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the bearing can impair the tactical operation of the

25 system 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 noi semaker,
preferably fixed, but usually mobile for operational
30 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
35 than the required accuracy for the receiver to be
calibrated) in order for it to be possible to make the
compari son between real bearing and estimated bearing
on the reception antenna. The determination of the real
beari ng presupposes eit her its very accurate
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A first method commonly used in the pasl, 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

30 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 recelver associated with the antenna.

This first procedure has the advantage of simplicity.

35 Specifically, it does not require any complementary
measurement equi pment, the periscope forming part of
the onboard equipment. On the other hand, this
procedure has several drawbacks.
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25 On account of the constraints cited above, the method
of calibration by periscope allows only imperfect
calibration in overly const rai ni ng operat i onal
conditions. This is why it is often reserved for
prelim nary checks.

30
The arrival of modern el ectromagnetic positioning means
using in particular satellite-based locating means, of
GPS type for example, have upgraded the calibration
met hods based on the knowledge of the absolute

35 positions of the noisemaker and of the receiver by
removing in particular the depth and proximity
constraints. Wth such locating means, the towing ship
can ascertain its initial position with sufficient
accuracy and ref resh its posi tion informati on
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met hod  presents the advantage, as was stated
25 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 virtue of this type of
30 method to perform calibration measurements for various
depths under pressure conditions that are more
operati onal .
On the other hand the measurements being carried out
i ndependent|y on each vessel, this type of method does
35 not enable the result of the calibration to be
ascert ai ned i mmedi atel y on compl etion of the
measurement operation. The sifting of the data,
generaliy carried out on iand, can take several weeks.
This interlude can bring about a delay in tlhe
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In all cases, this type of method, which involves GP3

25 type means associaled with various secure communication
means, mobilizes a fairly unwieldy infrastructure.
Moreover, they are inoperative in the event of a
noi semaker carried by a submarine.

30 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 limted and
can be applied only to configurations of shallow water

35 type. In deep waters, the anchoring of a fixed source
is difficult and to keep & towed noi semaker fixed is
hardly conceivable. Towing ships preferring, for
maritime safety reasons, not to remain at high tide
with their engines stopped, move thereby causing




— =

second solution presupposes that the towing shi p,_whi ...

ch is | n general onl y a support vessel of the port
200 nst i t ut i ons, i s f urni shed with di gi t a
t ransm ssi on neans conpat i bl a wit ht hose of t
he submari ne and havi ng a suf f i ci ent throughput

I nat | cases, t hi s type of net hod, whi ch i nvol
ves GPS 25 type neans associ at ad with vari ous

secure connuni cat i on neans, nobi | i zes a f ai rl
y unwi el dy i of rast ruct ur @. - I\/breover t hey are i
noperat i ve | vent of a er, carm ed
by a sukﬂ?ﬁ?"i‘e”tne"f 3bheAs"°|L ¥R IJH%WHS ﬁﬁakbos} th

net hodsd¥nemp gositionyng quch asyddese pof aily %e@'t%‘st he
met hodsmngdvengvedy f ndi s etldsofir geryo degpiedsh logs snat t |
o n , foffexanpl eaanshoried totbherbdtnorh kkephng the
pr act s Ccesoutdeei ngefiakd Sasihi én Bethi flrodide.s very | i m t
ad and can be applied only t o configurations of sha
| ow vatger 35 hyRE lherbfg.eeeptmt efrs, dddgn aRENRriadyg of
af i xe alsb {ICO% ?hoqg aCslélit Qn%et I&o&ﬁ%ﬁ@e tﬁf t%\éled
not semaker  f i conce oW
shi ps pr@??ﬁan&x Srab$%ﬁ %é 'Y3f © at PREBRS or” not
to réfmiddatl hhe JRoAP! A a%ei"l"i' thrqughopt & d”ﬁ%‘é"%t"épped
move t hetrhebyeagengsems, 64 | reabicdherpl 9vf | ¢k é‘t’bag'éﬁmker
The use of boat s wit h dynam c¢ posit i oni ng such
as t hosm ebkmaal I heopei@iacks GRSibitadDb@OMEr kuexny pnialr sy
and not Mer YneWhodseSHeeAthverD@S ditri bef f ednsBly redala sol
ut 198 trdndd1@s parnahlarempsrak%ﬁpan BOrdal&si Pust P4 GE dnn @
fixed pog; by an%ncsur.ba L1 g cil e el egbobrdls qf or e
tbasetd f)nﬁ} hlnv V\F us arm%bllﬁ no”sema%‘gr ln n%lp c!mtwn %
ut a pos!t et °Ghs' % fre?cﬁ‘é“ﬁﬁ'tedséﬁﬁ’l‘(e"r el@"taeﬁﬂa o?ar{heé
recept i ofehaflte: enna t hroughout the durat i on of the
nmeaswWlenents, al | exhi bit si gni f i cant drawbacks.
To renmedyhet hej detav asf k sheedohi selpaker ais lyycdnbie t Wiredwhirqar i or
art met hdsntdnhe tarive@ntvehi cDd wlesesdds Bedacearsestd of a
15 nmet hogdofsi AN Obs@Emehfd, ipePifofbed bPIsal d Nvedi di €2l of
situatl o{heOfre?é?ive di stance between the noi semaker and the

25 antenna.

absol

According to a characteristic of the invention the
noi semaker is imbued with a uniform rectilinear motion
and the antenna with a nonrectilinear or uniform

30 motion, making it possible to explore all the utilized
di recti ons.

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 a passive trajectography
al gori t hm.
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In another preferred mode of implementation the vehicle
25 carrying the antenna follows a zig-zag trajectory.

The advantage of the invenlion is of not requiring a
navigation system for the noisemaker nor any exchange
of measurements between platforms.
30
Wen the 1trajectory of the source has bheen
reconstituted, the antenna is calibrated by comparing
t he noi semaker direction estimated by the receiver with
its real direction deduced from the trajectories of the
35 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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gure 4, a schematic sunmari zi ng the vari ous
20" Figure 1 makes it opossible to illustrate in a

di agrammatic 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
noi semaker can also be carried by a submarine or a
remotely controlled vehicle. The noisemaker generally
emits sound pulses which are received aboard the

30 listening submarine 13 by the antenna 14 that one
wi shes to calibrate.

Figure 2 illustrates in an example the procedure
empl oyed by the method according to the invention to
35 circumvent direct measurements of the position of the
noi semaker. As shown by the figure, the procedure
consi sts in making the towing ship follow a
substantially rectilinear uniform kinematic 21 and in
making the submarine carrying the antenna to be
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25 Let (%ryr) be the antenna coordinates defined in a
given reference frame and (xs ys) the coordinates of the
noi semaker in the same reference frame, and by assuming
the motion of the noisemaker is rectilinear wuniform,
this motion can be defined by a state vector with four

30 components with the expression:

X = Xs(to) = [Xe(to), ¥s(to), Ve, Wy (3]

where x;(to), ¥s(to), vx and vy are unknowns.

35
On the basis of this state vector, the position of the
noi semaker at an instant ti is given by the
expressi ons:
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near t raj ect cry for the ant enna. Thi s part 1 cut
ar al gori t hm can be descri bed as f ol | ows.

Al t hough for calibration the directions are generally
20 charted by beari ngs, t hat i st o say with an "ant
enna" or "boat " reference, i n the descri pt ion of
the al gori t hmthe ort honormal ref erence franes
are not t i ed t o the craft and the angl as are azi
mut hs charted wit In respegs -to nort h. 25 Let (xr,
yr) be the antenna coordi nat as def i ned | na gi

van ref er encetr e WA (%< ydP) ¥he coordilnat as of

the noi®®enmaker i n the same reference frane, and by
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20 Jo(X) = s[(d(ti; X) - d™(i)) oa(iN? (7
It is thus possible to write:

Ja(¥) = min [Ja(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 Ja(X), use is for example made
30 of a gradient type algorithm that is initialized with
the distance measured at to and with the azimuth
measured by the sonar at the same initial instant.

Knowi ng the values xs(te), ys{to), vx and vy, it is then

35 possible to calculate the azimuth p(ti) correspondi ng
to the noisemaker-antenna direction at a given instant
ti by using the following formuia:

B(ti; wY=Arctangent [ (x s(ti; ¥)-Xr(ti))/ (ys(ti; ¥3-yr(ti))][9]
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vector X by del ermi ni ng the val ues xs(t o), y s(t
o), v, and vy whi ch mnimze a quadratic convergence
criterion defined by the followng rel at i on: 20
Jd(X) = z[ (d(t i ; X) - dt(i ))J ad(i )] 2 [ 71 It
is thus possible to wite: Jd(v') = mn [ Jd(X)] [61
25 This m ni m zat i on advantageously gives a uni
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by 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, in the implementation of the method
accordi ng to the invention, to determne t he
30 noi semaker-antenna relative distance on the basis of
the measurements of the instants of arrival of the
signals emitted by the noi semaker.
At a given instant t;, the noisemaker is situated at a
distance D from the antenna. Teo first order, without
35 taking account of the variations of ¢, we may write:

D=c¢ . at [10]
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As shown by Figure 3, the operation of calculating the
rel ative 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
em ssion 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 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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on of the <clocks of the ship 11 t ow ng the not
semaker and of the submari ne 13. The cl ocks used
have i n part i cul ar the feature of drifting very
little over tine. For t hi s purpose the clocks used
are precision quartz clocks, or 20 el se at om ¢

cl ocks. As shown by Fi gure 3, t he operat i on of cal
cul at i nglt he rel at i ve di stance conpri ses
several steps. The f i rst 4w steps consi st i n the
reception 31 of the gn the ant enna t
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i s acconmpani ed f urt hernore by a st ep 35 of del

erm ni ﬂgpt:Séf'ewlﬁgﬁurruﬁlen 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(ti) 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 of the medium will be to induce
nonrectil i near propagation between the noisemaker and
the antenna. There exist programs for calculating the
propagation 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 bathycelerimetri ¢ 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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107a,r(t i ) of the measurenent of AIl. Thi s accuracy I
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st ance, ad(t ;) bei ngrel at edt o aor(t ;) by the
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25 precautions in the choice of the zone, of the
propagation calculation program of the exactness of
the bathycelerimetri ¢ profile determ ned, 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 also take into account variations in
35 speed as a function of distance, can be employed
preferential ly to those described above. However,
having regard to the useful distances under calibration
the differences noted are very small, except in very
particul ar zones that are avoided for the calibrations,
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rel at 1 ve di st ance d(t ; ) and the neasurenent

ad(t ;) of the 10 accuracy in d(t ; ) are avai | abl a
for each i nst ant of neasurenent ti. The net hod as a
whol e can be sunmari zed by the illustration of Fi
gure 4. 15 |1 n practice, the cal i brat i on zone i s
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account vari at i ons i n 35 speed as a f unct i on of
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t hose descri bed above. However, havi ng regard to the
useful di stances under cal i brat i on the
differences not ed are very smal | , except i n very
part i cul ar zones t hat are avoi ded for the cal

brat i ons. 15 | n cases where it is not possible to
find a relatively honpbgeneous zone for the cal i brat

i on, the nmet hod
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take 5 1nto account the hori zont al refractions and to
utilize propagation nodels not only to estinate the
rel at i ve di stances but al so to take i nt o
account t he devi at i on of the di rect i on of the
si gnal on recept i on. Nevert hel ess t hi s i nposes
a knowl edge of the speed of 10 sound at any poi nt and
at any nonment that i s di f f i cul t to obt ai n,

t hereby expi ai ni ng the advent age afforded by the
choi ce of a suitable zone. 16 - CLAI M5 1. Met hod of

angul ar cal i brat i on i a real situation of 5 an
ant enna carri ad by a vehi L&'I e, charact eri zed i nt
hat t he cal i brat i oni s carri ad out by usi ng a

nmobi | d. Mebhods efreskgu! al 1<) i bravi onpitn enreairoteattor @f act
ory i5s anr@teimnat chrri editbyas vehiane! daidt erepgtia i aamai  er
vehi ¢l (&e( £3)ibest i oie @S corfri g4 Seutf ®s RfnSuscassiieve
measur e%meﬁ'ﬁke‘?erf Qf rregln 1%byonsa' wﬁ%sé’ehl' raFéct @n Ofl st he
rel Al refSicll tugéda;lﬁgm () .ﬁ?%rwse&r{. erFerll0le S(%saw and

t he ant am

1, char al’@f‘" r°f % &Y' Pe rtTE?”°I’"1%f"t*"' ‘f%é‘ear?af%"gﬁ%skePe’ff o ows
a uni'? ortth F%é't vehi i'? ﬁfeatrhe 19 af i vieg il dagceol(p (bﬁ“jeeﬁnd

t he ant '®Amei semakafr att the pntientdear or uni formt raj act
ory (22), maki ng i t possi bl et o expl ore al | the
expl of 2 @k diethodChs iclamed 3. clEhe metchéradt exszedl iai nmed
I n cl aingd 2xhehasiachakeri f386Gws Na 2AMi ﬁorhatre_t:tl’lﬂéi feaf 4]
act qgy t(rgﬂe)ct&fy te) NRid FREBLRENAaS a MBRQRRET | hdskedron
the baSI hrea Qcmarye 9) ”%k.ﬁ%”ﬁ p&si blreltétéx\ﬂleor_e

di st ance Pet suegx BN d ge a passive t raj act
ogr aphy %t 'g6r P hm 2 "fhe net hod as cl ai med in
one of clalrrB 1to 3, <characterized in that the
vehi cl e Tamis/imhhodhes sheidkha N £ Mogs SAeAGHTT 2%8ntin al |
y ci 2fculhabr thegul v eqtoryaj @tx of y the22hoi sgBke. The net
hod as citecanst netled ¢on dhe odsiel ofaithes afit énoa-Boi semak er

rel ative distance measurements by means of a passive

t raj ect ography al gorithm

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

30 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
35 c¢laims, characterized in that the antenna to be
calibrated being that of a passive sonar, the relative
di st ance measurement s are carried out by the
measurement (33) of the propagation time (aT) of the
si gnal ori gi nati ng from the noi semaker, said




characterized in that _the vehicle carrying the antenna

folTows a zi g-zag trajectory. 6. The net hod as cl a
med i n any one of t he precedi ng 35 cl ai ms,
characterized i nt hat the ant enna to be «cal i brat
ad bei ng t hat of a passi ve sonar, the rel at i ve
di st ance neasurenents are carri ed out by the
nmeasur enent (33) of the propagationt i nme (OI) of the
si gnal on gi net i ng fromt he noi senmaker, sai d 17
propagat i on t i ne bei .ngy neasured by neans of
synchronous cl ocks. 7. The nmet hod as cl ai med i n
any one P(SPPaBPI‘é°br‘éé‘%o“?e”r‘ﬁgmeaﬁutﬁd B mEs ghay ¥ ¥rzed in
t hat tiwoe4al culation of the rel at i ve di stance
(d(t i )), bet ween the not semaker and the antenna at
a gi verv. i Tmstmeaitd b ,clbiSneperd ahyeshebyf ttheagrdeceding Nt O
accout d aif@, bafarbiteRlze@r i n Ndat IiheC cAl@fatiod & Qhe the
medi um.-eilQ 6 & f;?anﬁst 0)aSpGleddl tHBdi sdhakdr aind 7,

h t h
ga?rﬁflf:elﬁ antegna{ |9§n 'H?m%P”?' qgrggrfor Q% the

of
carri daB'd‘(g by?tchtaccc"l”t ‘Q‘? tﬁ‘bhyﬁe'cfél "4 Et Br P éa m)del

of mave‘ﬁFdﬁ g& i on, di rect | y or through a chart
15 10
8. The method as claimed in claim 7, characterized in

that the consideration of the bathycelerimetri ¢ profile

of the medium is carried cut by utilizing a determined

model of wave propagation, directly or through a chart.
15




