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RONI C SURVEI LLANCE $YSTEM The present

invention relates to a method of detecting and
tracking pointlike targets, in an optronic nonitoring
system based on the observations of inmages provided
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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.
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
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a pixel of the image. In the case where a target were

to several ~ 11111l ~~I1~1
W@WI 111 *159159*, 1111111 111 :lﬂc%'ll*llEﬁzbmeMG?O
FEEer terer rerr till *000005 W2006/ 032650
PCT/ EP2005/ 054670 2 pixels of the image, reduction

functions (zoomair) are used locally, in the
detection nodule, to revert to zhe cas
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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
characteristics or attributes, as, for example, its angular position and its
signal level (radiometric level).
The use of the most 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

each plot, information on the spatial and spectral distribution of the
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In practice, the predetermined detection threshold thq is calculated
in such a way as to guarantee a given pair of probabilities of detection and of
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.
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The associating of a plot arising from the current observed image
with other plots arising from previous observations, inter-associated and
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.
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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

* 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 (SNRxthg), 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
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Specifically, the means number m of false tracks per hour is equal
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.Nn. (eq.1)
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prodbabdityl dpan thasitpixal gikes sf@ﬁs'@r aukdee a@%@”ﬂr%@éﬁh'ﬁl pyel is.

s?%&%@ﬁ s"&b@bﬁ@éntw YRA dt et Fofaisd AlapPsidlrek Q sbédreations of

ity t thi's pixel gives rise to a false
%$W9W§”@¢1§?Ct1°ﬁl s pixel is associated subsequently

with at Tgagdtefninal 8es prevatilitpuRy, ot i€ neltessamyt icocensder the
IV e sec t ' I

PRy (oA B a8 §laftysc of off PUEKE o e, BESHRR  Whitn s

Expresséalasdobdvas.ms at t he out put of the det ection,

which is expressed as foll ows FA—P

al arns o8R &f ESB&%W/QW@ﬁQ}” Pgé)obser\(aipn Theeqez

probability of-*getting an additional false alarmthat

is to beThasmobaamB/doWgtattlmgnaaxad;tltlorgaltfa&ekahasmt that is to be

5%??5’@% 4 kith 8k %)ﬁ& P #é%sqﬂ&ﬁﬁ%ébmtxc& tnéﬁ‘oﬂ’cﬂﬁﬂbr@/e@at “On

assocCl atl on .
orenagd zorelopassadiaiorod! sire R Rayrundithe @éé’ﬁp%/ﬁée# Resjtion of

méafrgbk Saf B4SCone Téﬁsé Sens f?nbh ETI9Y &VenE BNthieagwent todntrary
associ ation

{5 OB SR oG0P ol eap AR Brpye € ABPeRt Blecipasifion of the

frf@b‘taﬂno falbe %/a‘msts foeind thispales beiigcegwretsaliewas: foﬂmaae“None .
t he ni xel s

I%f the PBP ?Ige ﬁg S A %gg?{g/%/g%g 0%9%1'7 ‘?l@en@ @/ Wﬁ@ %jarm”,

prarability owWh RVEPL ls\/meﬁ/é B R"h%ﬁr%sﬁsrﬁ%@reﬁﬁ@tssﬁh@es%@ of the

EEﬁe oe[atﬁﬁsﬁe‘%rﬁt\lvﬁi'&h it T&I@Wéﬁtr{éﬁ the prebhomg bihgétting an

ettin tional .false al arm

| @6dl§l@nak§%§¢aa|éﬂﬂv&°thea@§ e myth o ppting qiank” sp el to

1-(1-FARRY,

The probability of the event “obtain i false alarms out of Q-1
observations” is the probability of obtaining i times “an additional false alarm
to 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 ¢y (1—(1—FA)”‘”)' (I 7) L
where Cq.4' designates the number of combinations of i elements out of Q-1.

Hence it follows that Ppp= ZCQ,( —(-FA)R )(I—FA)'?Z((—)"]_i).

i=P-1

Starting from m=3600.f.Ny;.Ps,, we therefore have:
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1-(1- FAR*R) The probabi ity of the event "obtain i

out of 25 observatl ons' '
mbﬁéjﬁbf obt ai n| ng it "an addi t':‘lccsg;{g:ﬂf“2 g|5/80€54670

alarm to be associated wth an exi sting track" and
(Q1-i) tirres "no false alarmin the zone of
associ ation". This probability is therefore equal to
, (1-(o- FA)l’) R ' .o(1- FA)RR(Ql ) Wwhere CQ1'
deS| gnat gs;dohe. Fi;;w:rb% glew]omwn)a@lmfswdf @oedent s
out of Q1. nce it follows that Pfp=
YCQ, (1-(1-FAYR i=P 1 Starting from m=3600.f. Np; . pr
we therefore have: W2006/ 032650 PCT/ EP2005/ 054670
Q 1 m=3600isf FAajion detween (thepmean numberan ©f 3 @Wﬁb'eﬁalse

ﬁ?&(f%er h%tirrp rﬂd tHe p°fa|{C ﬁa'ﬂwéﬁb%@%é Uﬁluﬁﬂan chLtﬁbeatemalse

hour , and t he.

alarms| arisipg frem H\@ Jategior REGHORBaKEE & RaSLE, By fkin@Q as
HearlExiAure | AGmbepnaft tauoabeb@ctcbservanbes ebefoge ntakirgg ia track

Ciebaanecinbec i PoleSiaidife TBLlE, FoRY Wile Aowatee for the

prxtessing) ( tohfind tioe pasgroeters A and I’Eé\h@@ql’aylllk m%e lt POSSIb|e to
L&Jar%\?@é%p%mhf?/reﬂt Fb‘??ld?ré’réﬁﬁér'\ '?ﬁ)falsb rhéd tHie reahaBeSfdes for

t
gkamples el foffoe Aegit ARGt Of B SF0 TARKD RS CPAPS® B draTaRse the

gaRwsof pr tHé) c@?ﬁéﬂ?@lhﬁs bRathei dssobitioa ¢f samsabe tled creation of
fal se tracks,

d
e g e, MRseioR3Ry 8, BREE RO 0 el P g of e
eleatalarm edte FAaokas decteeasase theefalse iatarmi ratelss the output of
Bgfeg?éﬁr éf%rﬁ ;’thge%ﬁﬁac‘r? lp‘?m%/ %Hr%a% PhQNef\ﬂiIISSea!aBIémto allow
St 0 decrease 'se alarmrate at the
outseltesoto ineresse itha. false @i bales Hijce we R8ve n*&ff%‘%% more

Ber’r%dYHd }eqé‘? diAB|tEe handronakirnuisslsyas toreate ttacks.
the false alarmrate, since we have becone nore

demandi ng regardi ng the nunber of al arns necessary to
create t Agsrioblerdepcobhtenecincihertrasking procekeingradage resides in -

B FOROENS REMEe | GRIGHS schine s BaCABLRK!innflion! R tagget is
MONImG). Fcrrcﬁxa@xrdﬁpnnetheuqasem acvajidaggd Bywrleﬂat%@&k if the target

iif
%Ynfé?& 'ﬁitéérﬁg{erxai;dﬁgetltengzdgg n{o@b@?;tggtrbrﬁflﬁ tﬁ‘e Q:@Fﬁélspdndiﬁg émage.

§@§@|fncaﬁsa| fhe rasiemeltis osigbsl of @ dAetop 4 P%\gﬁeﬁor%ia%} The
BIgr@i-to-aeiRet rafib .of Bhsointlike target in a complex zone therefore tends to

decrease. If it becomes lower than the detection threshold thq, the target will
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
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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signal -to-noise ratio of a pointlike target in a

L therefore tends to decrease.pdf/EF2005/054670
%@3@#%@\@ than the detecgi on threshold C% hd, the °

target will 25 no |onger be detected on a conpl ex
background such as this. However, if there is no
detection of the pointlike target in the current

i mge, the kinematic attributes '

oper at i oABPthET IProRlEMBRFPYrERras: Y"Bé\éb %‘r‘ikg\%dmloﬂgle resides in
ﬁeeﬁin‘\“é'r%bes‘éhw tbt ¢@lldatdether hgpetbesis Tlaeke iSpeaificalik it is
Aeian Hayaliids & Hack 7t Re 20 Gt goulile At Sfhig e
Peq‘(]nten@énttsm’a‘ faBeopiarmnprobsbifityo rwhich gnu%tdremﬁ;prlpw Now for a

r&{%g% é# &l nﬁé e\@’ﬁéﬂ'\(etrhr?sﬂb‘?d shgng! w'éotﬁﬁélaér af <'J§ir*n§|eal S$®iform

I nvention is

packaspuDtcthedelse 2leiroRreRaRiEy ds tsranaB R Gaegf 3 gomplex

B‘éuel}%ohhs Nb@b'ﬂ%’@ra@ﬁmb%éd@l@ dfapk-state MBRBCHT BRRIESDa fixed,
P2005/ 05467

prraefingdiGriter '%WBIC@ rregg,ragg ?ﬂéb q%t?%gggtgegp‘%tehand P

Y)&it$ tehavé bEeh)a@ebd:lechomtr@fdhese Spetsefrvatidnsyin qrder to validate
\ﬂﬁSI rable to validate a track as fast as possi bIe

stl Il satisfying the requirements of fals
al ar m pr Yothis humper i iabisem@ions @ Be IT8dHCadh @t '?%“‘rt i, ggrtain

?é\ﬁﬂﬁé ErB ﬁi\%éjcﬁfnet?éée%ntﬁéﬂ @@h@hﬁbdr@lddevlétldmﬁb@twwm@tectlon
uni form k he fal se r

mfovblstfirls pipt) and &aek ¢ Soii R TG B fed Sg}pﬂe eactivity of

W@%@h?@llﬂ% tH\QV\Am;br’foeedr &chmgamduhe&edhetﬂaeg@tmmo@ﬁhes the

ar

T eS8 Hsis 44 0apoRF 4 HEREME I oRetER of e

pharitoring dysteambeen associ at ed out of these Q

obser vat 'fA%n@e'anoﬁ)Wh e WRkhtlsh §s bhBed i$ t@¢&nddrf thiehtiracking

nunber o ervations can be reduced at least in
@depHy®r favour abl e observation cases, then the

t enpor al Agevidihg ofd ttatemmndenecau each(oéwt Ipdotf ideected, we

d K
,dlgg%r){msg t@tcrg?ﬁpqrsﬁgku@ﬁg%?oqﬁ voa}n n%)r of & %‘I:fé?%olqt ffesholds
@aseciatert evithhéhis w'gtEtthapmfea@fﬁe@rt Hn@nlgr @supbie the detection
%ﬁ%%ﬂ%ldf émri]%é rérgﬁlgtﬁ YeieriBh ch\/af'l‘iaah&ﬁ’b@WﬁQéodlé‘teﬂhﬁjpothe&s

ng sys
|tmt%nﬁegﬂndgntbqgé|@p ,cgn‘tqg@rl,sgﬂdggsp%stg q?ad Wlﬁ’ﬁ the plots of
SH@WFM@ES&C@%W' ng to the invention, at each new pl ot

O o e el S B A 8L BRI findther
tthack péltttatlohhaltlteaba igr satisfiedt imareletioredaathet threskold or to the
\pitfireaﬁéyt 8ﬂﬁh ?ﬁ?lﬁjg %s%g%%ﬁg%ﬁﬁ@%h ﬁ)l&tr bt 8id ¥AcRf Thus, we go
from a fixed criterion (P, Q, thg) to an a aptlve cntenon in which, through the
use of adapted thresholds, the values P and Q may vary according to the
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
compare the signal-to-noise ratio with a detection threshold (thg) and a step
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track, dependent on the conparison threshol ds

| ith the plots of the hypotheg P”{dﬁ-s
ﬁfa&@bﬁgﬁ| ot associated yath a track, vve I /654670
see whether a track validatlon criterion is satisfied
inrelation to the threshold or to the plurality of
t hreshol ds associated with each pl ot of the track.
Thus, we go froma fixed criterion d?\ Q2
atiarsating hypothesisiracks %ﬁfbhypqth?%gjfﬁqkr@m% gt least one
B%@BE?&té@r&%'ﬂé’&t@ﬁze& hﬁtﬁé@lfcb}reéadﬂ B6tldQetryd, tasomprises a step

accordl ng to the C f, _ab t
SESCieiis s yore! ExEbRTA ROk SR o TRy it
e £8idi set wopeeshd onefori arplyesljty tod cenwmarisonHbrasdolts; it said

g{)m%%&iﬁct)r{]' Fgeeﬁth%&cgf g% nggqeétpﬁ e’tﬁgg ! cg[wbﬁaalofo the ddiddetection
tuepholdi(thy) st @ ster of:amiamgsa)ﬁrlf@trloeaf@hveiid@élngdhe Aypothesis
ﬂgéﬁré’s‘%@cﬁﬁ@@%ltﬁ QhéSs 8 piet, etHehgaFéi' @ﬂ’@zlnohooﬂQbﬁ@atmn being

ratio wt detection thr d nd te
HoDbb 95 S EPIASS) (BAIROs  opadH o % Bots of the
hyp@ﬂhbggltsadkr acks, each hypothesis track conpri sing at

| east on? 8‘5‘&‘@’& ggt Sr?tgsgj n,ghcﬁr A ‘?rﬁ\}e%?gn' '?hé haliq f @mparison

each plo rises
treeshoidsi arp aletermined casarfusation rﬂfem%lCQ@Dé@)QWc chtteg local

W‘FEkg ﬁd%@ ﬁeglo?tconsﬂ@?ecﬁa' d set corrprl Si ng one or a

npari son threshol ds,

conpar i s%hetlhﬁf@@lﬂfélod‘sdbﬁﬂ Ad a@tl'V@aY%paﬁ'ﬁBr?”g?”%ﬁ%ua fugction of

Hteloi%'}]ﬁagﬁéér‘ré%d Qﬂaké?ﬁ%ﬁﬁ@ltﬂbd (ic% ladhpt tredpcetsipgadigorithm to
iterion for va

D D, ST BB PO A PIFAET B mages

proviged bp thé optrbnntaetur‘wllamm@enameqaendent on the

ﬁ;g’gta[]'e:?\g {; r%f(f}gl %ﬁ Qécpe(?:@c& e iMRerioat Sth@fsah!?ecompanson

ording to, an t
tbahp e rassoRatac MR DR TPt Socletha g AprEngdcas Aunction of
l@géé ngb'g?@fk eﬁ)tgaféé@w a%b@?teﬁWﬁtrﬁtmmwdtheslmrabheonS|dered
ckgr ound of ot cQ
i ntroduc MOANGe, 1S, ar lrgp{/odwqdn g?#]v?cﬂh }Qrf$hgnad%ptatlon of
fthmcmemsnnais a tflwectioncefl thib achogpery tal winidbeit is applissk iobIptots @f the

z%%gt tggmBEaﬂggnc‘%ber eg@%?@]&mlé %s é%uh@ﬁorq%mﬁé'rﬂﬂnber i of

ons encoun varil ous zones

iphatgeto wWhighy thiedalidatianeciieripBris @rnlied e pf rf%ﬁ]@é!pgﬂn%tﬁ fack is

@ﬁ&soagfeﬁg\,r{éa f@peggﬁ%t of the invention, the said
conpar | son hr eshol. dsaa]ésom ated wit

det ect ed athg hypothssis, EgClk SOMPISRS P URPS #he pﬁ{grlmrﬂ;evlahdatlon
@bn@istﬁ ﬁ1 e f?ﬁ@ywaemnaémdewst hpldte iky ot hesich thahder each

lq ZPt tfor QS oﬁ:’s Htfoﬁgrgrég@rQNQ’gtl@’companson
% 6P qte Sa%%

threshold appllcable for i plots.
In particular, if a detected plot has a very large SNR, greater than

~ 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 to the invention is thus substantially improved.
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the criterion as a function of the nunber, to which it
[ . f plots of the track. A co
%‘% ’bgg%%‘& icable as a f tion of thgwjﬁﬁu.r er 0|051954670
plots, to which the validati criterion is applied,
of the hypothesis track is thus determned for each
plot. 25 If the hypothesis track conprises p plots,
the criterion of validation consists in ven%in .
whet her Prefeeabdyithe complexity of the lpgal packggpn é? ‘A?%?h a plot

%a%ted?cbet iPUhoBElidd1e andpltied Sset‘shafscmabrli;(m nihirsgholds are
ra%:da grfggﬁe%%hﬁmagl rfn ﬁﬁog&?}rﬂc Vnﬁlggn%%l@‘o% o{ a dmethod
atedrdimgstoatheanyertimnge faMRategi darthermbe thgregaiculation of the
ggﬁ?rgézgegﬁ d&%teggt é;?[ﬂletdhﬁﬁé\ngl 4 CﬁrBEe?& Qﬁf L NR4ci@$ algorithm

accor | nventl on,
abeordirgetot thadrvedtion that l$afB$fGétQQiipg‘9d gbblg;'ﬂ Impoerates.

V?' It ﬂat ! ?\Ec&rd'lﬁge kd ‘éﬂofﬁérté?hﬁodlh@nt QJfQIﬁl@ de?ﬂ@ﬂe\miehtﬂnyay be
0 e s

noise ratio ot her
FembIned 3hdheaﬁ>r%9%.°ﬂﬁaﬁ8@d§iyﬁv% ‘?ﬂﬂ”' ed @Sthgg}gcess
Gﬁtzﬁﬁdc@ﬁﬁ r gloteg foro thdhdollowiagt (upholdingho the valldated tracks.

é%‘?’%%@}q) lgé%% %?%qg\ efer%%/ 933% observ tlon thlS adaptive

chiterioocwill bmckgd ode e Wtectlpranmdwe hag mewééﬁw P@t in the
gpecatllead% e %&%Cﬁﬁfoﬁ fof tH@UQIﬁdté@'ﬂrafcch%‘hBMefﬂéd Foe this new

or sach ,93 p\tﬁa ¥1 Ff lowerin
ohpe®ainb af Nisrergerien alé@%éhe gete&.t'av 5 lcma RIXf5eRY fwering
'o$dtfr@0'dteltéétoﬁd thfgghblaerinothe adsecmtlen akon¢ atomsidededt h€hese
erectl a C |
ELF LB E T D8RR A b RUBAC B BESS100 5 of e
tsrgbtist ease efdapssidg tob araghpleximege 2pee. Hems @sraifungtie of the
%H%LI nedﬁqugoﬁi fF%gFogrgfe\tl)ltagﬁ%ﬂoﬂHQrEﬁ Wh.amlﬂf%gn%? Itbti)esrlt:on of the
itarogt <ePriasPOEREingr & &8¢ V%‘fdag%‘ioté?cg‘t iSRG He{ﬁ% Ip PTEAIR gd, the
fetd @enndodurhs|cdntelie®ivithhe detdctidatteshokictst is 8s than the

Phnanalfgerien dr2sBPRots e eyl QB8R anStb ARRS FbeEion in
dieit ewhiecf aiastuioe] 0086, Phisvaspedt abthe! ioventiprt fies on the fact that
gﬁgqbg: egelﬁan@alﬂfaté’ést?l%' Patléeg%lafrﬂ'f tf&?abﬁﬁ"tk Ky deh! dédreased

onsi der éd, thi's new Servat on is criterion
sigrofigantive det ection of phantom plots, by lowering of

the dgt e@dthef‘l_ﬁamrﬂ? 84 Gndrbﬁahﬁctéﬁml @t thernvention will become
consi der ese nt o ot s. Vv 0
e Peaphanmira -3t PadngaBel e BoBr RS OIaRgedebd by
oﬁfn@ilman@glndfcaaonoafpltrm( inverdionz and. witbr esference to the
unct i racteristics of the |ocal _
8% ngﬁga%\[ﬁ‘gg in \Rﬁ] e future position of the target
corr esponBlgngetb alﬂeedVaWSMlbéd isr acrlogbrdipge@na (fi an “optronic

%f\% lﬂ&ndetectlon modul e is controlled with a
et ec

tlonthresholdthat l ess th he. ,
-Figure 2 already desl,csﬁbedslsé a gE)CL glagram of a detection

module 4 according to the state of the art regarding image data DATAw
applied as input,

-Figure 3 illustrates the process of a tracking module 5 using
adaptive criteria according to the invention,
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20 noni nal detection threshold thd, so as to obtain a

w}i&#h#é&é f detection in this zone of gd-pEPA005/054670
pect of the invgnption relies on the fact
that the track being validat®®d, the false alarm
probability has been decreased significantly. O her

advant ages and characteristics of the i nventi on wi |

becone 25 nore clearly apparent on reading
descrl pt iFagurghi4 hderifisovise aearkvey HPCesREP Oafccordmg to the

Eépgﬁr\élg'i?%'dt@fgcﬁ@h'é?ﬂ t%cktl mddu@st i on and with

S
1 al r eady” '@I‘é@cg wgafpg@s ab§ &MQF% 'gpnntg}(@a@hds tdFlcf)'ﬁga as a
futcYieh| dfanedesyistfecompexityiofuhe I@caall bmg;oud@lsemcndmgu tp the
a bl gck di agram of a detection nodule 4 according to

ENUPAt e of the art regarding i mage data DATAIN
appl i ed dEguresub,and-7gares representations ©f thecysvet of deggction

?r&t{eﬁ)‘ﬁh? ﬂg%ﬁr?t?l?/glnﬁ \%gto%d"gto g%a%bhgé*r/ g{g%&efan@ ac e4rget rgignal,
e e T e o o

Hggoyh{g\/entl on, in the detection and tracki ng nodul es;
Figure 5 illustrates a set of detection threshol ds

defined as a function of the |evel of conplexit

t he | ocalAcbaxdng tuthe invertiah, @gchdimena pld is ﬁ@é&ﬁ@%m a current

8§F8Waﬂﬁn 6 aaegmégﬁ%gn Tt sﬁ%ﬁf‘b?tﬂltﬁ’r%ﬁtyoﬁf 1'cBEhpcé:llvlll’sMﬁSth@ef;sholds

ection’ ensity a

@@ﬁh@ﬁblm%@a%{hualéd&t@ﬂg@tte'ét?@r'xsdl(afe Q@EBitaﬁlénon 'ktﬂéi {pgssivle at
SPBPARKtHeY s&heltltfe |t@@abrabﬂ§é@r 2ungest dHted:tlcym:andm falke alarm rate,

A b SR P 80 L0y o Vi 8 et
PheEny abiven, a a stopieardrs dairlyhmesicomplex  backaipung. ofhus, the
%%%%%8@ (5fh I'?eS r%?gge?‘? |ﬁp§rh{sal%lf Q'eéétl\hfya@‘ |P'l1%|rd>\ﬂ=flht |\Aﬂﬂle still

terron is e at
satishing t@@rﬁysternéelﬂab"@m g O R I o LR AR
fal se al Mcmerf;\érﬁcuﬂaﬁy adccsralrfgam dhyas{mict dﬂttbeant/erwdn these
under favo rabl condi t,i en thle al & f th
r?SWR?d'SQVeF rgskQ %|%reope %?ql anﬂ%ﬁﬂ{j@x aBKisliag of the
Tadismethe cnaeaacﬁtermtmscef dtie tibealslyatkgnound toer wihiahf the plot has

@%%f" ﬁ%’t:ﬁé?ll ab| L)J/R/\ég f“@étls@ti%'alnh fafdd hifon BE)Ha'Bﬂlty for this

Criterion etection rate,
getrmrate).

Returning to Figure 2, provision is thus made for the detection
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;;

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

signal o, of the radiometric levels over the zone Zj);

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
plurality of thresholds), as a function of the radiometric characteristics of the
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More particularly, according to an aspect of the

Wtyf&séc{eg%sg@ese 20 conparison threshol dp@ET&EP2005/054670
defrned, Dby cal cul ation, as function of the

radionetric characteristics of the |ocal background on
whi ch the plot has been detected, and curves of
detection and fal se alarm probability for this plot.

R ! ! rof ! :
ag%nggghg%ué %@E:@ggﬁremgﬁ%fpﬁng%ss@g%%s Hg%%?eé,oéncﬁ fhepply a
Q@I&ﬂtmt{tmﬁﬂion fdretheedssotiatedrbypotbesis trankeBHiZzdependénd on the
image,. with the attri LY D [M;

pERSaroh Betid, d4sttliy iy a6 KN B PBY tfis? track
agpicatye theaadhrashoids ate determynred by, utiliging gguation (eq.3). For

E?gﬁ Oﬁ%&l{ 6 WRKE! ﬁweoYﬁfrnBé}e(YQﬂeo@éérvgﬁoné hehas et off current
pfots t

e onars Koctoma IsuRks b Bismalm are eBh el fp ensure
lt?rreéi éléaé@r&ﬁrrgteﬂaf/ifawsbmacled.gﬂ@lm dhist ve dediceehe itbreshold thy

V .over. Zone ) i !
pak Qi PeseE T o8 s SR RRE, | W gBelighs fIRR served
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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
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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 Zi
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 homogeneous 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
TF, of windows lying between a maximum size TFy and a minimum size TFt.
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
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WhEBvBd MY éﬁ@ﬁﬁw@ﬁ%hﬁb@%f rhigireium SbeTe,, sidrifersthaethe pixel
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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.
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the plots detected, as a function of the size of the
Fﬂam?g@ﬁ%%@g’}%ne associated with each plot.

02006/ 03R650sGF/ £RAOOE! 65 46aMnalized! windpwefter repiesent the
'c%p?éﬁt@t&t LoD ok ERRININ4RSNS P priBR RRSWIBBEE of the curves of
moni'torrng system Whi ch uses a gplgttlng of the i %\cla
detestnonDiambble anbriglser dargedensibelPioRagh LAFF oP Window.
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eril. I ng. applied at ea I xe t '

B8 i1 % G458 WHRE SRS EIE P (el dsPaghpRe the sensor
woRdosnd fp khee thrgebsigdal. hecamithlipbe eletermined statisitically. hnis is
said.criterion i i sfied W.LRiN LRI :
BRGF AT Bt S of LRy AR picabe o
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of the "\”Tﬂgo%ﬁl%ﬁﬁ%ltéﬁc?rg_ofmﬁeh afd*é'Pﬁyé"Qtterid')rﬁl then consists in
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ljevedted pler,resRRediing TR dhenkthes crisionf kwoindomptexityhef the
uaglsf)glg{gddﬂjg%gbgr%égsnzgrﬁé,tt re'noqufapplying 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 E¢ of comparison
thresholds determined as a function of the level k of complexity of the local

background according to the invention.
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In reality these thresholds form a validation multicriterion, since
they are all to be considered in succession, beginning with the first, thy qx. 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
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SNR > thigx for the value of the level of
complexity k associated with this plot.
e Then the track is validated - end of the
loop.

= if not, step b).

-b). i=i+1.
»  While i<p, return to step a).
= Else, step ¢).



this hypothesis track. W have p<_g. An attribute of

pl ots associated with the hmﬁw’
m@@#%ﬁ‘g the | evel k of d:orrpl exity of t / 005/054670
honbgeneous zone on which th% pl ot has been

detected. According to the invention, the tracking
nodul e consists: (D-Fromthe sets Ek of applicable

conpari son threshol ds, indexed . by t | exjt

level s k asso®dtiza. Whemthesagk is 'Eﬁtéfagﬁ ngmdp%%qﬂggi s
track considered, in selecting the subsets indexed by
the nunber g of current observations, that is to say

the subsets Tq,k -{thl,9,k ,...thy,9,k t 0-In
initige assgne fooammpteohtnat qeﬁ; meassu_[netﬂhatsthedtﬁi two plots

Pﬁ sl st '&g'ﬁ%ﬁ'g éra{%E%atlgunoﬁé&laZ{eg %ﬁnbu@k egﬁéletﬁtZ %docﬁat the

se] ect
stktmeNVe plets lof dinel hup@ﬂhegmtrapk r@ﬁvqmaﬁgﬂ)m@t@p@dtnbute k equal to

WeefHe‘Pﬁfor% tsle];ecF Eﬁ{n‘r? tﬁék's%LEé meokﬁbs%ﬂT&f wh}&ﬁ ¢orpiées the
u eac Of,, O
fq{@g@ng t@%f‘@'@a@%‘ﬂ?iﬁ) e 2|‘>o‘ 26\% éﬂ%eghﬁgﬁ Wﬁ lésgNgelect
the BubbtkT f 9rwHitte coalprisesfthe Helldveimgl thafshotdsnfifiguiier §): Kh1.4.3>
ssoci ﬁt ed twéth this plot. Then the track is

wsaé & of the loop. ~ if not, step b). -b).
irrar Exampliwe hewep, return to step a). ~ Else, step

). V020451932650 0T E@’%OD%@(;%&%;Q sy if i>p,

Then the t'r*4ck i's nét“valid end ,of | oop. W
assume f Bh.sex Qiphasa1fat theas >Weaxsife that the

first two plots of the hypothesis track have an

oo o e b B oo A0 Pl B o

gbkribute k equal to 3, we therefore select fromthe

set E2, the s 4y | i se
t hr eshol ds (F:{p Réthe E‘f‘ ﬁ.ﬂzgp?ﬁé 5 €8sdofated OploBMRisfies

t ha, 4 SNR¥#b" ak lgsea@%qmatfeﬁevaé%gé? Varess Wi tight s validated
conprigg&s ih okid tovearg threshol ds (Figure 5): '

thi,4,3> 1 h2_|?1b35 wp\ fher%wo |cﬁ’s%u§ 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<th; 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<thy 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 greafer 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.



In an exanple, we have thi, 42~:8.3>th242, 5.5 >

4>th442~37 th i 2%
W@zgo%ggzés = 4.6 > th4, 4, %13- 3.8. The pr(gt'ess fo§¥@54670

validating the track g=4-th servation is to look to
see: -whether a plot out of the p-associated plots
satisfies SNR< thl,4,k for its associ ated val ue of Kk;
if yes, the track is validated. El se, | ooKi

see: -ifltpis_ Qndqm@qqle,thqtmg\epprgpg qﬁ@bl@ﬂ'\n@q{g i5 ogt%irge% much

B538CihahaH thk YaSeaGhe fixad icsiteticPNRE Chiby Yelstborariihesed in the
respggtlve value of k: if yes, the track is

tate ghtheate se, in looking to see: -if p>_3, whether
three plots out of the p associated plots each

satisfy ﬁjg %Pr?erﬁieht (f)fqhetlﬁ\z‘ér{norne?f%?ﬁﬂgv Bﬁéé’r@a%n kno plot is

i f yes, I ook g 1
sesociafed pwtht thahbypethesisurtragkoPs, oue sPMPRES pthe pair (P,Q)

38055 iR B t%kh théﬁtlé stby s&NRhet hdmbek g af bbsemvations

respective val ue o k
pgrfpaag@dsm@ dhe ﬂ(sﬁeaﬁog@gzg Sdlﬂbtar\gah{egéyg'tpsér (9, of associated
YASP! 1€ thishpaiRas cese @b thbemaxipairheealses r(@®) compiled in the

@ rtk)r%egn;%ﬁsg Qn%gnvgﬁgb"ﬁﬁ?'ﬂ% cgﬁwﬁ%x@a%vép %lé’(&d with the
sNleotﬁorgzeae@rf thé aypethelsist ad. If Humpre.ﬂilﬁﬁlqm ?&?@S to a Complex
%%Qgrro'uﬂﬂstl'fé” trﬁe%\lﬁi%ttlbﬁrbf #k Wp@ﬁt'feﬁ% tr%cl’% i§echtRid. This will

cti Ve co evel 1
éxemcail:y ee dhe ék@se\ﬁi)m@?‘(%%%“p@ﬂ E %Bfadﬁﬁ'% zone
'e‘éq ubNeLe %ﬁ' Qﬂld (dd?ﬁispbh&ln@r t@ctheesﬁrahium Iwirddwisize)baacomiing to

e GradelieCtan 3len Atontad THist pietOg et ise i I, b4k where

Ino plot 6§ idetetet iof theheulrarkeimage, ohsencﬁﬂ fcvfgaa@iven hypothesis

rvat i
hl%%gt\g\géslngél%er E)Qﬁ)(\ﬁéleh fo? a %‘éégfdé‘aét&ﬂpﬁ\hrﬁ@ tﬁ@%alr (p, q) (of the

AYSTRTR B0 PIRIE 101 VR PRER S TRG apd i QHQ“(‘%%HQ RlABEFTVgtions
@erf@m@a\mwnﬁe fumrpicnrmdcmmwmhteefsausmyasm:satraw with

bl 505 14ERE5ocaS! peRaREhaLEe, il Bomdd A = <
tflmectionadf Mtdlﬁermclwweenﬂbas&éwpmﬂ{rsa&p q)h@nd (P,Q) and as a
GHRBIE Y SRR R ptied B, Bl s gt
cz@ngne)the current image.
To illustrate this suggestion, if we have (P,Q)=(10,10), such a
refinement will be implementablle 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.



background, then the validation of the hypothesis

Wéag { ded. This will typically bepdEEP2995/354670
CO

lexity | evel 3r1the predi ction zone
equal to t or t-1 (corresporiding to the m ni num w ndow
size), according to the nodelling convention adopted.
Thus, stated otherwise, in the case where no plot is
detected in the current ina%e observ d fo

hypot heslt s resaltad thad thaketgriirn @QSW Lle§taebx%q detection -
GOSN |H Mgy, 1H PeadtRiel thigdfixed) tHreshdithehy mmé&:norﬂsctb the ehimimum

@Eg%?ql]éto?h?%?abz%ﬁ, ng\?%laﬂd |m>8aq %émf trPrFshoId thqq1 of table :

B$ $curfexpedding fo a bienlaibdckgipontpsi s tr ack with an

t
E)F/)plotwh(rensﬁght r ackg}ese?ﬁ’s ﬁﬁ@téﬁ%bh%&ﬁa&h@ &éélf\rsgles dp(x), for a

trsgeleand fordbe noiRe. RE agurqqglog) oithg signahtos mea@qg for a given
Eivaclihgowof the complexity level k associated with the

o120 B S8 S RSB S0 v
(Jﬁ’d@ ﬁ(eleurlla)dp (s ohtiee targkt, rda‘rnmted/\plh lthedeft by the vertical line

cgﬁgﬁ%cﬁoér?& §§ ;SI% to%té&roﬂ) tﬁ(’gsl%l opffﬁnﬁéféctl@g 9\%(% IBIwhich

ect e I nve conp

ﬁl urit ng @%@I nj’&ﬁﬁﬂ"’”’ ot W%Séﬁ% R podet) 9U°/o

W th a validated track adaptlve
Here this involve¥ ensuring the foll owi ng of the
track, tWhe falsetaarmayrobabilityoiskgingrdy Bte area daligided on the

gy ntﬁ@ﬁ@@ct@ﬁ?h%sh@@ PRI t@lesdcgﬂ@ﬁ Y‘?'r&khtﬂlﬂ?&iéﬂﬁlty curve

cons e first order. Thus, he trajectory
far thaineisepyEte faklses over sinple and conpl ex
backgr OUNG%, if fie &rgéﬁbaé@woveearr&bre}cofnptlehi batlegrgand, the

ngkof t@e&\gnﬁ%\f/q)%?lgé TH@ '%%d &{)Qgﬁ’tné{jet%\fe&?ont Pdbability
\ma@mspos@ewo|ths1mgs>2emar@54@sroeprz§emﬁedu dashagqin Eigure 7. To
Prf? Lmﬁ(?d?%]@%tdé?@ctfﬁ?\d {odaBiil), | ieR tﬂeﬁ'r?é%@sg@rtyet@tdéﬁﬂease the

I'n practice t i Xxe thresh

6@?@‘3@@50%@5@@% fhi tﬁ?n??ﬁﬂnca[]W?%Wol SofMAE ? gBI @8‘“”9 the

brtioMtae hofviHddedessgianee mderttae tthrges hitettionr@babiity density
able El (correspondi,ng to a sinple background).

ELew, &hBt epe essgnbs=t hepdey ¢l i ofhipr thibediidld tiy denoted thya in
densities dp(x), for. target and for the noise, as a

functi_on of  the si noi, se, rati o, r. o
G S nonee 2o dhek kLRl B8Rt Rrob g S qoe.
piaybBbi dderny this being avedhatutheefalsehalacor pobdp{iity indreases over
i.ar et, delimted on the left by the vertical Iine

espondlng to the detection threshold thd of the
det ect i ofheodes ¢ themgfore, 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.



may be witten p(det) = jdp(x),a,, . thd is chosen so

mﬁg%% O% th d The false alarm prokﬁtbf,lﬁﬁzoolsﬁ)smm

area delimted the left by t
detection threshold thd and e portion of probability
density curve for the noise on the right. Now, if the
target passes over a nore conplex background, the
size of the window varies. This is rranlfe

target det b‘bprag’qlcpr gaqulem§nta(glgﬂsqt ecrgpa'pqmgéq{ging to the

ﬁrgglbﬁ%lirlw E@{ﬁp‘eﬁ@ggmé%srp@@fseé%rbﬁQ:kt)ldg%ltsﬁtéci andFagistection dspect.
et obabi | i

necossary IbUHedmelRoTRIonGBPEac 5Vt Hiotdlas Beod Rppgiated

AitBahé abliddtatiteitk ddniskieretevt s t o addi ng the portion

;?;bg];n fP? Seg éﬁé %?Q&S{lﬁf?%dlﬂ@&l‘bﬁf fdiiqgﬁg\g:\'llegted tfrack PVi,

dp( x) theepgsition thatrt}/lg nlotr efsthel targel Qu@ﬁéttceeaavmafh% next image

rhea Ebgé‘rr\/@d?bu{ "aléos tﬁ@qwge%ﬁé"'ﬁi whitﬂh thag @ﬁit ought to lie. It
detection proba

this BenmRksthis F?é?‘} ‘gtl'%" F'QICEét %?%PM? Eﬂbé%géﬂ{‘wv%% position of
i ncr egReplod R thiel a8sociEhed inderodenebhierasier ie, whichtihties in the

ggfgchgﬁ %ﬁdegﬁgg?rg gﬂﬂ otéésrljs %?ttﬁlg‘i}rﬁaiegoﬁ h§nd bx using the
t hr es httidytesroftthe plalsassasiatad wtkptr@(tra@@ gahcﬁﬁgﬂgm dmgurrent

A hﬁngﬁ & & fh%nawgd%n%haﬁd)@f ke p?élﬂctlcfd ¥6fe in the next

det ec resh has not nmm ble t

det ec!magfplobﬁew@é'r Aeduemtheiged %%Se 28 '3‘%33%? E?}e fg‘ﬁ&”e loss

'dnt t h@f @m%éttdfqne rfget aBﬁﬂmct@dd yf th@dﬂpémagc?; hesociated with
e ec a 0]

Chet St bl ST Gradfishleg Yo fIEREe £RAF 107 fofe Somplex

enti rebyel wepmllltbablbe ahje th predickthe SNR @ffthﬁl ra_ip’sthaérwe shall

the h [ in the case of hypot hesi
%Bgé%%b%ﬁqﬁﬁﬁ?}e)m@?egse the f al s%%aﬂ)n >

probab| lity, viMi®® pexthgpsepaionetheemipdy 0B PsARG plots
PCT/ Emﬁoﬁé%@éﬁéd ﬁécksﬂ cmea:eta eene ah assptiatiemaatirahthe plot

f th
Dwo. aBpatpd Pradnan el Pat” yatrel HEER, S rECRY AEPthe zone
aspeciof associatiors is anl mofaseamh ofvagriota depangent omﬁya model
bee.n %‘?ﬁﬁ)o‘ﬂoﬂt%éoc}@té@ lellHe(rng"’l f‘mg rﬁéé’é’libf?ﬁ@t%rfjﬁrf@et allows

val i dat @r@dtqtlgegopb\e made 1 tlb%gqtprq)ﬁg$lﬁ(§@ of e b’qrg@t §sis around

tbhe t ?ﬁlg%sﬁ%@\hﬂwaf el bkt the pleixéortes@mdirpretheatew date

| ,Ute a,(ﬁgw égseer{/gt?ogn% 2y ﬁ'\e mo Icot} rtnlg) tign ||sort10tob'<9r%ctt§)nd may
change if the target manoeuvres, 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
decomposition process.



can make this prediction since it has avail able as

[ | ition of the plot and the asROEER29B5/054670
m%oeﬁﬁg%ﬁé@one in which it Jles in the curlFZint

image. It can on the basis o% this prediction, and by
using the attributes of the plot associated with the
track validated in the current inmge, of the

associ ated zone and of the predi c%@cpg]zon i,n the next

i mage obser vel k=dedudieating: Petimpig r@ug s e RIOGESS Stops.

the f%éf@ns‘ ﬁésdet@étegopﬂbf agrid efertfege tray pitt asoaiated with the
function of i nematjcs associated with the

tar getradfFHth t?‘f%?t@%qw s froma sinple zone to a
more conpl ex Ifzknis, greatei Ithan hiis itheekdstse aro asleptac:tdetection

the glg?gﬁ%gt\ﬁdap &)trre{ﬁlé%dl‘?@ t%hg{é co Y&I&OIeQSF ﬁcéf ﬂh"b zone,

the n servati on,

f or aaedcapmﬂleaghp| adaptedithreshrid @aumalé&@dther §%“|€§ ion ‘module,
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prediction each vgg dat is recall

t hat mgguie)regn §fbagks é’??@ﬂ qtfstgeh%eteg“ 1. €10, O or gmore

a pl ophaficpepiespfon the m)del of notion associ at ed

W th the rack. The d

pr edi ct 1 Sp BN gE o PRy BEthetbpAtRaci@roun

barthetplotst acb/aa]tagﬁmuslyt ma§<epo§| mcpswbleht@t repdes hhe) maskie for
E?oc%ﬁ’ﬁq gﬂ’cgtg‘%&@?riﬁé %IIHQtetdhﬁ'aBl@éNnﬁ’é\’eerobUs&\the risk of losing
Servat e nodel of notion is not perfect

ifﬁékmﬁk o fegR@ersed.-he target manoeuvres, the

associ at iTHe mREHtEN irﬁpu@ivegmh@peﬁatman@baofme tpacking masyle of

t h, It th t .
ahr e aIiC Gungilitoe, STeRh b hiTARE SheRBRAGHERtbrmaion on
the imagés, do dsfine icatripexityderels ioé hamngpu& ﬁoma qf the image.
does not In fs% Prg:kr@né{etgllﬁ& rﬁ&ﬁr?&t 44 cﬁ%&eFrﬁﬁnedﬁeﬁ%ﬂ@cﬂe detection

nmodul e,

eX|t eve
Ranoi s cadamedptcsdner GRTE (Aot Cetrction e following
"r@éess% a@ﬁh@dm ned at the previ ous i mage by the

d t ect Th

modul o' o THAGE™ GLeBELs ararr S Bl iR Elagk phovides
RGhEBRRANRE B 46 e radornetricsignaliitbacpigspordingtarget.
backgrouggﬁt ﬁfft&S Preseas o‘gqs weTRﬁé\ﬁ te GQdi@Héﬁé edlgnal S

pl ot ere are no assomate wth the track

Predsyred Hransnisiesax the etepqtha medgleeat er than 1, it
sel ects aphadadedighal sGtdsdbciated @sthothd gk, is therefore given
corresponding to tﬁe conplexity level k of this zone,

e applies this adapted threshold as input to_the
det ecti oS ods| e 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 piot 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 Sp, and the



for local application to the association zone

RO dEinsEesg e detection module sends bai/ER2005/054670

e detection: zer one or nmore phantom
plots pf,. Thus, the use of #qmacriterion of
conplexity of the |ocal background of the plots,
advant ageously nmakes it possible to render the nDduIe

for associating plots with the val dat.ed.tracks, nor
meposand the stardarg de\aiiony of thadrd ogestig signal In the zone Zi,

66T aARedye THEIUJRV @Ak Siynalty-pYies tat peetotednice thé future
the tracking nodule of "an optronic surveillance

QW%%'O%y utilizing the radionetric information on
the images, teaygefl g@ “Panpl exity | evel s of hom)geneous
zones of the inmffe. Iqr-a nore detailed manner,

det ' h b

adapt od 10 SFE SOHAAORORE 0F bﬁﬂ"%&'???‘qhdaﬁsﬁg%d with this
Fohé @nisnighovpn froesthel presiopbiobdervation. t abl e of the plots
associ aﬁfqurw LI‘PS \Ifbg'lo\(él 'wq‘BFrﬁQtlcSﬁ qulspbeﬁélgl%s to adéRARine an

value S eralomstrlcs

edaptedpaietratignt drgshold SpwecEPi éal I3/, be oFanabig opf sletecting a

2?2%3"@{)%% FRA Q,‘@rters 6n?||ngn?é tﬁb ﬂ@ﬁ@t@ﬁdmgnal to-noise ratio
cti
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Sensitys(Figureer andi 8) shathere raustornanily wsiedrfoo theptietesmknation of a

gﬁqc?oggﬁ%sfgf bllg% %ﬁf!&? tﬁr%?ﬁgldctﬂnstd&‘éré?abwr@etéﬁﬁir‘\%d SO

as stocobiiaérd anptababiliy tafadatection @f\ﬁaﬁu@qﬁﬂi aler flipgobglose to
Hbé%oﬁﬁdﬂh%t bB%h f&@%i@t.bﬁ ArdiTie bhig detb@eal by Anigoingehod is

of this track ought to have in the
ﬁéU&d ?M@@tomﬁHPs prediction is denoted SNRp.
Speci fi calHanevehengueddist | thie mildtihe rpoduiedeﬂots the detection

BREl<. 3P BoF RS I gples, o ARBIE] B1EafRARE Rl dotermines

pss@mammnohe i, cmraﬁ@ond@@ tonthensearchdona Bh‘p imgespect of a

B%ﬁl%é%%%? y, BEuRl ?éng t he V\DZgO6/ 032650
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of the r BPGRIEFHRN m%ﬁ? i Piteedont 196k ot hE idhaiig-noise
‘v‘ﬁldiﬁﬂél@@h bhel 8f gielsseciatorsgone.cscpasdd coraira itt pixel after

pr(te with 81%32%3/ %tea Yetected threshold thgai. 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 Pv;.
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 ratio 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,
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Wb tt{le validated track Pv;. The principle of

SER@IBASof phantom bl ips, for the validated tracks
may agai in behaeeond asgedtolof otkengnuentian, : theecomalexity | level
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el @teph e doteeon Hreehoitnss AR LB dRLRa DB EoroRginG to a

Ivaﬁ@ﬁedgﬂacm eas & tflectRin of thé nzdriee commiexitydievek on which the
ar

t lculated f hi
BoateareO bR MR 58 HAIREr of pi xel s of the zone
consi der dthus, The Sactiag -modnlsi sdaptd ito BERJettationacenditions
eﬁﬁcbnﬁ{e%é’ﬁﬁ thHQ?aq'ro%%t ﬁ&?ése@f tﬂ_é’ ﬁiﬁgég r%vf@i'édpby the optronlc

assocl track

tnh@m@rtmgesq%@é% Jhlayes dﬁtP @ﬁ@punh@edé@mqﬂaﬁ Chﬁf%é?{dﬁtk?s of the
'I@&é'da)ékgfbdnfd' SvetUteich W2 BG6¢ @RiFabRdRyTIHER2E18 Bl Afotllile are

deploymg, so as to adapt the criteria for validating hypothesis tracks, and for
upholding the validated tracks.

The various 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.
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] ul d have been obtained for ﬁ&@rm
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r validati
Setetianagonnis’ daisdans 2 PrADl A58y ar BBbRe BRCtBh threshold
tihg;, ims eletéroinad eope esiewitb dhe diragf detesting @|h|agntqrn blips pfi.
Fi gures %lr?an&r?h 's@tc?':ggﬂﬁﬁsﬁbldé e J@dei‘?l t@%%@éﬁh@@nodule by

oper at i ons

the stagecior asse@etnyg thméymta@wsﬁ@%&%me Haak@gmq*w?h@r the
WaRGSSorRbf FiRdY tﬁé%:ké d@ﬂe@r@p%fsentéd symbblcdli H tﬁéagfm@f tables.

assoclatron wth %?t tracks that th

t racki ng Th&duMe EFrﬁgf‘ttattl'Ef‘s UMEETAL Fodfl eo;?tﬁomc image
r §@@5§‘é’|ng3fto ddiectsaat fhlofvotrackzhaipaintlikeitpgyeby, hekes it possible

ﬁ pgc]:;]or% ‘gﬁgﬁéﬁ%ﬁ t}‘?%1 Iévtgl %? g;%lrr?plylexﬂlsbﬂg]eé f&%al background

meﬂ32650lrﬁmé/ EBMSIGOBMQ@Gd 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,
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g ul e i npl enents t{g&adaptive and dynam c

criterion, using the sets of conparison thresholds

determned as a function of the |ocal conplexity of

t he background on which the blips considered in this

stage were detected, to decide . on the validation of -

assRAiated; with ja sRifor) rréfﬂl%/”?etf'ﬁiQ'EHT';?PE?%&f?‘?ré%i‘NB'CR makes it

Ei?Jbl@ 1Basresallildie the st BiC tHavaeir pis applies atdre igemeeally to all
t

h ' ,
Siotthsi o seiting &R RBB IR Ber RIS Ag rodul e

conprises a prediction nodule, which perforns the

sui tabl e processing operations (Kalman filtering) to
determ ne for the hypothesis tracks and the validated
tracks, their future position. Figure 4 borrows the
bl ock diagramof Figure 3 relating to the detection
nodul e, and is supplenmented with a sinplified bl ock

di agram of the tracking nodule 5, indicating the

i nput s/ out puts of each. In particular, the output
data DETOQUT of the detection nodule that are applied
as inputs to the tracking nodule conprise the
attributes of the blips but also the zones Zi. The
tracki ng nmodul e 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 zai, with the aimof detecting phantom blips pfi.
Finally, the sets of thresholds Ek used in the
tracki ng nodul e, by the stage for associating the
hypot hesi s tracks of the tracking nodule, for the
val i dati on of these tracks, are represented '
synmbolically, in the formof tables. The

i npl enentation of the invention in an optronic inmage
processing, to detect and follow tracks of pointlike
targets, makes it possible through the consideration
of the level of conplexity of the |ocal background on
which a pointlike target is detected, to nore rapidly
validate the hypothesis tracks for which the blips.
detected have strong contrast. Furthernore, it allows
the detection of phantom blips, for the exclusive

pur poses of follow ng the validated tracks, by the

| owering of the blip detection threshold, locally, in
a zone of the conplex image in which the target ought
to be situated. An advantageous use of the invention
applies the nodelling of the
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conpl exity of the |ocal background by neans of the

' iterion k, W2006/ 032650
W@éé#%@%%l 028 associgted with a um(%'glrErI;ZOOSIOS4670

radi ometric distribution criterion, which nmakes it

possible to precal cul ate the sets Ek. However, it

applies nore generally to all techniques for

splitting an inmage i nto honbgeneous zones.

W2006/ 032650 PCT/ EP2005/ 054670 29 CLAIMS 1. Method

of optronic processing of images, to ensure the

detection of pointlike targets and the foll ow ng of

the track of each target detected in the said inages,

conprising a step of detediAlM$4) for the conparison

of a signal-to-noise ratio (SNR) at each pixel of an

observed inmage, with a 5 detection threshold (thd) and

a step of creating hypothesis tracks (PH;), each

hypot hesi s track conprising at |east one plot

detected, <characterized in that for each plot

detected, it conprises a step of determ ning a set

(Ek) of conparison threshol ds associated with the said

plot, the said set conprising one or a plurality of

threshol ds, the said 10 conparison threshol ds bein .

gr eidethod lo&romironiguabcessing eofsimapasetiocenswe e @@%ﬁm@n of
hﬁ%ntthﬂgqaﬁqje% %HdQEeefB%\MFn?gofath%rﬂré@( bpéacf:ﬁ)l'target detected in

hesis frac

ai lhepaal ImeEes SETEPETINg & FI6R fodet%ﬂqrué{ﬁshy’m]&ei:wgpa”so“ of

depﬁ@, -t@%otééerat@n(mm)saneam ehtedlofl snasisserived émhaget with a
each 0

Vot SRigcuRt Stz Shel o2t SN GF S8 ivp e sragks. (1o
sai eacit epypbthedist etrathi mgmuuisig | abn leastestist dplot  detected,
ass@%r@&t%qlz%t A "{’heﬁl ﬂ% bﬁcﬁeﬂsp%ﬂécteen it %n{p(?%éls step of

bac ound on e said been chg etg i
20 @etemtm aa%QidEd) ﬂfgCQfap@j'%ﬁfolfeaPo gs aSRarialgk i dhe sai
Itﬂ élBﬂttlh‘('jeh%@aséi §¢>mpr|§ﬁtghd|$é &IrNd r'pm@lltxput)alnn&sbnlds the said
reshol ds a a c

det %qr}}pm?qrbﬂ\rgPhal gﬁ%@ﬂ Igé%%tgf maen % 'ugP?q ] cag?'d detection
a fihneshadd @hg)a andurbstep off applyging af ctlhaélonymft N@gdagtlng the
t

applietifieds’ Gi3oh ol A o, 8ol Shoeane! S criterion of

validation being dependent on the companson thresholds assomated with
each of the plots of the hypothesis track.

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.

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.
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4. Method according to Claim3, characterized in that

[ esis track conprises p plot |
&9#@?’@#@# val i dati on cons:;b(ft S in veri f)ﬁ%-gﬁmgtoﬁéors“m

there exist i plots, i=1to such that for each pl ot
out of the i plots, the signal-to-noise ratio (SNR)
|fs gr ealter than the conparison threshold 5 applicable
or i plots. 5. Method according. to an one of clains
2" e oo aeeosdine o £aam 3. chaciizegdngiRubds by PuERT track

Pi X@mpHsdshs p Qﬁ§eﬂh‘éeé’nteﬂ&§1%f valigatkin ednglstsan nienifying avhether

honpgeneous zone

si dhﬁ'le e¥shbPoLs i at t8 PLOS”(‘%N%)a?g?r ??ﬁll‘ Bl:?? g.oiéq‘g?e"'ms the
ga@gﬂaﬂt@dw(duse rratiat (SNRY} ds agresatar {han, )tharmbrapargﬁqndbfe;hold
evi at.i on f the radionetric levels of the

pi P '089'8rf°E n%IOPSal d zone. 6. Method according to
Claimb5, characterized in that the said step of 15

getl\ﬂemo@' Q&&d”‘@”@%ﬂ?% P aifné; ) t@oﬁpbhér%&tdrlz@d in that it

eterm nation r one of . nei ghb
ar GREPTSRS fo5ieRchi F)de?l Ofgt\?/‘@r ¥ frﬂﬁé oy%o Oﬁﬂ?’reéﬂ#ﬁ"”g a
r adiqmBgendoud sdie B Iaeeocw'n’tedl\@tthcajpﬂetdhdlsngymldomcmenratlo
6, @Rt Bl 704 |)Eelttiéﬁg b@l@u&@écﬂnrﬁte&@tmf to @0nean (m, ) and a

determ n| ng the I one of

estagarepfauntoh 260 H 48 Re R AT JBHSULOTEY, ALB dyer e
nsdﬁqav rrespondl ng to a level of conplexity k of
a %ac ground, and in that with each plot detected

we associate the level of conmplexity k of the zone

g‘é?{/lreﬂ'il?ir?cgcbérd’}?gﬁ teeemimdsat Qﬂfa@ﬁbteﬂi:ecB inMelahdtle said step of

e e Smtader st $7) 28Mhdeb itk derdhialion of a
| e\/lek evfzomengl resigityolchobd laooarhd tmesmgrmmidQVQfa&thbéhefe is a
(Ek&rHFOQHPHf?éng @tﬁﬁﬁﬁéﬁ‘o' ds thi.;,k , withi =1to

: where P represents a
maxi mum nunber of 30 associated plots and Q a maxi mum

PUNDREthS RBSRIINRLtbOCRIMO 6, Mﬂa‘ﬂ@@teﬂ@@@ndlth@t ttheClsadnBtep of

8, characteri hat t
ARG ek ek o R ndino g Bl Ji e pve
obsgpplrisi @mﬁodallngbseﬂze( TﬁFkk)ofovlnqowonpaesemﬂmg to a level of

Lg&%ﬁggﬁy 35 fél%la(l’ %ﬁdﬁk éﬁncg anP Rt WiPelen plot detected we

t hl asgdciata2hg, levelhaf qoraplexity k-ohithe zese. ovarpwhighkit has been
10. geteMRifod according to Claim9, characterized in

that 1t consists, when a p-th plot of a hypothesis

track PH has been detected at the g-th

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

Q

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

Pandj=1toQ, withi<j, where P represents a maximum number of
associated plots and Q a maximum number of observations.

9. Method according to Claim 8, characterized in that each set of
comparison thresholds (Ey) defines, for a number q of current
observations, a subset (Tq.k) of g comparison thresholds thiq., i=1to q,
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5 observation: -fromthe sets of conparison thresholds .
' by the levels of conplexity '

m#d‘ﬂ@g%g%? ots of the hypoﬁﬂesi s track (PHL), Ir?%?(%k670

sel ecting the subsets (Tqg, k) as a function of the

nunber q of observations; in initializing a conmparison

loop with i=1, this loop consisting in the 10

foll owi ng steps: -a). selection of the threshol ds

t hiwith ¥ qefthe.qedRa ik, PHtIe. >8Bliect ed subsets (Tq, k)

and application of the following criterion: ~ If there

exist i plots out of the plLots,.of the o) S]

19 acMeadhpd @&ﬁof‘ﬁ%ﬂ ?% S|, goPhSEﬁCt%ffzedl'Q- th? K @s%ghl%%pt)%o\{vg en a

satg-gf isist tdfeaf biypothesis itraeuaki has Bpen >deteniedg at ther g-th

t he_val e, f the level of conplexity k associ ated

wi (PSER A ot . Then the track is validated - end Pf

the Hoap.thecets ofisomparispnihresholgs (Bixindexed 'w]rh% evels of

' u & Flotdts &t 812 Gypoth@sisClratk (PH;), in

Fé@?‘é@gn‘(ﬁgg%%g@f vfiigh rtlh? fﬁg t ed 1gpl\/b|?§h%g t'( .)

selesHing i Bebsaty (b 2512 tnelinh ok B AYTBRL AL OBservations;

conpr i|aiiRgiaRzifg &P compariseni Kdpnwita ipdsthis toopotomrsigting in the

?fl a.track in the next observed i mge, characterized

oMY S19RE- sai d prediction conprises the prediction .

of an 30 assea)i ssdectioonofdheotireshelds (tigy of 1pdex i, in the

Met hod a ' I hitheifBlldWiRg GRigion:

SEREd i [ BRI RS

where no plo In the current serve

i mage for a given Rypbithes &xistdcRlots &#’ér%fgﬁéqipzé’g‘)t?nd the
that it conprises a sigptiedsisargukr Peosuadfl thdteegai plot out of
(p,q) of 35 the nunb of t . LS .
track and of a nunbe‘rsthag%f' \Rﬁ%go%t%'ﬁg%@ko%ﬁb%ha inequality:
PCT/ EP2005/ 054670 32SNBsex vilitquorfer pief ol of ribe teie! of
first plot associat edca%%exwﬁ a38bMatdWineh Basichott r ack,

with an optimumpair (P, I n validatjng t aid
hypot hesis track as a f Ancheh toe tﬁfi i 9?@%1%&- end of the

between these two pairs (ipog) and (P,Q and as a
function of the |evel . xity k associated 5

of .c I
with the plot posi fi o” rkﬂl’esgggtbsbn zone in the current
i mage.

-b). i=i+1.
»  While i<p, return to step a).
* Else, step c).
-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
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
the number p of plots of a hypothesis track and of a number g of
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13. Method according to Caim11l or 12, conprising an

{i\fcgté(b{/@@&??é ep of associating plots w tfp@yEpihsieskero

\ characterized iy, that in the case where
no plot is detected in the cUrrent observed image for
a given 10 validated track (Pv;), the said step
conprises the checking of the detection threshold in

the detecti t 4), t d [
b eaohoud] SopScbmo it a3 s ed: ki e sai
Fr SUPOURET (KL P! &) OAANTPOP (LES i ovaidatiag the sai
. : . em,of 0 ,
surfwpothesie &ackms PgPﬂﬁt'%S\éfS&\E Q'%fﬁfedfcglr k?%]Qle%gp %‘SP P JWo pairs
Sﬁr(ggj)samjakre,(?)parm egialturictiegesf the e sd roomulexitysk ésepciated
characteri i i ' FRAR
pr o‘@@% %B%EP()?'ﬂgn?E?%Cﬁlér%ggé@?dn%%zcnent [ E’nge' nmet hod
according to any one of the preceding clains.

13.Method according to Claim 11 or 12, comprising an additional step of
associating plots with a validated track (Pvi), characterized in that in the
case where no plot is detected in the current observed image for a given
validated track (Pvj), the said step comprises the checking of the detection
threshold in the detection step (4), so as to adapt it locally as a function of
the level of complexity k associated with a plot position prediction zone for
the validated track considered.

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.



