e
prediction zone of the hypothesis track. if this prediction leads to a complex
background, then the validation of the hypothesis track is decided. This will
typically be the case if we have a complexity level k in the prediction zone
equal to t or t-1 {(corresponding to the minimum window size), according to
the modelling convention adopted. Thus, stated otherwise, in the case where
no plot is detected in the current image observed for a given hypothesis
track, we make provision for a step of comparing the pair (p, q) (of the
number p of plots of a hypothesis track and of a number q of observations
performed since the first plot associated with the said hypothesis track, with
an optimum pair (P,Q), so as to validate the said hypothesis track as a
function of the difference between these two pairs (p,q) and (P,Q) and as a
function of the complexity level k associated with the plot position prediction
zone in the current image.

To illustrate this suggestion, if we have (P,Q)=(10,10), such a
refinement will be implementable with {p,q)=(8,9) for example.

According to another aspect of the invention, the complexity level
k is again used to render the process for associating plots with a validated
track adaptive. Here this involves ensuring the following of the track, that is to
say the locking-on of the target.

A given target has a radiometric signal which remains constant to
the first order. Thus, if the trajectory of this target passes over simple and
complex backgrounds, the signal-to-noise ratio of this target will vary
strongly. In complex zones, it may be too weak to be detected by the
detection module.



second plot (k=2) has an SNR of greater than 5.5 and if the third plot (k=3)
has an SNR of greater than 6, both of themfulfil the conditions for a
creation of track at P=2 on their regpective conplexity levels k, and hence
the track can be created. 21 It is understood that the track establishment
I s obtained nuch faster than in the case of the fixed criterion (P, Q thd)
customarily used in the state of the art. In a refinenment of the invention,
if during an observation, no plot is associated with the hypothesis track

PH, t t ed t t he t t th
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to the mlﬁfgﬁ? ﬁa&b@ §PE‘@) asa function @f the StQﬁ@'-tﬁ)d@lSIelrﬁyocfQﬁ\aegluenn adopt ed.
Thus, st adisslwiridegy. W se, in the case V\/nere no plot is detected in the

current image ob rved for, a _given “{p track, we make provision for

a step of conpari rﬁ,’i tnstang size windo ﬁ%fecmwpbabuiw i he ageag
hypot hesiunderh& camee dpoe) cuﬁnhibetargetpﬂemh&@di ot thenkeft PERAOVBREaPliREe t he
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current inmage. To illustrdte this suggestion, if we have (P, Q=(10, 10), such
a refinenent wi mheomlserplmptmwnwlé Ve, By thé a@éafdwunﬁfe@rr@h he Accor di ng

B ey AR e R
Her e t hi Jor theatoies oartbarighty t he foIIovm ng of the track, that is to say the
locking-on of thyd3' @%he target passes over a more complex background, the

size of the window varies. This is manifested as a target detection probability

density curve which shifts leftwards as represented dashed in Figure 7. To

maintain the same detection probability, it is then necessary to decrease the

detection threshold. In the area calculation, this amounts to adding the

portion “a” of shaded expanse under the target detection probability density

thy
curve, that is to say a = Idp{x)t arget - VIS threshold is denoted thgs in

Chaa
Figure 7. It is chosen so that the target detection probability remains 90%. it
may be seen, this being so, that the false alarm probability increases over
time.

The idea is therefore, in the case of a validated track, to instruct in
the detection module a local lowering of the detection threshold, in the case
of a complex local background, if the detection module which applies the
fixed detection threshold thy has not made it possible to detect a plot
corresponding to this validated track, in the prediction zone. By locally
adapting the detection threshold, we allow the detection of a plot that is
dubbed a phantom plot. This principle is entirely inapplicable to the detection
of plots for the hypothesis tracks, since in the case of hypothesis tracks, we
would then increase the false alarm probability, which is not what we seek.
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A given target has a radionetric signal which remains constant to the first
order. Thus, if the trajectory of this target passes over sinple and
conpl ex backgrounds, the signal-to- ngsse ratio of this target will vary
strongly. In conplex zones, it may be too weak to be detected by the
detection nodule. 22 It is recalled that the detection nodule applies a

fi xed detection threshold thd. In practice this fixed threshold thd
corresponds to the m ni num threshold of the tables Ek, which will be given
by the threshold tho,o,i  of table (correspondlng to a si

backgr ound) . Fi guré"@r?@fﬁeeﬁhwlﬁﬁ@“&ﬁito@ci’l Bie medhemhiacreidi mi)%ithe es dp(x),
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probability is the Are %’@P Qc a A58 PRt % begp AsSocki®d nited on
t he | ef t vith theesalidateiddtedcK corsideredPegpondi ng to the detection threshold thd
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probability, it is then necessar ease tron threshold. In
the area cal cGUEENbIMagH; i caRAMm r?' basig afithig Rr ﬁ@'c'“ﬁﬁ.r @n"(’)rby ‘upingtheshaded
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the target. If the target moves from a simple zone to a more complex

zone, we will thus be able to predict the SNR of the plot that we shall

have to detect in the next image.

-at the next observation, the module for associating plots

with the validated tracks, opens a zone of association around the plot

position prediction for each validated track. It is recalled that the zone

of association is the zone of search of a plot, dependent on the model

of motion associated with the track. The model of motion in fact allows

a prediction to be made of the future position of the target. It is around

this position that we shall seek the plot corresponding to the new date

(new observation). As the model of motion is not perfect and may

change if the target manceuvres, the association module is given a

latitude for performing its search. It is the zone of association defined

by a radius of association around the predicted position.

If in this association zone the association module does not

find any plot detected by the detection module, it looks at the

complexity level k in the zone in which the predicted position of the

plot lies, as determined at the previous image by the detection

module. This zone is given by the detection module’'s image

decompaosition process.



the detection nodule a | ocal |lowering of the detection threshold, in the
case of a conplex |ocal background, if the detection nodul e which applies
the fixed detection threshold thd has not nade it possible to detect a pl ot
corresponding to this validated trac24 in the prediction zone. By locally
adapting the detection threshold, we allow the detection of a plot that is
dubbed a phantomplot. This principle is entirely inapplicable to the
detection of plots for the hypothesis tracks, since in the case of

hypot hesi s tracks, we would then increase the false alarn1probability,
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In a more detailed manner, to determine the suitable detection
threshold thya adapted to the conditions of the detection, the following
process is applied:

-The table of the plots associated with the validated track provides
a mean value S,, of the radiometric signal of the corresponding target.

Specifically, for a plot pl, we know the radiometric signal §;
measured, transmitted by the detection module. '

The mean signal S,, associated with the target is therefore given
by:

S.=>.s,, where N is the maximum number of plots kept in

N

memory table for the track considered.

The value S, is recalculated each time that a new plot is
associated with the track.

This value may be used by the prediction module to predict the
signal-to-noise ratio that a plot of this track ought to have in the next image.
This prediction is denoted SNR.

Specifically, the prediction module provides a position prediction. It
is therefore capable of predicting the homogeneous zone Z; in which this
prediction lies. As we know the mean value of the target signal Sy, and the



(new observation). As the nodel of notion is not perfect and may change if
the target nanoeuvres, the association nodule is given a latitude for
performng its search. It is the zonggof association defined by a radius of
associ ation around the predicted position. If in this association zone the
associ ati on nodul e does not find any plot detected by the detection nodul e,
it |ooks at the conplexity level k in the zone in which the predicted
position of the plot lies, as determ ned at the previous inage by the

det ecti on _nodul.e Z0 1.5,.01V by the detection dul e' s _j mage
decorrpos|""1"5r'35hE‘BF'otth,'@sgi gﬁ"dnEPV'ﬁt‘g” q?ﬁﬂ?c@fjf%eté'cs"r'%?le'"b gP0Ridd; the
process $foppsthisThes ededucto thet eigraiitenoise aatio t pesdidted eimanhgl iturssoci at ed
with the gégéﬁ H for this observation. If k is greater than 1, it selects
an adapt 88 Y threshol d thda, corresponding to the conplexity |evel
k of this zone, and apgd 1 e5mtNlZs adapted threshold as input to the
detection nodule, for | 5cal &pplication to the associ ati on zone consi dered.
The detection ul e se ack the res . Of t det ection:. one or
Tor e phant om pf 818 S of Window (adhe doraplexinclenl Defsssrated ciRise: ¢y of t he
y
Igcal baabge @ iknewn frioen fHeop &wmd\tmmmnsl y nmakes it possible to render
t he nodul e for C ot. a d re robust. The
ri sk of I osing F f‘%ﬁ hﬁ%cggrbcﬁ‘lsi ﬁfaﬁ%%ﬁ%@eg '¥‘Th89§h% 4{’ ﬁﬁ@?’r‘?ﬁom t he
per f or raladapted tdedectionc Khreghotdthe sb asntwpbe ocapatder vbidetesting system by
L1 L 21 "Gidriafad AIRTTAEA drilsofBin”h e pReEERISRinal fo-HBlgen FaffiP P! X1 1Y

| evel s eneous Zone manner, to

det er m neSNHﬁ.eO the tasget, dutusing dhe ctasswghequamcmsafoadbqbe@twrt probabilisondi t i ons
of Lhe defenshy Arigutdicr bRk e'thalareluaterharil useRltor e defgﬁﬁuﬁéﬁ&'ne?fcﬂ Lhe plots

associ ated w e vall trac rov n val ue t he
r adi onet detediogrtfreshold. h@‘%gﬂeé@ﬁ@rﬂﬂ egholdalhgets. Pf%éél)‘f @%@W&Pe f¥ a pl ot
pl ;. we lggow bbeir afippomBdbility of derictiSh of the sought-after blip of close to

100%, in the open association zone. The blip detected by this method is

called a phantom blip.

Whenever necessary, the piloting module pilots the detection
module so that locally it applies an adapted threshold thgas;, in a determined
association zone Z,;, corresponding to the search for a blip in respect of a
validated track pv;, (Figure 4).

The detection module thus piloted will lock at the signal-to-noise
ratio at each pixel of this association zone Z, so as to compare it, pixel after
pixel, with the adapted detected threshold thqa:. If it detects a phantom blip pf;,
it sends the attributes of this phantom blip to the association module, which
can associate this blip with the validated track pPv;.

The principle of detection of phantom blips, for the validated tracks
may again behave in the following manner: The zone Z; in which the
detection is made is known. If this zone has a high complexity level, the
detection is made in reality in a small uniform neighbourhood zone of the
image, and hence the errors in the mean and the standard deviation that are
calculated for this zone are large (due to the low number of pixels of the zone
considered). The signal-to-noise ratic SNR calculated is therefore
underestimated. To detect a blip allowing association with the validated track,
it is therefore necessary to lower the detection threshold locally in this zone,



measured, transmtted by the detection nodule. The nean signal Sm associ ated
with the target is therefore given by: S n=Y,s,, where Nis the nmaxi num
nunber of plots kept in N nmenory tapge for the track considered. The val ue
Smis recalculated each tinme that a new plot is associated with the track
This value may be used by the prediction nodule to predict the

signal -to-noise ratio that a plot of this track ought to have in the next

i mage. This prediction is denoted SNRp. Specifically, the prediction nodul e
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adaptive and dynamic, as a function of the local conditions of detection of the

blips, the number p of blips of the hypothesis track and the number g of

observations.

In a second aspect of the invention, the complexity level
associated with each of the zones of the image observed makes it possible to
locally adapt the detection threshold, so as to detect a blip corresponding to a
validated track, as a function of the zone complexity level on which the
position prediction for this blip is situated.

Thus, the tracking module adapts to the detection conditions
encountered in the various zones of the images provided by the optronic
monitoring sensors. It takes into account the radiometric characteristics of the
local background over which the blips extracted by the detection module are
deploying, so as to adapt the criteria for validating hypothesis tracks, and for
upholding the validated tracks.

The wvarious aspects of the invention are presented
diagrammatically in Figures 4 and 5.

In Figure 3, the three processing operations performed by the
tracking module are presented: firstly, the tracking module deals with the
tracks already validated Pv;. It is in this stage of association with the validated
tracks that the tracking module instructs the detection module in respect of
the search for phantom blips by local lowering of the detection threshold,
using the information provided by the prediction module.



associ ation zone Zaj, corresponding to the search for a blip in respect of a
val idated track Pv,, (Figure 4). The detection nodule thus piloted will | ook
at the signal-to-noise ratio at eachypi xel of this association zone Zaj so
as to conpare it, pixel after pixel, with the adapted detected threshol d
thda;. If it detects a phantomblip pf;, it sends the attributes of this
phantom blip to the associ ation nodule, which can associate this blip with
the validated track Pv;. The principle of detection of phantom blips, for
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the invention assocl each zones of
t he magd’@lﬂ!ﬂé’lrved makes It possible to define a set of corrparl son

t hreshol ds whi ch Fis,aP8! d@f&bﬁ tﬁQrtrléf raRf oft F,@r@ogh?ét whi ch

makes it possible To ren e va crit on e and dynami c,
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p of bli Ftﬁadkfng Rfodiie @, hﬁéic%tlhg 3Rk |ﬁﬂdtslfd'lﬁ mn@%aaw Ofn pahrelaatthens. In a
second asdpue{\ ut gatachEGToLTngie {P\e g&echon module ?ﬁ(at gre apﬁied as inputs to the
tracking module comprise the attributes of the blips but also the zones Z..

The tracking module furthermore pilots the detection stage of the
detection module 4, so as to locally apply an adapted detection threshold
thaai, in a determined zone zg;, with the aim of detecting phantom blips pf;

Finally, the sets of thresholds E used in the tracking module, by
the stage for associating the hypothesis tracks of the tracking module, for the
validation of these tracks, are represented symbolically, in the form of tables.

The implementation of the invention in an optronic image
processing, to detect and follow tracks of pointlike targets, makes it possible
through the consideration of the level of complexity of the local background
on which a pointlike target is detected, to more rapidly validate the
hypothesis tracks for which the blips detected have strong contrast.
Furthermore, it allows the detection of phantom blips, for the exclusive
purposes of following the validated tracks, by the lowering of the blip
detection threshold, locally, in a zone of the complex image in which the
target ought to be situated.

An advantageous use of the invention applies the modelling of the
complexity of the local background by means of the complexity criterion k,



associated wth each of the zones of the image observed nakes it possible to
| ocal |y adapt the detection threshold, so as to detect a blip correspondi ng
to a validated track, as a function of the zone conplexity | evel on which
the position prediction for this blpgg is situated. Thus, the tracking
nodul e adapts to the detection conditions encountered in the various zones
of the inmages provided by the optronic nonitoring sensors. It takes into
account the radionetric characteristics of the |ocal background over which
the blips extracted by the detection nodule are deploying, so as to adapt

the critesi.a.f i g.the

val i dat efﬁétsgmagéd % gaﬁMbngQYa(';d?&l}\%ﬁ |csgtsir?qi.léi%lr1n§\2tg{|5§hw§;ﬂcgpﬂj}%e§ ltted

di agr ammepassile jo precalelateshe %&IEB Howewerg itrappdiestrheret gelwakby trabsi ng
operatio sented: firstly, the
tracklngqgc g@%gﬁlgmﬁmp Eﬁéé§ﬁ%€ ﬁ#bgﬁéégg %ated Pv;. It isinthis
stage of association wth the valldated tracks that the tracking nodul e
instructs the detection nodule in respect of the search for phantom bli ps
by local |owering of the detection threshold, using the information

provi ded by the prediction nodule. 27 Secondly, the tracking nodul e deals
with the hypothesis tracks PH,. It is in this stage that the tracking nodule
i npl enents the adaptive and dynamc criterion, using the sets of conparison
t hreshol ds determned as a function of the |ocal conplexity of the
background on which the blips considered in this stage were detected, to
decide on the validation of a hypothesis track. Finally, thirdly, the
tracki ng nodul e deals with the detected blips not attributed to the

previ ous two steps, so as to create new hypothesis tracks. Furthernore, the
tracki ng nodul e conprises a prediction nodule, which perforns the suitable
processi ng operations (Kalman filtering) to determne for the hypothesis
tracks and the validated tracks, their future position. Figure 4 borrows
the bl ock diagramof Figure 3 relating to the
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detection nodule, and is supplenented with a sinplified block diagram of the
tracking nodule 5, indicating the inputsioutputs of each. In particular, the
out put data DETOUT of the detection p®dule that are applied as inputs to the
tracki ng nodul e conprise the attributes of the blips but also the zones Z;.
The tracking nodule furthernore pilots the detection stage of the detection
nodule 4, so as to locally apply an adapted detection threshold thdai, in a
determ ned zone z2 , with the aimof detecting phantomblips pf;. Finally,
the sets of thresholds Ek used in the tracking nodule, by the stage for
associ ating the hypothesis tracks of the tracking nodule, for the

val i dati on of these tracks, are represented synbolically, in the form of

tabl es. The inplenentation of the invention in an optronic image

processing, to detect and follow tracks of pointlike targets, nakes it
possi bl e through the considerati daLBMShe | evel of conplexity of the |ocal
background on which a pointlike target is detected, to nore rapidly

val idate the hypothesis tracks for which the blips detected have strong
contrast. Furthernore, it allows the detection of phantomblips, for the
exclusive purposes of followi ng the validated tracks, by the | owering of
the blip detection threshold, locally, in a zone of the conplex imge in
which the target ought to be situated. An advantageous use of the invention
applies the nodelling of the conplexity of the |ocal background by neans of
the conplexity criterion k, 28 associated with a uniformradionetric
distribution criterion, which nmakes it possible to precalculate the sets
Ek. HoweverMethodappldpdeonimmsocessingldf yimages), 1to ersurei theedetentioppbf tti ng an

i mge into ﬁﬂﬁs : j ocessi ng of
i mges, to %ﬂ@ﬁ?gqg e dé%q g?ﬁ IeJﬁ@%\}llﬁb?ﬁfﬁﬁtﬁ(&ﬁ%ﬂ?&:elfga@%H?ﬁ,'gﬁ?dgh ow ng of
the track dhecsithimagegstcareprisinga stap of sietection (4ndoethe comparisamef a step of

det ection (#ksidril-td-ABiseCraa’ (SNFD) &f eadh pixenaf ahOot¥irséd 'irﬁhitgé, wihlg) at each
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creat Png hy(RIERERN §hrPI§E€a%§(tbgl—é';q 3 g@gﬁc’ﬁ%ﬁiﬁag%ﬁg&g té@ﬁlfgzﬁpﬁi)ng at |east
one plot degssH edllypothesis track comprising at least one plot detected,
characterized in that for each plot detected, it comprises a step of
determining a set (Ex) of comparison thresholds associated with the said
plot, the said set comprising one or a piurality of thresholds, the said
10 compariscn thresholds being greater than or equal to the said detection
threshold (thg), and a step of applying a criterion for validating the
hypothesis track associated with the said plot, the said criterion of
validation being dependent on the comparison thresholds associated with
each of the plots of the hypothesis track.
15
2. Method according to Claim 1, characterized in that the said step of
determining comparison thresholds associated with a plot is dependent
on the local background on which the said plot has been detected.

20 3. Method according to Claim 1 or 2, characterized in that the said step of
determining comparison thresholds associated with a plot comprises the
determination of a comparison threshold applicable as a function of a
number i of plots of the hypothesis track to which the criterion of validation
is applied.

25



characterized in that for each plot detected, it conprises a step of

determ ning a set (Ek) of conparison thresholds associated with the said
plot, the said set conprising one or a plurality of thresholds, the said 10
conparison threshol ds being greater ggan or equal to the said detection
threshold (thd), and a step of applying a criterion for validating the
hypot hesi s track associated with the said plot, the said criterion of

val i dati on bei ng dependent on the conparison threshol ds associated with
each of the plots of the hypothesis track. 15 2. Method according to O aim

assoo at at MPTRCAGhenib b TR ahoRistizes Rofal r e ByPRIRRR PG o the

sai d pl ot eempises peletst e criterian df/brahmtlcm:cmsishsgntver@lag whiether 2,

h t - hol d
esoct at ed e, BXSU o=t AoCh, S Mt 16e e bl e LA THE T S, g eshot ds
t hr eshol d aﬁj@fnaléamw%sraaw(ﬁl%lﬂ) a% gﬂeater thafbélnemmnpemsnrs tbreshpld hypot hesi s

tracksto V\/rumcéb@ fof i pigtd.on of validation is applied. 25 30 4. Method
according to Claim3, characterized in that if the hypothesis track

conprises p plots, the criterion of validation consists in verifying whether

mere exssltMtethmldoaecordmtb too aR watdlmﬁ]tsfwt?ﬁmbrsﬂa%ter&eﬂ iﬂftﬁa‘t‘?th' plholtz .
e signal-to-noisg ra reater an the c risqon thresho

appl i cabl o GANPYSES oy £3c p'@t@&a AR 5305 & BBIEEIAG 21 £ .

characteri zf&ﬂnogenémts z6ne (D)pssociatetionitieacpixel, Xhe signdite-roseratizd | mage, a

st ep1of det@NRpaMeasaldwmmngéalém@eedﬁ delRRFPR atrﬁé'a Lh} an@iaxel , the

S|gnal-ton ratia ) sald din
Celation { P& ﬁaer 0pYia§om, . bof dhe radielts ey els, ol e piEls DS i orret ¢ ¢
| evel s of t ﬁ§l s over the said zone. 6. Method accord| ng to Caimb5,
characteri ze I'n That the said step of 15 determ ning a honbgeneous zone

(Z;) conprises the determnation of a |arger zone of nei ghbourhood around
the sai dgpimgthod®“8EoMfiNg to! BRIB bS characterized in that the said step of

15 determining a homogeneous zone (Z;) comprises the determination of a
larger zone of neighbourhood around the said pixel, over which there is a
uniform radiometric distribution.

7. Method according to Claim 6, characterized in that the said step of
20 determining the largest zone of neighbourhood around the said pixel,
applies a modelling by size (TFy) of window, corresponding to a level of
complexity k of local background, and in that with each plot detected we
associate the level of complexity k of the zone over which it has been
detected.
25
8. Method according to Claim 7, characterized in that a set of comparison
thresholds (Ex) is determined for each level of complexity k of local

background, each set (Ex) comprising ___Q thresholds #,,,, with i =1 to

Pandj=1to Q, withi <], where P represents a maximum number of
30 associated plots and Q a maximum number of observations.

9. Method according to Claim 8, characterized in that each set of
comparison thresholds (Ex) defines, for a number q of current
observations, a subset (Tq,x) of g comparison thresholds thiq., i=1to q,
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uniformradionmetric distribution. 7. Method according to O aim 6,
characterized in that the said step of 20 determning the |argest zone of
nei ghbour hood around the said pixel, gqapplies a nodelling by size (TFk) of
wi ndow, corresponding to a level of conplexity k of |ocal background, and
in that wwth each plot detected we associate the level of conplexity k of
the zone over which it has been detected. 25 8. Method according to Caim
7, characterized in that a set of conparison thresholds (Ek) is determ ned

for each le f ity Ioc background each set (Ek)
conpri si ng %gla)u&ﬂ"% dl“% 3ﬂh, !(),tﬁ' % =1to Pandj =1to Q wthi

<j, where P represents a maX| nmum nunber of 30 associated plots and Q a
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nunber q of pékyrpl@htof Godypethasimdrack PHbdas bEankietected catmptee i g¢n
t hr eshol ds é[lj%erqallfonl—l toq, 31 with thi.qg,k>th2,q,k>th3.q.k.....

>t hj, g, k>. { r%t(}]\ﬁ 10.-. Method according to d ai m 9, characterized in
that it consis¥e cteta of mompasisen thresh dﬁﬁo&ﬂ)é@d@(m by ith®leveds obeen

dEtECtEdo@mcfilmktissoilaléé%wtth@rb 6@06? iﬁbe bﬂw% Eﬁa(ti:hg%thresm' ds

( Ek) mdexEesclt 5 IE’ eve c; Xlt ass |ate p plots of
the hypothEstiothe sy fgﬁlﬁqk g% @ EBloﬁé"Q Hﬁn@ﬁbﬂéﬁ@b@‘?&la@n&s a function
of the nunber g inftiatitingra gbirpasison! fodprivithaki Zthig I@oﬁﬁaﬁﬁétlﬁé’ﬂw kpp Wi th

Lsting in the 10 follow ng steps: -a). selection of the
threslh Z%ﬂc&ﬂﬁg%?qrb% index i, in the selected subsets (Tqg, k) and

application of the fol-a)ovseigctmn toérthenthreshdlds hﬁnrf\f( &fi midek Pliat theout of the

D1 0ts satisiies CHECIR Toamett Cron AL RPRYoa i oRE MRy e Vel ue o

the level of conplexity k" aslsdbem @enam it plottthlcmtpdnfothe p plots of the
hypothesis track PH such that each plot out of
1S5 these i plots satisfies the following inequality:
SNR 2= thigx for the value of the level of

complexity k associated with this plot.
¢ Then the track is validated - end of the

loop.
20 * if not, step b).

-b). i=i+1.
*  While i<p, return to step a).
» Else, step c).
25 -c).if i»p, Then the track is not validated

11.Method according to any one of the preceding claims, comprising a step
of predicting a position of a plot of a track in the next observed image,
characterized in that the said prediction comprises the prediction of an

30 associated homogeneous zone (Z/).

12.Method according to the preceding claim, in the case where no plot is
detected in the current observed image for a given hypothesis track,
characterized in that it comprises a step of comparison of the pair (p,q) of

35 the number p of plots of a hypothesis track and of a number q of



Then the track is validated - end of the loop. 20 if not, step b).

-b).i =i +1. VWhile i< p, return to step a). " Else, step c). 25 -c).if i>p,
Then the track is not validated 11. g&thod according to any one of the
preceding clains, conprising a step of predicting a position of a plot of a
track in the next observed inmage, characterized in that the said prediction
conprises the prediction of an 30 associated hompbgeneous zone (Z; ). 12.

Met hod according to the preceding claim in the case where no plot is
detected in the current observed i mage for gi ven hypot hesi s track,
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p, q) :an e exity k associated 5
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according to Claim1ll or 12, conprising an additional step of associating

pl ot s w13 Relfld 4EE5Rifg 85/CIRY. r of VY SERRIGHRA 4 oblifonbl sldgeof case where

no plot is current o Iven val i dat ed

track (Pvl)associatiog plots withcoivplidaied traek @Nécizhar@ctﬁrmeﬂemd@abm then

t hreshol d a function
of fhe lei/%n%hé?é g6t )l(t?t[lsﬁ:{??@ctéé)m tﬁ?caﬁeh @é@rﬁéd'uhaglégjg:\bé@dl ot |uon i

ssocl ated wt (0}
zonelPor tYRlidaiad Hﬁ?lé i S@Qr%emee@eﬂsqstfﬁcl%wﬁp
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any one of theevaiidategidirack ccbmmlmed

15 14.System of optronic surveillance comprising one or a plurality of optronic
sensors able to provide images for observing a scene, characterized in
that it comprises means of processing of the said images implementing a
method according to any one of the preceding claims.



