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*159159* Met hod for an antenna angul ar C@M i bration by

relative. distance nmeasuring 5 The prej fﬂnmmmu lm

relates to the angular calibyation of
reception systens such as sonars or active*omes such

as certain radars whose angular performance is

i nadequate. 10 Calibrating an ante consi sts

doMRTRIR HEPT AR ATLCTHR TREFHAT f LRI SNAoR Hey Telative
estimation error (bi dds&aticesn@agarrdndevi ati on)

between the real direction of arrival of a signa

recei ved by the antenna and the direction of arrival
egtemat gdeatertthe dutvientt ioh t heelBtast ent@ pr 6dessi aggular
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|zat|on of t ant enna conpe sating f he
covr egp@ﬁ@ﬁn@rtﬁ%s SUFhe &hoWeadgen o?afiﬁésmvggo%en angular

PYdr i HnindeS & dataiddiriad ndi spensable to the
resilience of the performance of the equi pnent 20

associated with the antenna. In regard to the
ﬁmmmng)faﬁh&nbeﬁnhngonfsiishe sourdstetmining for all

lfleongnéfuiwt raef’ C{Fﬁsasgﬁgneégtl réar‘i US  WOS€hias and
enna COﬂStI e sensor las Int e .
date?mﬂérrail dﬁ'@fatltcm) beetwre anthepareat hedtagerean of

opghakion 8k theg2gnaystemeantd nbparﬂﬂe?ubﬁ'f:ehﬁﬁ and the

locating function. This is why i neral ly usef ul
t GUFRAET Ak eCh AT B | Sﬁtlm%e@m *br 408 aRUEHEGNRE the

U%&HﬁhﬂﬁﬂbrééeﬁsﬁwgSeﬁa§GWaIQ§§ﬁmﬁéﬁﬁmedIaed thekeafter
usua nopi | e for operat.io 30 reaso in
e%/ci‘ltecfecé‘]ﬁ%lr | secrﬁail' r):J.on oS 0M%ye aﬁq %Qltn by

deploy i n-such
t Imtmp:drisatthe'lg)emr ngheofcqz‘rx@swmlrlgo eazal 'll‘be ak@@wledge

argy eB(kPéOJFEQ% §Re LSQULEeNLECEIYVEl QEQTRLEN MWElispensable
per manent e knomn perfectly (or noreover mneasured

witth &he aé‘@ﬁﬁéé?nﬁét |Q:feablP? §rEACEFa35et Rdn the edquipment
r eHdeih@aatur aeyhf orctide macenviar tarbe regard to  the

measurement of the bearing of the source, the equipment
acts as a measurement apparatus whose antenna
constitutes the sensor. A bias in the determination of
the bearing can impair the tactical operation of the
system and in particular the locating function. This is

why it is generally useful to undertake a calibration.

To calibrate an antenna use 1is made of a noisemaker,
preferably fixed, but wusually mobile for operational
reasons, in front of which the receiver is made to
deploy in such a way that all the bearings of the span
to be calibrated are explored: the source-receiver
geometry must permanently be known perfectly (or
moreover measured with an accuracy noticeably greater
than the required accuracy for the receiver to be
calibrated) in order for it to be possible to make the
comparison between real bearing and estimated bearing
on the reception antenna. The determination of the real

bearing presupposes either its very accurate
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calibrated) in order for it to be possible to nmake the
conpari son between real bearing and estinated bearing
on the reception antenna. The determ nation of the
real bearing presupposes either its very accurate |II
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In the case of the calibration of sonar antennas
carried by submarines, these two conditions impose
constraints of impiementation of the measurements which

are difficult to satisfy, whatever method is used.

A first method commonly used in the past, consists in
performing the calibration with the aid of a periscope.
The calibration then consists in performing optical
measurements of angles by means of the periscope of the
submarine carrying the antenna to be calibrated and in
comparing the angle measurement obtained by means of
the periscope with the measurement provided by the
sonar receiver associated with the antenna.

This first procedure has the advantage of simplicity.
Specifically, it does not require any complementary
measurement equipment, the periscope forming part of
the onboard equipment. On the other hand, this

procedure has several drawbacks.
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The calibration then consists in perform ng optica
nmeasurenents of angles by neans of the periscope of
the 30 submarine carrying the antenna to be cali brated
and in conparing the angl e_npasurenment obtained by
means of the periscope with the neasurement provided

Tﬁdetaré redQRR NRFeINEr; ASSAC] af L h f8guanéenna. prior
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that the antenna to
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f the antenna at various depths, this bei
nRESEar JEGF TS PﬁthE@antBoacE%ﬁ%tJFH§’1§CC°unt the
VafalajidtQ.Lrtﬁ'lst niaccaisdugx frehaghautoot tdfe antermxeasaa as a
cti.on of pressure, Periscopic sighting is, in good
vﬁgz%ﬁﬁﬁ? Yok IO a fairly accurate neasurenent.
hbvertheless to make an 20 accurate neasurenent, it

| Spdief fy L9gheiab! st o8 %60& h61§91a&@§tyt %@Infd,ltlons,

t hi s not_"bel ng poss le if the latter bs haul

behi TR 51 AECBF AL PPRAUBSTENt s LBRUFFRBSERF el 6O Make an

accurate measurement, it is necessary to be able to
sight the source itself, this not being possible if the
latter is hauled behind a boat or carried by a

submarine vehicle.

On account of the constraints cited above, the method
of calibration by periscope allows only imperfect
calibration in overly constraining operational
conditions. This is why it 1is often reserved for

preliminary checks.

The arrival of modern electromagnetic positioning means
using in particular satellite-based locating means, of
GPS type for example, have upgraded the calibration
methods based on the knowledge of the absolute
positions of the noisemaker and of the receiver by
removing in particular the depth and proximity
constraints. With such locating means, the towing ship
can ascertain its initial position with sufficient

accuracy and refresh its position information
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25 On account of the constraints cited above, the
nmet hod of calibration by periscope allows only

i mperfect calibration in overly constraining
operational conditions. Thisgis why it is often
reserved for prelimnary checks. 30 The arrival of
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With respect to the methods using a sighting by means
of a periscope, previous case, this second type of
method presents the advantage, as was stated
previously, of enabling the noisemaker to be made to
deploy at a sufficient distance to minimize the
influence of parallax. Moreover, the submarine no
longer being constrained by the need to raise its
periscope, it is possible by wvirtue of this type of
method to perform calibration measurements for various
depths under ©pressure conditions that are more
operational.

On the other hand the measurements being carried out
independently on each vessel, this type of method does
not enable the result of the calibration to Dbe
ascertained immediately on completion of the
measurement operation. The sifting of the data,
generally carried out on land, can take several weeks.

This interlude can bring about a delay in the
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| and by sifting of the recordings perforned during the
20 nmeasurenent operation. Wth respect to the nethods
using a sighting by neans of a periscope, previous
case, this second type of pethod presents the

advant age, as was stated 25 previously, of enabling
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di stance to _mnim ze the |an uence. of

LMY MEAFHESHE T 24 g et ons I}aalf ned
byrrhrse needwbackai seamt s beper parbpellyt isipogsidnteedy by
tue(ﬁlﬁtﬂéhé)%%%f“ 39?£§tgﬁ§ Eﬂepgg£85 i ith means
c ‘measur ene vari ous ~depths ander
prce"ssmcemfdndl t icomenurHana téhan nerld owgper atficdhalexa@p lehe the

Ot ifiandnt e Jipasps eoRiE S ikel b LA {dhediAUlreal time to
pendently on each vessel, this type of nethod does
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i zin azimuth neasurenents arising fromth
sdﬂﬁ%seﬂTﬁsP@$%%b%€kd65ﬁ BEAREPL PELPYScPREHRFENTES HyPWing

f Usfl{h.ﬁhbﬁﬁf tiee t @WbRE rShieh atige t B@b‘&llb\bﬁ&fel rtﬁeéi\mff\ac1ng to
neans acous ni ¢ alLown
kéhﬁ?‘?e fowf l%hﬁd vt s%lqi %’?WESB% t?qurﬁ nduring

re/ahdh Neitlo thdetswbnar shepdtlrangmuhe ieasprergion file.
Opﬁhgtl %ﬁyegf tgééfaéggﬁéf'gaﬁc Iﬁckﬁ?a dyé%sed
unw el dy to I'mpl enent and expensi ve reover, it

may
prigthrsa L uer amﬁ@aaﬁchblté‘@:il AURTFEIGEs of 11t hé’r@ﬂ@ll@er this

'“%E%Hﬁﬁ“%@lu&ioﬁsp§é§@p §§sb£ﬁat0tBEVt§agaga%ha@ t Rich
measurenent s %z%f}ﬁ ase of dstua transm s

bethed t 9L OIEJWpaancF‘iprPéD biariTre, the i port

Subnmﬁitmti@mmxfaﬁ;ngutnlshed with digital transmission
means compatible with those of the submarine and having

a sufficient throughput.

In all cases, this type of method, which involves GPS
type means associated with various secure communication
means, mobilizes a fairly wunwieldy infrastructure.
Moreover, they are inoperative in the event of a

noisemaker carried by a submarine.

As regards known calibration methods it is finally
possible to cite the methods using a fixed source of
known position, for example anchored to the bottom. In
practice, the use of such a method is very limited and
can be applied only to configurations of shallow water
type. In deep waters, the anchoring of a fixed source
is difficult and to keep a towed noisemaker fixed is
hardly conceivable. Towing ships preferring, for
maritime safety reasons, not to remain at high tide

with their engines stopped, move thereby causing



establish a radio link with the towi ng ship, during 15
which link the towng ship transmts its position

file. The whole set of operations can then be

processed thereafter aboard ¢ he submarine. In

practice, this second solution presupposes that the
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source 1S Icult an eep a towed noi sermaker
fixed is hardly conceivable. Tow ng ships preferring,
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t FERssS ut e positions of the noi senmaker 10 and of the
recepti on antenna throughout the duration of

The trajectory of the noisemaker is reconstituted from
the antenna carrier vehicle by means of a series of
successive measurements, performed by said vehicle, of
the relative distance between the noisemaker and the

antenna.

According to a characteristic of the invention the
noisemaker is imbued with a uniform rectilinear motion
and the antenna with a nonrectilinear or uniform
motion, making it possible to explore all the utilized

directions.

According to another characteristic of the invention
the trajectory of the noisemaker is reconstituted on
the basis of the antenna-noisemaker relative distance
measurements by means of a passive trajectography

algorithm.
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the neasurements, all exhibit significant drawbacks.

To renedy the drawbacks exhi bited by the known prior
art methods, the invention described consists of a 15
met hod of angular calibration,in a real situation of
an antenna carried by a vehicle. The nethod accordi ng

t ccg}%iir?em)i AULSESy 8 cHRREe cRQistarBket ithdDiho&ntion
ose trajectory is reconstityted fromthe a%tenna .
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aremerasel ot tandh TRAFRLEAN i HefFKSDr uni form 30 noti on,

making it possible to explore all the utilized

directions. Accordi t o anot her char.acteri st,i ¢ of .

RGOS ( RE. (7 BRED £ I6F ARe oy Semaner 1 SnveREion
r etanst caltetaonon35otthe tiesi srefatiree  distance, d(tsi),
PSR SETE 8 sl Caflls)| 8RC SRASMIE TR S Y given

: a passlve trajectograph a or[thn] - 7
Acowstimy te, arigt herréRamaet dey stiakigig t ABLPNATRIWE the

t hey @ enae {08 £ a4 b atedb beiny ddtatuwf a passive
submari ne sonar, the relative di stance neasurenents

are carried out by the neasurenent of the propagation
tinEcdrding heosi ghatheri gimatdatgfirsamd hefnoilsentkeention

sai.d ropagation ti bej :

oot BREBEdR ARk, Ph, P S AT AR Brofile of
t clamotmediughat sicoaminiteidc oftt Hey | HEéALZoRT 1D desermined
Cal Sl Aatd PNy Ofe the sl B iMe, diStaNEsy & télrough a chart.

In a preferred mode of implementation the wvehicle
carrying the antenna follows a substantially circular

regular trajectory.

In another preferred mode of implementation the vehicle

carrying the antenna follows a zig-zag trajectory.

The advantage of the invention is of not requiring a
navigation system for the noisemaker nor any exchange

of measurements between platforms.

When the trajectory of the source has been
reconstituted, the antenna is calibrated by comparing
the noisemaker direction estimated by the receiver with
its real direction deduced from the trajectories of the
noisemaker and of the antenna at the measurement
instants considered t;, for the noisemaker and ¢t;+AT;
for the antenna, or more simply at the instant t; if

the propagation time is neglected.
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bet ween the noi semaker and the antenna at a given
instant ti, is perfornmed by taking into account the
bat hycel erinetric profile of the nedium 15 Accordi ng
to another characteristic of gdhe invention the

consi deration of the bathycelerinetric profile of the

”f@@ih%@ i scrs:@fat&@@rmid@ ua{lai Zia@grr?&td@ﬁer migtedl 1 nodpbear
of wave_propagati on,, I.r ect . aQr u !
PR o Beq SR 5 LRl Bk afPoA P He. Ve e by

Carikyireg thecanrt eiriatf aldpowseamtsubst antial ly circul ar
regul ar trajectory. In another preferred node of

i npl ementation the vehicle 25 carrying the antenna

fol | ows aFzgyread tr & ediagyammasigdvahtefferdtiehe of the
| Vel 1 9f ERpPEmBALaEEEBHI dMGtRe Ra¥heal aRcHEIRMESr the
t he noi semmaker nor any exchange of neasurenents

béf W& 15t f orns. 30 When the trajectory of the

source has been reconstituted, the antenna is

cal i brat gdjtﬂ%ﬁgggpgghnglm@ggg%iiggg%re;a} PESLLHOD type of

esti mate cei ver w rection

d echaced cfmegrh t eateaftoryor i gsven thie 3BhoicfenBREL iBAF1iNg
o% 1@htenna at the neasurenent instants considered

ti, r t'he noi semaker and ti+LTi for the antenna, or

nmore sinply at the instant ti if the propagation tine
is neglectegare 8, @Heero£hot agthematiies cdndthe operation

advant ages_shal |. appear. through the description [ :
O Roue, SRS TS HIRG ye A gy e8eaek e it ane | 2aiekive
rejirsgsente, 5 - Figure 1, a diagranmatic illustration

of the node of inplenentation of the nethod according

to the invention, - Figure 2, an illustration of a |
possi ble F{peref 4 10ansshanafei FHBAMEELEAPT diVenVByL1oUS
Wy fa tIHd M ivie r4HBY &ccording to the invention.

Figure 1 makes it possible to illustrate in a
diagrammatic manner the principle of implementation of
the calibration method according to the invention. As
stated previously, the method according to the
invention implements a surface ship 11 imbued with a
relative motion with respect to the submarine 13 and
towing a noisemaker 12 immersed at a given depth. The
noisemaker can also be carried by a submarine or a
remotely controlled vehicle. The noisemaker generally
emits sound pulses which are received aboard the
listening submarine 13 by the antenna 14 that one

wishes to calibrate.

Figure 2 illustrates in an example the procedure
employed by the method according to the invention to
circumvent direct measurements of the position of the
noisemaker. As shown by the figure, the procedure
consists in making the towing ship follow a
substantially réctilinear uniform kinematic 21 and in

making the submarine carrying the antenna to be
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- Figure 3, the basic schematic of the operation for
determ ning the noi semaker-antenna relative 15

di stance, - Figure 4, a schematic summarizing the
various operations of the mehod according to the
invention. 20 Figure 1 makes it possible to illustrate

'%aﬁlﬂ$%%%¥ﬂﬁgﬁ%@w?ﬁﬂ%ﬂﬁdifhfﬂilﬁnédﬁ gtajectory 22. A
i mpl ement ation g e.calibration od,_accor to,

t K& AIREEREYon WRASD SIRKEF prévi BRSEY! tlFhetﬁetﬁoghgge
a@@@ﬁ&m@;tﬁbtmm cahyvbnated napmmaﬁﬁﬁabiﬁnHHQﬂﬁﬂshlp the
él'%xlarr];O gt piguand hel agﬂ s%é?fng"' Fei&Glnd 02 1loop

narlne nol sena 12 |nnersed
acgogidiany d@pﬁhsubﬁﬁ§HQ¥§ ﬂq%%#'ﬁﬁﬁdQﬁ§Qﬁﬁrlew
by a submarine or a renotely controlled vehicle. The
noi semaker generally emts sound Eu ses whic

r &S Wt z%Qquﬁ}QH)WQSTQﬁlhﬁvg Bh%?uﬁﬁeispBgr?ﬁ%ative
artigimcksk t Bate@nened sies 1tr1:st(aa1|tlsbr a; e. IEi gatgo2 uses a

|IIu at.es in an_exanple

B IE e C PR RD TD ¢ D oE T, SR SUEi o
cmemmmeﬂnttud:er evt theashe emeses S@ert h@09@§ﬁFYorﬁrtﬁ pRghout
NQj 36 ého“M} gléctt%“a‘:yf ' %‘fe thie D:E@f@éiﬁ&}@er The
consi |n na tow n p follo

swﬂﬁkﬁﬂQQQQEFQQunQﬁlrﬁ%&sun?¥%?ﬁ+khﬁenﬁﬁlcagYaHﬁagﬁﬁuSly
M g ttha sUbmagy ne s ryi eigoibe anbennathe bepar@icular

callbrated foIIo onrect.ilinear traj or
AR A CRSTES | P RIS 1 o BYprore FRG 1L inear
bema;m;stdny befoal i brres ednpsspmekelrabla}ﬂﬁ@ho@@nrepﬁltlh@ear

| e..0 | e t ri 1 a
T U5 ch, LBy BHREDT 0 e LN, ol e

Tm@nnh6uﬁ£3ﬂﬁﬂhﬁﬂrﬁftﬁPkWQWﬁﬂvent|on uses the
relative distances determned at instants ti. It also

1Tl HiFe I b Bab ary Tactarty Shg Jeerdlly

widhetted by bearings, that is to say with an "antenna'
or T"boat" reference, in the description of - the
algorithm the orthonormal reference frames are not tied
to the craft and the angles are azimuths charted with
respect to north.
Let (%X, y:) be the antenna coordinates defined in a
given reference frame and (Xs,ys) the coordinates of the
noisemaker in the same reference frame, and by assuming
the motion of the noisemaker is rectilinear uniform,
this motion can be defined by a state vector with four

components with the expression:

X = Xs(to) = [xs(to), Yslto), vk, Vyl (3]

where xg(to), Vs(to), vx.and vy are unknowns.

On the basis of this state vector, the position of the

noisemaker at an instant ty is given by the

expressions:
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anbiguity the trajectory of the noi semaker. The

i npl ementation of this algorithmis advantageously
facilitated by the choice of the particul ar
trajectories defined previausgly,. uniformrectilinear
15 trajectory for the noi semaker and nonrectili near
traj ectyry, f ox) thexam,gnna.(tThi stparti cul ar al goyli t hm
can be dsescrl bed as follows. Although for calibration
t F&%Hirections are generally 20 charted by bearings,
that is/.t(@;say) Wkt @n)" antienna"toorv," boat" reflkrlence,
in the description of the algorithmthe orthonornmal
reference frames are not tied to the craft and the
anglhmovwe azigruchsréhaated @ft Fher axpaamakehortha ggven

Leth dednty T e 0echhe Beteeﬁgrgggégln@hestﬁgflaaglgn af the
gi'ven reference frane coordl nat.es of

t Keteiginarist ob CHFe sgﬁfet}‘@f élo&l]r@é’lf‘ﬁaﬁ@ a&r’r&’nby

assum ng the notion of the noi semaker is rectilinear
' b t t
LA O e SR R e i s
X, 3(to) [xs(to), Ys(to) vX, vy] [3] where x(to) ,
Y (D) a:sc%%t%ﬁ% V¥h@rﬁpe Sof35tR theihasive Pl at the

this state vector position of the noisenmaker at
arwlﬁgrfﬁfd%ﬁ B il g#%e‘?ﬁ%?e@‘l’ﬂée ENpPEsINbnEC fetexgine the

(tdompOnents® x1@,)+ Ghits) L oY, \énd4@ @hdc 8 étateXWeEtor
Y. (t ver t he cgordl nates ..

oth heg%l ste}hja%erp‘)é’fpé %I v'éﬁ |‘ﬁ§ gﬂfl t FCE]R
xipresseibrondéberbases ¢het hesst detteron nét iodn tzjfe dyecyor X

oLl oM Do (gl abl td, ) (td; 2¥a “¥Rwhich
(téﬁiﬁ;iée&ti 3§:dr§91cﬁggibei;ingé ££1terlon defan;l;y

the following relation:

Ja(X) = T{(d(ty; X) - d™(1))/ oa(i)]? (7]
It is thus possible to write:

Ja(¥) = min [Jg(X)] (8]

This wminimization advantageously gives a unigue
solution to the extent that, as was specified above,
the antenna follows a nonrectilinear trajectory.

To find the minimum of Jgq(X), use is for example made
of a gradient type algorithm that is initialized with
the distance measured at t, and with the azimuth

measured by the sonar at the same initial instant.

Knowing the values Xs(to), ys(to), vx and v,, it is then
possible to calculate the azimuth B (t;) corresponding
to the noisemaker-antenna direction at a given instant

t; by using the following formula:

B (ty;¥)=Arctangent [ (xg(t;;¥) -xr(ti))/ (ys(ti;¥)-yr(ti))] [9]
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To ascertain the position of the noi semaker at the
instants ti, it is therefore inportant to determ ne
the conponents xs (to) , ys (to) , vX and vy of the
state vector X For this pugpose the nmethod according
to the 15 invention determ nes the estimation T of the
vector X by determning the values xs (to) , ys (to)

, vx and vy which mnimze a quadratic_conver

crint 191 IRt i FRld Byl tid h@PFolvk i ATl BET oﬁgo%?%gs@ ot
= tHd HYddenrd at e ) 1 hs€hd) 2 [whichtcosrdimstes can be

possi ble to ite: Jd(T).= m.n [Jd(X : IS
marﬂ%rfé:ﬁlé’nvg%ﬁ%’ﬁ?hﬁé%u@'yr%ﬁgegnéo%%cligu ulgjg'\e-lgltlll o
t @uthe rexiee ntathaing dshenvestspes fiedalmia bratad .

antenna follows a nonrectilinear trajectory. To find

the mni mumof Jd(X), use is for exanple made 30 of a
griidi errlusseP dbgorPehngt RREaLBeANDY &9y Qf t ket Rethod

diHRNCE dpassr efeati @@ tdhd heaazbhut hon measueedter
by the sonar at the same_initial inst an{:. NoW ng th%

vAIQREEL SES (Y1) ComBRY ¥g) fog; e %a FYSERpt| Ehgn¥RltgsCt the
pessinitn t aonepdwtddt eby hetlagi nahbheRiai ) webhrespendaggmuth

t o t-he \nai ker,- ' ti ' '
R A
(xs(ti;T) -xR(ti)) / (ys (t i ; T) -yR(ti)) 1[9] -

1hpdd retgtionqli¥-2te (td) BRIsYke(tidorie thehe method
coordinates of the antenna at the instant ti, whi

: C ich
CHSTIGRTHTEE EQn W  ARYEREEeRy YRS TEd ByS ¢ fEAsurement
Oftgmatﬂee@'éigri@%nlto@f rélﬂﬁti{iesuhmahnescarafcyésmyztmefor the
antenna to be calibrated., The values {3(1.i i
oﬁ%‘?%lb‘i)lﬁfe%{hsogf%t e tn%?%%%ltéjy cg%di(%ﬂggtlgg%ﬁ%maker by
| mestu0ing t hel cal the agidnof heheafeepivesnsicses ipgtant of
copparing far each Lnghant thecvabyevofyt henddazi mit hthe

neasured by the antenna wth the azi rrut% cal cul at ed

atGa%Rs sane dat es.

It should be noted that in the case of an adtive sonar,
or else of a radar, calibration is facilitated by the
fact that the equipment considered controls by itself
the chronometry of the emissions and can therefore
directly make an accurate measurement of the distance

at each emission.

Figuré 3 presents the schematic of the function making
it possible, in the implementation of the method
according to the invention, to determine the
noisemaker-antenna relative distance on the basis of
the measurements of the instants of arrival of the
signals emitted by the noisemaker. _

At a given instant t;, the noisemaker is situated at a
distance D from the antenna. To first order, without

taking account of the variations of c, we may write:

D=c . At [10]
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Thus, to calibrate a passive sonar, the nethod
according to the invention undertakes the nmeasurenent
15 of the series of relative distances necessary for
the reconstitution of the trapectory of the noi semaker
by measuring, with the aid of the receiver, the

| pgleat Of reyridstalt Of thle sPeiinl 6 £ SURRRESI val yche marine
emtted at the_ dates ti. 20 It %ould be not dJé £
i eCHeme a3Bd oY HET Sac BV COTRTPONYT  &Cse BF & ar ime

C Meithieain ofhe Slﬁaﬁahtt atfe ceniys g dwn bactthtehaourtﬁe pulse by
equi pnent _con |der 4C ol; it sekf

t by th
c%ﬁ?ﬁoﬁgfﬁema etrhe em g;rsi’%éoné}igg ngangtkhejf% relorl Y c
diamgetringa .make an accurate nmeasurenment of the distance

2?( ‘?%db %{Hdssdt‘?nlt FiQUfﬁe§e96§§eﬁb?zs‘iﬁ@esﬁbeﬁaubcllate,
t he function nak Ing It pOSS| , inth

i FsiengAtarMéReE! THEC Mt hod th&cc@?‘aFﬁ@C?o SgRerating the
| MEMdnked OF ¥l efé nantbAn30 Mhesemakerc aid efba a first

rel ative distance_on th Si t

| R ETR B o AR het rsnarel b, PEAEE, Tefa e
nmmmiai moﬁxtecaregr,vemhlmt‘alm teérmt At hoi ‘Sbﬁal’(@ﬁuﬂé} of a
S'n’f nta wl%z%%taé%? b feoribe anteppadeferhinshg the

out account of the vari ati ons .of
C lﬂﬁé:%fd:y REi teecepion OLft the] pulge, whér£he equipment
I eSS LR asikeednel sqQuRdrifet henomsi nen ok UIWay or

and where nt corresponds to the el.apsed._t bet. .
CROERE (RS dmsseitn 6 tﬁg‘lssﬁ&r%’ngSul@lcang’ra CEHEE this

NadreevinRye andstbesi fxtoanta oprnerepﬁyrmhrtgmtzhae:lcﬁl of the
anky enrkas[ gf]o%gg ﬁ%énqiz g %ﬁé‘%&%&érﬁa@é’?%%eo@ the

cal r m ne ants e di stance
separEyimne t he - ﬁd@%eﬁw@ksm@rﬂq Haauft difhaPaThieCebdat the

C Al _ao@ r&flfta OXiiFRt | Pﬂﬁt@eCQﬂﬁéxant:lﬁé theor this
medi um V\,hl asur ed nor eover

t YRAGSS & eaf%%u?tu%?’ are preclsion quar tII.ocks

else atomic clocks.

As shown by Figure 3, the operation of calculating the
relative distance comprises several steps.

The first two steps consist in the reception 31 of the
signal by the antenna to be calibrated and of the
estimation 32 of the instant of arrival of a pulse
emitted by the noisemaker. This estimation is carried
out in a known manner by detecting the rising edge of
the pulse, or else by correlating the received signal
or by any other known signal processing procedure.

In the course of the following step 33, the instant of
arrival T; of the pulse emitted at the instant of
emission t; by the noisemaker is measured, then the
value of the delay AT(t;) corresponding to the travel
time of the pulse is calculated. The calculation of AT
makes it necessary to have aboard the submarine, as
stated previously, an accurate and stable internal
clock 34, synchronous with the emission clock. For this

purpose the clock 34 used is for example an atomic
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measur enent which can be carried out by determ ning
the. instant of reception of the pulse, if the

equi pnent situated aboard the submari ne knows in one
way or another the instant qf em ssion. In practice
thi s 15 know edge results froma prior synchronization

(il.tdl?( i 0akspRfsd e sthd éé—véx@t\!\é.i@ bhensei seraketing the
S

t he subnarlne 13.. The _cl used have in
p@r}tﬁ%%ﬂtwm e¥ibPe ORE A9 ngOfer YPFi A TREST t°

t igiBce Fp"{actéll §uspUbré@8>eret hﬂmeclmkﬂomte:obmr eperatisnon Such
quar t z cl ocks, e. at o c S

Fegurd S e et éal\' |%}§h§l%%l%nu &9 lg?hlég?eltgfz;)lltglﬂvlg%o #e
dicsteance penpodseé §évehcair$t e rahie ¢¢¥§¢5P%dslﬂﬁp§° an

CSIRE LA EQSt&ﬁS@pHe%%u%%n%gut@eof 255 sighals by I;Béed of

antenna to be calibrate estinmation 32 of
t Hde madinm GFaual i bl L0 &/pulse 1P Dy the

nomceenalge;r Thicg eSHéHBEmQﬂlhg canTi ep) outs i naaclommm'
manner etecting t

.Sl n t.h
eI%’e‘ftﬁiﬁ Tl BYi iy © %pr é’?el @éd%% &ﬁg\lnl?% p&l%y ag%ruracy
otd'lel(tionomﬁ &ll’@mhe@sm:emsmng ofir ocRdufbis| madverasyur $8 1in

Oft4¥a | 1.owi gg §£§8n§3’&ﬂ“3ﬂﬂ§tagi Rf1-asrh¥akeTi ratio
o the se emtted at the instant 0(1EI emssion ti by
tm@awlseedrahﬁr the neeeeierl RRERCLRESAV A ofNgha@ntenna.

dehaym - Thiils) @@féﬁﬁpﬁﬁgiﬁﬂ tig therivaseltrid bhﬂ&eOfof the
the pulse is ca cuI atg . JThe calculation_of LT

nmak
i (3G faERDAr9e (o TR A | 16, RS TGReBRReT -
praawausdy r@Ilatai:\ﬁeJr ad s eangicst abbe(tint ebrading clredlet®f, to

sync t cl qc Fo this purpose
t et Fbck 4%%2%5 Jngde san Iega!r%”até:;nc - 13 clock

whi ch presents the advant age of not requiring the

_SM&M@%&%W linbla%t%%ckltoflé h@o@é’iﬁf@ﬁkéf ttaqze into
t ake Iace ]gjust before the calibr n_operation

 TRELAEXRPBI £5 FRAAT (o0 SPRe. tRanPgogeaium
gstd Q\t@frcarqaelt&md eétzmaludons,ofhetle@y @ rasponding also

t‘%éﬁhng into account that sound does not propagate in a

straight line.

Step 36, which runs in parallel with step 35, consists
in determining the distance d(t;) on the basis of the
calculation of AT performed in the preceding step. The
determination of the distance d{(t;) involves the speed
of the sound wave in the medium traversed. But as was
seen previously this speed varies in particular as a
function of depth. The principal consequence of the
variation in the speed of the medium will be to induce
nonrectilinear propagation between the noisemaker and
the antenna. There exist programs for calculating the
propagation paths or rays of sound waves in a given
medium, at a given depth which involve the nature of
the bottom beds and the bathycelerimetric profile of
the medium. These programs make it possible to define
charts that can be used to determine as a function of

the propagation time of the pulse emitted by the
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error of distance neasurenents of 75 cmif a speed of

the nmediumequal to 1500 m's is considered. The step

of determining LT (ti) is acconpanied furthernore by

a step 35 of determ ning thejaccuracy 10 06T(ti) of

t he measurenment of LT. This accuracy is in particular
depanrdankean the sd@nainet oimmeseioat idepteasuhed byglative

the receiv soci ated wi t he, ant enna. Fr h

dé&d @Fﬁ%&tl%ﬁ s RerYeed t%‘? VAT B g he acgglﬁéacéﬁtenna
Od(ttl)then t:Jmestc;beiter mlnat Lon of theCEéiLsérraherewthat the
ng;t%)ﬁk o t el Cgft't}leb%é?ﬂldnﬁlﬁéﬁpeéé?ntg the

orrru 60T (ti1) . Accord

t(YatII‘-L@tIIIW?erﬂﬂ othh¢tsp e o§§| ﬁpélnfio“taéﬂteé iFt ? 5%6%?“ of
thgpey.iations in speed of sound in the nmedium 20 to
|rrprove the estinmation of the distance by al so taking
into account that sound does not propagate in a
stnmisghtohi Eremp:%eﬂo% of\hschpeurss i angandl, | ethev trelative

p..35, st,s 5 in t ep aLnj di nce

JTS)ta&r?et he L%fgls 01'1Ldthte1q(g [“ Eh?grgﬁggf ét(gerfo?ﬁedthe
i macheramyecédi (st eparFhervatetarn nétolrone@f:ht Hgistant of

dlngeta%n&een%(r;e )t nvolves the speed of the sound wave
in the nmediumtraversed. But as was seen reV| ausp; the

t Fihe st Gfhr i3S ih pRrRlRul G asPs SEu‘F‘E‘] tLEd

deptisthha it ra palqueensequence of the variation in
the speed of the nediumw ||l be to induce

nonrectilinear propagation between the noi senmaker and
t Hen antaanice Thehe exlstbratdgramnsotior igalchglsgni g t flech a

vgi%ﬁgﬁ{dtpr\:@@tﬁtﬁycéﬁ%lslrﬁ%t?f?@nﬁ‘r&‘@Yfé E8 3c8LY8R, 3%nat

m at a given i nvol ve the nature of
{ fhobesieBedsS antia he hyr&éter FRBYRI A o9 eCHFrents
t eyl Mngl heSes RIaEREs M ithepossidie t Bedbilene the
chartscthat cgn, be ueedeto 61 %erqge as anf upe i%rlgn ot the

t RSt | OH° tTHeS oY ST he  Purs e BiP Tt 8By “TRE" 14
ndisseirmkerf ahbeofmeéasutedersiaii bept rprctm?@atslcat | pgograms
make it possible to calculate the precise path of the
principal acoustic ray, termed direct. On the basis of
this path, a travel time of the sound t(d), d being the
horizontal distance, is obtained. Through these
precautions in the <choice of the zone, of the
propagation calculation program, of the exactness of
the Dbathycelerimetric profile determined, of the
accuracy of the clocks, for distance spans that may be
of the order of some ten kilometers, an error in the
determination of the distance of the order of a few

meters is typically obtained.

Certain programs for determining the propagation
conditions, which also take into account variations in
speed as a function of distance, can be employed
preferentially to those described above. However,
having regard to the useful distances under calibration
the differences noted are very small, except in very

particular zones that are avoided for the calibrations.
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di stance d(ti) between the noi semaker and the antenna

at the instant ti. It is recalled here that the

bat hycel erinetric profile of the nediumrepresents the

5 variation of the speed of spund waves as a function

of depth. Thus, on conpletion of steps 35 and 36, the
relative distance d(ti) and the neasurenent od(ti) of
the 10 accuracy in d(ti) are available for each ,

i Fot amsed whersutendAt IPE. PRSS REEhJP alsiBC whoFElahnvely
be, sieFRIdAR] byodde £bk! usheat i ofrdtiigi e 4chd5 hethod
practice, the calibration zone i% cho§§n in §%ﬁg &4 take
WEF L Ih et Battirc el RYTHELPT ¢ "BFEF 127 i §Or&4irar ,

t Raito tdwcduait othé shblratoandlt hatf rialveriens eamb to utilize
currents. .engen i ng di.st n - [ ;
RO S BUREA RS e FLoatyer S URdsr ( Heger o arive
catiditanmes loat t B&s20 trastakef inhe PEEaWEd Prof fpEiation
PraPagahhon P PYEANS, Mee | £hpOSSéhheal 0 &3l cukakeption.

the precise path of the rincipal acousti

( P al a ray,
t davar tdisrleas TRl héMBRSPS G KRRYSSPIT h,O%a t?‘%/eav%ﬁ’eed of
tigourd dtheaspupdintdhndd ahheidiy tdemerdtorizant ak difficult
di stance,. i s abtained. Through t e ut i [
t 1 & ﬁ%ﬁ?«ﬁéﬁ$ﬁﬁ§%n%%P ?l?fkﬁ %ﬁ%pﬁég?ﬁgﬁgg 5£882abl by
calmulcdtaicre priogr amitadblicheeameact ness of the
bat hycel erinetric profile determ ned, of the accuracy
of the clocks, for distance spans that may be of the
order of sonme ten kilonmeters, an error in the 30
determ nation of the distance of the order of a few
nmeters is typically obtained. Certain prograns for
determ ning the propagation conditions, which also
take into account variations in 35 speed as a
function of distance, can be enpl oyed preferentially
to those descri bed above. However, having regard to
the useful distances under calibration the
di fferences noted are very small, except in very
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“trajectory

~particular zones that are avoided for the

calibrations. 15 1In cases where it is not possible to
find-a relatively honbgeneous zone for the
calibration, the method accqgding to the invention
makes it possible to take 5 into account the

hori zontal refractions and to utilize propagation
nodel s not only to estimate the relative distances
but also to take into accoGRh®IMRe deviation of the
direction of the S|gnal on reception. Nevertheless

LS RO R A AR5 PloL e Spesd £ 0y U Pl on of
olatnalamtdm ebyreked abypi ag vdid Advantlegesmafdoraedtl by that
F h%§¥§ﬁ¥ <§F|E§P|%a§QQ%d 1%ut Cb IN§51%9 NgthHgbile

angular c Fation in areal situation o .
amK%ﬁﬁﬁﬁ@@ﬂrledlly a V@hlﬁkélo@hara@b@??ze&ﬁQﬂqqﬁﬁrY 1s

t B LRIHARRLILN 5ok akhé ednedhnlY MSiNeA vaidRe (13) by
noi semaker (12) in notion, whose trajectory is

r SEGMst iUt FEF RS tPe aNFeRRsitar PPRFUVEBHPRFE. (BSFERy™ed
megnssHfd averhites, ofofSucltessetatiieas iienenices (d) between
p forned 10.by sai ehicl.e, of the relative distance
ﬁﬁbﬁaﬁaﬁen0|séﬁhﬁ§p%ﬂu?the antenna. 2. The
nethod as clained in claim1, characterized in that

tEe'ﬁ%éeﬂggﬁédf%!l%ﬁ%fﬁé@'iﬁrﬁﬂﬁg%“ﬂ"%ﬁﬁraé@érlzed in
and the antenna a nonrectilinear or

1)
HIRST mithen) e bTsmaleey, HRkiRES i t3posBi bPEMt 0T EXpIORESAT
a|t|ratj|'é%tldiriy| i 7ed)di 506t it0RRs. adtefiha n@t hethas wilaimed or

I h t 20 that the t t '
(DT i Fr s el 270, | PakaRg It o PhetpagipLore
ofalﬂhe:r@nmnﬂazmi sHEreEcrionr=el ati ve di st ance

measurenents by means of a passive trajectography

algorithm 25 4. The method as clained in one of
Cﬁanﬁ$q_mgtgod as claimed in claim 2, characterized in

that the trajectory (21) of the noisemaker is
reconstituted on the basis of the antenna-noisemaker
relative distance measurements by means of a passive

trajectography algorithm.

4. The method as claimed in one of claims 1 to 3,
characterized in that the vehicle carrying the antenna
follows a substantially circular regular trajectory
(22) .

5. The method as claimed in one of claims 1 to 3,
characterized in that the vehicle carrying the antenna

follows a zig-zag trajectory.

6. The method as claimed in any one of the preceding
claims, characterized 1in that the antenna to be
calibrated being that of a passive sonar, the relative
distance measurements are carried out by the
measurement (33) of the propagation time (AT) of the

signal originating from the noisemaker, said

A
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characterized in that the vehicle carrying the antenna

follows a substantially circular regular trajectory

(22). 30 5. The nethod as claimed in one of clains 1

to 3, characterized in that the vehicle carrying the

antenna follows a zig-zag trajectory. 6. The nethod

a% gﬁ%iddWEEMé‘Héiﬂq]ﬂégéiwéﬁeﬂynﬁeaﬁ5 é6fakffichronous
aracterized in that the antenna to be calibrated

b&lR§ tchat of a passive sonar, the relative distance

measurenents are carried out by the neasurenent (33)

of t ro atlo t ) .of LOg :

orlgrﬁhglng% ron1 eégg%ééga%gré%g? 8ﬁé %? the preceding

prodpagwtlonharaetbenngdneleTSuﬁbatbyth%aﬁéléfllatlon of the

S&%Cl%ftqwsdlgkgﬁké (5tTF¢ metdasbas ehai mesh ddnar and

one of the preceding ai ms, characterjzed |% t hat b
t i scaPBEPBRROMA Bf & hE1VEBl at PYEAEF stancet f @Y™ Py
thaw&e@ t hecpoi sermket ame baemaéeeﬂamatracglpmlle of

n ant‘t& is perforned by taking into account the
&?ﬁy q Thetric profile of the nmedium 10 8. The

met hod as clained in claim?7, characterized in that

the cpnsi gerabhonOfc Q%tbﬂc%h% st r i enRFREL L1208 in

the nmediumis carrie utilizing a determ ned
Mot d:hwiﬂcaﬁrafgm%nof th@cPP{}hﬁFe%ﬁFémaﬁréc profile

CRA# tthe medium is carried out by utilizing a determined

model of wave propagation, directly or through a chart.



