
M e t h o d for an antenna angular calibration by rel
at i ve  distance measuri ng 5 The present i nvent i on
rel at es t o the angul ar  cal i brat i on of passive
reception syst ems such as sonars  or active ones such
as cert ai n radars whose angular  perf ormance i s i
nadequat e. 10 Cali brat i ng an antenna consi st s i n
del ermi ni ng for al I  I he useful di rect i ons the
est i not i on error (bias and  standard devi at i on)
between the real di rect i on of  arri val of a si gnal
recei ved by t he ant enna and t he  di rect i on of
arri val est i mat ed at the out put of the 15 antenna
processi ng; the val ues measured are thereafter
corrected upon ut i I i zat i on of the ant enna by
compensating for the correspondi ng bi as. The
knowledge  of the bias in particular is a data i t e m
indispensable  t o t he holding of t he perf ormance of
the equi pment 20 associ at ed w i t h the antenna. I n
regard t o the  measurement of the beari ng of the
source, the equi pment  acts as a measurement apparatus
whose ant enna  constitutes the sensor. A bi as i n the
del determination of  the beari ng can i mpai r the t
act i cal operat i on of the 25 syst em and i n part i
cul ar the l ocat i ng function. This is  why i t i s
general I y useful t o undert ake a cal i brat i on.
To cal i brat e an ant enna use i s made of a not
semaker,  preferably f i xed, but usual l y mobi I e
for operat i onal 30 reasons, i n front of whi ch the
recei ver i s made to  depl oy i n such a way that al I
the beari ngs of the span  t o be cal i brat ed are
explored: the source-recei ver  geometry must permanent
I y be known perfectly (or  moreover measured with an
accuracy noticeably greater 35 t han the requi red
accuracy for the recei ver to be  cal i brat ed) i n
order for 11 t o be possible t o make the  compari son
between real beari ng and est i mated beari ng  



on t he recept i on ant enna. The del ermi nat i on of
t he real  bearing presupposes ei t her its very
accurate 2  measurement by a procedure avai I abl e
duri ng cal i brat i on  or t hat i t i s possi b1 e t
o associ ate (t emporal I y) si gnal  emi t t ed and si
gnal recei ved and t heref ore t hat i t i s  possi bl
e t o define the a x i s j o i n in g the position of
the 5 emi t t er -t o this of the antenna,
corresponding to the  measurement . I t i s necessary t
o specify i n this regard  t hat i n pri nci pl a
propagat i on i nt ervenes and t hat if  one consi ders
a si gnal emitted at the instant t i t wi l l  be recei
ved at an i nst ant t +aT (such t hat AT = DI c, c 10
bei ng the speed of sound i n water and D bei ng the
di stance t raversed by the si gnal between source and
reception ant enna). For the cal i brat i on, the angl
a of  arrival, measured on recept i on at t +oT, must
t heoret i cal l y be compared with the di rect i on of
the 15 source axi s at the date t and antenna at the
date t +AT.  Thi s precaut i on i s often negl act ed,
the error t hat i s  made t hen bei ng smal I si nee i
t is equal to v/1500  radi ans, v bei ng the speed of
motion of the source i n  M s. 20 I n the case of the
cal i brat i on of sonar antennas  carri ed by submari
nes, these two condi t I ons impose  const rai nt s of
i mpl ement at i o n of t he measurement s whi ch  are
difficult t o sat i sf y, what ever met hod i s used.
25 A first met hod conxranl y used i n the past , consi
st s i n  perf ormi ng the cal i brat ion with the aid
of a peri scope.  The cal i brat ion t hen consi st s i
n perf ormi ng opt i cal  measurements of angl es by
means of the peri scope of the 30 submari ne carryi ng
the ant enna t o be cal i brat ed and i n  compari ng
the angl e measurement obt ai ned by means of  



the periscope wit h t he measurement provi ded by t he
sonar recei ver associ at ed with the ant enna. Thi s f
i rst procedure has the advant age of si mpl i ci t y.
35 Speci f i cal I y, it does not requi re any comp)
ement ary  measurement equi pment , the peri scope f
ormi ng part of  the onboard equi pment . On the of her
hand, t hi s  procedure has several drawbacks. 3
Measurement by periscope f i rst I y requi res a pri or
operat i on of cal i brat i on of t he peri scope whi
ch must  serve as measurement reference. Measurement by
peri scope thereafter requi res that the  5 submarine
remai n just below the surface with the  consequence,
somet i mes, that the ant enna to be  cal i brat ad i s
i ncompl at el y i mmersed, t hereby modi f yi ng  i t
s charact eri st i cs. Moreover, even i f t he ant enna
i s  compl et el y i mmersed, t he condi t i ons of
propagat i on of 10 the sound waves under the surf ace
are very particular  and subj ect t o met eorol ogi ca
I vagari es, and t hi s may  i mpai r the measurements.
This met hod does not at I ow  cal i brat i on of the
ant enna at various dept hs, t hi s  bei ng necessary i
n order t o take i nt o account the 15 vari at i ons i
n acoustic behaviour of the antenna as a  function of
pressure. Peri scopi c si ght i ng i s, i n good vi si
bi I i t y condi t i ons,  a f ai rI y accurate
measurement . Nevert he[ ess, t o make an  20 accurate
measurement , it i s necessary t o be abl e t o si ght
the source itself , this not bei ng possi bl e i f the
I at t er is hauled behind a boat or carried by a
submari ne vehi cl e. 25 On account of t he constraints
cited above, t he met hod  of cal i brat ion by
periscope at I ows only imperfect  cal i brat i on in
overly const rai ni ng operat i onal  condi t i ons.
This i s why it is often reserved for  



prel i mi nary checks. 30 The arri val of modern el act
romagnet i c posi t i oni ng means  usi ng i n part i
cul ar sat el I i t e-based I ocat i ng means, of  GPS
type for exampl e, have upgraded t he cal i brat i on
met hods based on t he knowl edge of the absol ut e 35
posi t i ons of the not semaker and of the recei ver by
removi ng i n part i cul ar the depth and proxi mi t y
const rai nt s. W t In such I ocat i ng means, the
towing shi p  can ascert ai n its initial position with
suf f i ci ent  accuracy and ref resh its position
information 4 _ throughout the durat i on of the cal i
brat i on operat i on.  Li kewi se, the submari ne can
ascertain bef ore di vi ng,  its initial position,
position information that it wi l l  be able t o update
over time by means of its onboard 5 navi gat i on
instruments. I t can thus use its inertial  syst em (SI
NS) or el se navi gate by dead reckoni ng by  means of
the gyrocompass and the Iog. Thus, during the  cal i
brat ion operation the recei ver performs angular
measurement a pm(t ; ) and associ at as t hem with the
10 coordi nat as of the submari ne, cal cul at ad for
the  measurement i nst ants t ; . To carry out the
calibration operation with such means,  i t remai ns t
o associ ate for each measurement i nst ant t ;  t he i
of ormat i on of posit i on of the noisemaker, 15 avai
I abl a aboard the t owi ng shi p, with the information
of posi t i on of the submari ne and with the
corresponds ng  measurements pm(ts), which are recorded
aboard the  submari ne. Thi s associ at i on i s
general I y carri ad out on  I and by sift i ng of t he
recordi ngs performed duri ng t he  20 measurement
operat i on. W t h respect t o the met hods usi ng a
sighting by means  of a periscope, previ ous case, t hi
s second t ype of  



method presents the advantage, as was stated 25
previously, of enabl i ng t he not semaker t o be made
t o  deploy at a suf f i ci ant di stance t o mi ni mi
ze the  influence of paral I ax. Moreover, the submari
ne no  I onger bei ng constrained by the need to rai se
i t s  periscope, it i s possi bl a by vi rt ue of this
type of 30 met hod t o perf orm cal i brat i on
measurements for vari ous  depths under pressure condi
t i ons that are more  operat i onal . On the of her
hand the measurements bei ng carri ad out  i ndependent
I y on each vessel , t hi s t ype of met hod does  35
not enable the result of the cal i brat i on t o be
ascertained i mmedi at el y on compl et i on of the
measurement operation. The sift i ng of the dat a,
generally carried out on land, can take several weeks.
This i nt erl ude can bri ng about a delay in the 5-
val i dat i on of the operational f unct i onal i t i
as ut i I i zi ng  the azi mut h measurements ari si ng
from the sonar. Thi s drawback can be part i al I y ci
rcumvent ed by  f urni shi ng the t owi ng shi p and
the submari ne with means  5 of acoust i c communi cat
i on al I owi ng for example the t owi ng ship t o t
ransmi t its position in real time to  the submari ne
during the measurement operat i on.  However, these
specific acoustic means are unwieldy to  i mpl ement
and expensive. Moreover, it may produce 10 appreci abl
e di st urbances of the angl e measurement . I t i s at
so possi bl e t o envi sage after the measurement s
phase, a phase of data transmissions between the towing
shi p and the submari ne, the submari ne resurfacing to
establish a radio l i nk with the towing ship, duri ng
15 which link the towing ship transmits its position
file.  The whole set of operat i ons can t hen be
processed  t hereaf t er aboard the submari ne. In
pract i ce, t hi s  



second solution presupposes that the towing shi p, whi
ch  is I n general onl y a support vessel of the port
20 i nst i t ut i ons, i s f urni shed with di gi t al
t ransmi ssi on  means compat i bI a wit h t hose of t
he submari ne and havi ng  a suf f i ci ent throughput
. I n at I cases, t hi s type of met hod, whi ch i nvol
ves GPS  25 type means associ at ad with vari ous
secure conmuni cat i on  means, mobi I i zes a f ai rl
y unwieldy i of rast ruct ure.  Moreover, t hey are i
noperat i ve i n the event of a  not semaker carri ed
by a submari ne. 30 As regards known cal i brat i on
met hods it i s f i nal I y  possi bl e t o cite the
met hods usi ng a f i xed source of  known p o s i t i
o n , for example anchored to the bottom. I n
practice, the use of such a met hod i s very I i mi t
ad and  can be applied only t o configurations of shal
I ow water 35 type. I n deep waters, the anchori ng of
a f i xed source  is difficult and t o keep a t owed
not semaker f i xed i s  hardly conceivable. Towi ng
ships preferring, for  marl time saf at y reasons, not
to remain at hi gh tide  with t hei r engi nes stopped,
move thereby causing 6- movement of the not semaker.
The use of boat s wit h  dynami c posit i oni ng such
as t hose of of I operat i ons,  moreover very not sy
and not very wi despread, does not  offer any real sol
ut ion t o the probl em of keepi ng the 5 source in a
fixed position at high tide. I t i s noted t heref ore
t hat the known pri or art  cal i brat i on met hods,
based on the knowl edge by the  recei ver of t he absol
ut a posi t i ons of the not semaker 10 and of the
reception ant enna throughout the durat i on of  the
measurements, al I exhi bit si gni f i cant drawbacks.
To remedy the drawbacks exhi bit ad by the known pri or
art met hods, the i nvent i on descri bed consists of a
15 met hod of angul ar cal i brat i on i n a real
situation of an 



ant enna carri ad by a vehi cl e. The met hod accordi
ng t o  the i nvent i on uses a mobi I e not semaker i
n mot i on whose  t raj act ory i s reconst i t ut ed f
rom t he ant enna carri er  vehi cl e. 20 The t raj ect
ory of t he not semaker i s reconst i t ut ed f rom
the ant enna carri er vehi cl e by means of a serf es
of  successi ve measurements, performed by said vehi cl
e, of  the rel at i ve di st ance between t he not
semaker and t he  25 antenna. Accordi ng t o a charact
eri st i c of t he i nvent i on t he  not semaker i s
imbued with a uniform rect i I i near motion  and t he
antenna wit h a nonrect i I i near or uni form 30
motion, maki ng i t possi bl e t o expl ore at I the ut
i I i zed  di rect i ons. Accordi ng t o anot her
charact eri st i c of the i nvent i on  t he 1 raj ect
ory of the not semaker i s reconst i t ut ed on  35 t
he basi s of t he ant enna-noi semak er rel at i ve di
st ance measurements by means of a passive t raj act
ography  al gori t hm. 7  Accordi ng to anot her
charact eri st i c of the i nvent i on  t he ant enna t
o be cal i brat ed bei ng t hat of a passi ve  submari
ne sonar, the rel at i ve di stance measurements are
carri ad out by the measurement of the propagat i on
time 5 of t he si gnal on gi net i ng f rom t he not
semaker, sai d  propagat i on t i me bei ng measured by
means of synchronous  emi ssi on and reception cl ocks.
Accordi ng to anot her charact eri st i c of the i
nvent i on  10 the cal cul at ion of the rel at i ve di
stance, d(t ; ),  bet ween t he noisemaker and the
antenna at a given  i nst ant t ; , i s performed by t
aki ng into account the  bat hycel eri met ri c profile
of the medium. 15 Accordi ng t o anot her charact eri
st i c of the i nvent ion  



the consi derat i on of the bat hycel eri met ri c prof
i I e of  the medi um i s carri ad out by u t i l i z i
n g a det ermi ned  model of wave propagat i on, di
rect I y or through a chart . 20 I n a preferred mode
of i mpl ement at i o n the vehicle  carryi ng the ant
enna f oI I ows a subst anti al I y ci rcul ar  regul
ar t raj act ory. I n anot her pref erred mode of i mpl
ement at i on the vehi cl e  25 carryi ng the ant enna
f of I ows a zi g-zag t raj act ory. The advent age of
t he i nvent i on i s of not requi ri ng a  navi gat i
on syst em for the not semaker nor any exchange  of
measurements between platforms. 30 Men the t raj ect
ory of the source has been  reconst i t ut ed, the ant
enna i s cal i brat ad by compari ng  t he not semaker
di rect i on est i mat ed by t he recei ver wit h  i t
s real direction deduced f rom the trajectories of the
35 noisemaker and of the ant enna at the measurement  i
nst ants consi dared t for the not semaker and t i +nT;
for the antenna, or more si mpl y at the i nst ant t ;
i f  t he propagat i on t i me i s negl act ed. 8 Ot
her charact eri st i cs and advant ages shal I appear
through the descri pt i on whi ch f of I ows, i I I ust
rated by  Figures 1 t o 4 whi ch represent : 5 - Figure
1 , a di agranmat i c illustration of the  mode of i
mpl ement at i o n of the met hod accordi ng t o the  i
nvent i on, - Fi gure 2 , an illustration of a possi bl
a type of  10 measurement t raj ect cry, given by way
of nonl i mi t i ng  example, - Fi gure 3, the basi c
schematic of the operat i on  for del ermi ni ng the
not seniaker-ant an na rel at i ve  15 di stance, - Fi
gure 4, a schematic sunmari zi ng the vari ous  



operat i ons of t he met hod accordi ng t o t he i
nvent i on. 20 Figure 1 makes it possible t o
illustrate in a  di agranmat i c manner the pri nci pl
a of i mpl ement at i o n of  t he cal i brat i on met
hod accordi ng t o t he i nvent i on. As  st at ed
previously, the met hod accordi ng t o the  invention i
mpl ement s a surf ace ship 11 imbued with a 25 rel at
i ve motion with respect t o the submari ne 13 and  t
owi ng a not semaker 12 i mmersed at a gi van depth.
The  noisemaker can al so be carri ad by a submari ne
or a  remot el y cont rol I ed vehi cl e. The
noisemaker generally  emi t s sound pul ses which are
recei ved aboard the 30 1 i st eni ng submari ne 13 by
the antenna 14 t hat one  wishes t o cal i brat e.
Figure 2 i l l u s t r a t e s i n an example the
procedure  empl oyed by the met hod accordi ng t o the
invention t o  35 ci rcumvent di rect measurements of
the posit i on of the not semaker. As shown by t he f i
gure, the procedure  consists i n making the towing
ship f of I ow a  subst ant i at l y rect i I i near
uniform ki nemat i s 21 and i n  maki ng the submari ne
carryi ng the ant enna t o be - g  cal i brat ad f of I
ow any nonrect i I i near t raj act ory 22, A  t raj
act ory whi ch makes i t possi bl e t o expl ore t he
bearings to be calibrated is preferably chosen. I n the
exampl a of Fi gure 2, the submari ne 13 performs a
loop  5 accordi ng t o a subst ant i at I y ci rcul ar
t raj act cry. The met hod accordi ng t o t he i nvent
i on uses t he rel at i ve  di stances det ermi ned at
i nst ants t I t al so uses a  part i cul ar passive t
raj act ography at gori t hm t o 10 reconstitute with
the necessary accuracy and without  ambi gui t y the t
raj act ory of the not semaker. The  i mpl ement at i
on of t hi s at gori t hm is advant ageousl y  f aci I
i t at ad by the choice of the part i cut ar  t raj act
on es def i ned previously, uniform rect i I i near 



15 t raj act ory for the noisemaker and nonrect i I i
near  t raj ect cry for the ant enna. Thi s part i cut
ar al gori t hm  can be descri bed as f oI I ows.
Although for calibration the directions are generally
20 charted by beari ngs, t hat i s t o say with an "ant
enna"  or "boat " reference, i n the descri pt ion of
the  al gori t hm the ort honormal ref erence frames
are not t i ed  t o the craft and the angl as are azi
mut hs charted wit In  respect to nort h. 25 Let (xr,
yr) be the antenna coordi nat as def i ned i n a  gi
van reference frame and (xs, ys) the coordi nat as of
the  noisemaker i n the same reference frame, and by
assumi ng  the motion of the noisemaker is rect i l i
near uniform,  t his motion can be def i ned by a st
ate vect or with f our  30 components with the expressi
on: X = Xs(t o) = [ xs(t o), ys(t o), v, vy] [ 3]
where xs(to), ys(to), v. and vy are unknowns. 35 On the
basis of this st ate vector, the position of the
noisemaker at an i nst ant t; is given by the
expressions: 10  xs(tl; X) = xs(to) + (ti - to).v, [4]
and ys(ti; X) = ys(to) + (t; - to).vy [5] 5 Moreover,
the coordi nat as of the not semaker at a gi van  i nst
ant t i can be expressed on the basi s of the  det ermi
nation of d(t i) by the f of I owi ng rel at i on: d(t
j; X) (xs(t i; X)-x R(t i ))z+(ys(t i; X)-y R(t i ))Z]
h [ 6]  10 To ascertain the position of the noisemaker
at the  instants t;, it is therefore important to
determine the  components xs(t o), ys(t o), v, and vy
of the state vect or  X. For this purpose the met hod
according t o the 



15 invention del ermi nes the est i mat i on 'v of the
vector X  by del ermi ni ng the val ues xs(t o), y s(t
o), v, and vy whi ch  minimize a quadratic convergence
criterion defined by  the following rel at i on: 20
Jd(X) = z[ (d(t i ; X) - dt(i ))J ad(i )] 2 [ 7]  I t
is thus possible to write: Jd(v') = min [ Jd(X)] [61
25 This mi ni mi zat i on advantageously gives a uni
que  sol ut i on to the extent t hat , as was specified
above,  the antenna f of I ows a nonrect i 1 i near t
raj ect ory. To find the mi ni mum of Jd(X), use i s
for example made  30 of a gradi ant type al gori t hm t
hat i s initialized with  the distance measured at t o
and with the azi mut h  measured by the sonar at the
same initial i nst ant . Knowi ng the val ues xs(t o),
ys(t o), v, and vy, i t is then  35 possi bl e t o cal
cul ate the azi mut h p (t i) correspondi ng  t o t he
not semaker-ant en na di rect i on at a gi ven i nst
ant  ti by using the following formula: p(t
'v)=Arctangent[(x5(ti;w)-XR(ti))/(ys(t w)-yR(ti))][91 -
11  in rel at i on [9] x r(t ) and yr(t i) are the
coordinates of  the antenna at the instant ti, which
coordinates can be  accurately determined by the
onboard equi pment of the  5 submari ne carryi ng the
antenna to be cal i brat ed. The val ues p(t i ) bei ng
obt ai ned by means of the met hod  accordi ng to the
invention, the cal i brat i on thereafter  consi st s i
n compari ng for each i nst ant t he val ue of t he 10
azi mut h measured by the antenna with the azi mut h
cal cul at ed at the same dat es. Thus, t o cal i brat
e a passive sonar, the met hod  accordi ng t o t he i
nvent i on undert akes t he measurement  15 of the seri
es of rel at i ve di stances necessary for the reconst
i t ut i on of t he t raj ect ory of t he not semaker
by  



measuri ng, with the ai d of the recei ver, the i nst
ant of  arri val of the signals successively erni t t
ad at the  dat es t ; . 20 I t should be not ed t hat i
n the case of an active sonar,  or el se of a radar, c
a l i b r a t i o n is f aci l i t at ed by the  f act
t hat t he equi pment consi dered cont rol s by i t set
f  the chronomet ry of the emi ssi ons and can t heref
ore  di rest I y make an accurate measurement of the di
st ance  25 at each emi ssi on. Fi gure 3 presents the
schemat i c of the f unct i on maki ng  it possible, i
n the i mpl ement at i on of the met hod  according to
the invention, to del ermi ne the 30 not semaker-ant an
na rel at i ve di st ance on t he basi s of  the
measurements of the i nst ants of arri val of the  si
gnal s emi t t ad by t he not semaker. At a given i nst
ant t the not semaker i s situated at a  di st ance D f
rom t he ant enna. To f i rst order, wit hout  35 t aki
ng account of the vari at i ons of c, we may wri t e:
D= c . At [10] 12 _ where c represents the speed of
sound i n the marl ne  medi um and where At corresponds
t o t he el apsed t i me  bet ween t he i nst ant of
emi ssi on of the sound pul se by  t he not semaker and
the i nst ant of recept i on by t he  5 ant enna. Knowi
ng c and At i t i s t heref ore possi bl e t o cal cul
ate,  for del erns ned i nst ant s, the di st ance
separat I ng the  not semaker from the ant enna. The
term c is (to a f i rst  approxi mat i on) a const ant
of the medi um whi ch can be 10 measured moreover,
while the term At is the result of a  measurement whi
ch can be carri ed out by del ermi ni ng the  i nst ant
of recept ion of the pul se, if t he equi pment  si t
uat ad aboard the submari ne knows in one way or  anot
her the i nst ant of emi ssi on. I n practice t hi s 



15 knowl edge resul t s from a pri or synchroni zat i
on of the  clocks of the ship 11 t owi 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 time. For t hi s  purpose the clocks used
are precision quartz clocks, or  20 el se at omi c
clocks. As shown by Fi gure 3, t he operat i on of cal
cul at i ng It he  rel at i ve di stance compri ses
several steps. The f i rst two steps consi st i n the
reception 31 of the  25 signal by the ant enna t o be
cal i brat ed and of the  est i mat i on 32 of the i
nst ant of arri val of a pul se  emitted by the not
semaker. This est i mat i on i s carri ed  out i n a
known manner by detect i ng t he ri si ng edge of  t he
put se, or el se by corral at i ng t he recei ved si
gnal 30 or by any other known si gnal processi ng
procedure. I n the course of the following step 33, the
i nst ant of  arri val T; of the pulse emitted at the i
nst ant of  emi ssi on t ; by the not semaker is
measured, t hen the  val ue of t he del ay AT(t i )
correspondi ng t o t he t ravel 35 time of the pul se i
s cal cul at ed. The cal cut at i on of AT  makes it
necessary to have aboard the submarine, as  st at ed
previously, an accurate and stable i nt ernal  cl ock
34, synchronous with the emi ssi on cl ock. For t hi s
purpose the cl ock 34 used 1 s for example an atomic 13
clock whi ch presents the advant age of not requi ri ng
the  synchronization with the cl ock of the noisemaker
t o  take pl ace j ust bet ore the cal i brat ion
operation. Such  an antenna in fact exhibits adrift of
less than 500 ps 5 over a peri od of 24 hours, t hereby
correspondi ng t o an  error of di st ance measurements
of 75 cm i f a speed of  the medi um equal t o 1500 nd
s i s consi dered. The st ep of del ernf ni ng AT(t i )
i s accompani ed  f urt hermore by a st ep 35 of del
ermi ni ng t he accuracy  



10 a,r(t i ) of the measurement of AT. Thi s accuracy i
s i n part i cul ar dependent on the si gnal -t o-noi
se rat i o  measured by the recei ver associ at ad with
the ant enna.  From this del ermi net i on i s deri ved
the val ue of the  accuracy ad(t i ) i n the det ernf
net i on of the noi semaker 15 ant enna rel at i ve di
st ance, ad(t ;) bei ng rel at ed t o  aor(t ;) by the
formula ad(t ;) = C aor(t ; ). Accordi ng t o the
invention i t i s possible to take into  account t he
vari at i ons i n speed of sound i n t he medi um  20 t
o improve the est i mat i on of the di st ance by also
t aki ng i nt o account t hat sound does not propagate
i n a  st rai ght I i ne. St ep 36, whi ch runs i n
paral I el wit h st ep 35, consi st s  25 i n det ermi
ni ng the distance d(ti) on the basis of the  cal cul
at i on of AT perf ormed i n t he precedi ng st ep. The
del ermi nat i on of the di st ance d(t ; ) i nvol ves
the speed  of t he sound wave i n t he medi um t
reversed. But as was  seen previ ousl y t hi s speed
vari as i n part i cul ar as a 30 f unct i on of dept
h. The pri nci pal consequence of t he  vari at i on i
n the speed of the medi um wi I I be to induce  nonrect
i I i near propagation between the noi semaker and  the
antenna. There exi st programs for calculating the
propagation paths or rays of sound waves in a given 35
medi um, at a gi ven depth whi ch i nvol ve the nat ure
of  the bottom beds and the bat hycel eri met ri c prof
i I e of  the medi um, These programs make i t possi bl
e t o def i ne  charts that can be used t o det ermi ne
as a f unct i on of  the propagation time of the pulse
emitted by the 14  noi semaker and of the i mmersi on
dept h, the rel at i ve  di st ance d(t ; ) bet ween
the not semaker and the ant enna  at the i nst ant t ;.
I t i s recal I ed here t hat the  bat hycel eri met ri
c prof i I e of the medi um represents the 5 vari at i
on of t he speed of sound waves as a f unct i on of  



dept h. Thus, on compl et i on of st eps 35 and 36, the
rel at i ve  di st ance d(t ; ) and the measurement
ad(t ;) of the  10 accuracy in d(t ; ) are avai I abl a
for each i nst ant of  measurement ti. The met hod as a
whole can be sunmari zed by the  illustration of Fi
gure 4. 15 I n practice, the cal i brat i on zone i s
chosen i n such a  way t hat t he bat hycel eri met ri
c prof i I e i s regul ar, t hat  the bottom i s f I at
and t hat there are no currents  generat i ng di st
urbances of the medi um between the  source and the
receiver. Under these conditions, on the 20 basi s of
the measured prof i I e, propagat i on programs  make i
t possi bl e t o cal cul ate the preci se path of the
pri nci pal acoustic ray, termed di rest . On the basis
of  this pat h, a t ravel time of the sound T(d), d bei
ng the  hori zont al di st ance, is obt ai ned. Through
these 25 precaut i ons in the choi ce of the zone, of t
he  propagation cal cul at i on program, of the exact
ness of  the bat hycel eri met ri c prof i I e del ermi
ned, of the  accuracy of the cl ocks, for di st ance
spans t hat may be  of the order of some ten ki I omet
ers, an error i n the 30 det ermi nat i on of the di st
ance of the order of a few  met ers i s t ypi cal I y
obt ai ned. Cert ai n program for del ermi ni ng the
propagation  conditions, whi ch al so take i nt o
account vari at i ons i n  35 speed as a f unct i on of
di st ance, can be empl oyed pref erent i al I y t o
those 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 I , except i n very
part i cul ar zones t hat are avoi ded for the cal i
brat i ons. 15  I n cases where it is not possible to
find a relatively  homogeneous zone for the cal i brat
i on, the met hod  



accordi ng t o the invention makes i t possi bl e t o
take 5 into account the hori zont al refractions and to
utilize  propagation models not only to estimate 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 moment that i s di f f i cul t  to obt ai n,
thereby expi ai ni ng the advent age afforded by  the
choi ce of a suitable zone. 16 - CLAI MS 1. Met hod of
angul ar cal i brat i on i n a real situation of  5 an
ant enna carri ad by a vehi cl e, charact eri zed i n t
hat  t he cal i brat i on i s carri ad out by usi ng a
mobi I e  noi semaker (12) i n motion, whose t raj act
ory i s  reconst i t ut ad from the ant enna carri er
vehi cl a (13) by  means of a serf as of successi ve
measurements, performed 10 by sai d vehi cl e, of the
rel at i ve di stance (d) between  t he noi semaker and
t he ant enna. 2. The met hod as cl ai med i n cl aim
1, charact eri zed i n  t hat the noisemaker f of I ows
a uniform rect i 1 i near  15 t raj act ory (21) and
the ant enna a nonrect i I i near or uni form t raj act
ory (22), maki ng i t possi bl e t o expl ore  al I the
expl of t ad di rect i ons. 3. The met hod as cl ai med
i n cl aim 2, charact eri zed in  20 t hat the t raj
act ory (21) of the noi semaker is  reconstituted on
the basis of the ant enna-noi semak er  relative
distance measurements by means of a passive  t raj act
ography at gori t hm. 25 4. The met hod as cl ai med in
one of claims 1 to 3,  characterized in that the
vehicle carrying the antenna  follows a subst anti al I
y ci rcul ar regular t raj act ory  (22). 30 5. The met
hod as cl ai med i n one of cl ai ms 1 to 3,  



characterized in that the vehicle carrying the antenna
follows a zi g-zag trajectory. 6. The met hod as cl ai
med i n any one of t he precedi ng  35 cl ai ms,
characterized i n t 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 measurements are carri ed out by the
measurement (33) of the propagation t i me (OT) of the
si gnal on gi net i ng from t he noi semaker, sai d 17
_ propagat i on t i me bei ng measured by means of
synchronous  cl ocks. 7. The met hod as cl ai med i n
any one of the precedi ng  5 cl ai ms, characterized in
t hat the calculation of the  rel at i ve di stance
(d(t i )), bet ween the not semaker and  the antenna at
a gi ven i nst ant ti, is performed by  t aki ng i nt o
account t he bat hycel eri met ri c prof i I e of  the
medi um. 10 8. The met hod as cl ai med i n cl aim 7,
charact eri zed i n  t hat the consi derat i on of the
bat hycel eri met ri c prof i I e  of the medi um i s
carri ed out by ut i I i zi ng a del determined  model
of wave propagat i on, di rect I y or through a chart .
15 


