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PROCEDURE FCOR ELI M NATI NG GHOST SOURCES FROM PASSI VE
SONAR COVPRI SI NG SEVERAL LI NEAR ANTENNAS. FI ELD OF THE

wO DMBREIICN Thi s invention concerns the field oPCPEBENVE53102

sonar systens sinultaneously operating several |inear
antennas for coast, harbor ofl port zone surveill ance.
This invention mainly concerns harbor surveillance
syst ens co%éﬁg%severa aSSI ve |inear antenn

i nst al | @R BOEIERHY N‘SE'MQ@"&Q§J&OUE@ES FROM
r oadst BASSIVR SONAR (QMRRISING §EVBRARL-INEAR ANTENNAS.

processing field. Mre precisely, the probl em handl ed

concehEEDtd%en_pém%nﬂd,\pn of ghost sources that appear

when processing angl es neasured froma |inear antenna.
CONTEXT OF THE I NVENTI ON - PRI OR ART Standard | i near

ant eml"ﬁ@ |ﬁ{/érﬁ7t|d?na| b&%erﬁé regererisla  eeNgASdilY @@ﬁﬁl“ 8fstems
_rectional Unit acoustic senso

%ﬁtﬂ&‘ﬁBHé‘g ‘PF?)%%'@@ %ﬂVSF%_] near HeRnas %Pga%tt ?‘@6*?% @r port
poke ssangillbace NERESIr @ventisn amzirgypousnedrnl saddor surveillance

STRRR Bupo Blnd saFei! P3s3\ e lBah 3RS, EFRYRY C] o seabed
gho docaded arovnd the rohdstebflect, which enmitted the
Si gnafrpisi iRydi ndt‘erlécg&'té! tﬁ&&%ﬁgmac‘;elsgﬁlgtﬁlﬁﬂfl\ﬂ%lr@ Péms%g/

ambi gui t'y |s def | ned-ar oun e ant bnna
aroabiere eindied, epnaaras therpliminglipe Af ohAs! wrﬁ@%\mﬁtﬁﬂ)pﬁﬁr when

Ffbc%sﬁﬂ@@fgl@d esbltdd el £ihedrsritgnpearings”. Wen
he source is far, or even at a shallow depth, “the

I ncom ng elevatlon of the acoustic waves is close to

zer 0. CONeBXT OEMTEEIISVENTIONM-tHRIORMRTE at which the

source is detected, two possible values symetrical in
relation to the reference axis, being the antenna axis

(ri ghblanskerd dingagantepnashalen cafled dste@metsd, penerallysomprise

84k Brr\’rﬂjdi‘r%%n&né%ltqaccﬁb%@ s%%bﬁsdofﬁyfdré Hoﬁfs lochf¥d along

azi mut h convent| onal %)esent s here ue o

theeaniegna. dévs ﬁHHC%‘{/e ik aﬂauaﬁdn%wrgmg RGN Yy With
Quéreahtefwﬂlas\/\m@dﬂ@étro?ﬁ@foﬂh@&nb@mtd@;eacoustlc signal correspondlng
I bR P PR o & dn PORERen LA BB, Wil eraieg the
sigeal; ds met mlineddy taccesw@blef &= the Vieldook ambiguityf ist defined around
fHM5fs of the antenna by a cone of revolution. The conical angles
measured in this manner are still called "pseudo-bearings". When the source
is far, or even at a shallow depth, the incoming elevation of the acoustic
waves is close to zero. Then there is, from the angle at which the source is
detected, two possible values symmetrical in relation to the reference axis,
being the antenna axis (right/left ambiguity) which are converted into two
azimuth values 6 and 6' also called Az" and Az". The azimuth conventionally
represents here the value of the angle defined by the north and the signal
incoming direction, which corresponds to the "source-to-antenna" axis.
These two azimuth values define two separate directions in space, of which
only one corresponds to the effective position of the source.

A known method to eliminate the right/left ambiguity in the case of
linear antennas consists of splitting the antenna using two or more parallel
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A known nethod to elimnate the right/left anbiguity
in the case of |inear antennas consists of splitting

W@ b@sastiehna using two or nore parallellinear BCI/EP2IAT063102

and by conbi ning the signals received by each antenna
to make up a reception channl, for which the di agram
i s not anbi guous. Anot her known nethod is to equip the
streamer with directive acoustic sensors or groups of

mmar ghteecds anal byekembiriag the eigrels redaived ogngdah, antenna to

ekeaR 8 odroRicdaneb ol R0 TP Bddfdmas e o

conprising linear antennas |aid on the sea bed, the

use Of\ngﬁh‘err RHB\?/H%HHOB' |§tto ebﬂﬁﬁtheaétteed?ﬂ%?\?/itﬁ dﬂ@E e acoustic

necessari | Yy I Cle
eeNsArnadle gr%@%mt. gmunt gilre%tpn%eelgﬁv@@éafyoﬁemms,s.f@rnelxample
h{dBpHEAe wet@eddmaw ehgdliky s6 @t Rt IINEj&dtiohhe

sedi nentary | ayers. Consequently, the ri ght/l ef t
rejection obtained may be of a lower quality than in
deep tmatrmr casehef aasteveifihceenewrmrk dontpridingéinearsaateanas laid

|6l |0t h
aihel SeB b8k, dhe ik ot PuiRifont el Toat, Pligs is no
pecreaaaelyi amap'pr@wfmtetaoeatmm affisiansly @imca@ethe ambiguity, as
i |
e Bnes O U slar e nRgP L8 iBUPBRS ), TlgeReDen the
ﬁ@ﬂlmqnt%raéaxemt Q@nae%wafmt%@gbt/leftﬂ@twgnr@talﬁed may be of
auower qQEIltht@heﬂﬁthﬂwp et M $emMBBdshlies Bhém MRaIstreamers

Ak GRER I BB 4 This sty otk eHBST ab kgl SG85Ementary
pratl eamen eeduamgl thehparatiEligrh éf the shriaaterd are oet pecisaydide-by-

(E:i('é)lsrq‘?ftﬁé %hs‘a'&j%aﬁtaggac#f a°8c§§sut51& Igérlée?fsé’eﬂsﬁ th gngieg %I‘f’%f or

ete cover Zone. her e
operate coherently the two ant ennas si nul taneously,

- €. T'ﬁé‘% WRo kv b thbaE Ve n %P@H@é’sssthﬁgd@hbvantage of
sensors the tWOF@@QQ as. In aless costly

Ih&FeaS4d 'él.l BRET B ﬂ@eﬁgﬁg%@dntgdgal‘ge, upfebpaear antenna.
Thamiieet of thieinesasd ettloqnc@‘aseltgeahamtfacnmhb&:oeouf g linear

nd from Th nt.a

AR dMelhteR ARLEIFRY tod RaPhRREY FERT, o gh6RFore te
glebabeastmi$he bysteameiqaited ioracqrepliete coyerage oh acones
manner. This assumes that it is possible to distribute

a comon cl ock signal to the two antennas, which is
not aﬁmwrpéﬁ%thﬁ e.ISFUPt IRPERdEe, cqhﬂr@ntassmeestwmaantennas

@ﬁﬁﬁfa%ebgslsil peahakeranaidiandel forioH RerdoRfhd¥sHRESIP isBAsOrs
ofyﬁm ?Jvo antennas. In a less costly manner, partial coherent processing
may be made by, for example, time correlation of signals from the source and
from the two antennas. The disadvantage of these up-line signal-processing
techniques is that the sensors must be sampled in a perfectly synchronous
manner. This assumes that it is possible to distribute a common clock signal
to the two antennas, which is not always possible. Furthermore, this
assumes that access to signals transiting in the up-line processing system of
the sonar is available, which is not always possible if already existing sonars
are used.
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the sonar is available, which is not always possible
if already existing sonars are used.In the case of a

W0 286 nt enna, therefore nobile, it is in addPE€T/BP2007/063102

possible to elimnate the right/left anbiguity by

varying the orientation of tBe antenna. However, to do
this the ship nust maneuver in a manner so that the
operation elimnating the anbiguity takes a relatively

| ong I e (Cbgpi efahl pwadoantbnb@, henefee) mdbie! fteisnir addition

' Loility.,.is. il.able when . i NG Wit
PR uRhate e e RPN 5L AR5 sblditg of the
aotegham Hawvevehdo aitbinigithey shipt mubi xetheameemasnanner so that
IHr??eéS %%fi@n %‘ﬁl’rﬁﬁéti@; r’R-?éH% aq{}?@tﬂa)(?é%' @étﬂ%%ro?l%uflrﬁbqglglcally
afouemi @t atinegtesy- oFHHH@T@Oﬁ%e’[hiﬁwdqoéé@é'tbflsl RPorayatiale when
{voain ¢ Aithdedtariteenadp! errent ation of a greater nunber

Z&i?f@?r@ﬁrw el palieiont SOSRLESe &M AG The ambignity with
fixed gamtémmaent theneﬂoeasappeart he béinbakosthstsohftidnise requiring in
UGG LR SRR S ol DS GG fDRPLE Bl on to
am\cﬂledﬁmemcreﬁw OfseJFfQUTlatloerin&\h fdtoawlagrﬁhgummmaﬂ@t@ﬁ of a
gelté%téroﬁéﬁlﬁlé?%? %énéér%m'l'th'éeuﬁéfef %’drbycd?ﬁpl ?nnas associated

asurenent 1s when t re 1s a nee ocate

Wil Pere POk RIPERTINY MRS SRl @es@@{f@ﬁﬁt increase to the

gldber sesitdfang duivdiendd s&sarady sﬁerghtThe%one Otfh% preference it to
corresgonds to the eff @Ct i vgpso rc thers bein

1Sf <SRBIl afafs dEREhbEr S Fdietithal SBReSreo With are

ambigutaised even t hough the antennas constituting the
network remain right/left anmbi guous. PRESENTATI ON OF

THE | NVENTI ON One purpose of the invention is to

pr opo9aeHfde gonsequaiiceadram the agtiguty & angle measurement is

ﬁ{éﬁtﬂmﬁn{ t%%?é ANRInea818 W IRE LButdBR EriMYUBHMRS there may be

o R aPe St Snel P 6 B et Bl et e cponds 1o the
lsﬁ%wtm@zs@np{eﬁmmctr@u%:rb@mgz Ewsajf?m'Ph?p?ﬁfe$gh®ﬁf§?rurceS that
ot 36 356 e BV 10y iR g anBhBhd | dstfiBR: file, network

temaioggihbitadt &mbigelausi nat i ng
PRESENTATION OF THE INVENTION

One purpose of the invention is to propose a solution making it
possible to use omni-directional sensor passive linear antennas, naturally
ambiguous, to make up an underwater surveillance system capable of
eliminating ghost sources appearing during the detection of sources located
in the monitored zone or starting to enter this zone.

To this end, the object of the invention is a procedure for eliminating
the ambiguity in the localization of a signal source and the rejection of "ghost"
sources due to this ambiguity by means of a passive sonar comprising at
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the anbiguity in the localization of a signal source
and the rejection of "ghost" sources due to this

W@rissMea1dy by neans of a passive sonar conpri SPEEP2007/063102

atl east two |linear antennas, A and B, separate one
fromthe other. The proceduré8 according to the

invention mainly conprises: - Aninitial step (step 2

1) involving the acquisition of azinmuth neasurenent

kst )twanldwema@meanmts\ afd thesépagteennyg from theofthdre The

BlcRRRb e, FE TG o ¥ VBT SRAD G SR S Gna

recei ved corresponds, to within the Doppler effect, to

the si gnalmg&.{.g&@% tEE %ﬂurrﬁﬁﬂ\ﬁﬁ dtﬁbeﬁi;(iﬂ%l%n @f  gzimuth

second step erm na ion o P
JwageEcreenty 8 boﬁﬂﬂ mcasyirements ©of dhenfreqenayt f(l of the signal

RYenRRS, Tald RRsmuRéMehRRe swrwdaﬂgdﬁf@@#ﬁnﬁwnﬁ&wts of
of the S|r%ng Ts mtted Eétheesources '[

EeESHIRMSH bt Thfe SigRRhBERIVEd FRIFeRPPEFPZ R 't”H@ the Doppler
pifeeintd thle Sgnal eesitted byete sosraegs) Meéueelm)ency val ues
nmeasured f(tj) and azinuth values q(tj) neasured

during the first step (step 2 1) at different nonents
tj, A thirsecondpsiest egier P2)dongatermioatiartaértienspred Nelues

E6@es n?%ﬁd‘%ﬁé' Eﬂff@éhtﬂg 6t@ﬁtléﬂr %ré@é Uté%rR:PS 688168t the

sour ces rmn hi s st coherence

mr@r&o@é%ére&tu@acw fp hOfeH'ten Stﬂﬂaé RMitedsBy, rtEGS%rQQUfCGS This
@§tﬁﬁ§§@d of thé %ﬁbh@ﬂeﬁs%ﬁ’arﬁ@@ﬂmrfgeﬂfc,f@@ﬂir@ldl ksbua:e‘*sets made

r ement e ations di recti
GripSRE BBy SRS 1BPEsdreh L B SR yilled ) Measured
dosng thenfirah st sstep 2y ) abdiffeesrttmammentsst,on f r equency of
the potential source involved. Then the anbiguity is
elimnated by determ ning the potential source for
whi ch t hé tbis@step (ep 30 roasists pbgatenaynivaltie seal source and

Sfthinghin th@ﬂm%@%bﬁﬂ@n&o( rﬁ?ﬁhs@i%é& e%ﬁh%”ﬂﬂ?nétep, the
. Thi sﬁﬁotentl al source s consi der ed e real
§bfiprence

hovabes psserigied WiB raclLoteny ﬁ?éh“‘e%aé%assessed
@hl@$ét|0$10t@rai ﬁmdearaoresem@tjew a Aetof mieagutement adudtioak linking

b0 irab i, B0 B S ANEALONNRE 484, positon

dod ipngsibtyeip tR8 traaswissjoratrequnenty okinegatériidbspplaerinvolved.
ﬁ'ﬁ@r‘ﬂ”tﬁ@cé(m%f Lﬁ@elssb%ﬂﬁ{atz—%cﬁctﬁ} ¥Brhfnih§ ek EGﬁéﬁﬂﬁV sblrce for

t he azi esl an~conp
wha:hvghecﬁpeed posmon and frequency values, satlsfy these equatlons for
each measurement moment t;. This potential source is considered as the real
source. The other potential sources, considered as ghost sources, are

rejected.

According to an initial method of implementation of the invention for
two antennas A and B,, the measurement equations used during step 23, are
equations linking the Doppler frequency of the signal received to the
frequency fo, to the azimuth 6 and to the Cartesian components vy and vy of
speed V of the source.
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speed V of the source.According to an initial variant
of this first inplenentation node of the procedure,

W@eweneilay to the invention, during step 22, tPEI/EP2007/063102

conmponents Vx and Vy of the potential source speed

i nvol ved, whether real or ghbst, will be determ ned by

t hangul ation (intersection of the lines of sight from
two antennas) at different noments. According to a
seconAco@dinnto af itibalsvdriarstof ithigl feseimpie memtateemodeeof the

BRER0HS LR Bt Feh B e 7, Y BBt Y, ano
valot uhat paiediali sourseespexl ibiplveet, fwhethey raak er ighostf whl be
8%1%% e’ Vwm@ fnftér'sﬁétlé}ﬂ%faﬂiémhgs”@ﬁ REBRS two

e antennas at consetutive
ﬁﬁ‘i‘?@ﬁﬁé& at diffqreas MQMARIS. unknowns are conputed by
solving an over-deternmined |inear system by the | east

thod, To thi d, .t I.mut h t
oo Sl Bsstt s W R aSHAER M, e
Bosgilsleusbuk s aﬂwlﬁhetfkquenneda ard namgmmea;eswwnd epofethergpeed of
B A L0 P g5 LA B o
freguesce'nmasueer@e%u&t verd @zimuth [fe@sufesvants @by ygeeived by
Qéh Wﬁﬁ{@a%&nﬁ %ﬁ%h e&t%%%h?é?ﬁé“t “I“ﬁééé }‘hr\é’btJhk% ns are

|nes each |ne i's. expressed
e@meH QO&/bbe%’cb”LQw@na%@frﬁqie%ﬂ'aﬁﬁ)'*neﬁﬁ@b’sﬁe}“ by[the 'eaSTsiS(HPare
avdthod.) /c; -cos gA(ti)/c] or MB(t 1) = 1; -sin gB(t

I Bt gz vk i eols Sxbhand %ﬁ o py mpans o
getenoes i Bhd Bacowpedeand tieiiseat edeatidnysydiem represented by
PP EERBhs RSl f USRSl P ey i gquaton

WeQarl ants, the neasurenent equations used duri ng
step 23 are expressed as follows: f (t ) =f [ 1- (v
-sine (L) + Vv -cos q (t ))/c] f (t) f [ 1- (v
-sin q (9 +Xy - cos g (t ))/c]

where X represents the status vector X = [fo; fovy; fovy]T and where M

represents a measurement matrix with 2N lines, in which each line is
expressed as follows (c, celerity of sound assumed known):

Ma(t) = [1; -SinBa(t;)/c; -cosOa(t)/c]
or
Mg(t;) = [1; -sinBg(t;)/c; -cosog(h)/c],

each line Ma(t) or Mg(t)) corresponding to a measurement moment t;, and F to
a vector with 2N components constituted by the measurement pairs of
frequencies received (fa(t), fs(ti)) measured at N moments t;.
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where c represents the celerity of sound, assuned
known, and where Vx and VW represent the conponents of

wap@sdesr9nf the source in a Cartesian ref er encERCHEEB108T163102

According to a third variant of this first

i npl enent ati on node, the confonents vx and vy of the
potential source speed considered are determ ned,

during step 22, by applying an extended Kal man filter

on t hacsdralngs toy ebésy tWo=v4ndnt¥/Xthey meaguré®pens wouatidond aised

OERS BBET 4 4TS Tl RUBE o<t an”conponents. of the
speed of the object enmtting the nmeasured signal and

of the cor(t ¢spopdi(ng. dinequency ofoghet gyyicited signal .
Accordi ndg' t'o this variant, 't he’ rerrai’hde)fcor t he
i nnovations issued fromthe filter are anal yzed duri ng

step 23.f sequanty Y.sih Betnaal drc n
corresporﬁ?gpto 0tlﬂe(r*esi du%ﬁ 2 nostly é”gth%) red around
zero. According to a second node of inplenentation of

the invention, for twy antennas A and B, the
WEQ%Pé%WeQEfu@@i Q?r%%”tMng&OHﬂai AsSWred EQQWQr and where vy and
g0 ueprcesat lthakiomgpdientOogipkpeed r equenby sfurt@enshgCattesian
rﬁiéreei ngs tpe he frequency and to the radi al speed pof

t d56°¥8"° At reference noment tR (any reference

nonent) they are expressed as follows: f A (t FT ) =f

0 [LlABé'oréir{gI tqR 3 third variant of this first implementation mode, the
components vx and vy of the potential source speed considered are
determined, during step 22, by applying an extended Kalman filter on the
status vector X =[X; vx; ¥; Vy; fo] subject to a certain status noise defined
beforehand to estimate the possible values of the Cartesian components of
the speed of the object emitting the measured signal and of the
corresponding frequency of the emitted signal.

According to this variant, the remainder or the innovations issued from the
filter are analyzed during step 23. Subsequently, the real source then
corresponds to the residuals mostly centered around zero.

According to a second mode of implementation of the invention, for
two antennas A and B, the measurement equations used during step 23 are
equations linking the Doppler frequency of the signal received to the
frequency and to the radial speed pof the source. At reference moment tg

(any reference moment) they are expressed as follows:

f(t)=f [1-p,(t)/c]

A

f(t)=f [1-p(t )/c]

B R
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7 /cl]Jf B(t FT) =f O[L1- pB(t R) 7 /c]Jthe
values p A(t R) and p B (t R) are determ ned

waepanetiet y fromthe neasurenents coll ected atPEEEP2007/063102

antenna by solving the equation system singA (t R)-p

A (t R)-sin gB(t R)-p B(t R)=-cos gA (t R)-p A (t

R) -q A(t R)+cosgB(t R)-pB(tR) -qgB(tR) coqu

tR) pA (t R) cos gB(t R pB (tR)= singA (t R é
qvalws RP 'ir) @At R) th(ﬁreR) dgermined Wéte@’ (tep  the

and resent the derivative val ues of the
aﬁﬂ é&? BREAA SR Ftﬁﬁ}e%?d by, 8elviR0 e eqvadios system:

reference monent tR According to an first variant of

téiﬁH.@S’A (t%?-‘b%‘(l% )—imsﬁgﬁ'r&%ﬂ% 5=0—%0£@Ad(?ﬁ)'JAW?R)'GA(tR )+cos@g(tr)-pe(tr)-Os(tr)
cosa (tr ) pa (tr)-cosBg(tr)-pg(tr )= sinBA(tr)-pa (tr)-04 (tr)-sineg (tr ) pa(tr )-8 (tr)

where éA(tR) and éB(tR) represent the derivative values of the azimuth

measurements Ba(tr) and Og(tr) at this same reference moment tg.

According to an first variant of this second implementation mode, the
derivatives eth) and eB(tR) are determined by linear Kalman filtering of

angle measurement made during step 21 (status vector Kalman filter (8, 8),
or alpha-beta filtering)

According to another variant of this second implementation mode,
eA(tR) and eB(tR) are determined by a graphic method.

Whatever the method of implementation of the invention, the
procedure according to the invention makes it possible to advantageously
eliminate the ghost sources by means of a sonar system using conventional
passive linear antennas, which present inherently a right/left ambiguity, and
this without additional equipment being necessary.

The procedure according to the invention is advantageously adaptable
to a large range of sonar systems that may comprise a variable number of
linear antennas distant one from the other.

Advantageously, the procedure according to the invention s
implemented using conventional measurements of frequency and bearing.
The elimination of ambiguity to the measured bearing by different antennas is
obtained by using the results from measurements made on signal samples
obtained at different measurement moments.
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derivatives g A(t R) and q B (t R) are determ ned
by linear Kalman filtering of angle neasurenent nade

wa@lenosmgsistep 2 1 (status vector Kalman filter PQI/EP2§0)/063102

, or alpha-beta filtering) According to another
variant of this second inplefBentation node, g A (t R
)" and g B (t R)' are determ ned by a graphi c nethod.
What ever the nethod of inplenentation of the

i NVeNbESCRIPTION OF PREGIGURES-COrding to the invention

makes it possible to advantageously elimnate the

ghost sources by neans of a sonar system using

convehh¢ echaragierssiiceearid iheaadantagesef thehdifferent espacts of the

in&%ﬁﬁ@ﬁ‘%ﬁ’ c?earrl'y%éaﬁflﬁ RETLEMWiH dé”é&ﬁ"l Bhs Md g@gérlptlon is

t1 onal bei hg necessary. e procedur e
a&m@eﬂgvltfbther%taqh@@mguuwﬁ fesprg%ﬁfﬁmgageousl y adapt abl e

- figure 1, an illustration of the ambiguity problem appearing when
linear antennas comprising omni-directional acoustic sensors are used,

- figure 2, an organizational chart of the mains steps of the procedure
according to the invention,

- figure 3, illustration of the first implementation mode of the
procedure according to the invention,

- figure 4, illustration of the situation corresponding to the detection of
an object according to a uniform rectilinear movement (MRU).

- figures 5 and 6, illustration of a second implementation mode of the
procedure according to the invention,

DETAILED DESCRIPTION

First of all, consider figure 1, illustrating the specific case of a passive sonar
system comprising three linear antennas A, B and C of which the axes are
illustrated by segments 11, 12, and 13. With this type of system, an object 14
emitting a signal with sinusoidal components in an omni-directional manner
may be detected by each of the antennas. When the signal source is far or
when detection is made in a shallow zone, the incoming elevation of the
acoustic waves may, in general, be considered as being close to zero.
Subsequently the system has at its disposal, for each antenna, two angles of
measurement corresponding to symmetrical directions, 15-18, 16-19 or 17-
111, in relation to the antenna axis. These angle measurements are each
converted into two azimuth values called 8" and 6 related to the detected
object. For example, an azimuth 6%, corresponds to the real position of the
source of the signal received and an azimuth ©°, for example, corresponds to
a virtual position of the source. In this case a ghost sourse is invoked. It is
assumed here that there is only one real source. In the case of multiple
sources, it is assumed that it is possible to associate beforehand the tracks
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to a large range of sonar systens that nmay conprise a
vari abl e nunber of |inear antennas di stant one from

w0 b@soed1er . Advant ageously, the procedure accoPCi/RBR0DT063102

the invention is inplenmented using conventi onal

measur enents of frequency an@ bearing. The elinnation

of anmbiguity to the neasured bearing by different
antennas i s obtained by using the results from

freas gaemsoliscoTHde eaanplgniay testimgl B siptiRirinedf ahe frequencies

Ko R BR a0 AR Ce and the advant ages of the

di fferent aspects of the invention will clearly appear

iR ot Ll oW kP Pt |
s ARolognl LA, BE5GS R @i, AN SRIc O ckparately from
thegathers is ipturallyselinainatasd sihennhheagpstgnl iRvobrashcemprises at
RBBEHIEE thWs: djét@@trmgtameemae.cmnfabi, Sdsﬂﬁlléstrate(]; by the figure,

mi - di rectional acoustic sensor. re u - figure

kel AT B tod bl el etigedaie, SeEfusd ioialhdnay be
Qemwdwcbsiatptpbylim@gfwamdm Omiyeakeons, 46fainggr7e cdrresponding
' st.rat - e fi i 2Nt at | t.he
I SESHRLOAS i balchinet bt I RYBRRR IO AR BRIpn' Beach of
ihel anfenaas.dnceorate aii interseeioreerresnaaddihgpproximately to the
He) eflsitRn OF th%noﬁgbﬁ%hé}%?@ﬁb?% g,01 RaHA! 1f1gr, Worresponding to
rectili1 near nmoverrent (MRU). - tigures 5 and 6,
fhe vigualdirestions. de satipRarHoMeANEUDNMER IRtsIeLTioN: he
wngl(g%?%%@r &ég_@! dtsmﬂaf %@(laltiﬁﬂfighfb/ﬁgﬁfitﬁ@,s;@ﬁéln‘}\lld@comprises two

i r 0 onsider fi qur .
AR0es & ictehion feofyimad8dy §f' o tdfiednag pamprising the
systemmtiom mprbiguihgot threepositior @anaot barsdisiateB iarslicE akimple
}f%ing%;the axes are illustrated by segnents 11, 12, and
. ‘th this type of system an object 14 emtting a

signal with sinusoidal conponents in an
ormi - dherecongdar figuiereshoningibe eegarizaiions) cbagof dhe staps of

! Sroeagure iR rdiRg 18 e Mvepfehce is far or when

etection is nad%g a shahlﬁlaow zone, the incom rﬁg , ,
PeGANt iksn S8ENtiRet 1981¢.c (NG PERCEEMYC 3GEOKdAE 11 (NG, dnvention
compriges gne@ndirisigpsz! ose to zero. Subsequently the

Zﬁ;lt :;n_ gﬁsinﬂfal Is‘ies’p, éﬁp%sr’aalldqufls?tﬁone%?I?ja?an tn(?)rr]r%‘ré‘lllytpVngided by a

passive sonar. This data is azimuth measurements 6(t) and frequency
measurements f(1;) of the signal received,

- a second step, 22, for estimation of the parameters representing the
kinematics of each potential source and possibly its transmission frequency.

- a third step, 23, for assessment for each potential source, of the
coherence of the estimated values and measured magnitudes; a step
performing the selection operation of the real source and elimination of ghost
sources.

The first step of the procedure according to the invention, step 21,
consists of analyzing the signals received by the two linear antennas A and
B, by applying a conventional narrow band passive sonar processing
operation on these signals. The spectrum of the signal received may be a
pure frequency or even a narrow band line spectrum.
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measur enent corresponding to synmetrical directions,
15-1 8, 16-1 9 or 17- 111, in relation to the antenna

wW@x008/065Iese angl e measurenents are each convePCEEP1001/063102

two azinmuth values called g+ and q related to the
detect ed object. For exanpl €10 an azi nuth g+,

corresponds to the real position of the source of the
signal received and an azinmuth q , for exanple,

Thus eopeads dntema/ithé lmiqupnsnetsl (OGhand f)hef thowigreal reteived as

B 3R RSP G8 b AR P GATER i

hvfcataq:l itni nel adiondoressd, ofutheuemtammﬂm stated previaisho dkisdiearing
@sod&%ﬁﬁme@t \ﬁltlj?%f Hgﬁhéﬁ darﬁlﬁgufw aF@EFd?H* tﬁ?%o%’é’és?&e bearing

or exa {@ larit
’P’@'é@ﬁéﬁ'&:ﬁégh@@ r\aearebpbtamd QqafﬂggfYQJ@@%&aWh'@Hsareﬂﬁ@%smwd

B wguaiumutmmamesaepee@;) @hde@\&‘ﬂe@mf@ﬂ@aclﬁ(&rﬂéﬁ@é eAs stated
ell

arqsﬁyel he others is na

DB e e Ceam hiepresans bt 1 acavenigas RS the value

ahthenaragie diefired bgghé mlrtshcxmremon lamdf thetdireztion llihkisigrtae exdnter
|

U5 e AL S H . BERAER s e

gdown msgweb/t ¢loekwicel ijh@sgégr ngh aete@na twp, azimuth values e+ and

Goétreeélﬂ%g]‘@d“%g E@l%ﬂqﬁnﬂ/ (5r?t11‘35b95§pdr{bs"\ﬂ6' lﬁ@ r‘eﬁ?ﬁlﬁ@dztﬁﬁ inl Which

ectiv ation eac

Hier ¢iRaed ﬁiorl\’é%? fopaaiedar\Gaording de theHvesHprsperitadgncy and

BoMIMY BRisalamémsidie nigdd apgifetdmmahehize; obj ect,
whereas axes 18, 19 and 111, corresponding to the

virtual directions, do not incorporate any conmon
i nt er §ketseoond Gept hfethet precetamredaccasding tedbe iimventigar step 22,

éonélét té'fede%rchtlﬂ{ﬂyowaegnﬁ&@ﬂ{érﬁ%@@b?"ofa\%%ﬁ& 8y hbans of its

etection 1S on he ant'ennas
Cenpriagi agNRenendy ¥t ang vy for examiie) iny ibfed reéergoset i on
Zgiﬁglﬂétehﬁlnﬁhgf‘g‘%gﬂg%ﬁ% gPﬁElnﬁJtﬁ'mﬂJ@s H‘fé‘gﬁgredc-ﬁgl?\{é %rewous
pige <t jﬁ!ﬂ@"\fb thad e SorkRS 8 me?rpﬁ %e'ﬂﬂé” PRVRRRPYMately
&ﬁlf@rﬁn rbetiliean motidmi ( MFRIUDLmﬁl,ngt e pﬁ@a:sidamnaqm diABgsaid
the i Nt ree n, st

i . G280y ARBSL B ek A A B Bsas et oving
twmwo@edble)}azanpﬂisyaNuessﬁmnaeacthantemim arhus, azstept B2 naturally
pﬁagxﬁ:;& E@\fBrél @&éél%lga\%uéé SAURO SBuMEASHEEIEMIGed Of Whid one
truly corresponds to the source and of which the others can be called ghost
sources.

As shown in this figure, the implementation of the procedure according to the
invention assumes that the surveillance system involved comprises at least
two linear antennas of which the axes are not co-linear, i.e. not aligned on
the same straight line. This restriction represents the general case of the
surveillance systems considered, in view of the laying constraints of
antennas in a roadstead. Nevertheless, for other cases of use, it is
necessary to take this restriction into account when the positioning of the
antennas making up the system is defined.. Figure 3 illustrates the case of a
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- a second step, 22, for estimation of the paraneters
representing the kinematics of each potential source

W@rwspedsi bly its transm ssion frequency. - a PEI/EP2007/063102

step, 23, for assessnment for each potential source, of

t he coherence of the estimat¥d val ues and neasured

magni tudes; a step performng the sel ection operation

of the real source and elimnation of ghost sources.
dymein compsisiog @fo liheapanwesaseA anebBlidaget Usihgea typical but

nt.J , consists of analyzing the signals
PQ%Z gv%f’%ﬁ@%v\o i near antennas A and B, by
appl yi ng a conventional narrow band passive sonar

pr OCeﬁ%te“ﬁﬁa?Pr?ér@%r@%u%r%h?%‘éséé 'rétheﬂ‘f‘]?er%@@l‘r‘dr{ Hi"ﬂh%fllnes

t he si recelve ur e re uency of eve
ﬁfaﬁlgbb\p%ﬁép%dﬁfég $pdhe Isﬁﬁ‘mﬂ'?lﬁs mﬁ@l’"agaﬁﬁ taﬂt”éfﬁﬂfalngt%%tlon

bf W%T@riaﬁ*sor(fe‘écﬁnﬁlntﬁaﬁhaoﬁot het alvey ek@ﬁ%wﬂﬁ’e Elﬁ/o\/\ﬁbésmle

Lo S b P oL R FAUATC SR
amdewhase the etlarutatlonprcﬁvﬂmuahgennlabl snthgaramagnmisguity, a case

VG R tb4 & AL gy, TR SO LR, or
exampieedthebease raf aascmrw sy#ieoh Gir whichaila a@néenngs dayout is
ﬂ%ét‘iUé"lﬁsh‘rﬂ'a‘H?@t éfyob@t étﬁteﬁﬂgs @% driB13 of furedfthe ambiguity

antenna, As sta revij ous azi rrut re resents

Weqd%termml%g H?ﬁl@@ﬁ'f'PBr%lth?rﬁ%%Cﬁed {SREIGRafipRs Hpt ?h'ét dWe| @f the

?I@ﬁﬂﬁ‘@@ll’@&tld@h@\ﬂﬁ@ modbdigcof mfGrQétﬁltdrr:hﬁ%n d?ﬁﬁﬂ@hl i;hncertaln other
I nkin en e antenna to

3 O 1 58 hE0 e bsfion 5 APAGRNRUA IMBossiole

location \fet gxaﬂnptﬁkm\m smedrbysopastorinesach sacdasnblze tekermination of

el ILRoN Aove ggﬁdlﬂgqoqth%r fea?@oﬁ? eaurlf?{;] s%ﬁ %% itgﬂée%ple and

one~cor fespon real direc
tlemedied®l source is located . According to the
i nvention, the frequency and bearing nmeasurenents are

made ]‘ferent ments t The second ste
proceﬁﬁ‘?é &5@&5@@|q%gtﬂﬁoorpﬁ@d¢rmaﬁ@qrgwg Q& ﬂgve”t'on step 23

comsists] as ereﬂeﬂﬁyréxpidn@ed hef estipvia ey tﬁ@aﬁfblglfltyt fegulting from
PP caLAbEe2] Bulhe: By SPir dfeBal STRRE T Aeiefrfy B e
geodiy sowaes efimmatedt ﬁovabhwenﬁns,urtfmj speedheopmeitions and
possibly the frequency values are considered for each potential source and
then these values are verified to check whether they satisfy, for each moment
t, the measurement equations linking the incoming directions and the
frequency of the signals received to the speed, the position of the source and
possibly the frequency of the signal emitted by the potential source involved.
The potential source satisfying these measurement equations is accepted.
The other sources are rejected, as being ghost sources.

Depending on the implementation method selected and the reference
selected to express the potential source position and speed measurements,
the measurement equations are expressed differently. In the rest of the
descriptions, several implementation methods are presented as examples.
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step 2 1, knowi ng that the source is considered as
being in an approximately uniformrectilinear notion

W@ MRB6dAT i Ng t he neasurenent tinme. As said prRVI/BRPRDY(63102

this azinmuth neasurenent is an anbi guous neasurenent,

gi ving two possible azi muth 1l ues for each antenna.

Thus, , step 22 naturally provi des several possible

val ues of the source speed; values of which one truly

cor r eslpandigut® 3 e considercanahioh iMdtedies ke fiedthergemantation

?f%@#@ﬁﬁggé}ﬁﬁé%@%“aﬁcggﬁcﬁ pe o Meblodig toothe "
Aa\zbustflg:me altsinadas, tindinistfhist implemiehtaionemsimdepiesented as an
ﬁ%hrée%&g'ﬂc’ﬁ’ééo?ﬁé a%bo}offﬁﬂo ‘ﬂ‘h@n{\)err‘nﬂéﬁ pﬁa'?ﬁo%@aﬁw Qﬂ;?p 22, the

Xes are no
9#@@@% Oéih%PQFﬁmﬂeﬁ% asm'%teﬂe‘@t”ﬂ |ﬂé¢ |”dﬁVQ*@?ﬂt etH?SObJeCt at

tH@s@%@rcﬁl th@aéé’ce@feog gugnéuréé@bbiawggnﬁ%b?bmﬁt speed or, more
ew S | S
EORShOEL Rk, caBe vl cBponRalscbt Ml SORBH Gheey B ap atsolute
Ghrtesuan iefereacaax esisiah Yorteoot tieeakds, saxie gt ini ihei exampitoin the
&r%u%tQéﬂ&gbg’Eﬁ?Rﬁﬁhtd”%g i09 of the antennas naki ng up

gure 3 illustrates the case
heaemm divegiiansi d@tefmmeldu awamajerializedsom tagdigre by half-

%&?hyﬁhé’é} 33 thy$8.Chhe MtbrsdRhoh 'dmtﬁétH estﬁd@ﬁfﬂh?es tIi‘?"les of
a e i n

ere are numerous cases where rsect

SONDNECTTESRANANT dP gt ISR rB.EERG] ﬁ!j"k@o'tt H%S%@@n@nﬁ@fme the
paicatibpbdstidrs ﬂhaemamﬂds@oddrt@@ﬁe Easmbn tohﬁhesolgjaai atad given

each enna, ., o _not
Aorett ARGt iksh BaifutiFosiinR; abd ord et ShbgRay he rea
pogjtiore d3 therobgegicards the otherasmrrgispoed tthevikualeojatisoor ghost
ofukBg antennas entails an anbiguity, a case where it
IS necessary to elimnate the anbiguity. In a
dhes.dpearampls the ditewegtipne of se@mentse3 band 32oemaithe one hand

M& seghfintaBB &hd 58 oANthNBtAST héb(@%al{eslt [ %bé‘iﬂé’@ é‘stlmate the

simlar othelaoutr@hﬁmtf fl

vq poss gﬁ’@ﬁtt')Q”?‘nM@Iét it Ehéo%é? t"‘ &‘PrB?mt F?e posmons

@@hﬂﬁé@@y&hewc@m@@n @c_brc&rxat@s_x ame yof Théne usirghthiengstimated
s havin Nt of .int n

BaGohs oA aePR. T Sfhok ohise POSRBRL 6! Heldipine the two

d@vmpnndmg sp3¢dd wasdivs | ocat ed in an i rrp035| bl e

NBFéahé thaft ecfa’&% g% SRBAS M, 4y W%t@ated ata

case, ernlna 1 on tth Iutlon corres on %
gweﬂw@omt ts&ﬁ"ﬁc@ tRal iang! ﬁ”teegtfm \(Igughth@%araﬁcapphes o the

estimated speeds V and V' and therefore determining which of the speeds
is virtual, is the same as determining what is the true incoming direction of
the signal.

In a first variant of this first implementation method, the Cartesian
components vy and vy of the speed vector are estimated by triangulation,
according to a method called indirect or semi-graphic. As illustrated in figure
3, this method consists in practice in determining, for example, graphically,
the positions M(x,y) and M'(x,y') of the source corresponding to the
azimuths measured at moments t. This, for example, may be done using
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i medi ate. The third step of the procedure according
to the invention, step 23 consists, as previously

wezpBacyied, of elimnating the anbiguity resul PCEPINTONG3102

steps 2 1 and 22. During this step, the real source is
determ ned and the ghost soutkes elimnated. To
achieve this, the speed conposition and possibly the
frequency val ues are considered for each potenti al

t tihes f 0 \¢h :
g%g)rhﬁce t68§ *‘S%‘% t‘@g %o¥r%lsH8ﬁd|ﬁ§ é@éq é‘c%rts @ ey V' are
ﬁ%@émﬂ’@ﬁ?’e@ﬁm@&@ﬂﬂ@ﬁ@%%ﬂk@%@oﬂﬂwe i ncom ng d| rections

TRds ihend BLAMBRCYT Ble ﬁdmess QH@Ip%se@@pwﬂoh@ of % source are
t he squrce, an 0SSi

t
aBEEingd 5 M%Sai{@' & sl i Te a9 AR oRS Soasetuve moments,
o), onuhé \sighald hecgivdceeby isateraas AearsbBi $hys fior Mhese M

d, T S
O 3 TEE Phn MIEt 5oy ENBTRENEF pae BhERhrRg Y8R ERne are
Dlmiallftﬁfént ation nethod sel ected and the reference
el ec ed to e e t he tenti al s ur ce position d
Gt e st hE dne e s oy BRI dBg A Fhey aREd V' of the
spgac yeeidr diré festiemdteg. Novément efthefsouhe is assumed unlform

LRpt.Lans [ r

Qﬁ&?éétp’hgaf‘ In Q%‘éﬂpé thﬁor@éﬁéﬁé‘ﬁ ;‘&é nsgﬁc%ﬁ& d,zaﬂg Vi V
vétbt@hs M bHaty' aé@ﬁdaefmrn%tj bmbaﬁ@@t fid folowkidhethtin: the
procedure according to the invention. As this figure
illustrates, in this first |n'pl ement ati on net hod
present eg asxanxexml\, _ ¥heX procedure according to [1]
the inventiom, pérforms” in ,sitep 22, the estimation of
t he paramsters associated with the movement of the
obj ect at the source of the detected signal,
especi al [/y i Ys oy, t speedior, nore exactly in thi fz]
case, thevco opent's ofv th|23t§peed defined in an
absol ute Cartesian reference of which one of the axes,
axis y in the exanple in the figure, is plotted by the

nort hlr?aréié‘cl*o'n@ln\aanamﬁagl tﬁffésoﬂ?s'ﬂgm Iérﬁérﬁthﬁ@ﬁ rﬂ@(ﬂ@rmeneﬁrte&an
re nateriall ze O e I gure
OO s et iies Ll serchyediap balitelad bRirgeng phadndinod
¢alted theedirat nsetgbu) cmufme*goofndiefngng a taarwpoeeq mmtXT of the
SI I T .

PR egBERR e ko P e oEn Pl oalR M MIRPS gpcy ine
i§i defingdrfenta mmtgemetnlhe“gerrmtt entdiven myspne odfs therfbjowing
RSHgR-responds to the real

Ma(ti)) = [1; -sinBa(ti)/c; -cosOa(ti)/c] [3]
and
Mg(t) = [1; -sinBg(ti)/c; -cosOp(t)/C] [4]

where Ba(t;) corresponds for the moment t; considered, to one of the possible
incoming directions of the signal on antenna A, whereas 8g(t;)) corresponds to
one of the possible incoming directions of the signal on antenna B; ¢
representing here, as previously stated, the celerity of sound.
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position of the object and the others correspond to
virtual objects or ghost sources. Thus, for exanple,

w0 b@sioerier secti ons of segnents 3 1 and 32 on tPE/BP07/063102

hand and segnents 33 and 34 on the other hand neke it
possible to estimate the twoil4ossible positions M and

I VT2 for the source at nonent X2, positions identified

by their Cartesian coordinates x and y. Then using the
Bﬁéummma@m@itamtc&t Fnofreihendion @Nl of2whldh ihe components

det: ] et res I,Rg V..

BB Por SN RS, R My B S S BB Ml raRE B thesignais
reseivieicoDys anteroad A/Iajndelx Obtaired! tr M cgnsecutivenvnmenits t, may
ki I virtual .the sane applies to

tBﬁgjegéctaclﬂ rrgttg%ﬂglog\g@%%/ggé% V' and therefore
determ ni ng whi ch of the speeds is virtual, is the
same gs geternm ning what is the true i ncom ng [5]
direction of the signal. In a first variant of this
first inplenmentation nethod, the Cartesian conponents
whesnl ig\theimddsrsmeatimaddt consistgesit 2Mitines Myyti) and Mg(t).
triangul ation, according to a nethod called indirect
or sem - graphlc As illustrated in figure 3, this
be lexgrassit efttheioonpansits ef vectael és tem: ng, f or
exarrpl e, graphically, the positions Mx, y) and M (x',
y') of the source corresponding to the azinuths
nmeasuf &) atMafbiénts t|. This, for exanple, may be doné]
HAdNg- - graphic tools. Then the correspondi ng speed
vectogs,V and W, are determ ned using the determ ned
positF%(ﬁ%.:WE)gXi n the exanple of the figure 3, the [7]
possi bl e positions of the source are determ ned by

u
EEBQQ%LH{@?E% %ﬁﬂﬁ&ﬁo%ngf‘g %\p@}:heéﬁ"g% ?@a{b‘%eﬁ ?éé’o?ut!BzFEf“@% over
deteTmined leansysie., |a'p'qur toa leasd sgnarmaw@md)r t = t-i
and M and M2 on the other hand for t =1t2 are

obt ai - Using these , the ossi bl e

cor regbg'H%llf'ﬁ%t eells ”W%S’ﬁ‘dﬁ‘\?deo@of r%%qcerd'ag do the
BvEhtio @tpewtangzW@Meqf/vot\lnammwde@crlt&oa@@umdlw thd expression
of the equation of measurements considered is:

f (t)=f [1-(v_-sin eA(ti)+vy -COS eA(ti))/c] [8]

A

fo(t)= fo [1-(v,-sinB,(t)+Vv, -cosB,(t))/c] [9]

where ¢ represents the celerity of sound, assumed known, and where v, and
vy represent the components of the speed Vof the source in a Cartesian
reference system.

Subsequently, step 23 of the evaluation of the coherence consists, first
of all, of calculating for each moment t; considered, the value of magnitude v"
defined by the relation:

Vm(ti):(fA(ti)_fB(ti))/(fA(ti)+fB(ti)) [10]
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and rectilinear. In practice, the Cartesian conponents
(vx, vy) and (v'x, v'y) of - - vectors V and V are

wa@leqogoedioed by nmeans of the foll ow ng rel ati onPCWEP2001/@63102

L1 and VW = L2 L1 [1] [2] L2 L1 L2 L1 In a second
variant of this first inplerntation node, the
Cartesi an conponents vx and vy of the speed vector
esti mated by nmeans of a nmethod called the direct

nmet hod, consisting of defining a transposed vector Xt

Rosku Tt AbY JaltF e BlastnurchS fiahon RedSiremeiit o gpe sional

reces@oameeachohiwetantennag gemebguemeeifmoment &l | owi ng

: = miv P - (GO Cy

A TIRED e O%Bhe%;a@f cfiffehed Valies (9w or i vi) of
%a ERytesian] camppres (A(the)sreser eisthenetietbls ¢ansidrypgrand for
bath aAfFindethebonmputaien ® nidie ﬂ@@%ﬁbhkﬁiﬂ Sic@ayABude v defined
gl EeCtl ons of the signal on antenna A whereas qge(ti)

NSRS to one of the possible incomng directions
of the signal on antenna B; c representing here, as
ey SV, (B 86l) BB gehor v Yoot oraupdeddo g 2

r’ . o

Comportbn{8N Saltres BB (4 B 1 pAFas b It RRriy) - 20
measurenents (fA(ti), fB(tj)) of the signals received
by antennas A and B, obtained for N consecutive
wheen 6z (i) jgndriy(tbeedefsent dhdazirhethisomeasureyl aeltbe imoment {;
Eorsid&eh®] where Mis the measurement natrix
consisting of 2N lines MA(ti) and MB(ti). The
expression of the conponents of vector F is then:

Thus, for each potential source, a given value of magnitude v is obtained.
Thus, for a system comprising two antennas A and B and for each
measurement moment t;, there are four possible values of the magnitude v,
being values corresponding to the association of the different measured
azimuth values:

Vv, (sinB,(t)-sinB(t)) +v, (cosB,(t)-cosB;(t))
vilt)= v, (sinB,(t)+sinB(t)) +v, (cosB,(t)+cosB,(t))-2¢c

[12]

v, (sinB,(t)-sinBy(t)) + v, (cosB,(t)-cosBy(t))
va(t)= Vv, (sinB,(t)+sinB,(t)) + v, (cosB,(t)+cosb(t)) - 2¢ [13]

Vv, (sin@,(t)-sinBy(t,)) + v, (cosB,(t)-cosB(t))

vy (t) = — : . [14]
Vv, (sinB,(t)+sinB,(t)) + v, (cosB,(t)+cosb(t))-2¢c

Vv, (sinB,(t)-sinB;(t)) +v, (cosB,(t)-cosB;(t))

v, (sin@, (t,) +sinB,(t))+v, (cos®,(t)+cosB,(t))-2c [13]

v,(t)=

Subsequently, the evaluation operation of the coherence itself consists of
then calculating for each value v, the deviation value v - v"™. The value of v
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FA(t i) = MA(ti) X [6] and FB(t i) = MB(ti) X [7]
Subsequently, the estinmation of X will then be nade by
WO e®sler1ddn of this over determ ned |inear SysSPENEP2E7/063102

per the | east square nethod. In this first

i npl enent ati on node of the ptéocedure according to the

i nvention, especially for the two variants descri bed

previ ously, the expression of the equation of
aﬁun‘@MWé‘stC@maﬁkm Emlv'i1 sthehA¢drrégpondsotd the -pdsition of the

%ﬁe“ ¥t TepteSEiynd e Bl sgufipeFoe ot el Byfbes are

thelnesansidared ssighst aetsmae@nldramnheraneiemelre Vx and Vy
represent the conponents of the speed v of the source

in a Cartesian reference system Subsequently, step 2
of thid @¥RiId ¥y Qifthltsﬁ@stdmmr@ﬁat@t@aﬁgo@@ §teP|2ﬂsQ0r§f3t3 of,

l 4n teénCrﬁd)t@Udjl?édtﬁ‘rﬂarﬁr%r ap Nd@aﬁ@&téndedcmmiﬁﬂe& "EKF" to
Ekte s,t)\affl u?/@,&@t g[r)1( VER(t Vs )fg/ bjg\%{to +cefr§<q pre;\jloTlsIX Vdefined

Sthwdene@isE€A(t i) and fB(ti) represent the frequency
nmeasurenents of the signal received by each of the
antennas at measurenment nmonment tj. According to this

be hﬂmswe@ephequaﬂomsa@cﬂwmg/@tepe%(am they psdellqws,where

Hlje)/éeyrﬁlf)olt"l&?arg%gﬁédeﬂfb RGN Aindih: speed of the

I's consi dered a antenna t he
conputation is made for each pair of magnitude v
defin xthéAreIatlon v X -(singqA(t, ) - singq
B(t, ? y(coqu(t )) - cos q B(t, )) VWUV x[16]
(sin QA (t, ) % sin QB(t, )) +vy-(005 (, )) + cos
aBit, )) - 2c where O0A(ti) and qgb(ti) represent the
azi mut hs neaswped at the nonment ti considered. Thus,
for efBgt P&A®NATi al source, a given val ue of magnitudel17]
v i s obtained’BThus, for a system conprising two
antennas A and B and for each neasurenent nonent ti,

FNGEE a2lfuth ML BIEH e values of the magnitude v

falt)=f, [1- (v, -sin®,(t)+v, -cos8,(t))/c] [18]

and
fo(t)= fo [1-(v, -sinBy(t) +v, -cos B,(t))/c] [19]

for the frequency measurements.

The quantities fa, fs, 6a and Bg represent the values of the signal frequency
received and the azimuth measured during step 21, for each of the two
antennas A and B.

In this variant, a possible method to assess the coherence of
measurements with regard to the model consists, when possible, of
estimating the transmission frequency f, of the source and, on the conditions
that there are a sufficient number of measurements, in testing the frequency
remainders made up by the different deviations between calculated
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bei ng val ues corresponding to the association of the
different neasured azinmuth values: v x (sin q A (t, )

WO 2®81069B(t, )) + vy (cos q A (t ) - cos q B(T/EP0)7/063102

Vi(tl ) vx (singA(tl ) +singB(tl )) +vyv

(cos q A(t 1l ) +cosqgB(t,1)) - 2c [ ] v x (singA
(t,) -sian(t, )) + vy (cos qgA(t, ) - cos qB(t,
)) ( = 1 3] vx(sin QA (t, ) +sinqB(t, )) +vv
(reqaem:lé‘s (a(t), 1FB q)SJsmgB(aEtlm)ated 2/alueonI( $hen speéd (dnd hzimuth

Y%ueg[a? rﬁ?h\?)n Sa[qq W%CS%{J%AT (”Lt '(t@f ?r?e)a)%ufécil ob)tpgosﬁgnal
samples, re):ewed@gddfegent mpmerggtiv x (SI ngA(t,) - sin
Sug&%%der’)t%/ Zh%( r\éﬁﬁ %B%ltanAoI( HE,) sou;:t;é9 i tﬁéﬁ vl/hér?a t‘ﬁ%' ?}eatest

ameugbef regpaindgns Ceni%reguﬁfgtéa@léﬁfq W, Ohtﬁ@eéval uat ion

oper ati on of the coherence itself consists of then

cal culLatin achv ue v t he . devi ation va

om CTHEo Haster ety BRd'S lislius,s Recghcy Malsmaaiation
D’KMCEGSDMSDFD&‘BGMTG aortingntoothéd hrevepuroantln athisseaco®d mode,

en , ,
SBEREIE™, % e S R AP LES . R 28l PR GG ey of the
Swﬁer@@técﬁﬁdddlr@@}'alnt relatibry 40 ita@tandennaiinvavadstespecially the
t 1 n

m)ren%gep éébé%atuﬁ'g‘?{ﬁe 4otﬁvl@e?of tHéo%\ﬁteﬁr%ep voI\)eE‘J aH %% radlal

246 Dy o Tk SCL1Gs et S g fpRa. |1 ”?8]

subject to a certain previously defl ned stat us noi se.

{ hen BESBE R Eard TntEFRpfalton e “Peaslicify step 21
thresigtisc aamyeviouslyraotd fon:eaghdfftbe daritenmes Audrd B, of measuring
fﬁ%aisr‘égq ?ﬁf&’ % JrAﬁ?dOFvl)t@ J@p:{l r]ec'ei\/e\ﬁ FNR@'tH?GofT%\{ dff%o the
Bpéq@éhc@ndrmdh@n@wes hames qfuem@aaur@g thze gzamuthg §ador Bs
EBré SRR to HELintdhies dectib® of e algnbl @AREE By the source.

According to this implementation mode, these measurements are made
consecutively at different moments t;.

According to this second implementation mode, step 22 consists of
determining the radial speed p of the source, measured by each antenna, at

reference moment tg. According to the invention, this speed p(t;) is

calculated from the corresponding radial distance p(tg) and the drift of the
azimuth measurement 6(t) noted6(t;). Thus, for two antennas A and B,

pa(tr), pa(tr), 8,(ts), B(ts) is determined and subsequently p,(t;) and
Ps(ts)-

According to the invention, the radial distances are calculated from
azimuth measurements using the following relations:

X(tg)-X, =P, (tg)-sinG,(t;)
for antenna A [20]
Y(tR)'yA = pA(tR)-COSGA(tR)
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received and the azinmuth neasured during step 2 1, for
each of the two antennas A and B. In this variant, a

w@owsisile7 met hod to assess the coherence of PCT/EP2007/063102

nmeasurenents with regard to the nodel consists, when
possi bl e, of estimating the t& ansni ssion frequency f0
of the source and, on the conditions that there are a
suf ficient nunber of neasurenents, in testing the
Aiequency remai nders nmade up by the different

devi at et )C ultat edf requencies [fA(tI),
fb(tl)]b(a ZI? \gaﬁgnafﬁgg {}5? uesr ftehienspeed and 21]

azi mut hval t_ND gtt)y ] and the values [fA
mti), 9% i %dEf)]patr(né:‘asure(JB th the signal sanples
received at different rmrrents tj. Subsequently, the

{}vﬁ@ re RQE' S/A)O%n%lf gg 1 em d§el§/oﬁe§>ré‘§@{tetﬁé“%s@ﬁﬁ%ﬁe%own

r'emal n zero | s obtal ned
Wﬁ'”’@é‘ﬁ% p&@ﬁtemr@uﬁ@osaamne B Ir?lﬁ‘%'t/?|¥ttp® Cartestasheeference

symémr@‘nmbh e &dintiaes Wl@ﬁtﬁ@%ﬁtfﬁ@l%lﬂi@lnn énd Qvﬁé?é (x(t),
cond npde

VD BB Rents, ebeRiddy e, Pﬂ@m@fh%t o i s the same

sdarcrecdyson.ed directly in reI atlon to the antenna

NBIP A neeapaghe 0ot e 051 8GRI BARL AL ThBRRs (x(e)

nvo e radi al
witr)t Pe(lslovete) accapss, amaohnctvasn mﬁ@egammueeacaﬂatlon as Iong as
Necawi chiuttos Bg(tghaadﬂgor@ielmﬁe@miant ati on node,

neasurenent step 2 consists, as previous|y and fo
é&@h”@?%ﬁbhﬁﬁ E*mqaeteﬂnaﬁ&\ ﬁ”dog %ﬁ%é’éﬁk’ ¥ and therefore
frﬁewwgyaﬁ?\ (%, ﬁ/fB)Bam‘ mt:ib@eﬁd@ﬂg%rﬁ eufrﬁe v&ﬁ]\&a\oeﬁhah laﬁ?lalogous
Q ue e and on e er hand
Mk ey enrdly 1R DRRE N G i BBk ATes, o ds their
smmﬂmakpmwnectlon of the signal emtted by the

source. According to this inplenmentation node, these

nmeasurenents are made consecutively at different .
rohsequenty, fragt erlations ta9]tands[Adcirdollayinaneratam isrobtained

B?@ﬁmn%tﬁh@ M) @Pasj(ghs of determning the radial speed
he source, rreasured by each antenna, at

reference nonment tR According to the invention, this

speed PO )i B, Ga) TEING:EG ) fRdir kheXgdrtespondi ng

radi al distance r(tR) and the drift of the [22]
cosB,(t;) p,(tz)—cosB,(t;) psl(tz) ==Y +VY5

then by deriving in relation to time:
sinB, (tg) Pa(tr) —sinBg(tg)-Pa(tr)
=-c080,(tg) Pa(tr)-Oa(tg)+C0SOg(tR) Pa(tr) Os(tR)
and [23]

cosBp (tr)-Pa(tr) —cosBp(tr)-Pa(tRr)

=sinB(tr)-Pa(tr) Oa(tr)—SinBg(tr) Pa(tR) Bs(tR)
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azimuth nmeasurenent q(t i) noted g(t R) . Thus, for
two antennas A and B, pA(tR), pB(tR), gA (t R , q(t

wWORR008M6deT er mi ned and subsequently pA (t R) aneCFEP2007/063102

According to the invention, the radial distances are

cal cul ated from azi nuth neast® enents using the

followng relations: x(t R - x A=pA(t R -sin gA

(t R for antenna A[20] y(t R - y A=PA(t R -cos
dhug.t aRpestdMXWithRt\o- egBatior® B(ith Ryo-usknawns B(t ®)d p ~ is

pBeyRY HRpthe i e BTG rhifher il SHtad 4 Jongoes ea s
diffezentdroma 64. and antenna B relatively to a Cartesian

Tef §3198 afe SHsIEM Ezh]vm«m:fdeltémw'eamesmgea%fd s windhp - it is
the north direction, and where (x(tj

) )
PRERBIENTS kn@ymﬁlmalyythenaeawem%$ 6% aérmlﬂt & Gt 8s, but
aBotthe values mfemer\@mraeoassﬂ eand gy of tHeake aztnmum@db\eem time. 0,

%%(SRél Jnax(pﬁ)geteggm%% é{cg th f ﬂognkﬁw&%ﬁ(ﬁ PP%{‘I two
r’%‘?r‘ld*fd 2 p?référ%&f? gﬁpﬂeh’éﬁtaﬁﬁﬂgt EBé afe ﬁ(ése’r:\)tediﬁglow

q(tR are dif erent note t ere the antennas
A and B are assuned fixed and therefore that (XA YA

and (AEBzording t@f@prdiéﬁ@@lﬂﬁémbrrﬁ ORI isBBONd HapreWRIntatdh mode
8(‘%?2)%‘59{&% hé)&o'f’&}ﬁpat@p rﬁ/eﬂtlﬁbf ste é\‘ﬁﬂ"@“ Hr8%etermined

ennas speed I's khown
Suitsge gstept PR, By c&epaeatety capxpl){lﬂ@] toartkie[amrr]uth tﬂmsurements

Bgﬂ(aﬁgéféﬂ |9a$1¥e°‘r1i A%n%bé B% Qﬁfﬂﬁéﬂ \mt%?fy/ gn&gg?er% Pstatus
SO (B Bep r%yt@oé Ingapgal Abe Rpa these
%h@ments I%\ dE y B rtphent b)F/{) dfe;: \rlll ng [ ?trgl ;’:lt | gg t(;)
ha) addltlon an estlmatlon 0 frequenmes related to source movement in
relation to antennas A and B is made by applying to frequency
measurements fa and fg a Kalman filter with a dynamics order 0 (with as
status vector X = (f)). Thus, smoothing is obtained during measured fa and fg

frequency time.
Subsequently, the output from these filters obtained is an estimation at
current moment of magnitudes(eA,eB,éA,éB,fA,fB), estimation used during

the next step to determine the values P and P of the radial speeds.

According to a second preferred form of this implementation mode, the
determination of 8, (t,) and 6,(t,) is obtained graphically. This form is in
particular applicable in the case where means are available making it
possible to represent measurement of signals received in an azimuth/time or
frequency/time reference system on a screen, so as to have graphic
representations such as those illustrated in figures 5 and 6.

In this type of case, a representation of measurements 51, 61 of the
received signal is available, made at consecutive moments t;, from which it is
possible using graphic tools such as mobile cursors 52 and 62, to determine

in the best manner by smoothing or "visual filtering" the value of magnitudes
(GA,GB,GA,GB,fA,fB) at a reference moment tg. These magnitudes are
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=-cos gA(t R) -pA(t R -gA(t R) +cosqB(t
R -PB( R -gB(t R and [23] cos g A(t R -pA(tR

WO ews/06F1B (tR ) -pB (tR) =sin g A (t R) -pAPCT/BPI007/653102

A(t R) -singB(t R) -pB(tR) -q B (t R)Thus, a
systemwith two equations wi2h two unknowns p and p is
obt ai ned, accepting in a known nanner a uni que

solution as long as QA is different from @B. To sol ve
ﬁé@éecﬁfrem kR pbshiods deice brienatibhe ofaturesrsoin theanidwp planes
éérlr@ I%gcessary to know not sinply the nmeasurenents of
SONHOE QA and B, but also the values of the

variations QA and QB of these azinuths over tinme. QA

and CBhemotbetialettres oeg By )dadd of enl(t k)nam thetdoedsponding
of which tvvo corresponding to thecgreferre

Valgee e ha)iand febiab agg @Lﬁ@@t@ﬁmw dhervster: 28 e@ingigts. dn this

§e@mf mﬁmémefntdtwndffn@am dHfthé Iy i récéi{tﬁ@ tra%cbfmhgfrf@meamv@nnon in
rocedure accordi.n ot he

SrarchM WAGHa SRt dallins, i Ehes e Crlgfiode paraling by the

mpiplngeldtiort:he azi nut h measur enents obt ai ned on

antennas A and B a Kal man filter with dynam cs order 1

(status vector ( n& Iinearizat_i&a f the

IawofAv ri agi E h'L? qsep :ﬁe i 85 thalp. [24]

addi t i on| OAan @st il Matian of 4 requencifels relate to

source novenent in relation to antennas A and B is
made by appl vyi ng to frequency neasurenents fA and fB a

MEF@QA>%nHtf?E¥ %ﬁ f tﬁé'é%mn%ﬁoﬁé %Ffreg t’%)”& hé%?ﬂ‘éﬁwhen

vect or | ng I'S t al ne UI‘I

REUSH ed-or AVARQUE BDPP@kﬁﬁereéfM i TRIOGLGES e HLFEHME | meatSHé%mentS
mgp@utwéw oIdtbese fHid tsryrfal detaiveadon sarBnestA Naid ahe adignal

magni tudes( g A,q B,g A q B,fA fB) ,
Fé?%ﬂﬁﬁéﬂ@&%url ng the next step to determ ne the
vaI ues P and P of the radial speeds. According to a
secongh me%fs%urrﬁﬂuohtwmr@fthéfpﬂo@entmpl/ﬂm@@tcahs.@l@ré@dep fth$ and

4ot Rt Vs 86 Al BN SR dadly togpambaReian,of the
§61‘Frc6§5ﬁ1é’\’ﬂﬁ6 ol 1of heé e@rY bl théc?% ?'f@ﬂ a'nbl ROHI&Ahed are
%lgnlﬁgqﬁsal& nﬁgrs%gr}?gr% the othdr due t[)er%%ég&rerﬁgntaerrors The
value of A is then minimal.

On the other hand, in the assumption where the potential values considered
for p,(t,) and p,(t,) and fa(tr) and fa(tr) correspond to a ghost source,

these two values foa and fog are appreciably different so that A is not minimal.
Thus, the ambiguity affecting measurements made by antennas is clearly
eliminated.

For the ease of understanding of the description, the different steps of
the procedure according to the invention have been described in the two
modes and for all their variants in the specific case where the system is in the
presence of a single source in the monitored zone. Naturally, this specific
case does not define the limit of the scope of the invention; it may be
implemented advantageously to eliminate the ambiguity concerning the real
position of several distinct sources moving in the monitored zone.



frequency/tinme reference systemon a screen, so as to

have graphic representations such as those illustrated
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representation of neasurenents 5 1, 6 1 of the

recei ved signal is avail abl €1 nade at consecutive

monments t,, fromwhich it is possible using graphic

tools such as nobile cursars 52 and 62, to determ ne

in the best manner by sno&UWAMSor "visual filtering”

the value of magnitudes (g A/q B,q A q B,fA fB) at a

reference nonent tR These nmagni tudes arededuced from

the positions and orientations of cursors in the view

pl ane ent %

an31 o rc?c%%% I‘éf tﬁg eI @aggrﬁ rcgsgr%s ?cldfgec' Sé)SrRA% (ptﬁﬁ%%ﬁ sonar

and feremraylsmgattlﬁ@et twiet lsesir r&@@enﬁ asldelé Qhara@i%uzedsn that

inth nment ati on node of the procedure

accorgéowge?ﬁgﬁlé{rﬁentl on, in searchi ng@whr ch of

these vafDedtiah3ganisiians HePdR L Suripg whi the8l9ngy raqedved is
f ol | omicagureel fak rtmdufreir@rtanb%ntmdf nelasuepigaanantiehere it is

est LBALPRR)  SAUFARIA Tho 5 AETERIRST I b6 ona

rreas ure@eeﬁeds as esplead iheeﬁqesrl:éda atkestal théazimnghd of the source,

recel vedyOR AREURD. AN BaoRARR heRiUith Yaues of the

val ue8OWeaSPaeteas 8iis srer is rrerfoamdp@(img  meastfesl azimuth 6

val uegn@freaﬁéﬁgﬂva@mgsz(tR) correspond to the real
| ocation, o val ues of the emtt

C
t requench thid Sipd TPen Shbinatng e S eiokty nchiiedin of Ghost
di f f esouroes fdmmgt vt Her thlelmdtenmmaeameeantheefrequency and

The Qe anips i oSt sryiny 6 S PR el v of
for pmeaeurem)eranmmm(aasm)enwm dan@tiens fnking ife Rpquency of the
]‘foogr €S QI@eE@rv@dQP‘?ﬁéf HER foté?ﬁrﬁﬁ tﬁ&ghéas'oﬁ?&a 9 thé&8Gurce

reciab ere SO t
m ni rf%r‘Pee fﬂﬁpoﬁ'ﬁénanbl guity affecting neasurenents
made by antennas is clearly elimnated. For the ease

f t andi f the d t ,othe diff t :
o o B Rk SRl SE U ED LRl s
been dsstduliegl thenthiddestépu23) are expressed as follows:

falt)=f, [1- (v, -sin®,(t)+v, -cos8,(t))/c]

and

fa(t)= f,[1-(v, -sinBg(t)+ v, -cosB,(t))/c]

where ¢ represents here the celerity of sound, assumed known, vy and
vy representing the components of the speed V of the source in the
Cartesian reference system, fa, fg, 8o and 6g the values of the
frequency of the received signal and the azimuth measured for each of
the two antennas A and B



nodes and for all their variants in the specific case
where the systemis in the presence of a single source

WO pooslesiabni t ored zone. Naturally, this speci fPCI/ER287/063102

does not define the limt of the scope of the

invention; it may be inplem2& ed advant ageously to
elimnate the anbiguity concerning the real position

of several distinct sources noving in the nonitored

zorg:. Rloeddb dccdrdimgess dlaim tdheineMihicatiumg ahegbe@tmination

sourc p nar [ Si t | t

li nea?t%gﬁé% @% ggéﬁéﬁ%ﬁgchér é@ eergpgtih% tﬁ?ﬁ?&? téﬁ'@ed are
conpr dstesmited attangAtationi tial acquisitions step (21 )

, during which the signal received is neasured for the

di fferent nonents of neasurenent tj, and where it is
detder ATQfE$S ABEOTEHh tAntlaiAa 2, t e Vﬂiﬁ@bl@ﬁ fosgitncyalges  of

, Iof &@ﬂpahgﬁt@,lvxraefaev VEitheasoUEs kp éédtak@e@@matéa §y making a
val ues 0O

(52) Feffesibt E‘Hﬁl@hﬁ%@%@%ﬁ%e@fiﬁ% Fteited BY %o arBnna, at

sour ceorsgeptitive alsoxldnnsntstt@ pespechee!yon m@ctisnngatihand 05(t),by

neasu f y v

ot op. EyAE 1 HelT VRS ARG " S Py el e tinear
ghost e@@&tmsymmn@mﬁmﬁed fourtherrelaw@nei@ﬂlow bys oeatesef the
the fpggy re%@é’hrﬁﬁ@@d val ues are determ ned

satisfying, for each nonent t j of neasurenent, the
measur enent equations |inking the frequency of the

signal receiwvgd to the frequency fO emtted by the
source, at the source speed and position. 2. Process
according to claim1, in which the nmeasurenent

equat whase Msexpresentag trieasurdmemtsmapix(\mb 2 Bnes in which the
expre f (t =fO0O[ 1- (v x-sin

aA(g éﬂﬁgsgé”f‘g é%% ’)éﬁ% and fB(t, ) =fO[ 1- (v x

-sin qB(g +vy-cos gB(t, ))/c ] where c represents

here the\ggf)er L{ Ysid ,(BPENGos@sEpeed known, vx and Vy
representlng e conpohents of the speed v of the

sourc® in the Cartesian reference system fA fb, QA
and QB tiig(tyal [aessigd, (L Ji€; -cosox(t)/c],

each line Ma(t) or Mg(t)) corresponding to a measurement moment t;,
and where F represents a vector with 2N components consisting of the
measurement pairs (fa(t), fs(t)) of the frequencies of the signal

received by each antenna, measured at N moments t;.

Process according to one of the claims 2 to 4, in which the third
coherence evaluation step (23) consists in:

gj'l

- calculating, for each moment t; considered, the value of the
magnitude v™ defined by the relation:

v () =(fa (t) = fa (1)/(Fa (L) + T (1)



frequency of the received signal and the azinuth

nmeasured for each of the two antennas A and BS.
wee@smeed9according to claim2, in which, durinBCT/BR2007/063102

determ nation step(22) the conponents Vx and vy of the

source speed are determ ned 28/ t hangul ation. 4 .

Process according to claim2, in which the possible

val ues of conmponents vx and vy of the source speed are

esti nwheck bytiymakdnig(ta représemt ahe Nreorasiey ementsredderteof the

ovenBAnal oo veg R A e BRRST e mgrgent

gB(ti), by defining a status vector X=[fO0; fovx; fovy]t
and by regs, t -

r epr esent e%lclgl'aﬂﬁﬂ fa¢ e%bﬁl‘fz%ﬁe @Bbgb'é ﬁYeezgglﬁ%fof [he magnitude
IeasthﬁUa‘?‘ébVé'&%ﬁﬁ?'ab‘én F = M X, V\,here M represents a
measurenent matrix with 2N lines in which the

expression f t

YRS e N P LN B AR T SV L)
-coquEt i ) g (sieBgH, I#ﬁeelyﬂ()t)ﬁ)v o(CCIﬂAtf) )+cos 8, (t)) - 2¢
correspondi ng to a neasurenent m)rrent tj, and V\,here F
represents a vector with 2N conmponents consisting of

the nwhsky emphnaaasr(tg r(ebl‘ﬁéen) thé E&tm&ﬂﬁs%eaﬁ@red at moment t;
frequenm(i %fq%ﬂ% recei v % each an aa
reasuPAlPIdEre Hto R R SR TR e

of the clains 2 to 4 in which the third coherence

l uati ' I
oo oSG 43 oS00 B el e AL 4
vmdefined by the relation: vnm(t, ) (fFA(t 1) - fB(t

I 7)) /e Ablirce Q)eﬂ'igf&(ﬁsnﬂerbb“ﬁ@rréaff A EHQn ﬁ@oﬁ@(ﬁdr)whlch the
repreéént .t he mregtlﬁgéatr%?{éllm=.~a3urern=.~nts of the signal

recei 8achs g8t ennas at measurenment nonent
ti, - cal cuI ating, for each potential source, the

Val&ePpéc Eeacrg%gcﬂné lfg tla d‘?f nn\?lﬂlciﬂythtehs?ecro%daéteB r122 consists
of applying an extended Kalman filter to the status vector X= [x; vx; V;
vy; fo] subject to a certain status noise defined, a priori, to estimate the
possible values of Cartesian components of the speed of the source
emitting the measured signal and the corresponding frequency of the
emitted signal.

7. Process according to claim 6, in which the measurement equations
used during the third step (23) are expressed as follows:

XA
6, =Atan—
Ya
and
XB
6, = Atan —

Ye



vV X -(sin gA (t, ) -singB(t, )) +vy-(cos gA (t, ))
- cos gB(t, )) v x -(sin gA (t,) + singB(t, )) + v
WO ¢@0886a971 1)) + cos gB(t,)) - 2c where OA(tiBRCEREP2007/063102
gs(ti) represent the azinmuths neasured at nonment t i
consi dered and all ocated to 24e potential source
consi dered, - calculating, for each potential source,
the deviation value v - vmthe source being considered

as refdr the mdmarddeazienghf or whi ch the deviation v-v m
Is the smallest. 6. Process according to claiml1, in

which th tep. ( consi st f pl yi ng an
extended?pl'{éﬁng Hr?\u é‘né Ffevystcﬁﬁﬁs?t or X= [x; WX
; Qﬁ fo] subject to a certain status noise

dei i nd

Cart esi afjbg grfén Vtsxoéfen éd{g?%g/etegg% ;)G(b gu;/gleues of

emtting the nmeasured signal and the correspondi ng

frequency of the emtted signal. 7. Process according

t o cl Wirth&fregnendy nieastemadsur ement equati ons used

during the third step (23) are expressed as folloms

and %-Atan - Y Bfor the measured azinuth, fA(t, =
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where foa and fog represent the estimations of the frequency fo of the
emitted signal, obtained using measurements respectively relative to
the signal measured by antenna A and the signal measured by
antenna B.
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