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account of the absence of data originating from these sensors.

It is, furthermore, also difficult to limit the complexity of implementing
the merging algorithms generally used, as the number of sensors involved,
and therefore the number of data items to be merged, increases.

In the current state of the art, various procedures are proposed for
attempting to solve the problems posed by data merging. These procedures
use either a deterministic approach, through combinatorial optimization for
example, or a statistical approach based on decision theory, or else an



use either a determnistic approach, through
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the invention is to propose a procedure whose execution is automatic and
does not require the intervention of an operator. Yet another aim is to
propose a procedure not requiring the implementation of training.
For this purpose the subject of the invention is a method for merging a set of
initial tracks, each initial track consisting of the data characterizing the
evolution, over time, of the position and of the Doppler frequency of an
assumed object, as well as the automatic analysis and sorting of the resulting
tracks formed after merging the initial tracks, the method comprising a prior
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- Figures 3 to 5, illustrations relating to a first form of implementation of
the first step of the method according to the invention,

- Figure 6, illustrations relating to a second form of implementation of
the first step of the method according to the invention,

- Figures 7 and 8, illustrations relating to the second step of the
method according to the invention.

As stated previously, the method according to the invention applies
generally to the merging of all types of data, consisting of sets of values
conveying various evolutions, over time for example, of one or more
quantities. The merging of these data then consists in inter-associating the
data exhibiting similarities so as to form a single resulting datum. The number
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processing produces merged tracks 15, each merged track corresponding to
an assumed object capable of producing the various noises corresponding to
the primary tracks 14 that have been merged. According to the invention, two
distinct primary tracks are merged if the measurement of the angular
deviation which separates them is judged less than a limit value beyond
which the tracks can no longer be considered to be capable of representing
one and the same real noisemaker.
During the second step 12, a refinement of the results produced by the

first step is performed for each noisemaker. This refinement consists in
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obtained by applying the merging step to the tracks represented in Figure 2a.

According to the invention, the steps of the method are applied to
primary tracks constructed on the basis of groups of measurements carried
out over a time interval of given duration At. Thus the method therefore
merges and sorts tracks over a limited duration At. Hence, when the merge
and sort operations are completed for a considered block of measurements,
the operation is repeated on the block of measurements corresponding to the
following time interval At. The method thus carries out blockwise data
processing. Hence, the tracks maintained over a more significant number of
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signals originating from noisemakers, the number of which, N, is unknown.
The objective of the first step therefore consists in determining the number N
of noisemakers by merging the tracks liable to belong to one and the same
noisemaker, the number of tracks resulting from each iteration iteratively
approaches N.

We denote by P, ie{1..,P}, the set of tracks to which the method is
simultaneously applied. Each track p; consists of n; azimuth measurements.

The tracks p; are assumed to be independent and follow normal laws in
azimuth N;(M;),C;), in which My is the unknown mean vector. k(i) is here
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K() o?@%ﬂﬂa\%’@@)th @ Wive e FES HBRP &t or
corresponds to the maxi mum over the set of the
partitions with K-1 elenents of the probability of a
part i Heoeewa |der&id13 that e mastitiore of Khe tyagkspiseperiorneddnto K
Ft@%éht’d'k%rsS g& )%o iﬁH’s Mt blehRiNEs)Pbr BS KEPIRIsdmARERS KR (i) then

I nto
comprising K-1 elements) that is to say to decide whether an additional

merge is performed, the generalized likelihood ratio is considered, defined by
the following relation:

max P(p, ... pp 1 k,(D),...k,(P))

GLR » _ lek(K)
(P pr)= max P(p, Dy 1K (D, (P))

[2]

where the numerator corresponds to the maximum over the set of the
partitions with K elements of the probability of a partition with K elements
(k(K) represents the possible set of the partitions of the set of P tracks into K
noisemakers) and where the denominator corresponds to the maximum over
the set of the partitions with K-1 elements of the probability of a partition with
K-1 elements (K'(K-1) represents the possible set of the partitions of the set



It should be noted that in this context, the nmean

values A (1) which make it possible to calculate the
w@e@babi4Biti es P are not known. They are ther ePOT/EP2008/052024

replaced with their estimates M { . Hence, by

putting: (k) = (Pi - <(i))8- 1i(Pi - <(i)) [3] i=1

where /cMrepresents the pernutation making it

possi bl e to obtain the maxi num val ue of the

pfleblajwklsllrﬁtw K21 ridiserhakérep ng rel atl on is obtained:

o e ated ) mhiﬁ%an teid JhR)manh ey Mo OREn Thake it
posmbrehf@ caltalaten timb proludbilgeest Pt arensotwkndwiK Eheyrang sheérefore

f'ép?é‘ééd w&mé.aégtﬁnaié‘s Whe tracks are nerged by
performng a so-called k45 cendi ng" search, one starts

H@ﬂﬁet@ppgmnglguratlon where each track is a
noi semaker and one proceeds, by a succession of
iterative nerges tomards a conflguratlon where the

noi senpkers of( se tracks, by
aggregﬁ% ?}3 Per '0EC T(H %&& | e nunber Cp of [3]

pat hs, that is'to say the number of possible different
groupi ngs to be anal ysed to determ ne the nunber of

BB aF T PRt P R el PR bR e e
maxtmam-valie bf {HepordbabilifyPB, 1J where P represents as
TSRl reﬁé}%gggirgg@{m@é tracks. Hence, when the

nunber of tra arge, an exhaustive ascending

search is inpossible. On the other hand, it is

possi bl2dn GORSPHSHA D et/g Ki)t- MiKt -hl)a corrpati bl e [4]
partition-based suboptimal hierarchical search. This
search consists in aggregating in an iterative manner

The reinsverndfsprithagaacks foraulated isgensrdll9 digiificantnewthat the

BER bR ottt MEERCE Bl oD KibBha £ on

I's conmpatible with the previous

If the tracks are merged by performing a so-called "ascending" search, one
starts from the configuration where each track is a noisemaker and one
proceeds, by a succession of iterative merges, towards a configuration where
the noisemakers are composed of several tracks, by aggregating two
elements. The possible number Cp of paths, that is to say the number of
possible different groupings to be analysed to determine the number of
noisemakers giving rise to the P tracks, is then equal, in a known manner, to:

PI(P —1)!

Cp =CRCh1-C3 =5

[5]

where P represents as previously the number of tracks.

Hence, when the number of tracks is large, an exhaustive ascending search
is impossible. On the other hand, it is possible to substitute it with a
compatible partition-based suboptimal hierarchical search. This search
consists in aggregating in an iterative manner two elements at each iteration,
so as to form a new partition, without jeopardizing the partitions carried out at



one). For this type of search, the nunber C P of
possi bl e paths is advantageously equal to: Cf, = C +C

wWQA2008/104483%+C2. = P(p - 1 (P + 1) [6] 6 As may beCTarmds/052024

CPis much less than CP, so that the nunber of

noi semakers and of partition® per noi senaker to be
studied to performthe nerging of the initial tracks
and calculate the ratio GLR remains conpatible with

fHeepgwmust iaér'teﬂ@m’% (cartabinaw iplestit'rcaj;fn iewdnapsﬁ;timﬂ]mtht mﬁprevious
n 9] r r . I .
bPefobol it ook SharsAEl’ e CliBerorfue bHESBEC BN s

adeantpgedumnle egaalttot i on- based, iterative, hierarchical
search procedure furthernore nmakes it possible to
represent the termL(K) i ( h_e1) Fpl I1 W ng recursive
form QY KG3 4103, L(K) CZ #i [7] 1112 J'' 2 [6]
where /W and respectively repPesent the mean vectors
representing the two tracks nerged during the

iteration consjdered. The nunber K of nois ers

D& TPt B Ok e et B e aeSaalR fisr 050 JRAL BE gRWger of

hsisbh_@gefswad Qﬁrpsérﬁnbwbegmweahd&eﬁ tdhee ptudied b @erform the

[ in.L. Vi QuSs._paraqr , .ba ,

BTG ok dub APy BERR, P R i) 08 Fogo BT b Byfy Bo3patore

mith [teerentmpditational tapalilitfesedfesureant compubdrs.

i mpl enentation of step 1 of the method according to

the invention. This algorithmconventionally conprises

two pliaadditionfp the eprneciable gactsrasdn the nyrdes of pepeible path

Eh@l?s‘éé? td @eRRARAmMES, .trTéW@lséf&@é@@%aﬂ@lb%éﬂiﬁorﬁ-ﬁ@sed, iterative,
niftial tracks, pro IdgdP}E the ADT processing of the
FEehioRh i B PR R P RBR SR BRSPS fR Pepresent the

temmrelnd) am tHeofollewdnpiezurstae forrmi ti al track thus

consists of the grouping of a certain nunber of

azi mut h nmeasurenents perforped on the signal sanples
det ectefi—By=1{€) s j|é/fq Adéording to the invention, thé]
al gorithminpl ene fed perfornms a batch processing of
the data constituting the various tracks, each batch

where M1 and M, respectively represent the mean vectors representing the
two tracks merged during the iteration considered.

The number K of noisemakers being thus decreased by 1 at each iteration,
merging is therefore carried out gradually.

The principle described in the previous paragraphs is at the basis of
the processing algorithm, illustrated by Figure 3, implemented in a first
preferred form of implementation of step 1 of the method according to the
invention.

This algorithm conventionally comprises two phases: an initialization
phase 31 and a looped processing phase 32. The processed data are the
initial tracks, provided by the ADT processing of the system implementing the
method according to the invention for example. Each initial track thus
consists of the grouping of a certain number of azimuth measurements
performed on the signal samples detected by the system.



corresponding to a determ ned nunber of measurenent
recurrences. It is recalled here that the analysis of

w0 b@sgigsnl received is carried out in a peri OPCT/EP2008/052024

manner and that for each neasurenent instant, or
recurrence, the analysis is Herforned on the azinuth

axis of the received signal. Thus an initial track

consi sts of a set of neasurenments corresponding to
Adcoreyj e theclmweamestheMmilgmuthmvenbleerrerﬁé@qsérﬁirmé Bybatch

PSSR B, PSR D AATET L,
g@rmeqsparfdlmgausadetmmnse%umbecoﬁmeasutememitrecbaenhes
ROSRELSRR! %Féeﬁ\%i”t@%ﬁh@&saoﬂﬂh\éeﬁghé‘l' rte'c@|ve7dr|§%rrled oué in a

consists, In it
ﬁ%@ﬁi’iﬁdﬁém@ andhéhafuiep&ach rﬁ@aﬁg’emﬁr@ "ﬂiﬁéair é:trl r@gp[rgn@e@, the

A4 sfsr@%érfdrﬁwé& oPUhe Nékifniieh iaRist bﬂkhé?édé?\?b@%@?\%u m@s an

K d
R ad, Qs P b RLOBpasHATaaa priesrpAgatd SuteEssive
teﬁ:uirriwcee,l wleucK:F%.ve/beﬂnr@s@crmed byitoa tnankmgaaearamyADT) of the
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gs:tuprraofedmegaure\rmmte Mhlshfmonatehum etf‘@f bafe:b f@mm@m N
#T{e%%lﬁr ert8i § Wiﬁf@él%%cﬁa&brﬁ%@%' |E§3Q|rﬁ|die§} ﬂSﬁﬁt Ef a vgector

orm e conponent IS 1n tor th
gqrypgg@gdw ggmpgpelyts—thepwmber nebe(n]g able theﬁfpt]cally [((gyary from
wheNe np represents the nunber of azinuth nmeasurenents
constituting track p and where b(i) represents the
value of the i-ith azinmuth measurenment constituting
t r ackDpringhittse nipdtralizatiore phasel fbe bauddedarndd ofn revisemekers

' I h
SAPRSBANSy (e EaCEIY) o IP e AT Bl i

(nitiztized 19 the et K= 6’ Pcémgé% pertdiont lotq A& roany agisentkegs as

ﬁ‘ﬁtidi‘tﬂa%k@%%'é?@fﬁ%‘&orﬁs%er‘eﬁ%iﬁaﬂ’y at the central
recurrence of the a?h%stcorresponds the

Sugpe H"fet'ﬂ@a{}%@tloé‘tl%}‘?s?r %ﬁ '95' gnaigdr mean o\fa?lt' is
furtheninbrerelesinee fenbactp\teickt HeTtis Meamt@lueatan be defined in a
' to the N.recur of the.batch. This

dhT TR e B b AT B o T heb pei b ires 8 8
exhaustive and even

M) = BG0), e tl.ny), [8]

where ng represents the number of azimuth measurements constituting track
p and where B(i) represents the value of the i-ith azimuth measurement
constituting track p.

This mean value can also be defined in a more exhaustive, but also more
complex manner, in the form of a vector whose components are expressed
as:

M(i) = (89, B) [9]



nore conpl ex manner, in the formof a vector whose
conponents are expressed as: Mi) = (/?2(i),/?, [?), i

W@ 2008/104483 np } . [ 10] During this phase, a tabtEEP{008/052024
tracks is initialized. It contains for each track the
set of data relating to the track. Each track p is
thus characterized by its paraneters and by its rank
in the table. Thus for exanple, the track pk of rank k
heteng3 abirespendshiar thet carresponbing azmudh ameaserempert fondrack
Vk. Here Vk represents the variance, w th. conponents
mQti the erytRlirgcddense ©f tthe Ratel RngkWhere if ctiRsmengds to the

L) i an ¢ P .

FiSbpor e LafatkRl ( BRPUR o pAaE A BRI rREaibiRs over
the tiree dntervab cqTapRPRing {Kkihe N reguiraeeefoeidhpmatehl i zed
to zero. W thus have: /.(K=P) = O [ 1 1] The object
% t he Iooh)%g?%{oces%i n ‘oh seisto perforrn i n.an
i (e Applea SY& ﬁé?%j ”ﬁg’ B an feep mieeXnNgushyg ARg even
tmoré heomplegntmaomet hirs therfgrmgof 2 wvecioredhosd qnapradrty are
%Q A E&?rgrchi zed manner. At each iteration, the two
fAERE°T A3t are closest in azimuth are nmerged. Hence
t he nunber of noisemakers initially equal to the

numbef (R =qig(hneig, tyacks detreases by one unit at 10
each it(ZFngi(())% lg)i’r t hi ikpur%(Ese, each iteration of 10]
the | ooped processi ng phase, on the one hand a search

'Ps .conﬁuct ed for_the tw closest.t

FiefE A8 3 e, S ntiB i WRuS IR PRI SPafainS Y et rack the
selvehtatanrelbéng wo tbedsaskt Hadckackki isatitispkRaracterized by its
fEEB b ) 0 20 o, e o
Kipiesiale Srhaeaeipriaidty §F RARAmBIBRRIA PR e and / k2

. 2 : : _
Plore, VR r2ECER (e, fffericty v AIBE fenis RIS peRed AR the
treslc ki lach gawapanentaMdilkis theovadrntg thethenaneasirement i
BeloABINgZedhe ecRtp On between their neans from anobng

lulgpg qﬁeqﬁi\{ibﬁéét%rﬁspﬁgslec lfl}|1eatvf=?1 uef 81[ thaeI lqu(tarqt(latyt [(% klg fbrg%hgrrr]nore

initialized to zero. We thus have:
L(K=P) = 0. [11]

The object of the looped processing phase is to perform in an iterative
manner the merging of the tracks. According to the invention this merging is
carried out gradually in a hierarchized manner. At each iteration, the two
tracks that are closest in azimuth are merged. Hence the number of
noisemakers initially equal to the number P of initial tracks decreases by one
unit at each iteration.

For this purpose, each iteration of the looped processing phase, on the one
hand a search is conducted for the two closest tracks ps and p2, then these
two tracks are merged.

According to the invention the two closest tracks px1 and px2 are defined by
the following relation:



2 . The nmerging of the two selected tracks is carried
out thereafter, which nerging results in the

wale@appass ance of the two tracks pki and Pk2 aBCHEP1908/052024
and in the creation of a nerged track whose paraneters
are the following: and Izklk2= ( | 1 1) 1 4] Hence,
the table of nmerged tracks is nodified. It has K-2
tracks that are unchanged vvith respect to the previous
itera the tracks then being
nunbeske@ﬁ%)r iﬁ"ﬁ]ﬁ}ﬁkl kt%ﬂlml Mfependent noi semaker s 12]
are thus identified. Hence the iterative process of
azi mut hal nmergi ng of tracks pairw se continues as |ong
ahetdel/| 0apedifys oepesient tiphastmiatest of tHdomeams dfeand M, of
ﬁ]% ect of tha met hod not being to nerge the set of

FACkS R RERPrz APRS'deE gl e noi semaker, but to group
together the initial tracks provided by the tracking

Aschgen, it B8 BpaHBRAUARE L R nEBR I ALE B SIENS gk, o
B%Bwksolﬂ sndpd, rm;otntimg theesmnlle®s morowtiged rapvidtion between their
aﬁ‘u%sf?orh réﬁn@f;ﬁ‘%ﬂ ahé 29 a'tubhﬁ'dg&gg’é’[ mﬂ%# I Sy gk? taken 2 by

vant ageous used, the va ich 1s ca at ed
n a recursive manner at each iteration. This value is
cal culated at each iteration o n the basis of the

[lowing relatiqn:L -1 = L(K _+ M 1 2 Vk.1 + .
Theoidite " 6 i pvkSipoted ks RS0, db Slapees, rghich
mergagi resdltsl@v it idsappetraee ofhiheetstd tratlkesl pyadng prphs such
g PR GeRloh 8FaiSromaak o riah &R £8 R deRng:
the expression for the GLR, appears here as a
decreasing f fﬂg}yi 1% 17 t he consequence being that,

K decMass Hg%éﬁ—he—z;—ekéatl ons proceed, GLR incr eases[13]
at each iterati‘en. Iﬁlence the value of GLR, or nore
gﬁctly the value of -2Log GLR (i.e. that of

og[L(K)]), is t greafter conpared with a threshold
whi chl/ges Fr(b’@ t-hé, fraxi mum accept abl e val ue of GLR [14]

whi ch maxi mrum val ue conveys a naxi mum angul ar
devi ati on

Hence, the table of merged tracks is modified. It has K-2 tracks that are
unchanged with respect to the previous iteration, and a new track, the tracks
then being numbered from 1 to K-1. K-1 independent noisemakers are thus
identified.

Hence, the iterative process of azimuthal merging of tracks pairwise
continues as long as the looped processing phase lasts. However the object
of the method not being to merge the set of initial tracks into a single
noisemaker, but to group together the initial tracks provided by the tracking
method, into groups representing separate noisemakers, it is necessary to
define a condition-based operation 33 for stopping this iterative processing.
For this purpose the generalized likelihood ratio GLR is advantageously
used, the value of which is calculated in a recursive manner at each iteration.
This value is calculated at each iteration on the basis of the following relation:



making it possible to justify the nerging of two

tracks. Wien the threshold is attained the | ooped
w@e@sasrBhg phase is conpleted and a di stri but POIEP$008/052024

the Pinitial tracks as N nerged tracks correspondi ng

to N distinct noi semakers isl3 hen obtai ned. These

nmerged tracks are stored in a table 34 containing for

each track the pararretersaM and V relating to the

represgat gt L he \oerlged track and noreover the

spectf’ I ?%%%§£N@k1ofmé4|cﬁ16¥kzthe tracks that [13]

contributed to the construction of the nerged track.

Whedet er m ne whether the ratio GLR attains a maxi num

val uey~or, ~stiated otherwise, if the merging of tracks

i's no"Mk‘Jn‘g'\é'kzm YistY«bi ed and if the | ooped processing

step should be halted, it is possible to use various
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consi dered, to which the nmerging algorithmis gppalleé(. .
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teroaobtaprent elthese ralengdA trbcles med stbréy ifriggtatde 84 containing for
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rmning Nt of “intersec
mengehtrackandmorasyern et seeaial wonmugnests: af ieagh tafehe tracks

EHéFﬂ%bh@fbuﬁé fﬁe;t%ﬂg%%@kﬁ) oftherhefdd #adk. According to

hi s procedure, mer gi ng operation is halted when,
for a given iteration, the value of the function f(K)

To;d’ét@gﬁ{ﬁ!e%higﬁeali\;hté Kdﬂi@t %ﬂmettén‘nsg@&nmhmm Q{alue, %r, stated
i ntersectign . _Ye ot her progcedure, .illus

ofefbaRe i 8. Sheaitg of BRRESIs B BERET distiige Shd ¥ e Bbped
prxreshingstépshauldibe naltedyfit is pessiblecto wse eriusprocedures.
K2(2Log(G.R) = K2(2Log(L(K)), in which K represents

t he nunber of . . . . . .
A first procedure illustrated by Figure 4 consists in using Akaike's

criterion and in considering the function f(K) = -2Log(GLR) = -2Log(L(K))
represented by the curve 41 in the figure. This function is asymptotically
distributed according to a centred y? law, with d=(N-k)xn degrees of freedom,
where n is the number of measurements used to calculate the distance
between two tracks or, stated otherwise, the size of the state vector which
constitutes a track. This number corresponds to the number of recurrences
common to the two tracks considered, to which the merging algorithm is
applied.

According to this first procedure, the merging operation is halted when, for a



noi semakers consi dered. According to this procedure,
the nmerging operation is halted when, for a given

WO t@saod4en, the val ue of the function f(K) attBCTEP100&052024
val ue corresponding to the point 52 of curve 5 1,
poi nt corresponding to the pnt of inflection of f(K)
for the nunber of noi semakers considered. It should be
noted here that, according to the invention, two
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e nE0Ra8" 206 G g aotried RIBTHB AR MeastiéReft 40)
is given by an approximation of the Cramer-Rao bound of the estimator of the

measurement which depends on the signal-to-noise ratio of each
measurement and the angular aperture 63 of the antenna used:

3]
V== [16]

When two tracks k1 and k2 are merged for a given iteration, the track
arising from the merge has as mean and variance the means and variances
as expressed in the description of the algorithm. This expression is, of
course, valid only on the track part common to the two tracks, but the merged



essential characteristic of which is that it carries
out the nerging of the initial tracks as a function of
WO b@sno44es ati ve proximty in azimuth wth respRCI/EPH08/052024
one another, this proximty being assessed through a
statistical parameter. To infBenent the first step of
the nmet hod according to the invention it is thus
possible to use in an alternate manner ot her
prok eduisists, ofi 1 npader ofl nigasiuhembh &t hat &edquidlaedhis enion of the
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met hod used (ADT for exanple). The tracking nethod
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nunbel o implarheridhediplosiap afdhe meethoesecotiingrie gwlinvention it
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the histogram procedure presented subsequently in the description and
illustrated by Figure 6. This alternate procedure can be described as follows.

As for the procedure described previously, the input data utilized are
the azimuthal initial tracks provided by the tracking method used (ADT for
example). The tracking method generally provides a set of tracks in bearing
and in frequency, constituted on the basis of the signals detected, the object
of the first step of the method being to perform the merging of some of these
tracks, based solely on the bearing information. The merging is done by data
blocks, or batches, of limited duration, the merging of the tracks of a given
block starting when the merging of the tracks constituting the previous block



cl asses, is given by the nunber of |ocal maxi m 63 of
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bl ock (batch) by the follow ng steps: - Step 1:
estimation of (bo b) n - Step 2 : formulation of the
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merged tracks.

Hence, the merging of tracks by the histogram procedure can then be
described, for each successive block (batch) by the following steps:

- Step 1: estimation of (60,8)1
- Step 2: formulation of the histogram of the data (,80)1__n,

Nt

determination of the number K of classes (independent noisemakers) on the
basis of the histogram and initialization of the algorithms for estimating the
mixture of Gaussian laws, on the basis of the local maxima of the histogram
of the (o)1 .n-

- Step 3: determination of the permutation k which with each track of

rank i associates the noisemaker from which it arises.
- Step 4: estimation of the parameters (M;,V})_, k representative of

the tracks resulting from the merging (i.e. the "merged" tracks). We then



publications, it is in general related to the size of

the sanpl e nmaking up the histogram In our application
wowrokavasthosen to relate it to the angul ar apRCT/BPH08/052024

g3. W have then tested various spacings such as \1 3

1 spacing= cc 3with ¢ = -,-,47>. If it is conpared

Wth the iterative nmerging procedure previously

descri bed, the histogram procedure appears nore direct

Rage:faster, since it is non-recursive and does not

i npl enent the test of a | arge nunber of possible

partitions of the track It furthernnre makes it

possi bl e[ on t he baS| hi stogram ofy the b0 , to

dete/l'ﬁ]—n[z?lé‘dﬁﬂnbr?i')!/ i [ rr'@éh?(nbrtl ai s%%kér:ﬁ, K [18]

Mor eovery nt he princi pl ler eof not bei ng /based on a

calcgh@tlon of the intertrack di stances but on one

groupi ng the tracks i ntp cl asses correspondi ng togiven

angu clas epresentatives, it make

it pgﬁ iéfguﬂ%&@ gradks Pgﬁether Wit hout it beingﬁg]
necessary"' for the Iat er to conprise comobn points.
However it is a procedure which turns out to be nore

{1 201 | SnblRNod HB1dH 4 O Dr88efor BRELEGALA B (51 230, (tnake

s thi's procedure esti’'nmates
obssd Vg @ébe%bf;eﬁ)rﬁheaéfﬁilﬁéd ﬂ@ék§t@§§ cdrﬁ’mbéd @nai least 3

b d [
BORREY PukaBEhS i (B enbrdecelb RineBharin 1 B tne
bieranghizedi mtursve enanyihdg @roddorire | descriped @reviously, the tracks

ﬁé’vuﬁggu&%hé(r H‘@rlnk)ef gPpSﬁ?é“{r% %/ﬁﬁg’(ﬂe‘rr}ﬂ stéﬁe"h%ken into

Ion O

aecrcwﬂ r@aﬂe@décheremdheusr@e d@owufogttheu@toqkeu(bewaee} and on
the bheta Béﬁ\ré@\dbloa@sﬂwd?fcﬂe&(arﬁ&é Kfor ¥6ciat OF &9 reéhrf-"ences

b t h t M
pen E&m‘é&”v@ P 2ROt RSO HPSNEAG ©r ack a5
wel |l as the frequency track of each of the initial
t t hat t h f
roas bRhoR 2 SRR B P b STiRE sapCid i siekiém i
teegrerfoy the determswdionaifdte wiunhberhef dassast dvad indirgcity for the
JuEnaRST e ERANRAS, Bf FRCIAAL e hLABKE dBbss in o

u

ont ted onstructro
istogsant isea vgsY gaeneral é»‘trofé@”bfl\/hﬂqjﬁeha%lh?@tﬂhtﬁle m%tr@‘ various

Eaem:a%né he |§T¥H gefleras eabED tre élE@ dfrrwergbhﬁﬂe Beali8g up the

r n
|s?ogram In r %chaot%%sgvle ﬂa osen {gerelape it to the angular
aperture 6,. We have then tested various spacings such as

. . 23
spacing=cx@,with c=<{—, = 1.
P g=cx0, ¢ {3 1 }

If it is compared with the iterative merging procedure previously
described, the histogram procedure appears more direct and faster, since it
is non-recursive and does not implement the test of a large number of
possible partitions of the tracks. It furthermore makes it possible, on the basis
of the histogram of the g, , to determine, a priori, the number of noisemakers.
Moreover, the principle thereof not being based on a calculation of the inter-
track distances but on one grouping the tracks into classes corresponding to
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another in the nerging operations carried out.

Therefore, the nethod accordithg to the invention
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The processing performed consists in matching the noisemakers obtained
after merging on two successive blocks without jeopardizing the associations

in each of the blocks. Hence the problem posed consists, by considering the
sets of noisemakers B, —{b} LN, and B, —{b } SN, obtained on the

basis of the method applied to two successive blocks, in seeking a set of
noisemakers B=b;}._,  where each noisemaker b; consists at most of

two elements, a noisemaker of B, and a noisemaker of B, .

To solve this problem the method according to the invention uses the same
principle as that for merging tracks within a block. Hence, the distance



carried out: - Search for the 2 noisenmakers, k 1 and

k2, to be nerged: (k1, k2) = - M2 f [20]
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, Vk ) remai ns unchanged for k(ki,k 2) =k 1 + Yk +Ki )
22]and - nmerging of the tracks making up the 2 nerged
?rﬂtéﬂeﬂarekiﬁgtiﬁbo@iblb! ttbgrléd*@e Mﬂm@her\/\ﬂv\RﬁN ndisemakars may or may
resho . LLigti e N + r.s
P 6 RSrfiee i BReRCOn e SRTRIRN of S lelpdpelRefifas Fét
azi rrulrha)lrac:tme ftheqtnacicynengang(sste}mmngamlpdttmt wawdata blocks
Q?ﬁlﬁﬁ@@ §vedr9rg> 6éIPfP1u9fshtap§s \f/v'ﬁﬁ the BiddR \Mﬁlcﬁ tF(?jlows ita
accor

e I nve initial
aeréalﬂmm@%gb@r@asgwﬁ@tr r@yrrggcgg @Gﬁnﬁhﬁﬁeaj’@cﬂ qa,r Hegk out on

ﬂiesﬁo%'ébrli%ﬂéérs SIRIRS i e SuCiERBhE blocRB P iBEmenting for
ass C|a es the azi thal trac

Each {h%:eg r.ac
G Pl e Gevatig 6Ptz < EReTang Prosfren Bemigua Y sleprioed,
ohilé remplying Uowevier ivith theacdrsstratinmtodt dmmeldmegretrmogtemly two

bRE el ofBRafPlclily sty SHoHRPAT, Hence. the

resLitooktainsids eensigiseinetheodbli@ining vaf umngerged noleerrmkeralarlsmg
Frbﬁfp%ﬁepbf’\fh@e&r@y dfhﬁet bieks r@r‘s@%@d H%V"E?Nethe éﬁtalnlng of

revi ous poOsSSi he ner gi ng
BQ@?Hﬁk@Fﬁ E%ﬁ%ltir@dfr‘émt th@umem;ng 9é aan|§@m§{(@rparﬂgpg | one of

thé bloeks @h@rof@hﬁlsémakéﬁ aﬁsﬁgrﬂfdeﬁe QfthéMslbek. The merging of
r oxi ni

oot phie ik blofls of TS cRBercli8 Ao beE kg qnanner
sothatres Ioag @ista merge écposuisie, the nureber 61 ealsemdkers goes from

Rot%skqeb @TP‘E\% enoéé??gl{éjrgr k1t 8n6 q&mb' (%l?tlr#& respectively to

%rr j]ust orethe merging J of tracks the %o?lowmg operations are

carried out:

- Search for the 2 noisemakers, k1 and k2, to be merged:

(k1.k2) = argmin |47, - /I//k2||
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[20]

1tz
- Calculation of the distance d,_, ~between the two noisemakers:

[21]
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- If d, , <threshold then:

- merging of the 2 noisemakers:

(Mk,Vk) remains unchanged for k#(k1,kz)

M., _(|/ TV H Vi Wy, +|/1/|//k) 22]



able to refine the characterization of the noi semakers
constituted by the azinmuthal nerging of the initial

WO e@skei48For this purpose, the second step of PEEEP2008/052024
met hod according to the invention perforns a spectral
anal ysi s operation on the ve0 ous frequency tracks,
associated with the azinmuthal track resulting fromthe
nmer gi ng operation perforned during the first step
(rmerggadtrack). The procedure used consists in
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In order to identify the erroneous noisemakers, it is necessary to be
able to refine the characterization of the noisemakers constituted by the
azimuthal merging of the initial tracks. For this purpose, the second step of
the method according to the invention performs a spectral analysis operation
on the various frequency tracks, associated with the azimuthal track resulting
from the merging operation performed during the first step (merged track).
The procedure used consists in performing for each noisemaker, on the basis
of the frequency tracks constituting a merged track, and therefore the
corresponding noisemaker, an estimation of the families of harmonics
characterizing this noisemaker. This estimation is carried out by means of
models consisting of determined spectral line combs. The principle of the
procedure implemented is described subsequently in the document.



- Krepresents the nunber of spectral |ines, of
frequency f,, of the chosen harnonic conb nodel, the
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case considered to be a frequency f , that is constant
over time; - N represents tHd nunber of frequency

tracks j making up the noisemaker; - d(f, ,fr nmoy (j))

is a function defined by:- sbny (j) = noy (sb(j.t));
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in which:

- K represents the number of spectral lines, of frequency f;, of the chosen

harmonic comb model, the frequency fi(t) of each spectral line being in this
case considered to be a frequency f; that is constant over time;

- N represents the number of frequency tracks j making up the noisemaker;

- d(f,,fr’”"y (j)) is a function defined by:
-l g ))=1it () <e
- d(f,,fr”’"y (j))= 0 otherwise;
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The implementation of this procedure therefore consists in fixing the
number K of spectral lines of the model, the width ¢ of the teeth of the comb
(i.e. the gap between the spectral lines in the chosen model) and the span of
variation of fy, knowing that the span of variation of f. is, for its part, given by
the processed range of frequencies. The procedure also consists in fixing the
quantization spacings for f, and f..

The family of harmonics searched for is then obtained, in a known
manner, by maximizing the correlation function defined by:

(.. f,) = maxR(f. ). [26]

It should however be noted that the correlation function always
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the procedure described previously is

- maximum value of R(f.,f,): this must be greater than a given

threshold,

- proportion of spectral lines of the noisemaker corresponding to no
spectral line of the extended comb considered: this must be as low as
possible,

- proportions of spectral lines of the extended comb considered
corresponding to the spectral lines of the noisemaker: this must be as high as
possible.

The model best fulfilling the three criteria is chosen.

In the simple example, illustrated by Figure 7, the determination of the
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analysed. In this way, the noisemakers exhibiting a harmonic comb covering
a wide portion of the frequency range analysed, and the noisemakers whose
spectral lines are grouped together in a small interval of frequencies will form
the subject of two different markings. The first ones, an exemplary spectral
representation of which is presented in the illustration 8-2, generally
correspond to noises emitted in a regular manner over long durations such
as the noises produced by diesel engines fitted to sizeable craft of the
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gygonatic target detection and tracking procedure. 3 .

Met hod according to one of Clains 1 or 2, in which the
first step perforns in an iterative manner the

pai r V\dnsm|§%9ldigc@ﬁptdﬂ|©ntdfaﬁé%ecbwd gesgoNtheathetthaccording
{tﬁwreatlr'mv%%tltoneat Mglsterrn% EFQ’ ste ?st aaVEn alg%%(aglty ﬁg\fgeatv%elablle each
noisemaker being characterized at one and the same time by its azimuth,
that is to say the azimuth of the representative of the corresponding merged
track obtained on completion of the first step of the method, and by the
spectral model (i.e. the harmonic comb) associated with it during the second
step, rather than a simple set of merged tracks characterized by their
azimuths. Furthermore, coarse information is available, for each of the
noisemakers, relating to its origin which results in the grading of each
noisemaker into one of the three groups described previously. This coarse
information can thereafter be used to perform complementary processings for
classifying the noisemakers, which processings depart from the scope of the
present patent application.
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procedure.

3. Method according to one of Claims 1 or 2, in which the first step
performs in an iterative manner the pairwise merging of the tracks, by
merging at each iteration the two tracks that are closest together in
azimuth, the iterative process being stopped when for a given
iteration the value of a criterion related to the azimuthal distance of
the two closest tracks exceeds a fixed threshold value.

4. Method according to Claim 3, in which the iterative process of the
first step is associated with a condition-based stopping operation (33),
the condition pertaining to the comparison with a fixed threshold of
the value of a quantity dependent on the generalized likelihood ratio
L(K), defined by the following relation:



corresponding to the point of inflection. 8 . Method

according to one of Clains 1 or 2, in which the first
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beari ng paraneters, (A )-i,..,n and slew rate

paraneters, of each of the t2%&acks, the nerging of the

tracks being carried out by determ ning the histogram
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applied a geometrlc processmg consisting in determlnlng the point of

intersection (43) of the tangents (44 and 45) to the curve representing
this function, the iterative process being halted when, for a given
iteration, the value of the function f(K) attains the value of the point of
intersection (43).

7. Method according to Claim 4, in which the function of the GLR
defined by the relation g(K) = K*(2Log(L(K)) is considered, for which a
minimum is searched for, the iterative process being halted when for
a given iteration the value of the function g(K) attains the value
corresponding to the point of inflection.

8. Method according to one of Claims 1 or 2, in which the first step
proceeds by estimating, by linear regression, the bearing parameters,
(By)y..n» @and slew rate parameters, (,8)1n of each of the tracks, the

merging of the tracks being carried out by determining the histogram
(61) of the data (5y), ., this histogram being approximated



t he noi sy noi semakers conposed of nunerous tracks. -
for each of the noisy noi senmakers, an estimation of
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spectral conponents constituting the noi semaker
consi dered. - determ nation,28 or each noi sy
noi semaker, of the paraneters fc and fO of the famly
of harnoni cs correspondi ng best to the noi senmaker.

thereafter by a mixture of Gaussian laws (62) corresponding to the
local maxima (63) of the histogram, each Gaussian delimiting an
angular sector associated with a noisemaker.

9. Method according to Claim 8, in which the first step comprises:
- a step 1 of estimating (BO,B)1

,.,n T
- a step 2 of formulating the histogram of the data (5,), . of

determining the number K of independent noisemakers on the basis
of the histogram and of initializing the algorithms for estimating the
mixture of Gaussian laws on the basis of the local maxima of the
histogram of the (58y) -
- a step 3 of determining the permutation k which with each
track of rank i associates the noisemaker from which it arises.
-astep4 of estimating the parameters (/I?/i,|/Ai)i:1,__,K

representing the tracks resulting from the merging.

10. Method according to one of Claims 3 to 9, in which the second
step performs, for each noisemaker corresponding to the frequency
tracks constituting a given merged track, an estimation of the families
of harmonics characterizing this noisemaker, this estimation being
carried out by means of determined spectral line combs, taken as
models.

11. Method according to Claim 10, in which the following are
performed in sequence:

- a sorting of the noisemakers making it possible to separate
the not very noisy noisemakers, grouping together few tracks, from
the noisy noisemakers composed of numerous tracks.

- for each of the noisy noisemakers, an estimation of the
families of harmonics grouping together the spectral components
constituting the noisemaker considered.

- determination, for each noisy noisemaker, of the parameters
f.and f, of the family of harmonics corresponding best to the

noisemaker.



