1 SYSTEM FOR THE PASSI VE LOCATI NG OF A MOBI LE UNDERWATER CRAFT. 5 The
present invention relates to systens for locating nobile craft noving
under the sea or in proximty to the surface of the latter. It is nore
particularly useful in the field of unddrwater combat when a surface boat
or a submarine has detected a torpedo with its sonar |istening neans, in
parti cul ar with the aid of its torpedo alert device. This | o device being
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well as the tine signal allowing its rfication. There are currently 3
nmeans of estimating the distance: - telenetry by wavefront curvature, which
is inplemented on 15 submari nes whose tonnage allows the installation of 3
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easur ement ; | Eaﬁ%ﬁiarﬁplﬁeﬁ’m }Saf‘e nt No. B9 06662 filed by the applicant on May 22
1989, published on November 23 1990 under No. 2 647 224, and granted on
April 30 1992. Surface vessels and small submarines are not equipped with
20 this expensive system. Moreover, the range of this system is limited, the
curvature having to be sufficient, and it does not work at very low frequency,
the wavelength being too large;
- ftriangulation between a hull antenna and a towed linear
antenna. Not many surface vessels and submarines have towed linear
25 antennas. Furthermore, when the towing vessel maneuvers, the position of
the towed antenna is no longer known with sufficient accuracy, thereby
rendering the measurement uncertain;
- telemetry by multipaths, which requires the use of antennas
that are highly directional in terms of elevation and hence vertically extended
30 in order to separate the paths. This technique therefore requires means that
do not exist on surface vessels and that are expensive on submarines.
Furthermore, it does not perform well in shallow waters since the paths are
then difficult to separate and the first measurement is available only after a
lengthy time lag.




|l engthy time lag. 2 Airborne neans of detection are al so known, consisting
in releasing several passive acoustic buoys froman aircraft in order to
detect and track submarines or to protect sensitive sites. Finally,
systens for decoying torpedoes | aunched2froma surface 5 vessel are known,
such as for exanple that described in French patent No. 90 04809, filed by
the applicant on 04/13/90 published on 10/18/92 under No. 2 660 907 and
granted on 7121195. Described therein is a neans nmaking it possible to
decoy and destroy aAirbemedoneans soinsletectioonsaret ialap dmavmuegnsistingi ihed
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To alleviate these drawbacks, the invention proposes a system
15 as claimed in the appended claims.

Other features and advantages of the invention will become
clearly apparent in the following description, presented by way of nonlimiting
example with regard to the appended figures which represent:

- figure 1, a diagramm;
20 - figure 2, a graphic;
- figure 3, a synoptic;
- figure 4, an exemplary embodiment for a surface vessel;
- figure 5, a first exemplary embodiment for a submarine;
- figures 6 and 7, a first exemplary embodiment of the buoy;
25 - figure 8, a second exemplary embodiment of the buoy;
- figure 9, a second exemplary embodiment for a submarine,
and
- figure 10, a third exemplary embodiment of the buoy.
The invention consists in releasing from a surface vessel or a
30 submarine a buoy furnished with at least one hydrophone and with means of
linkage with the naval vessel. When the buoy is stationary, the distance from
the craft is estimated by measuring the delay time between the acoustic
signals received by the hydrophone of the buoy on the one hand, and by the
passive sonar of the vessel on the other hand.




|l i nkage with the naval vessel. \Wen the buoy is stationary, the distance
from the craft is estinmated by neasuring the delay tinme between the
acoustic signals received by the hydroghone of the buoy on the one hand,
and by the passive sonar of the vessel Yon the other hand. 3 The naval
vessel (surface or underwater), situated at Bin figure 1, rel eases an
acoustic buoy that can be detached at an instant to recorded by the naval
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speed of the craft in a known mannef Wth the aird of a Kinematic_ nodel .
simply by calculating the coordinates in the plane AMB of the point of
intersection between the hyperbola with foci A,B and of constant Crtag(t)

20 (locus of equal delays) and the straight line AM of azimuth AZ,(t), the
position of the buoy (X, Yo) being known. This angle AZx corresponds to the
bearing Ga(t) of the sonar channel in which the maximum of the signal
(radiated noise) originating from the craft is received, corrected for the angle
of heading of the naval vessel, which is known at each instant.

25 Thus, the operator is furnished with a series of points in a
Cartesian distance-time reference frame making it possible also to estimate
the speed of the craft in a known manner with the aid of a kinematic model.

On the basis of this set of points, the measurement is improved by
calculating the mean curve, for example by the method of least squares,

30 such as represented in figure 2.

According to a variant embodiment, the passive buoy is a buoy
of DIFAR type (Directional Frequency Analysis and Recording) providing a
relatively coarse measurement of the azimuth AZg(t) of the craft on the basis
of two crossed dipoles. It is thus possible to calculate the coordinates of the 2




On the basis of this set of points, the neasurenent is inproved by

cal cul ating the nean curve, for exanple by the nethod of |east squares, 30
such as represented in figure 2. According to a variant enbodi nent, the
passive buoy is a buoy of DI FAR type (Birectional Frequency Analysis and
Recording) providing a relatively coarse neasurenent of the azinmuth AZB(t)
of the craft on the basis of two crossed dipoles. It is thus possible to
calculate the coordinates of the 2 4 additional points of intersection with
t he i sodel apddifippabebintanf intersection witbAthe isadelay hyperiplavand) thédine
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which is tyghpttdry 80heiraftsin a Cartesian reference frame is obtained with a
kinematic model by minimizing 2 criteria relating to AZx and to t4g, using for
example a gradient type algorithm, initialized on the basis of the
instantaneous location fixes in the module 306. The greater the distance AB,

20 the greater the accuracy of each instantaneous localization. By way of
example, for a naval vessel moving away at 20 knots after releasing the
buoy, after two minutes the distance equals 1200 meters, this being much
bigger than the customary distance for towing a linear antenna or a fish,
which is typically 200 meters.

25 Figure 4 diagrammatically represents the configuration of the
system for a surface vessel. According to an exemplary embodiment, the
buoy 401 is formed of a cylindrical container 411 comprising in its simplest
version a hydrophone 402, a radio emitter and electronics for recording and
processing the acoustic signals picked up by the hydrophone (amplification,

30 filtering the band of the passive sonar, analog/digital conversion, etc.). It is
also furnished with a cell that can last for around 15 to 30 minutes and which
is activated on launch. The buoy is for example released by means of a
simple mechanical device 403, such as a tube furnished with a holding
electromagnet, or else pincer-forming tongs. The cable 404 of the

35 hydrophone is coiled in the bottom of the buoy body which is closed by




25 Figure 4 diagranmatically represents the configuration of the system
for a surface vessel. According to an exenplary enbodi nent, the buoy 401
is formed of a cylindrical container 411 conprising in its sinplest

version a hydrophone 402, a radio enmitt& and electronics for recording and
processi ng the acoustic signals picked up by the hydrophone (anplification,
30 filtering the band of the passive sonar, anal og/digital conversion,
etc.). It is also furnished with a cell that can last for around 15 to 30
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configurati H%Q%aﬁﬁ system for a subnmarine 500, according to a first
Arng:

enbodi nent . is first enmbodi ment, the buoy 501 is _designed to sit on
the bottom of the sehigsoe 5 viraramwmatically Hepresgatsethg soafigunatiopyef the | y
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| aunched wvi ?06 n'ﬁeters, this first embodiment is the preferred one. Launch is effected
from a known device such as a decoy launcher situated either in the keel or
in a housing accommodated at the front between the thick hull and the thin
20 hull. If a watertight passage is made, the buoy can be launched via the
garbage-chute airlock. The buoy then remains connected to the submarine
by an electric cable or by an optical fiber 504 that are similar to those used
for wire-guided torpedoes. In the case of bow launch, a lightweight depressor
505 ensures the downward distancing of the wire. A float 506 ensures that
256 the hydrophone 517 is held under water.
Figures 6 and 7 represent an exemplary embodiment of the
buoy.
The latter is launched while the underwater vessel is
proceeding at a relatively high speed, the craft being supposedly a threat.
30 The buoy is therefore designed to sail with the current, quasi-horizontally,
and for this purpose it is furnished with a floating anchor 701 consisting of 2
or 3 articulated vanes held along the body 411 of the buoy by a hood 601
during storage. The buoy comprises 2 compartments and its center of gravity
is displaced so as to have a quasi-horizontal posture. For this, half of the
35 body of the buoy is weighted with a heavy material 602 and forms the first




gar bage-chute airlock. The buoy then remains connected to the submarine by
an electric cable or by an optical fiber 504 that are simlar to those used
for wire-guided torpedoes. In the case of bow | aunch, a |ightweight
depressor 505 ensures the downward dlsﬁanC|ng of the wire. A float 506
ensures that 25 the hydrophone 517 is held under water. Figures 6 and 7
represent an exenpl ary enbodi nent of the buoy. The latter is |aunched while
t he underwater vessel is proceeding at a relatively h speed, the craft
bei ng suppog@mpyrtmarﬁr@awhlch% mh@egdby p@weméu@mlur@eluzgzgﬂw reeeptign  wi t h
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submari ne asystem fog atm:lnnamacbwdimgctoraas&conﬁoembddmpntoAcmrshng to this
configuration, the buoy 901 is released toward the surface.
Figure 10 represents a third exemplary embodiment of the
buoy. It is furnished with a float balloon 506 in such a way that it rises to the
20 surface of the sea as soon as it is cast off from the buoy launcher. The
hydrophone 507 and its connection wire 705 are situated at the bottom of the
buoy in a housing closed by a removable plate 902, the opening of which is
delayed as above.
According to a variant, the float balloon is stored folded in the
26 upper part of the buoy and with the aid of a compressed-gas capsule
triggered at the appropriate moment, the buoy is released and the float is
inflated.
Other embodiments may be implemented without departing
from the scope of the invention. In particular, in the case of an underwater
30 vessel, the transmission of the signal Sg(t) is effected in an acoustic manner,
the buoy then comprising a transducer. Likewise, in the case of a surface
vessel, and if the target is supposedly dangerous, the buoy is furnished with
acoustic decoy means emitting in a frequency band distinct from that

corresponding to the noise radiated by the target.
35




configuration, the buoy 901 is released toward the surface. Figure 10
represents a third exenplary enbodinent of the buoy. It is furnished with
a float balloon 506 in such a way that it rises to the 20 surface of the
sea as soon as it is cast off fromthe Buoy | auncher. The hydrophone 507
and its connection wre 705 are situated at the bottomof the buoy in a
housi ng cl osed by a renovabl e plate 902, the opening of which is delayed
as above. According to a variant, :ﬁ}éﬁﬁ% ball oon is stored folded in the
25 upper part of the buoy and mnth t of a conpressed-gas capsul e
triggered at the appropriate noment, the buoy is released and the float is
inflated. O her enbodi AmystenTior the pamslvertemm of 4 hwoliiledepierivatey craitom t he
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thi s vessel ggigmptersieg nigys 10 of calculation for determning the

coordi nates of said craft fromthe estimate of the delay between the
acoustic signals received on the channel of the sonar which is pointed at
the crafis and the sane Theosysteérm as glarhedrinastaimet, charasterizedi inttbat sgideans.

means of calculation comprise means of intercorrelation (304) between said

signals received by the sonar and by the buoy, means for determining the

isodelay hyperbola of these signals, and means for determining the point of

intersection between this isodelay hyperbola and the azimuth line of the
20 target with respect to the vessel, which is itself determined by the sonar.

3 — The system as claimed in either of claims1 and 2,
characterized in that several successive instantaneous location fixes of said
underwater craft are determined and that its trajectory is reconstructed in a

25 passive manner by associating these instantaneous location fixes with the
aid of a kinematic model.

4 — The system as claimed in any one of clams1 to 3,

characterized in that the buoy release vessel (400) sails on the surface, that

30 said buoy (401) floats on the surface of the water and that the link with the
vessel is effected by radioelectric channel.

5 — The system as claimed in any one of claims 1 to 3,

characterized in that said buoy release vessel is a submarine (500), that said

35 buoy (501) rests on the bottom of the sea (502), that the reception
hydrophone of this buoy (507) is held under water by way of a float (506) cast




15 2 - The systemas clained in claim1, characterized in that said neans
of cal cul ation conprise neans of intercorrelation (304) between said
signals received by the sonar and by the buoy, neans for determ ning the

i sodel ay hyperbol a of these signals, an8® means for determining the point of
i ntersection between this isodelay hyperbola and the azinmuth line of the
20 target with respect to the vessel, which is itself determ ned by the
sonar. 3 - The systemas clainmed in either of clains 1 and 2,
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reception hydrophone of this buoy (507) is held under water by way of a
float (506) cast 8 off by the buoy when it contacts the bottom and that
the transm ssion between the buoy and the submarine is effected by a wire
link (504). 6 - The systemas clained in any one of clains 1 to 3, 5
characterized in that the buoy rel ease vessel is a submarine (500), that

t he buoy (901) floats on the surface of the sea and that the |ink between
the buoy and the subrmarine is of the wire type (504).




