-~ 1 Method for an antenna angul ar calibration by neasuring the

t. relative distance 5 The present invention relates to the angul ar

- calibration of passive reception systens such as sonars or active ones
such as certain radars whose angul ar _ gerformance is inadequate. 10
Cal i brating an antenna consists in determning for all the useful
directions the estimation error (bias and standard devi ation) between
the real direction of arrival of a signal received by the antenna and
the directiNetlhofd affor vah astemps cangtlahecalibuetdbnt hg maanrénga

processing; the values neasured 318 Jfhe/LafitBlanPrrected upon
utilization of the antenna by conpensating for the correspondi ng bi as.

The knowl edge of the bias in particular is a data itemindi spensabl e

to the gesithence,pisthe PeiheLARNSE Of rLhgregqui ppBnt 2R-assgshatad
with the antenna.” In regard to the neasurenent of the bearlngﬂof t he
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constit ut esot he.c3aREOT onbsbi @isch N alshecdet @i A1 naidHrs ofvholke degiiag can
impair the tacfical oper at i on_of t@e 25 systemand in particular the

| ocating f UARTT OHHAT st P st RGEECFs general |y useful to undertake a
calibration. To calibrate an antenna use is nade of a noi senaker,

preferahly fi b usual | il ecati I .r.eas ,
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nor eover neasure an accuracy noticeably greater 35 than the
required ackTFaE! f &F the FeBEveFeEB1BED cal | bPat Ao dr 8A BRS¢t
to be possidieed®id@kest herrival estimated at the output of the

15 antenna processing; the values measured are thereafter
corrected upon utilization of the antenna by
compensating for the corresponding bias. The knowledge
of the bias in particular is a data item indispensable
to the resilience of the performance of the equipment

20 associated with the antenna. In regard to  the
measurement of the bearing of the source, the eguipment
ackts as a measurement apparatus whose antenna
constitutes the sensor. A bias in the determination of
the bearing can impair the tactical operation of the

25 sgystem and in particular the locating function. This is

( why it is generally useful to undertake a calibration.

To calibrate an antenna use is made of a noisemaker,
preferably fixed, but usually mobile for operational
30 reagons, in front of which the receiver 1s 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
35 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
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conpari son between real bearing and estinmated bearing on the reception
antenna. The determ nation of the real REPLACEMENT SHEET (RULE 26) 2
bearing presupposes either its very accurate neasurenent by a
procedure avail able during calibration or that it is possible to
associ at e (beapdrgl | ypraagnmioseen t tetithed redeisved wgnal andurate
therefore t 3. i i { Siit | axLs.
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calibration then consists in gerforn1ng.optﬁcal.~W

} arrival, measure on reception at t+AT, must
e theoretically be compared with the direction of the

15 source axis at the date t and antenna at the date t+AT.
This precaution is often neglected, the error that is
made then being small since it ig egual to v/1500
radians, v being the speed of motion of the source in
m/s.

20
In the c¢ase of the calibration of sonar antennaé
carried by submarines, these two conditions impose
constraints of implementation of the measurements which
are difficult to satisfy, whatever method is used.

25

A first method commonly used in the past, consists in

KWJ

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

30 submarine c¢arrying 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.

35 Specifically, it dces not require any complementary

 measurement equipment, the periscope forming part of

the onboard equipment. On the other hand, this

procedure has several drawbacks.



measur enents of angl es by neans of the periscope of the 30 submarine
carrying the antenna to be calibrated and in conparing the angle
measur enent obtai ned by neans of the periscope with the neasurenent
provi ded by the sonar receiver associaied with the antenna. This first
procedure has the advantage of sinplicity. 35 Specifically, it does

not requir eyaRyueeRiBhEMEMLAr Yoo BRI E e r SELY PnEaduitde peri@@:ﬁm»
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being necessary in order to take into account the
15 variations in acoustic behaviour of the antenna as a

function of pressure.

Periscopic sighting is, in good wvisibility conditions,
a fairly accurate measurement. Neverthelegs, to make an
20 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

gubmarine vehicle.

25 On account of the constraints cited above, the method

{ of calibration by periscope allows only imperfect
\ - calibration in overly constraining cperational
conditions. This 18 why 1t is often reserxved for

preliminary checks.
30
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
35 positions of the noisemaker and of the receiver by
removing in particular the depth and proximity
constraintg. With such locating means, the towing ship
can agcertain its initial position with sufficient

accuracy and refresh its position information



25 On account of the constraints cited above, the nethod of
.calibration by periscope allows only inperfect <calibration in overly
constrai ning operational conditions. This is why it is often reserved
for prelimnary checks. 30 The arrivals of nodern el ectronmagnetic
positioning neans wusing in particular satellite-based |ocating neans,

of GPS typ@hf@ugl@é@@'t@le haveatperadagd the ealiibiatdion @péia@aﬁoﬁased
on the knovvl ge of t\r}ﬁ%bso ute .35 positions of the&ngl sema and of
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operation the receiver perf orms angul ar nmeasurenments Pm (ti)
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for theg ”B@écbhf@i@éltesnsb&nt &ﬂé JQbRaFiNe PUt chheugalielr atich  the
operation with such nean it remains to associate for each

measur enent™FHILEHCRF lPﬁEaPFlFoFmatl on of position of the noisemaker,

15, avail abte @éa;oﬁydotxhethevmclagmrap;mm idpere diorf oriwEt | @nch ofepnsi tion
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th
@re recor ded aboBF 4 tho assoc1ate measSurement 1ins
the information of position of the noisemaker,

15 available aboard the towing ship, with the information
of position of the submarine and with the corresponding
measurements Pn{ti), which are recorded aboard the
submarine. This association is generally carried out on
land by sifting of the recordings performed during the

20 measurement operation.

With respect to the methods using a sighting by means

of a periscope, previcus case, this second type of

method presents the advantage, as was stated

25 previously, o¢f 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 ralse its

periscope, it is possible by virtue of this type of

30 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

35 not enable the result of the calibration to be

ascertained immediately on completicn 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



submarine. This association is generally carried out on |and by
sifting of the recordings perforned during the 20 measurenent
operation. Wth respect to the nmethods using a sighting by neans of a
periscope, previous case, this second-type of method presents the
advant age, as was stated 25 previously, of enabling the noisemaker to
be made to vddplafism HEuihs coppradiciahcbunet iPRRkEécephat iildfaigehce

of paral | ax¢LMLEAYRL HR SHRIRIH (e N0 s rRN38Iorbeing Lonstrai ned by
the need to raise its periscope, it is possible by virtue of this type
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15 which link the towing ship transmits its peosition file.

The whole set o©f operations can then be processed

thereafter aboard the gsubmarine. In practice, this

second solution presupposes that the towing ship, which

is in general only a support vessel of the port

20 institutions, is furnished 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

25 type means associated with variocus secure communication

( means, mobilizes a failrly unwieldy Infrastructure,.
Moreover, they are inoperative in the event of a

noigemaker carried by a submarine.

30 As regards known calibration methods 1t 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 methed is very limited and
can be applied only to configurations of shallow water

35 type. In deep waters, the anchoring of a fixed source
ig 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



phase, a phase of data transm ssions between the towing ship and the
submari ne, the submarine resurfacing to establish a radio link with
the towing ship, during 15 which link the towing ship transmts its
position file. The whole set of operatéons can then be processed
thereafter aboard the submarine. In practice, this second solution

presupposesmbi@iehite H@W BHeShh@isuwhbedr. | sSThe gener alf oMoatd SwERer t
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Mor eovers t beyraee innepdriateidy edai ttiher extertigdf @idenoi semaker carried by
a subrmarine. 30 As regards known calibration nethods it is finally

possible to cite the nmethods using a fixed source of known position,
for exanpl el&nchor edheoed hetheredarel nthptacttice, khewvmsersviosuckhrt
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shal | ow wat er type, wat ers, the anchoring of a fix source
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herefore that thetkndem pther amtention described con51sts of a
15 method of angular calibration in a real situation of an
antenna carried by a vehicle. The method according to
the invention uses a mobile noisemaker in motion whose
trajectory is reconstituted from the antenna carrier
vehicle.
20
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

25 antenna.

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

directions.

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

algorithm.



calibration nethods, based on the know edge by the receiver of the
.absol ute positions of the noisemaker 10 and of the reception antenna

t hroughout the duration of the neasurenents, all exhibit significant
drawbacks. To renedy the drawbacks exhiited by the known prior art

met hods, the invention described consists of a 15 nethod of angul ar

cal i brati onatacadneal sbtuakﬁﬂnupfcaaraﬁtemmatﬁarrbedtﬁyaalmebhmhen,The

met hod acco to the_invention. hi | e noi ker tion
whose traj g?o%ﬁﬁ%?ﬂ%cBﬁst‘%u?%g g ﬁ1$th nn% gagﬁlé% p %ﬁcle
20 The traj euboayiok tdeemani Sﬂrmlo_alamveemmmmemeasonemeheSaan:@nna
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and the ant nonrectilinear or unifiorm 30 notionh, making it
possi bl e t ocBkBEéPE AN tRESPELUGY 6d OCHiSr-ect i ons. Accordlng t o anot her
characteristic of the invention the trajectory of the noi semaker is

reconstituted on_,35 the basis of the antenna-noisenmaker rel ative
di stance neASGPEREALs By MeHIEH SDBLESIFELIEFAFectbgridfhy L PEFFEA T hm
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(/ bathycelerimetric profile of the medium.
15 According to another characteristic of the invention
the consideration of the bathycelerimetric profile of
the medium is carried out Dby utilizing a determined

model of wave propagation, directly or through a chart.

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

regular trajectory.

In another preferred mode of implementation the vehicle

25 carrying the antenna follows a zig-zag trajectory.

The advantage of the invention is of not requiring a
navigaticn system for the noisemaker nor any exchange
of measurements between platforms.
30
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
35 noisemaker and of the antenna at the measurement
instantgs considered t;, for the noisemaker and Li+ATy
for the antenna, or more simply at the instant t; if
the propagation time is neglected.



propagation tine being neasured by nmeans of synchronous em ssion and
reception clocks. According to another characteristic of the invention
10 the calculation of the relative distance, d(ti), between the

noi semaker and the antenna at a given instant ti, is perfornmed by
taking into account the bathycelerimetd¥ic profile of the nmedium { 15
According to another characteristic of the _invention the consideration

of the bat hYEREEr | FEPHAC G EDf 2hRhe ABUPHRAPSScarTi®dd outPBFaTY
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anot her preferred node of |nplenentat|on the vehicle 25 carrying the

ant enna fol | ows z§ﬁ% % trajgctg %ya@iﬁﬁ%éggéfgh Q%?”Eh%” IS

of not FEqurrlng a ati’on sys e noi'sena nor —any
exchange omodeasu?enmmlsm@@tmEeunpbétﬁﬁﬁmsmeB@O@%eHCDm@lmEBj@@teh# of
t he source ?ﬁg reconstituted, the antenna is calibrated by
conpari ng e norseﬁaker dlrectlon estimated by the receiver with its
real direction deduced fromthe trajectories of the 35 noi senaker and

of the antenna at %E%u&%@%yr%ﬁ?ni11u§§£§6£§n08@5%d%ﬁ%%tble Bipkher
noi semaker and ti+4TiC for the antenna, or nore sinply at the instant

ti if lthe PPOPHUEENEBE t FFRIPSCABYI ecIBRN - B ©Pfer OéhaPaBLePisings
and advant aggsmghal |l appear through the description which follows,
illustrated by Figures 1 to 4 which represent:

N - Figure 3, the basic schematic of the operation
( for determining the noigsemaker-antenna relative

15 distance,

- Figure 4, a schematic summarizing the wvarious

operations of the method according to the invention.

2¢ Figure 1 makes it possible to i1llustrate 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

25 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 c¢ontrolled vehicle. The noisemaker generally
emits sound pulses which are received aboard the

30 listening submarine 13 by the antenna 14 that one

wishes to calibrate.

Figure 2 1llustrates iIin an example the procedure
employed by the method according to the invention to
35 circumvent direct measurements of the positicon c¢f the
noisemaker. As shown by the figure, the procedure
consists in  making the towing ship follow a
substantially rectilinear uniform kinematic 21 and in

making the submarine carrying the antenna to be



5 - Figure 1, a diagrammatic illustration of the node of

i.nmpl enentation of the nmethod according to the invention, - Figure 2,
an illustration of a possible type of 10 nmeasurenent trajectory, given
by way of nonlimting exanple, Figure?2,-the basic schematic of the
operation for determ ning the noi senaker-antenna relative 15
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13 and °f t%ﬁFﬁEdénﬁoFQeﬁaﬁBpsi?nt Yeigrudagi FERIGEATY The

n0|senaker can al so be carried by a submarine or a renDter controlled

vehi cl e. noi s r.al | ts . sou d ul ses
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follow a SH#HEE? &t?' ! ycHeeCt !:Ha?@é(:ok'{}' fofm KERE ML L by g | N piRki ng
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explore thecacilitated by the choice of the particular

trajectories defined previously, uniform rectilinear
15 trajectory for the noisemaker and nonrectilinear
trajectory for the antenna. This particular algorithm

can be described as follows.

Although for calibration the directions are generally

20 charted by bearings, that is to say with an "antenna"

or '"bhoat" 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.

25 Let (xXy,yy) be the antenna coordinates defined in a

( given reference frame and (¥%g,vs} 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

30 components with the expression:
X = Xs(tu) = [Xs(to), Ys(to)r Vi, Vy} [3]

where xg{tg), ys«({to), vy and vy are unknowns.

35
On the basis of this state wvector, the position of the
noisemaker at an instant t; 1is given Dby the

expressions:



beari'ngs to be calibrated is preferably chosen. In the exanple of
Figure 2, the submarine 13 perforns a loop 5 according to a
substantially circular trajectory. The nethod according to the
invention uses the relative distanceslfieterm ned at instants ti. It

al so uses a particular passive trajectography algorithmto 10
reconstitute witRsthe fecessar(fochceulbey dnd Wikt hout anblidduity the
trajectory 9fgthe noisemaker. The inplenentation of this algorithmis
advant ageously facilitated by the choi ce of the particul ar
trajectories defVmnEdipreviowslFe! uni £y m rledt-ivi near 15 thBdj ectory for
t he noi semaker and nonrectilinear trajectory for the antenna. This

parti cul ar algorlthn1 can be described as follows. AIthoﬁgg for
cal i br at on? %OHFFecFﬁ&MFQQEQkEﬁﬁﬁ%J?§ thg ORASEER r# ngdVefhat
is to say wihBtant" ant erdsay "dostdsded eramcechén b@eldescsfi pthen of

the algorithmthe orthonaor I reference fr s.are_not.tied to the
craft and (PECEROTEECAPE 21 FUERG Tharte JEV\??EWlP%sﬁ%g?tHnnorth 25
Let (xr,yr) be the antenna coordinates defined in a gi ven reference

rane an (ég§ , ysyy the goordinates ﬁé e gﬂ?tsegﬁe%%b|éehaker

reference fr , and b d%sdﬁln not i
rectililifear uniform thls notion can be defined by a state vector W th

four 30 cofgongsts-vhih the e?)Brs%.%si'o‘ﬂn ok t?i'lét@ors&r&é&(éro) atysﬂl@)

vx, vy) [31, mhere xs(to) vX and vy are unknowns.
basis of thiBSsRBEE @eoté? 1§h§h§§9ﬁﬁnﬁ1%ﬂpqqﬁﬁn?mﬁ%eﬁ%k%¥mh@eaﬁhe

instant ti t@mﬁbﬂ@ﬂtbyxgmeo ) EXPL ST, 0RS: aHd v, of the state vector
( X. For this purpose the method according to the
15 1invention determines the estimation ¥ of the wvector X

by determining the values xs(ty), vs(te), vx and vy which

minimize a quadratic convergence criterion defined by

the following relation:
20 Ja(X) = 2[(d(ts; X) - d™(1))/ ocali)]? [7]
It is thus possible to write:

Ja(¥) = min [Jg(X)] (8]
25
( This minimization advantageously gives a unique
solution to the extent that, as was specified above,
the antenna follows a nonrectilinear trajectory.
To find the minimum of Jg{(X), use is for example made
30 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.

XKnowing the wvalues xg(te), ys(ta), vx and vy, it is then
35 possible to calculate the azimuth p(ti) corresponding
to the noisemaker-antenna direction at a given instant

ti by using the following formula:

8 (ti;¥)=Arctangent [ (xs (ti;9) -xr{ts)) / {ys(ts;¥) -yrits) )] [2]



xs(ti; X) = xs(t0) + (ti - to) .vx [4] and ys(ti; X) = Y.(to) + (ti -
.to).vy [5] 5 Moreover, the coordinates of the noi semaker at a given
instant ti can be expressed on the basis of the determ nation of d(ti)
by the followng relation: d(ti; X) = IIxs(ti; X)-xa(ti))zZ+(ys(ti;
X)-yx(ti))T [6] 10 To ascertain the position of the noi semaker at the
instants ti, it is therefore inportant to determ ne the conponents xs

(to) , ys (m)rem;a_eﬁ ‘{Bé%OEc the %ﬁag% &ctorarex @%M&M gssg hee

met hod according t i AVEntion determ nés t e estimtion

vector X byReeRRFATARNG Lt K&y ANFERDEs (Tio) Whisht GRORAITEIE S yCawhi bR
mnimze a guagdratécy C@%\t%&ﬁﬁl@fé@ %yt Qhéo%rﬂﬁdﬁt?de?ﬁlpﬁéﬁtf Jf owhag
relation: 20 Ja L%}(g X})} %;1/ oaé 7] 1t is thus
possi bl & tos%?ri“’i‘ n%d‘f ingi ARg JRRSGTOF8FC 58 FRLLORRRERI zati on
advant ageously gives a unique solution to the extent that, as was
specified ove t he tenna follo a nonrectilinear .trajecto

FPnd the m oSS a il aedtes YA TG, ERBS 56 G Y akPant
type al gor |ad:wmt<ﬁnaﬂ1g| 1;0| m'Hei alnved-ivth thbe cdulslbamaomeaﬁmmﬁtefo
and wi th the.azl BRpeedahy shbecsonar ke AR NI I cpe

i nstant. Know ng e va nd vy,
35 pos&iobl eazmwalhcumaaeurhé abimutheR( tam)te@@rar eS\pfﬂ]Iﬁl rdhe t ;radreuth

noi semaker - a rect I instant ti by using the
fol | owi ng forrru a: %%(%? trggé]A?%IP%n(g%%%?(xs(ti TR -xx(ti))/(ys(ti;

W ya(ti))] [9] - 11

Thus, to calibrate a passive gonar, the method

( according to the invention undertakes the measurement

15 of the series of relative distances necessary for the
reconstitution of the trajectory of the noisemaker by
measuring, with the aid of the receiver, the instant of
arrival of the signals successively emitted at the
dates t;.

20 It should ke noted that in the case of an active sonar,
or elgse 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

25 at each emission.

.
Figure 3 presents the schematic of the function making
it possible, 1in the implementation of the method
according to the invention, to determine the

30 ncisemaker-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

35 taking account of the variations of ¢, we may write:

D= ¢ . At [10]



inrelation [9] xr(ti) and yr(ti) are the coordinates of the antenna
‘at the instant ti, which coordinates can be accurately determ ned by
t he onboard equi pnent of the 5 submarine carrying the antenna to be
calibrated. The values P(ti) being obt®tned by neans of the nethod
according to the invention, the calibration thereafter consists in
conpari ng fwineeack i nspaetehhe Eleauespéetheofl0sanhfut in ne&suredr bpet he

antenna W th, & ng, azijait . gal cil afc%‘}ér%% LR eSaps dfeSe1 gy Qime
calibrate a passive sonar, the nethod, gQCOI‘dI ng to the ifnvention
under t akes pélewegasthendmstarg opf t RE1SEEPEs BT Fef afPVEdiRt iR eS8y

necessary foget heyreaoNsdd t Honcat thest L8t ecdor yfeghianobsenaker by
measuring, wth the aid of the receiver, the instant of arrival of the
si gnal sSsuck®@%279@ty enmitted at the dates ti. 20 It should be noted
that in thexgasen®f cagnachivetsararheref RlssdfsidIadas, c&atibaati on
IS facilita%ed by the , f t,th%t %he %ﬂgipggpt consi dered %ontrots by
itself the"Thr YARESH LRECBRESsi ore® afd A the FEPBFE“ 145 ett'Fy
make an acowsaienaeasufesenthefl drerdisst aitoe t@bmat dachitemsstdnst
Figure 3 presents.the. schenmatic of the fungtion kin i{., possible, in
the' | mpl emetRBr P BN ST Ohe. ot HEB T ZREoPd NGt o NoRE ot Pah 5t b8
det er nile thea30readi serakeesrantbnha rbkatieve ditstiEnceronrediel bast saof
the measur eppals; fehfeyhishanly ot aotiyaly dfud he SlaDAhsATLLLA] bY
{ ag t ti, the noisenak

t he noi senaker, iven instant ti ker 1s situated at a
di stance D inefithe cdnt BAARGPETENT 9%t thedepulaft hot tBS tekithgmagEount

pf the variaiiofse@f Lhods MhM id@®naP it krdwd 18h 18ne way or
{ another the instant of emission. In practice this
15 knowledge results from a prior synchronization of the
clocks of the ship 11 towing the noisemaker and of the
submarine 13. The clocks used have in particular the
feature of drifting very little over time. For this
purpose the clocks used are precision quartz clocks, ox

20 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
25 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
30 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
emisgion t; by the noisemaker is measured, then the
value of the delay AT(t;) corresponding to the travel
35 time of the pulse is calculated. The calculation of AT
makes it necegsary to have aboard the submarine, as
stated previously, an accurate and stable internal
clock 34, synchronous with the emission clock. For this

purpose the c¢lock 34 used 1is for example an atomic



where c represents the speed of sound in the marine nmedium and where
4t corresponds to the el apsed tine between the instant of em ssion of
t he sound pul se by the noi semaker and the instant of reception by the
5 antenna. Knowing ¢ and At it is therefore possible to calculate, for
determ ned instants, the distance separating the noisenmaker fromthe
antenna. Theleeknwbitk presantisr she agiyeotamst ioh)net comstaninef thhe

medi um whi chcan, be; 10 MBAS Uy ”%gegve&oc)eh e té}geyt BET:Ghaks heo

result of a ~ neasurenent whi ch can carri ed out deternlnlng
i nstant of ¥¥eepPlafcofl Uste frifeee Fhet e ldfursiem ocraxalatdy a Bﬁ‘r’id

the submaridie XRE¥EnhNiANEaWRY c&hilARE! Relqdite id¥st @ s ofham §§00Ps In
practice this 15 know edge results froma prior synchronization of the

cl ocks 5ft?¥§§hﬁppffHW§MQQ 1hel'ABF S emBREF=Rd SO HaF@OrSliBifar F Pe®E 3.
The cl ocks asesh haye dlrsuwda ctikagutbeent eablr ¢sofclr i Ft angspeasy bEttl e
over time. For tﬁé uﬁ$O thi 8Ioc s used are ._precision quartz

cl ocks, or U2 BF<E"At 5FIE! cFBcks®? Eh&ﬁm08§sﬁgg "3, the operation
of cal cul atTing t hetep el atf ve ctdatsa:axn(rﬂm;orrmes(&s sevesal sctcecpxspafﬂned

first two 5%&9§h§9@ §e5§a;%h%t% Ce?% U e %rﬁfﬁgag gngécg ? of

antenna to be ca ésti on e |ns
arrivalOof @wrptikkeodm ttlneedmbysuhr@mmtse@@kéif Thiiss es@mm@iiﬁn jiss ln

carri edorOEtfaf@lalﬁ@pmd A by dsg ecthag e fhaiing.edge of rathe

pul se se by correla the received signa by any ot her
known S|m%ﬂe$ﬁ%ﬁ@§sbmg%ﬂ%cé@@?évanﬁﬁﬁQQkﬁﬁ%% U#thhéHQﬂ$@Mﬁﬁ§astep

33, the Insmacm ehisr gb¥akmIna®hichhei pulsee-je@d t edeatydMNes | BSt apheOf
‘em ssion t t he noi semaker is neasured then the value of the delay

AT(t) Corré§ %ﬂ?%ﬁ o qﬂe:g}ag%¢ etermlnatlon of the noisemaker-
15 antenna relative distance, og(t;) Dbeing related to

oar(ti) by the formula oca(t:) = ¢ oarlty).

According to the invention it is possible to take into
account the variations in speed of sound in the medium

20 to improve the estimation of the distance by also
taking into account that sound does not propagate in a
straight line.

Step 36, which runs in parallel with step 35, consists

25 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

30 function of depth. The principal consequence of the
variation in the speed cof the medium will be to induce
nonrectilinear propagaticn between the noisemaker and

the antenna. There exist programs for calculating the
propagaticon paths or rays of sound waves in a given

35 medium, at a given depth which involve the nature of
the bottom beds and the bathycelerimetric profile of

the medium. These programs make it pecssible to define
charts that can be used to determine as a function of

the propagation time of the pulse emitted by the



35 tinme of the pulse is calculated. The cal cul ation of AT nakes it
_necessary to have aboard the submarine, as stated previously, an
accurate and stable internal clock 34, synchronous with the em ssion
clock. For this purpose the clock 34 4&sed is for exanple an atonic 13
cl ock which presents the advantage of not requiring the

synchr oni z&@9GIETRERE t FE1E| 86k BRSt HEMRI Sk EePES - t BRE pracetivet

before the padddrad i @ntgpen@tﬁv@én S3 3 n@ris@ma@:ré&a dmaf acle exiidhhs a
drift of less than 500 As ver a perjod of urs, thereb

correspondidfy t'9*n 1%??%?toftd1 st-ance Ffreasir s S5 BTt B8peed
of the rTEdiaﬂH}thBérir@eﬂ.ﬁﬁ@ prefisec @isi tes etledThr stegpresferdet eth@ni ng
AT(ti) Ls acc ani ed therm) by a_ st &P 35 of _determ ni nq_)r'g hﬁf

accur ac 195 8 3 TEESUT & n?o%l? APV FHRi 85acdrEH

particul ar o‘t@fte'ndent on the signal-to-noise ratio neasured by t he
recei ver associated wth the antenna. Fromthis determnation is
derived the value of the accuracy od(ti) in the determ nation of the
noi semaker TIBisant eAna @kt e dpst aite®s odft inchel g tokatrila®lveAT

(ti) by theyforsala od(tiy) =a8300FhHe ) meAGGUHNY t@d@ﬂﬁf i yentiQe it

is possible to take into_ account the variations in speed of sound in
the medPumamitary nprbve (Ehke &318 nBVRéhaBihSt e i SPafcelBStaRSo ?Hki ng
i nto accoueddatemOtindz does not propagate in a straight |ine. Step

36, which ryns in IIeIW|th p 35, consists 25 in determ njng
the di st angg‘ed(tri‘?&% t h&®ba&i SWBPﬁ?heca(?al atslUt.’)‘}’f‘";‘oﬁ‘lZﬁlﬁdpetmE orned in
t-he precediigh itemtide ofleFegatraasion of the distance d(ti) involves

{the speed of the sound wave in the nmediumtraversed. But as was seen

previously this speed varies in particular as a
15 In practice, the calibration zone is chosen in such a

way that the bathycelerimetric profile is regular, that
the bottom is flat and that there are no currents
engendering disturbances of the medium between the
gsource and the receiver. Under these conditions, on the
20 basis of the measured profile, propagation programs
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 1(d), d being the
horizontal distance, is obtained. Through these
25 precautions in the choice of the zone, of the

propagation calculation program, of the exactness of

rT——

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
30 determination of the distance of the order of a few

meters is typically obtained.

Certain programs for determining the propagation
conditions, which alsc take into account variations in
35 gspeed 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 zoneg that are avoided for the calibrations.



30 function of depth. The principal consequence of the wvariation in
the speed of the nediumw |l be to induce nonrectilinear propagation
bet ween the noi semaker and the antenna. There exi st prograns for
calculating the propagation paths er lkays of sound waves in a given 35
medi um at a given depth which involve the nature of the bottom beds
and the bathycelerinetric profile of the nmedium These prograns nmake
|t possibl g 0. deld %efé\aﬁslgh%tcms@w]%e% O 64 L MRS BY A1y
function o t he propagation tine of se emtted

noi semaker RERQ@IGRCONE | ARSI ohcBepthe tﬁ@#%?%ﬁﬁk&ﬂ d|§%ﬁnc@QHQQQ

bet ween t hgcheirserakero artiet NEnpdtiEeRa makekhel ¢ n%b@@tlbtl'e td 't%tke
recall ed here that the bathycelerinetric profile of medi

repr eseht s 1€ SCGRGYH | bR PO hECRBEEd r@l‘“?&’fﬁél’r\ﬁa aEOauF&rJréﬁeon of
dept h. Thugrepagatonmpl etdbaal of rﬁitep6n3§> ad 86timbeer eliad | veiadiisteance

d(ti d t.h d f_th 0 d .
avai | abl & PP BRERY Heran 6P “eastionbREot Lo TG SretNod aY 4 iRE o

can be sungEri zede by diheeciddwmst ot i obhef FBogm®l 4. okb IﬂepE@(CtLiC(IB t he

calibratio 0 at 4 C
profile |S&F§%%$gsie%%aﬁﬁa?%e §g§goml%fﬁﬁé%fg%%gtﬁgt e %%ge%g
currert® eryaddet rydi Belnbantds asf apiye mamnim beathesn ﬁhéfLﬂMMhe
and the reggj \é%FtalH“d%fhetxfé%;E Sandi 14905 1tl?é‘ é&@a&@a&@%%f@&d&@eb

measured profile, propagation programs make 1t possible to cal cuI ate
t he preci séhﬁaf:ﬁoéf:et F?é ApEiicapale #8@stic ray, terned direct. On the
Hbasis of this path, a travel tinme of the sound i(d), d being the

{ horizontal distance, is obtained. Through these



25 precautions in the choice of the zone, of the ( propagation
cal cul ation program of the exactness of the bathycelerinetric profile
determ ned, of the accuracy of the clocks, for distance spans that may
be of the order of sonme ten kiloneters, an error in the 30
determ nation of the distance of the order of a few neters is
typically obtained. Certain prograns for determ ning the propagation
condi tions, which also take into accoypt variations in 35 speed as a
function of distance, can be enployed preferentially to those descri bed
above. However, having regard to the useful distances under
cal i bration the differences noted gygmery small, except in very
particul ar zones that are avoided for the calibrations. 15 In cases _
where it is not possible to find a relatively honogeneous zone for the
cal i bratji on, A RembEbMRGulaPGERMnNGr LPaddd8a EAYENSY HReniiRk @ﬁtbh&mf@? sty £
to take 5 into account the horizontal refractions and to utilize
pr opagatTebHe Aeisratakeripevingnlong: puain sestibnephsajpciirat Whpee trejpeiqra frcieeonpiifuted
al so to fak@e hiifa ERQURRicE h?:? eI L kO 0ffucdlfvedhdaSfih BB ﬁ@f‘foﬁé@ b$ bgnal
on reception.  Nevertheless this inposes a know edge of the speed of 10
sound atcaEisyvVepisledtoviigalone 2 aagresibReh er nopwtfors trajpgtery.cafjatrelativg d@ﬁﬂ% bgtween
t her eby iexpiahMcPghdtihenady.ant age afforded by the choice of a suitable
zone. - 16- CLAIMS 1. A nethod of angular calibration for an antenna
carried by a vehicle, calibrating by using a nobile noi semaker novi ng
along auni f qmmﬂeetea bd ¢1818R4 irl d@MEC WRENin tN@FR 1Y 8f tBE h@EYhakd is reconstituted
reconstltu%ﬁg the antenna carrier vehicle b¥n ags of a series of
3P e

successi%e" n"t“é"“ﬁae’f“tlt? TEE afigfance 4PeRE % MEMsotfi h§=5VBng
a nonreemkmbgeﬁﬁagﬁnm@nunlfornttrajectory, of a relative distance
bet ween the noi senaker and the antenna. :

3. The method as claimed in claim 1, wherein the vehicle carrying the antenna follows a

substantially circular regular trajectory making it possible to explore all the directions exploited.

4. The method as claimed in claim 1, wherein the vehicle carrying the antenna follows a zig-zag

{rajectory.
5. The method as claimed in claim 1, wherein the antenna to be calibrated being that of a

passive sonar, the relative distance measurements are carried out by the measurement of the
propagation time (AT) of the signal originating from the noisemaker, said propagation time being

measured by means of synchronous clocks.

6. The method as claimed in claim 1, wherein the relative distance (d(t;)), between the
noisemaker and the antenna given instant t;, is performed by taking into account the bathycelerimetric

profile of the medium,

7. The method as claimed in claim 6, wherein the consideration of the bathycelerimetric profile
of the medium is carried out by utilizing a determined model of wave propagation, directly through a

chart.



2. The nethod as clainmed in claim1l1, wherein the trajectory of the

noi semaker is reconstituted on the basis of the antenna-noi semaker

rel ative di stance neasurenents by nmeans of a passive trajectography
algorithm 3. The method as clained in claiml, wherein the vehicle
carrying the antenna follows a substantially circular regular
trajectory making it possible to explore all the directions exploited.
4. The method as clainmed in claim1, wherein the vehicle carrying the
antenna follows a zig-zag trajectory. 5. The nmethod as clainmed in
claim1l1, wherein the antenna to be calibrated being that of a - passive
sonar, the relative distance nmeasurenents are carried out by t he
measurenent of the propagation tinme (AT) of the signal originating
from t hed. noi sléaukbpd assdainiedin sloig atvihersin thereehislsicamying e sniensd flpwaeans  of
synchro t he
AL e R Bl e A S Sl A A S
given instant t;, is perfornmed by taking into account the

bat hycelgri ”Bfthé'rﬁeﬂhoﬁf&fdlilﬁe@ﬁn LB Ee%é}ﬂh t%e vehite l?ﬁly!ﬂ@dth@%n&ﬁrﬁ' ﬂ%ﬁ&iué i
claim 6, wherein the consideration of e bathycelerinmetric profil of
the medisubsangallyaireyledemiar triygetery aking i gosaibyée epfirndbhaditrstions EXpipitee
propagation, directly through a chart. -17- 8. The nethod as cl ai ned
in claim?2, wherein the vehicle carrying the antenna follows a

subst ant¥%al | yheimedior s chasged wrclaimad. ebermy thavrierny otbepwlibmist dcing thek pf ar e
al | the gigvCioh@NceXlhitd 14BEnced medklRmERE fa;ed c;§§ecp b&l B Hleééh@fn@ﬁtzof the
wherein the vehicle carrying the antenna follows a ‘substantiall

ci rcul arPreregaiicaimer(Af et be yignallriageting s Sieosemakeripitl repagatipn time being
di recti apsexpl (5ﬁgf3%%mngag Jrod as clainmed in claim?2, wherein the
antenna to be |brate being t at of a passive sonar, the relative
di st ance neasurenents are carried out by the. measur ement of the
propagatjion tiemff) aOlaikBe i LIgRAL, W@ BRtdnREnd {0069 LaEraRQ LS RIREE LS
said propagation tine being measured by neans of nchr onous cl ocks.
11. The M#t¥sonds thel Biavud diskned mewgmemeﬂfeepw%euta drnEcasgrepgnt of the
cal i br atrﬁ’gpagﬁﬂoﬁ] Yinde I‘(@«.tl“) Qf thél mgHﬁ%%?l\ﬁQtln%%{ thetﬂaf%erﬁ@e@tshﬁ %réyaéath@ﬁ] Gifne being
measurenents are carried out he neasurenent of the  propagation
time (ATyeagireq byemagpgefaynchiongisstksng from t he noi semaker, said
propagation tinme being neasured by neans of synchronous cl ocks. 12.
The method as claimed in claim4, wherein the antenna to be calibrated

bei ng t it ofThg mayed s \akaimeshigr claimive wherci thy enighept terkeecalibraisd beaing ias ohre

carried ﬂkjstlveb%nﬁrh%en'?e%% QERAle HeadilfientP APRGAL] B by TR (AKlreREnt fethe
signal originating fromthe noi semaker, said propagation tine being
propagation time (AT) of the signal originating from the noisemaker, said propagation time being

measured by means of synchronous clocks.

13. The method as claimed in claim 2, wherein the relative distance (d(t;)), between the

noisemaker and the antenna given instant t;, is performed by taking into account the bathycelerimetric

profile of the medium.

14. The method as claimed in claim 3, wherein the relative distance (d(t)), between the
noisemaker and the antenna given instant ¢, is performed by taking into account the bathycelerimetric

profile of the medium.



measured by nmeans of synchronous cl ocks. 13. The nethod as clainmed in
claim2, wherein the relative distance (d(t;)), between the noisenaker
and the antenna given instant t;, is perforned by taking into account

t he bathycelerinetric profile of the nedium 14. The nethod as cl ai ned
in claim3, wherein the relative distance (d(t;)), between the

noi semaker and the antenna given instant t;, is perforned by taking
into account the bathycelerinetric ]gflle of the medium -18- 15. The
method as clained in claim4, wherein the relative distance (d(t;)),

bet ween the noi senaker and the antenna given instant t;, is perforned

by taking intgQ acc t t at hycel eri petri rofile of th di um
16. The '%et ho eaEEefE‘rdgFSné ‘“i‘“"ﬁ ?‘ng Wﬁ@?éﬁ% @”ﬁa{e ‘Jéfit%?P‘? &‘iﬂ‘ﬁi T rfRethe
(d(t;)), nonehueemdiiieantdARi geéms@m aRhel BfneanYy @iﬁﬁl@ it ¥&Burk ﬂ]%tlﬁtﬂ%ceienme&lg
perforned by takﬁgg into account the bathycelerinetric profile of

nedi um P9tk HBd as clainmed in claim13, wherein the

consi deration of the bathycelerinetric profile of the mediumis
carried out by utilizing a determ ned nodel of wave propagati on,
directly“%hro%@hﬂﬁmﬂéﬁaﬁ$ﬂm%Bﬂl@W@lﬁeﬂh@@ﬂdbeéﬂahﬁetﬁWhed ())mbatween the

wher ei n ﬁops%m%p%{ qﬁg a?&eggy%?gn ntlstt]a% tydtg %rbl uﬁo rcglfmlft B b\a}tg;cefeggletric

medi um i s carrle

propagatmmmﬁoﬂh¢m@hMy through a chart. 19. The nethod as claimed in
cl aim 15, wherein the consideration of the bathycelerinetric profile
of the mediumis carried out by utilizing a determ ned nodel of wave
pr opagat i7on, Tiie medioll s ¢ldimedigiviaam 18 ivdietein tRconsidreative bhibe balsycelbdmetecpriile
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of the ne |un1|s carrre deternt
propagatdébem, directly through a chart.

18, The method as claimed in claim 14, whetein the considefation of the bathycelerimetric profile
of the medium is carried out by utilizing a determined model of wave propagation, directly through a

chart.

19. The method as claimed in claim 15, wherein the consideration of the bathycelerimetric profile
of the medium is carried out by utilizing a determined model of wave propagation, directly through a

chart.

20. The method as claimed in claim 16, wherein the consideration of the bathycelerimetric profile
of the medium is carried out by utilizing a determined model of wave propagation, directly through a

chart.



