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DESCRIPTION 

Title of the invention: SONAR DEVICE 

[0001] The invention is in the field of sonars and more specifically of monitoring 

maritime zones. More specifically, it relates to the sonar devices that are used for 5 

locating noise generators from measurements acquired by a submerged sonar 

detection antenna. A noise generator is understood to mean any underwater or 

surface sound source.  

[0002] These sonar devices usually comprise an acoustic reception antenna and 

processing means for locating a noise generator from measurements obtained by the 10 

sonar detection antenna. 

[0003] A known solution involves using a linear acoustic reception antenna that is 

towed by a surface ship. A noise generator is located from measurements acquired 

by the transducers of the antenna at different times as the surface ship moves. 

However, this type of sonar device requires heavy means of the surface ship type 15 

(generally a frigate). In addition, this surface ship must be moving, which can be very 

energy consuming and makes it difficult to locate a noise generator in a zone of 

limited size. Furthermore, this type of solution has limited discretion. 

[0004] In the case of a sonar that is fixed or for which the movement is not 

controlled, with the hydrophones having no particular directivity, a noise generator 20 

cannot be precisely located without using a volume antenna having hydrophones that 

are distributed over the three dimensions of space. The hydrophones convert the 

acoustic waves that they receive into electrical signals. Processing means allow 

reception channels to be formed that allow a directivity of the antenna to be artificially 

recreated. It is thus possible, by defining different sets of delays applied to the 25 

electrical signals provided by the different hydrophones, to listen in different 

directions, which allows any ambiguities to be removed relative to the location of the 

noise generator and allows precise location information to be obtained. This precision 

is obtained at the expense of a larger, heavier detection antenna. 
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[0005] An aim of the invention is to limit at least one of the aforementioned 

disadvantages. 

[0006] To this end, the aim of the invention is a sonar device comprising a support, 

the support having negative buoyancy, and a linear acoustic reception antenna, the 

linear acoustic reception antenna comprising an elongated body that is elongated 5 

from a first end to a second end, the elongated body being connected by the first end 

at a connection point that is fixed relative to the support. The sonar device is able to 

be in a reception configuration, in which the antenna body and the support are fully 

submerged and in which the antenna body is able to be in a vertical orientation, in 

which the antenna body extends substantially vertically from the first end to the 10 

second end toward the seabed. The sonar device comprises orientation adjustment 

means for adjusting, when the sonar device is in the reception configuration and the 

support is fixed relative to the terrestrial reference frame, an angle of elevation and 

an azimuth of the second end in a reference frame connected to the support 

centered on the connection point. 15 

[0007] Advantageously, the sonar device comprises relative positioning adjustment 

means for adjusting a relative positioning of the electro-acoustic transducers of the 

sonar antenna when the second end has a predetermined angle of elevation and a 

predetermined azimuth, when it exists. 

[0008] Advantageously, the sonar device comprises processing means configured 20 

to locate a noise generator from several sets of acoustic measurements generated 

by the acoustic reception antenna, the sets of acoustic measurements comprising a 

first set of measurements acquired by the acoustic reception antenna when the 

second end occupies a first position relative to the support, i.e. in the reference frame 

connected to the support, and a second set of measurements acquired by the 25 

acoustic reception antenna when the second end occupies a second position relative 

to the support. 

[0009] In a first embodiment, the linear acoustic reception antenna comprises a 

plurality of acoustic transducers distributed along a row of transducers that is able to 

be rectilinear and has a curvature that is able to vary under the effect of the 30 

movement of the second end relative to the support. 
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[0010] In a second embodiment, the linear reception antenna comprises a plurality 

of acoustic transducers distributed along a straight row of transducers. 

[0011] The antenna body is, for example, connected to the support by a ball joint. 

[0012] Advantageously, the adjustment means comprise drive means for moving the 

second end relative to the support. 5 

[0013] The drive means advantageously comprise a propulsion unit. 

[0014] The drive means advantageously comprise a ballast having a variable mass 

density. 

[0015] In a particular embodiment, the drive means are mounted on the antenna 

body. 10 

[0016] In another particular embodiment, the drive means comprise a propulsion 

unit able to transiently cooperate with the antenna body to allow adjustment of the 

angle of elevation and the azimuth of the second end. 

[0017] Advantageously, the sonar device comprises a submersion adjustment 

device for adjusting a depth of the linear acoustic reception antenna. 15 

[0018] The invention also relates to a method for locating a noise generator from a 

sonar device according to the invention. The method comprises a step of estimating 

a positioning zone of the noise generator from several sets of acoustic 

measurements comprising a first set of acoustic measurements acquired when the 

second longitudinal end occupies a first position relative to the support, as well as a 20 

second set of acoustic measurements acquired when the second longitudinal end 

occupies a second position relative to the support. 

[0019] The invention also relates to a method for detecting and locating a noise 

generator from a sonar device according to the invention. The method comprising a 

step of acquiring a first set of acoustic measurements when the second longitudinal 25 

end occupies a first position relative to the support, a step of acquiring a second set 

of acoustic measurements when the second longitudinal end occupies a second 

position relative to the support, a step of detecting a noise generator from the first set 

of acoustic measurements and the second set of acoustic measurements, and a step 
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of estimating a positioning zone of the noise generator from the first set of acoustic 

measurements and from the second set of acoustic measurements. 

[0020] Further features and advantages of the invention will become apparent from 

reading the following detailed description, which is provided by way of a non-limiting 

example, and with reference to the appended drawings, in which: 5 

[0021] [Fig. 1] figure 1 schematically shows a sonar device according to a first 

embodiment of the invention in two reception configurations; 

[0022]  [Fig. 2] figure 2 schematically shows conical positioning zones obtained from 

a linear acoustic reception antenna; 

[0023] [Fig.3] figure 3 schematically shows part of the sonar device according to a 10 

second embodiment of the invention in a low vertical orientation, and two other 

reception configurations; 

[0024] [Fig. 4] figure 4 schematically shows an example of a buoyancy modification 

device; 

[0025] [Fig. 5] figure 5 shows a block diagram of the sonar device according to the 15 

invention; 

[0026] [Fig. 6] figure 6 shows steps of a detection and location method according to 

the invention; 

[0027] [Fig. 7] figure 7 shows steps of a location method according to the invention. 

[0028] The same elements are identified using the same reference signs from one 20 

figure to the next. 

[0029] The invention relates to a sonar device comprising a sonar acoustic reception 

antenna with simple geometry and that is configured so as to allow acoustic 

measurements to be acquired for locating a noise generator with relatively good 

precision. The sonar device allows acoustic measurements to be acquired even if the 25 

antenna is mechanically connected to a support that is fixed relative to the terrestrial 

reference frame. The invention also relates to a sonar system comprising the sonar 

device. 
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[0030] Figure 1 schematically shows a sonar device according to a first embodiment 

of the invention.  

[0031] The sonar device D comprises a float F and a dive line LP connecting the 

float F to a support S. The support S has negative buoyancy. The support S connects 

the dive line LP to an acoustic reception antenna A. 5 

[0032] The acoustic reception antenna A allows acoustic measurements to be 

acquired.  

[0033] The reception antenna A comprises a plurality of acoustic transducers TAj, 

with j = 1 to N, where N is an integer greater than 1 corresponding to the number of 

acoustic transducers.  10 

[0034] An acoustic transducer TAj is understood to mean a transducer able to 

convert an acoustic wave into an acoustic measurement, i.e. to acquire an acoustic 

measurement. Acoustic measurement is understood to mean a signal representing 

an acoustic intensity and an acoustic frequency as a function of time over an 

acquisition duration. 15 

[0035] An acoustic transducer TAj is, for example, an electro-acoustic transducer, 

for example a hydrophone, converting an acoustic wave into an electrical signal 

representing an intensity and a frequency of the acoustic wave detected by the 

transducer as a function of time over an acquisition duration, or is even an opto-

acoustic transducer converting an acoustic wave into an optical signal representing 20 

an intensity and a frequency of the acoustic wave detected by the transducer as a 

function of time over an acquisition duration. 

[0036] The acoustic measurement provided by an acoustic transducer comprises, 

for example, several series of elementary intensity measurements carried out during 

different elementary durations of the acquisition duration. Each series of elementary 25 

measurements is carried out at a predetermined acoustic frequency or in a 

predetermined acoustic frequency band distinct from the other frequencies/frequency 

bands of the other elementary series. The acoustic measurement provided by a 

transducer is, for example, in the form of a series of intensity-time matrices produced 

at different frequencies. Each matrix or elementary measurement comprises intensity 30 

values measured over different elementary durations at a determined frequency or in 
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a determined frequency band. The different elementary measurements are obtained 

at different frequencies or in distinct frequency bands. The antenna A comprises an 

antenna body C integrating the acoustic transducers TAj of the antenna A. The 

antenna body C is an elongated body longitudinally extending from a first end E1 to a 

second end E2. 5 

[0037] The antenna body C is mechanically connected to the support S. 

[0038] As shown in figure 1, the antenna A is linear. It comprises a plurality of 

acoustic transducers TAj distributed along a row of transducers that is able to be 

straight, i.e. rectilinear. The antenna body C is elongated along the row of 

transducers. 10 

[0039] The acoustic transducers TAj are arranged on different curvilinear abscissas 

along the row of transducers d. The antenna of the embodiment of figure 1 comprises 

a single acoustic transducer on each curvilinear abscissa. As an alternative 

embodiment, the antenna comprises a plurality of acoustic transducers on each 

curvilinear abscissa. Acoustic transducers are disposed, for example, around a row 15 

of transducers. 

[0040] In the non-limiting embodiment of figure 1, this row of transducers is a 

straight line d. 

[0041] The elongated body C is connected by the first end E1 to the support S and, 

more specifically, to a connection point PL that is fixed relative to the support. 20 

[0042] In the non-limiting embodiment of figure 1, the antenna A is connected to the 

support S by a ball joint. Thus, the first longitudinal end E1 is translationally fixed 

relative to the support S along three axes of an orthogonal reference frame 

connected to the support S. The connection point PL is the center of the ball joint in 

this embodiment. 25 

[0043] The second end E2 of the antenna body C is free. 

[0044] The sonar device D is configured to operate, i.e. to carry out acoustic 

measurements and to locate noise generators, when it is in a reception configuration. 

The sonar device D according to the invention is able to assume several reception 

configurations. 30 
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[0045] In this reception configuration, as shown in figure 1, the body of the antenna 

C and the support S are fully submerged.  

[0046] In the non-limiting case of the device of figure 1, the float F floats on the 

surface of the water and the dive line LP extends substantially vertically under the 

effect of the positive buoyancy of the float F and of the negative buoyancy of the 5 

support S. A vertical direction or a vertical axis is substantially perpendicular to the 

surface of the sea in calm sea conditions.  

[0047] The acoustic reception antenna is mechanically connected to the support S 

and is configured so as to be able to occupy several orientations in a reference frame 

connected to the support centered on the connection point PL. 10 

[0048] The antenna is able to be in a low vertical orientation OVB shown as a solid 

line in figure 1, in which the antenna body C is suspended from the support S and 

longitudinally extends substantially vertically from the first end E1 to the second end 

E2 toward the seabed. 

[0049] According to the invention, the antenna body C is configured and connected 15 

to the connection point PL so that a second end E2 is movable relative to the support 

S and relative to the first end E1, and more specifically so that an angle of elevation 

and an azimuth of the second end E2, in an orthogonal reference frame (r; x1; z) 

connected to the support S and centered on the connection point PL, are variable. 

[0050] Each reception configuration of the antenna is characterized by an angle of 20 

elevation and an azimuth (when it exists). 

[0051] The sonar device D according to the invention also comprises means for 

adjusting the orientation of the antenna A, allowing an angle of elevation and an 

azimuth of the second end E2 to be adjusted relative to the support, i.e. in a 

reference frame connected to the support S centered on the connection point PL. 25 

These orientation adjustment means allow the orientation of the antenna to be 

adjusted when the sonar device D is in the reception configuration and the support S 

is fixed relative to the terrestrial reference frame. In other words, the orientation 

adjustment means allow a position of the second end E2 of the antenna body C to be 

adjusted relative to the support S along the three directions of a three-dimensional 30 
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reference frame connected to the support S when the support S occupies a fixed 

position in the terrestrial reference frame. 

[0052] The orientation adjustment means allow this adjustment to be provided when 

the sonar device D is in a reception configuration and the support S is fixed relative 

to the terrestrial reference frame. 5 

[0053] This allows an orientation of the antenna to be modified in a reference frame 

connected to the support S, i.e. it allows an orientation of the row of transducers to 

be modified when it is straight or more generally a straight line connecting the two 

ends E1 and E2 or the connection point PL and E2. 

[0054] The angle of elevation of the second end E2 is the angle formed between a 10 

horizontal plane (r; x1) passing through the connection point PL and the straight line 

connecting the connection point PL to the end E2 and the azimuth of the second end 

E2 is the angle formed around a vertical z-axis of the reference frame (r; x1; z) 

connected to the support S between a horizontal axis of reference r of this reference 

frame and the straight line connecting the connection point PL to the end E2. The 15 

angle of elevation is positive when the second end is above the horizontal plane (r; 

x1) and is negative when it is below said plane. 

[0055] The orientation adjustment means comprise drive means ENT allowing, 

when the support S is fixed, the second end E2 of the antenna body C to be moved 

relative to the support S along the three directions of the reference frame connected 20 

to the support. These drive means ENT allow the second end E2 to be moved in the 

reference frame connected to the support so as to vary its angle of elevation and its 

azimuth. This movement of the second end E2 relative to the support S causes the 

second end E2 to move relative to the first end E1. 

[0056] Thus, the drive means ENT allow the end E2 to be moved, even when the 25 

support S is fixed in the terrestrial reference frame, relative to the support S, from the 

position that it occupies when the antenna body C is in the low vertical orientation 

OVB to an inclined orientation OI, as shown by the dashed lines in figure 1. In the low 

vertical orientation OVB, the second end has an angle of elevation α1 of -π/2, with 

the azimuth not being defined, i.e. not existing, for this angle of elevation. 30 
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[0057] The azimuth exists and is adjustable when the angle of elevation differs from 

-π/2 or π/2.

[0058] In the inclined orientation of figure 1, the second end has an angle of 

elevation α2 that is negative and is greater than -π/2 and has an azimuth β2. 

[0059] Advantageously, the drive means ENT allow the angle of elevation of the 5 

second end E2 to be continuously varied between -π/2 and a maximum angle of 

elevation. The maximum angle of elevation is greater than -π/2. It can be negative, 

zero or positive. It can be equal to π/2, for example.  

[0060] Advantageously, the drive means ENT allow the azimuth of the second end 

E2 to be continuously varied between 0 and 2π exclusive when the angle of elevation 10 

differs from -π/2 and π/2. 

[0061] The orientation adjustment means also comprise control means for 

controlling the drive means so that the drive means ENT adjust the angle of elevation 

of the second end E2 to a target angle of elevation and the azimuth of the second 

end E2 on a target azimuth, when the support S is fixed in the terrestrial reference 15 

frame, i.e. relative to the earth. 

[0062] The antenna A of the sonar device D according to the invention thus can be 

dynamically oriented in space, even if the support S is fixed, which allows a three-

dimensional antenna to be virtually recreated from a linear antenna and thus allows 

channels to be formed in different directions along the direction of the straight line x. 20 

The sonar device D according to the invention therefore allows acoustic 

measurements to be acquired allowing a noise generator to be located, with better 

precision than with a linear antenna that is fixed or for which the movement is not 

controlled, from a linear antenna with simple geometry and that is economical in 

terms of acoustic transducers. The performance capabilities of the antenna in terms 25 

of location are no longer limited by its geometry. 

[0063] Indeed, when the noise generator is fixed relative to the support S, a linear 

antenna suspended vertically from the connecting means, as in the low vertical 

orientation OVB of figure 1, allows different listening directions to be obtained by 

making several formations of channels by applying different sets of delays to the 30 
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same set of acoustic measurements simultaneously acquired by the different 

acoustic transducers of the antenna. The different listening directions (or channel 

directivities) are elevation adjustable but not azimuth adjustable. Thus, forming 

channels from signals obtained from a vertical linear antenna allows the angle of 

elevation of the direction on which the noise generator is located to be obtained, but 5 

not the azimuth of this direction. In other words, it is possible to deduce, from the 

measurements obtained by the antenna, a first conical surface C1 with a z-axis, 

shown in figure 2, on which a noise generator B is generally located, but it is not 

possible to know precisely where the noise generator is located on this surface. In 

practice, the positioning zone defined for a noise generator detected from a channel 10 

forming a predetermined angle of elevation corresponds to a generally conical or 

pseudo-conical local volume with a z-axis comprising the first conical surface C1, 

with the same apex and axis as the first conical surface and having an angular 

elevation opening around the angle of elevation. The angular elevation opening 

decreases with the angle of elevation from 0 to π/2 because the positioning precision 15 

increases in this direction. 

[0064] By subsequently bringing the linear antenna along the second axis 

perpendicular to the z-axis, and by acquiring acoustic measurements when the 

antenna is in this orientation, the channel formations from measurements 

simultaneously acquired by the acoustic transducers of the antenna in this orientation 20 

allow the azimuth of the noise generator to be deduced. It is possible to deduce a 

reduced volume therefrom that is formed around two half-straight lines db1 and db2. 

The noise generator B is located in this reduced volume. These half-straight lines 

correspond to the intersection between the first conical surface C1 and a second 

conical surface C2, as shown in figure 2. In practice, the reduced volume 25 

corresponds to the intersection of the two pseudo-conical volumes each comprising 

one of the conical surfaces C1 and C2 and the axis and apex of which are the same 

as those of the corresponding conical surface C1 or C2. By arranging the linear 

antenna along a third axis, for example, horizontal and perpendicular to the second 

axis, and by acquiring acoustic measurements when the antenna is in this orientation, 30 

forming channels from acoustic measurements simultaneously acquired by the 

acoustic transducers of the antenna in this position allows the ambiguity relative to 
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the position of the noise generator to be removed and therefore allows the 

positioning precision of the noise generator to be improved. The noise generator B is 

located in an even smaller volume centered on a point B located at the intersection of 

the three conical surfaces. In practice, the smaller volume centered on point B is the 

intersection of the three pseudo-volumes each comprising one of the three conical 5 

surfaces and with the same axis and same apex as the corresponding conical 

surface. 

[0065] This invention is particularly suitable for locating a noise generator that is 

fixed relative to the support. 

[0066] The sonar device according to the invention allowing dynamic reorientation of 10 

the antenna allows a method to be implemented in which the antenna is repositioned 

and acoustic measurements are acquired until a position is obtained with 

predetermined precision. 

[0067] The sonar device according to the invention is able to be implemented from a 

static support S. It does not require the antenna to be towed by a seagoing vessel, 15 

which makes it economical and able to be used in a size-limited zone. It is also 

discrete. 

[0068] In addition, this sonar device is easily deployable from a single attachment 

point (buoy). 

[0069] In the particular embodiment of figure 1, the row of transducers d is a straight 20 

line. The antenna is configured so that the row of transducers has this linear shape in 

the reception configuration, irrespective of the position of the end E2. 

[0070] In other words, the drive means ENT allow, as shown in figure 1, an incline of 

the antenna A to be varied, in particular of the straight row of transducers relative to a 

horizontal plane connected to the support S and relative to a vertical plane connected 25 

to the support S and containing the r-axis. 

[0071] In a second embodiment shown in figure 3, the antenna AA differs from the 

antenna of figure 1 in that it is flexible. In other words, the transducers are distributed 

along a row of transducers that is able to be straight or rectilinear and is able to bend 
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under the effect of a movement of the end E2 relative to the support S. This is 

permitted by virtue of the flexibility of the antenna body CC.  

[0072] The antenna AA is configured, for example, to extend in a substantially 

vertical straight line in the low vertical orientation OVB shown in figure 3 on the left-

hand side and to be curved in inclined configurations, as shown in figure 3 in the 5 

middle and on the right-hand side. The antenna bends when the drive means move 

the second end E2 away from its equilibrium position shown in figure 3 on the left-

hand side.  

[0073] The end E2 is, for example, able to occupy the points of a surface SURF that 

is generally semi-spherical or spherical or is generally an ellipsoid or half-ellipsoid, as 10 

shown in figure 3. 

[0074] The antenna A can be connected to the support S by a ball joint, as shown in 

figure 1. 

[0075] More generally, the antenna can be connected to the support S by a 

connection with three degrees of rotational freedom. A certain amount of travel can 15 

be allowed, for example, along one or more axes of translation. 

[0076] To this end, the first end E1 of the flexible antenna AA or straight linear 

antenna A, is connected, for example, to the support S by a connection body that is 

able to deform under the effect of the movement of the second end E2, by the drive 

means ENT, relative to its equilibrium position. 20 

[0077] As an alternative embodiment, the antenna body CC is flexible and is directly 

fixed to the support S, in other words, the first end E1 and the connection point PL 

occupy the same position. 

[0078] The drive means ENT comprise, for example, as shown in figure 1, a 

propulsion unit PROP allowing the second end E2 to move relative to the support S 25 

(when the support is fixed in the terrestrial reference frame), at least along two 

orthogonal directions in a horizontal plane, and preferably, but not necessarily, along 

a vertical z-axis. 

[0079] In the non-limiting example of the figures, the propulsion unit PROP 

comprises turboprops configured and arranged around the second end E2 so as to 30 
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allow the second end to move relative to the support S in three orthogonal directions, 

when the support is fixed in the terrestrial reference frame.  

[0080] Advantageously, the drive means ENT comprise a buoyancy modification 

device MF mounted on the second end E2. This allows the energy that is consumed 

by the propulsion unit PROP in order to modify its angle of elevation to be limited, 5 

then allows it to be kept at a predetermined angle of elevation without using the 

propulsion unit and therefore limits the energy that is consumed. Furthermore, not 

having to use the drive means ENT to keep the angle of elevation fixed avoids any 

pollution of the measurements acquired by the antenna by acoustic, electrical or 

magnetic noise that is likely to be generated by the drive means. 10 

[0081] To this end, the drive means ENT are configured to allow the angle of 

elevation to be kept constant over the entire angle of elevation range extending from 

the minimum angle of elevation to the maximum angle of elevation. 

[0082] The buoyancy modification device allows the reconfiguration of the antenna 

to be accelerated and therefore allows the latency time between two successive 15 

acquisitions to be limited. 

[0083] Advantageously, but not necessarily, the low vertical orientation OVB is a 

rest or equilibrium orientation of the antenna body C. This is, for example, the rest 

orientation of the antenna when buoyancy variation means MF have minimal 

buoyancy while a propulsion unit PROP, connected to the antenna, is off. 20 

[0084] Advantageously, the antenna body C can have neutral buoyancy. As an 

alternative embodiment, the antenna body has negative or positive buoyancy.  

[0085] As shown in figure 4, the buoyancy modification device MF comprises, for 

example, a ballast BAL with variable mass density, i.e. with a fixed volume and a 

variable mass or with a fixed mass and a variable volume, and controllable means 25 

allowing this mass or this volume to be varied. 

[0086] For example, the ballast BAL has a fixed volume and a variable mass. It 

comprises a housing BOIT containing a gas and a liquid, and a piston PS sealably 

separating a first sealed compartment CE1 of the housing BOIT containing the gas G 

and a second compartment CE2 of the housing B containing the liquid L and fluidly 30 
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connecting with the external marine environment via an orifice OR. The buoyancy 

modification device MF comprises an actuator ACT allowing the piston PS to 

translationally move so as to modify the volumes of the compartments CE1 and CE2, 

with the volume of compartment CE1 increasing when the volume of compartment 

CE2 decreases. The translation movement of the piston PS thus modifies the amount 5 

of liquid in the second compartment CE2, which modifies the buoyancy of the ballast 

BAL, which also causes the volume occupied by the gas G in the first compartment 

CE1 to be modified. 

[0087] Advantageously, the drive means ENT are arranged in the vicinity of the 

second end of the antenna A. This position is advantageous in terms of the length of 10 

the lever arm. In the case of a flexible antenna, it is also advantageous in terms of 

controlling the shape of the antenna when it moves and it allows a continuous 

evolution of the radius of curvature of the antenna to be obtained over its entire 

length. 

[0088] As an alternative embodiment, the drive means ENT are arranged between 15 

the ends E1 and E2 or are even distributed along the antenna. 

[0089] In the previous examples, the drive means ENT are mounted on the antenna. 

[0090] As an alternative embodiment, the drive means comprise, for example, an 

adjustable length cable connected to the antenna, for example, at the second end, 

and a winch allowing the length of the cable to be adjusted so as to allow the angle of 20 

elevation of the second end E2 to be adjusted, and a rotary actuator for adjusting the 

azimuth of the second end E2. 

[0091] As an alternative embodiment, the drive means ENT comprise an 

independent propulsion unit able to transiently cooperate with the antenna in order to 

move the second end of the antenna. The propulsion unit is of the underwater drone 25 

type, for example. The invention then relates to a sonar device or to a sonar system 

comprising the sonar device and the drive means. 

[0092] In this latter case, the low vertical orientation OVB is an equilibrium 

orientation of the antenna when, in the case of a propulsion unit PROP, it is able to 

transiently cooperate with the antenna in order to move the second end E2 of the 30 

antenna, the propulsion unit PROP is separated from the antenna. 
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[0093] Advantageously, the sonar device comprises submersion adjustment means 

or a submersion adjustment device allowing the depth or the submersion IM of the 

antenna A to be adjusted. These means allow, when the antenna is at a certain 

depth, acoustic measurements to be obtained that originate from a zone that is a 

shadow zone for the antenna when said antenna is at another depth. A shadow zone 5 

is created by the underwater acoustic propagation defined by the bathymetry profile 

of the acoustic waves as a function of the depth. Lowering the second antenna 

therefore allows a shadow zone to be moved and the detection and/or the position of 

a noise generator to be confirmed or specified. These means therefore allow the 

capabilities for detecting noise generators to be improved and therefore allow the 10 

capabilities for locating noise generators to be improved. Varying the submersion of 

the antenna can also improve the “signal-to-noise” level of a noise generator 

detected by the antenna.  

[0094] These submersion adjustment means comprise, for example, in a non-

limiting manner, a winch T allowing the length of the dive line L, and therefore the 15 

depth of the support S, to be adjusted. The winch T can be integrated into the float F, 

as in figure 1, or into the support S. 

[0095] Advantageously, the sonar device comprises relative positioning adjustment 

means allowing the relative positioning of the acoustic transducers TAj of the 

antenna A to be adjusted when the antenna body C is fixed relative to the support S. 20 

In terms of detection, the variation of the relative positioning of the transducers 

determines the performance capabilities related to the detected frequency ranges 

and to the range of the antenna. A long antenna detects noise generators emitting at 

very low frequency at very long distances, conversely a smaller antenna has a 

shorter range and allows noise generators to be detected that are emitting at medium 25 

and high frequency. This advantage of adjusting the relative positioning of the 

transducers therefore allows additional indications to be provided relative to the 

near/far location of the noise generators. The positioning adjustment means 

comprise, for example, linear actuators able to linearly move the different transducers 

on the same straight line and position sensors allowing the positions of the different 30 

sensors to be detected on the straight line, with the sensors sending the detected 

positions to means for controlling the transducers. As an alternative embodiment, the 
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transducers are kept spaced apart in pairs by compression springs, with end stops 

allowing the springs to remain compressed. Linear actuators are provided to vary the 

distance between the end stops, so as to vary the spacing between the transducers. 

Of course, other solutions can be contemplated. 

[0096] Thus, in the particular and non-limiting embodiment of the figures, each 5 

reception configuration is characterized by a set of configuration parameters 

comprising an angle of elevation, an azimuth (when it exists), submersion of the 

reception antenna and a relative position between the sensors. These configuration 

parameters are independently adjustable by the adjustment means. 

[0097] As an alternative embodiment, only the angle of elevation and the azimuth 10 

are variable. 

[0098] Generally, the sonar device comprises at least means for varying the angle of 

elevation and the azimuth. 

[0099] In figure 1, the float F or main support is located above the support S along a 

vertical z-axis.  15 

[0100] As an alternative embodiment, the main support F is located above the 

surface of the water, such as a platform of a helicopter, or any partially submerged or 

fully submerged support located above the support S along a vertical axis in the 

reception configuration. 

[0101] Figure 5 shows a block diagram of the sonar device or sonar system 20 

according to the invention. 

[0102] This device comprises processing means TRAIT configured to implement a 

location method, i.e. to compute a position P or positioning zone of a noise generator 

B from several sets of acoustic measurements Ji, with i = 1 to M, acquired by the 

acoustic reception antenna as explained above. M is the number of sets of 25 

measurements and is greater than 1. The processing means TRAIT implement a 

method for locating the noise generator B, when a condition for implementing this 

location method is met. 

[0103] The condition is the detection of a noise generator, for example. 
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[0104] Advantageously, the processing means TRAIT are able to provide setpoint 

positions so as to control the control means COM so that they control the drive 

means ENT so as to adjust the position of the second end to the setpoint position. 

More generally, the processing means TRAIT are configured to provide adjustment 

instructions so as to control the control means COM so that they control the drive 5 

means in order to adjust the reception configuration to a control configuration.  

[0105] The invention also relates to a method for detecting and locating a noise 

generator comprising the different steps listed in figure 6. 

[0106] The method comprises a first step 100 of acquiring sonar measurements 

from the antenna, with the antenna being in a first reception configuration, in which 10 

the second longitudinal end E2 occupies a first position relative to the support S, i.e. 

in a reference frame connected to the support. 

[0107] During this step 100, each acoustic transducer TAj provides, as shown in 

figure 6, a first acoustic measurement M1j representing an acoustic intensity and an 

acoustic frequency as a function of time over the acquisition duration. This first 15 

acoustic measurement M1j comprises, for example, several series of elementary 

intensity measurements carried out during different elementary durations of the 

acquisition duration. Each series of elementary measurements is carried out at a 

predetermined acoustic frequency or in a predetermined acoustic frequency band 

distinct from the other frequencies/frequency bands of the other elementary series. 20 

The acoustic measurement provided by a transducer is, for example, in the form of a 

series of intensity-time matrices produced at different frequencies. Each matrix or 

elementary measurement comprises intensity values measured over different 

elementary durations at a determined frequency or in a determined frequency band. 

The different elementary measurements are obtained at different frequencies or in 25 

distinct frequency bands. 

[0108] The method comprises a step 200 of detecting a noise generator comprising 

a first step 201 of forming channels from acoustic measurements acquired by the 

different acoustic transducers during step 100. More specifically, at least one sonar 

channel is formed from a first set J1 comprising the first acoustic measurements M1j, 30 

with j = 1 to N, acquired by the transducers. A sonar channel is formed by applying a 
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set of delays to the different acoustic measurements M1j, with j = 1 to N, provided by 

the different acoustic transducers TAj. The sets of applied delays are different for the 

different sonar channels. This allows an acoustic signal to be obtained for each 

channel. The acoustic signal obtained when forming a channel represents an 

acoustic intensity as a function of the acoustic frequency in the listening direction 5 

representing the corresponding channel. On completion of step 201, a first set of 

acoustic signals Sv1 is obtained, with v1 = 1 to V1, where V1 is a whole number 

greater than or equal to 1 of channels formed for the antenna. This set is, for 

example, in the form of a frequency-channel directivity matrix comprising different 

acoustic signal intensity values Sk obtained for different frequency-channel directivity 10 

pairs. 

[0109] In practice, channels are formed by azimuth and/or by elevation.  

[0110] If the antenna extends substantially linearly and substantially along a vertical 

z-axis, channels are advantageously formed only by elevation and if the antenna

extends substantially linearly and substantially along a horizontal axis, channels are 15 

advantageously formed only by azimuth. If the antenna is in an intermediate 

orientation, channels are advantageously formed by azimuth and by elevation. 

[0111] In a step 202, detected noise generators Bb are detected with b = 1 to BB, 

where BB is the number of noise generators detected from the channels formed for 

the reception antenna as a function of a predetermined detection criterion. The 20 

number BB of detected noise generators can, as an alternative embodiment, be zero. 

Each detected noise generator is characterized by a set of features Cb comprising: 

- an acoustic signal Sb representing an acoustic intensity as a function of the

acoustic frequency for the corresponding channel;

- a positioning zone Zb, in which the local noise generator is located, the positioning 25 

zone is defined (positioned and oriented) in a local reference frame connected to the 

antenna. 

[0112] The detection 202 of the noise generators is carried out from the channels 

formed as a function of a detection criterion. 

[0113] The detection criterion can comprise an intensity threshold, beyond which a 30 

noise generator is detected, which can be fixed or can at least depend on one of the 
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aforementioned parameters and/or an acoustic frequency. The selection criterion can 

comprise a frequency criterion, which can comprise an acoustic frequency band, 

within which the acoustic frequency must be located. This frequency criterion can be 

fixed or can depend on at least one of the aforementioned parameters.  

[0114] The invention relates to a method 300 for locating a noise generator 5 

comprising a step of estimating a positioning zone of the noise generator from 

several sets of acoustic measurements comprising:  

- a first set of acoustic measurements acquired when the second longitudinal end E2

occupies a first position relative to the support S;

- a second set of acoustic measurements acquired when the second longitudinal end 10 

E2 occupies a second position relative to the support. 

[0115] The location method 300 according to the invention comprises, for example, 

as shown in figure 7, a cycle of steps comprising the following successive steps: 

- a step 301 of modifying the reception configuration of the antenna so that the

antenna has a new reception configuration; 15 

- a new step 302 of acquiring acoustic measurements, the antenna being in the new

reception configuration, which allows a set J of acoustic measurements Mj to be

obtained;

- a new step 303 of detecting noise generators from the measurement set J;

- a step 304 of determining a positioning zone of a noise generator Bb detected 20 

during step 203 from features of the noise generator Bb detected during a previous 

cycle of steps or during step 202, when the cycle is the first cycle. 

[0116] The cycle can be repeated one or more times or may not be repeated. 

[0117] Advantageously, during at least one cycle of steps, the second position of the 

second end in the new reception configuration is different from the first position of the 25 

second end in the first reception configuration in a reference frame connected to the 

support. In other words, the second longitudinal end occupies a second position 

different from the first position relative to a reference frame connected to the support, 

it has an angle of elevation different from the angle of elevation it had in the first 

position and/or an azimuth different from the azimuth it had in the first position. 30 

[0118] Step 301 is implemented by the adjustment means. 
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[0119] Step 302 is identical to step 202 to the nearest reception configuration. 

[0120] Step 303 is identical to step 203 but it is carried out from the set of acoustic 

measurements measured during the current cycle in step 302. 

[0121] On completion of the detection step 303, a set of features Ch is obtained for 

each detected noise generator Bh, with h = 1 to H, where H is the number of noise 5 

generators detected during the detection step 303, said set of features Ch 

comprising:  

- an acoustic signal Sh representing an acoustic intensity as a function of the

acoustic frequency for the corresponding channel;

- a positioning zone Zh, in which the noise generator Bh is located, the positioning 10 

zone is defined (positioned and oriented) in a local reference frame connected to the 

antenna. 

[0122] As an alternative embodiment, the number of noise generators detected 

during step 303 is zero. 

[0123] Step 304 is implemented when the number of noise generators detected 15 

during step 303 is non-zero. 

[0124] Step 304 involves defining an intersection zone between positioning zones 

obtained for different configurations of the reception antenna. 

[0125] This step is determined from the position and the orientation of the support S, 

in each of the reception configurations, defined in a common reference frame, which 20 

is, for example, the terrestrial reference frame. 

[0126] To this end, the positioning zones of the noise generator are advantageously 

defined, during the different noise generator location steps, in the same common 

reference frame, such as, for example, a reference frame connected to the support S 

or a terrestrial reference frame. 25 

[0127] The location step then comprises a step of determining an intersection 

between the positioning zones in the common reference frame. 

[0128] As an alternative embodiment, during the detection steps, the positioning 

zones of the noise generator are determined in a reference frame connected to the 

antenna that has moved between the two acquisition steps. The location step 30 
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therefore comprises a step of changing the reference frame of the positioning zones 

in order to define these positioning zones in a common reference frame, relative to 

which the antenna moves between the two acquisition steps. However, this second 

method is more computation intensive. 

[0129] Advantageously, step 304 comprises a step of changing the reference frame 5 

involving determining a position and an orientation of the different positioning zones 

of the noise generator in the same common reference frame. This reference frame is, 

for example, the terrestrial reference frame or a reference frame connected to the 

support S. 

[0130] It should be noted that step 304 is implemented when a noise generator is 10 

detected during step 303 and when this noise generator is also detected during a 

previous cycle or during step 202.  

[0131] When determining the position of a noise generator, an intersection of 

positioning zones determined for the same noise generator needs to be determined. 

Therefore, the method advantageously comprises, for each detected noise generator, 15 

a step of checking a similarity criterion between the detected noise generator and a 

noise generator detected in a previous cycle or during step 202. 

[0132] This step can be carried out, for example, by comparing frequencies of the 

noise generators detected during several steps or by implementing a noise generator 

classification step. 20 

[0133] A noise generator classification step involves associating the noise generator, 

based on its features, with a predetermined type of noise generator or identifying the 

noise generator, with the noise generator then being associated with an identity, for 

example. It is advantageously implemented from known features of noise generators 

of different known types stored in a database called classification database. Each 25 

type of noise generator is associated with different features, to which the features of 

the noise generator, and optionally its kinetic features, are compared. The type of 

noise generator associated with a noise generator is determined using a 

conventional comparison method, for example, by correlation or by a matching 

method. 30 
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[0134] For example, a noise generator can be associated with a type of seagoing or 

carrier vessel as a function of its acoustic frequency and its speed and of frequency 

and speed features of known carriers, such as a cargo ship and an outboard vessel, 

for example. In particular, an outboard vessel will have a frequency signature and a 

speed that are clearly different from those of a cargo ship.  5 

[0135] The acoustic intensity of the acoustic signal from an antenna originating from 

the noise generator of interest can be used for classification in combination with the 

positions of the antenna and of the acoustic noise generator and, optionally, a 

reception feature of the antenna. 

[0136] Step 304 is carried out from measurements obtained for the same noise 10 

generator, for example from measurements obtained for noise generators with the 

same identity, or for noise generators of the same type, or noise generators checking 

a predetermined similarity criterion. 

[0137] Advantageously, the method comprises a step of storing the features or part 

of the features of each noise generator detected at each detection step. This allows 15 

the features of noise generators obtained during different acquisition steps to be 

compared and, for example, allows a previous configuration to be reestablished if the 

results in this configuration were optimal. 

[0138] The location method is stopped when a stopping criterion is met. 

[0139] This criterion is, for example, a precision criterion relating to the location of a 20 

noise generator. 

[0140] The location zone of a noise generator can be transmitted to other sonar 

devices. 

[0141] The method can comprise a phase of tracking a noise generator comprising 

a step of estimating kinetic features of the noise generator and a step of determining 25 

a new reception configuration of the antenna taken from among a set of 

configurations of the antenna so that the noise generator remains in a spatial 

coverage zone of the antenna during a subsequent acquisition step, in which the 

reception antenna is in the new reception configuration. 
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[0142] This step is advantageously carried out from a probability of detection of the 

antenna or POD (Performance of the Day). The POD defines a probability of 

detecting a noise generator by means of measurements obtained by the antenna in 

the spatial coverage zone of the reception antenna. The probability of detecting a 

noise generator located outside the spatial coverage zone, using acoustic 5 

measurements acquired by the antenna, is zero. The shapes of the spatial coverage 

zones that are obtained are relatively complex and non-uniform due to the non-

linearity of sound propagation in water. They are defined (position, orientation) in a 

reference frame connected to the antenna. 

[0143] The method can then comprise a step of determining the POD of the antenna. 10 

[0144] The POD is determined, using a method known to a person skilled in the art, 

from:  

- at least one technical feature of the antenna taken from among a detection

frequency band, a maximum range, a gain and an inherent noise;

- at least one environmental feature taken from among a temperature or a 15 

temperature curve around the sensor, a depth of the seabed, a type of seabed, sea 

noise related to traffic and/or the condition of the sea, a wave direction.  

[0145] As an alternative embodiment, the POD is predetermined for the values of 

the configuration parameters of the reception antenna. The system comprises, for 

example, a database storing POD values for different reception configurations of the 20 

antenna. 

[0146] The step of determining the kinetic features of a noise generator involves 

estimating a direction of movement and a speed of the noise generator from features 

of the noise generator. This estimate is carried out, for example, by a comparison 

with at least one previous cycle, from positioning zones computed for a noise 25 

generator during several successive detection steps. These positioning zones must 

be defined in the same reference frame. The speed can be computed by determining 

a ratio between a distance between the positioning zones determined during two 

successive detection steps and a duration separating the corresponding acquisition 

steps. 30 
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[0147] The location method is advantageously implemented when a predetermined 

location criterion is checked. This location criterion can be met when a noise 

generator is detected or when a specification relative to a location of the noise 

generator is below a predetermined threshold. 

[0148] Each subsequent configuration or subsequent orientation of the configuration 5 

antenna is defined, for example, from bathymetric properties and/or sea conditions. 

The successive reception configurations are predefined, for example. 

[0149] The successive reception configurations are predefined, for example, for a 

predefined POD of the antenna. A database defines a sequence of reception 

configurations, for example. 10 

[0150] As an alternative embodiment, the following configuration is defined from the 

result of the step for locating the noise generator of the current cycle and optionally of 

at least one preceding cycle.  

[0151] The optimal configuration is determined by simulation, for example. 

[0152] In one embodiment, only the angle of elevation and the azimuth are able to 15 

be modified from one reception configuration to another. 

[0153] For example, the angle of elevation and the azimuth of the subsequent 

configuration are defined so that at least part of the positioning zone of the noise 

generator defined in the ongoing cycle is included in a plane perpendicular to the 

longitudinal axis of the reception antenna in the subsequent configuration. Preferably, 20 

the angle of elevation and the azimuth of the subsequent configuration are defined so 

that at least one generating line of the conical surface defined at the current cycle, i.e. 

in the ongoing cycle, is included in a plane perpendicular to the longitudinal axis of 

the antenna. Indeed, the positioning precision is finer in this plane.  

[0154] The different configurations are defined, for example, by varying the angle of 25 

elevation and the azimuth as follows. 

[0155] The first angle of elevation is equal to -π/2. For this angle, the azimuth is not 

detected. 

[0156] The angle of elevation is then modified by increasing with each modification 

until the angle of elevation reaches a predetermined maximum angle of elevation. 30 
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[0157] For each angle of elevation, a plurality of consecutive configurations is 

determined, for which the location method is implemented. These successive 

configurations are as follows. The first configuration defined for each angle of 

elevation comprises a zero azimuth and, for each subsequent configuration, only the 

azimuth is modified so that the azimuth increases with each new configuration until it 5 

reaches 2π by assuming at least one and preferably several different values between 

0 and 2π. 

[0158] As an alternative embodiment, for each new cycle, the angle of elevation and 

the azimuth are defined so that the cycle along the longitudinal axis of the antenna is 

substantially “perpendicular” to the positioning zone of the noise generator 10 

determined during the current cycle. 

[0159] Advantageously, the sonar device comprises means for determining an 

orientation and/or a position of the support in the terrestrial reference frame. These 

means comprise, for example, an inertial unit or MEMS, allowing the movements of 

the support (acceleration and angular speed) to be integrated in order to estimate its 15 

position and/or its orientation (roll, pitch and heading angles) and/or its speed. The 

support can comprise a GPS receiver allowing satellite geolocation of the support. 

The orientation and/or position measurements of the support are advantageously 

used during the location step. 

[0160] Advantageously, but not necessarily, the means for adjusting the orientation 20 

of the antenna comprise means for monitoring the position of the second end. These 

means can comprise, for example, MEMS allowing the movements of the second 

end of the antenna to be integrated. They can also use the measurements originating 

from the means for determining an orientation and/or a position of the support in the 

terrestrial reference frame to monitor the position of the second end E2. 25 

[0161] The antenna can comprise sensors for determining a curvature of the 

reception antenna. This curvature is advantageously used when forming channels. 

This allows the deformation of the antenna to be digitally compensated.  

[0162] The sonar device is, for example, free in the water so as to drift under the 

effect of sea currents. This solution is light and has a certain amount of discretion 30 

relative to a threat due to the unpredictable nature of the position of the sonar device. 
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As an alternative embodiment, the main support is substantially fixed relative to the 

terrestrial reference frame. This solution is heavier and more expensive, yet it does 

allow some control over the position of the antenna and is suitable for monitoring port 

areas in which maritime traffic must not be disrupted. 

[0163] Advantageously, the antenna is configured so as to allow acoustic waves to 5 

be detected with a frequency ranging between 1 kHz and 10 kHz. 

[0164] It should be noted that the sonar device comprises one or more acoustic 

reception antennae. 

[0165] The processing means and the control means can comprise one or more 

dedicated electronic circuits or a general purpose circuit. Each electronic circuit can 10 

comprise a reprogrammable computation machine (a processor or a microcontroller, 

for example) and/or a computer executing a program comprising a sequence of 

instructions and/or a dedicated computation machine (for example, a set of logic 

gates such as an FPGA, a DSP or an ASIC, or any other hardware module). 

[0166] The processing means TRAIT and the control means COM can be remote, 15 

i.e. separate from the antenna or not mechanically connected to the antenna. They

are installed, for example, in a processing unit, located on land or on a seagoing

vessel, which can be a surface ship or a submarine, or on a buoy independent of the

main support, and are connected in order to communicate, for example, by satellite,

with the reception antenna. As an alternative embodiment, at least part of the 20 

processing means and/or at least part of the control means COM is mechanically 

connected to the sonar device. The invention relates to the sonar device comprising 

the processing means TRAIT and the control means COM or to a sonar system 

comprising the sonar device and the processing means TRAIT and the control 

means COM. 25 
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CLAIMS 

1. A sonar device (D) comprising a support (S) having negative buoyancy and a
linear acoustic reception antenna (A), the linear acoustic reception antenna (A)
comprising an elongated body (C) that is elongated from a first end (E1) to a second5 
end (E2), the elongated body (C) being connected by the first end (E1) at a
connection point (PL) that is fixed relative to the support (S), the sonar device (D)
being able to be in a reception configuration, in which the antenna body (C) and the
support (S) are fully submerged and in which the antenna body (C) is able to be in a
vertical orientation, in which it extends substantially vertically from the first end (E1) 10 
to the second end (E2) toward the seabed, the sonar device (D) comprising 
orientation adjustment means for adjusting, when the sonar device (D) is in the 
reception configuration and the support (S) is fixed relative to the terrestrial reference 
frame, an angle of elevation and an azimuth of the second end (E2) in a reference 
frame connected to the support (S) centered on the connection point (PL). 15 

2. The sonar device as claimed in claim 1, comprising relative positioning
adjustment means for adjusting the relative positioning of the electro-acoustic
transducers of the sonar antenna when the second end (E2) has a predetermined
angle of elevation and a predetermined azimuth, when it exists.

3. The sonar device as claimed in any one of the preceding claims, comprising 20 
processing means (TRAIT) configured to locate a noise generator (B) from several 
sets of acoustic measurements generated by the acoustic reception antenna (A), the 
sets of acoustic measurements comprising a first set of measurements acquired by 
the acoustic reception antenna (A) when the second end occupies a first position 
relative to the support and a second set of measurements acquired by the acoustic 25 
reception antenna when the second end occupies a second position relative to the 
support (S). 

4. The sonar device as claimed in any one of the preceding claims, wherein the
linear reception antenna comprises a plurality of acoustic transducers distributed
along a row of transducers that is able to be rectilinear and has a curvature that is 30 
able to vary under the effect of the movement of the second end relative to the 
support (S).  

5. The sonar device as claimed in any one of claims 1 to 3, wherein the linear
reception antenna comprises a plurality of acoustic transducers distributed along a
straight row of transducers. 35 

6. The sonar device as claimed in any one of the preceding claims, wherein the
antenna body (C) is connected to the support (S) by a ball joint.
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7. The sonar device as claimed in any one of the preceding claims, wherein the
adjustment means comprise drive means (ENT) for moving the second end (E2)
relative to the support (S).

8. The sonar device as claimed in the preceding claim, wherein the drive means
(ENT) comprise a propulsion unit.5 

9. The sonar device as claimed in any one of claims 7 to 8, wherein the drive
means (ENT) comprise a ballast having a variable mass density.

10. The sonar device as claimed in any one of claims 7 to 9, wherein the drive
means (ENT) are mounted on the antenna body (C).

11.  The sonar device as claimed in any one of claims 7 to 9, wherein the drive 10 
means comprise a propulsion unit able to transiently cooperate with the antenna 
body (C) to allow adjustment of the angle of elevation and the azimuth of the second 
end (E2). 

12. The sonar device as claimed in any one of the preceding claims, comprising a
submersion adjustment device for adjusting a depth of the acoustic reception 15 
antenna. 

13. A method for locating a noise generator from a sonar device (D) as claimed in
any one of the preceding claims, the location method comprising a step of estimating
a positioning zone of the noise generator from several sets of acoustic
measurements comprising: 20 
- a first set of acoustic measurements acquired when the second longitudinal end
occupies a first position relative to the support;
- a second set of acoustic measurements acquired when the second longitudinal end
occupies a second position relative to the support.

14. A method for detecting and locating a noise generator from a sonar device as 25 
claimed in any one of claims 1 to 12, comprising the following steps: 
- acquiring a first set of acoustic measurements when the second longitudinal end
occupies a first position relative to the support;
- acquiring a second set of acoustic measurements when the second longitudinal end
occupies a second position relative to the support; 30 
- detecting a noise generator from the first set of acoustic measurements and the
second set of acoustic measurements;
- estimating a positioning zone of the noise generator from the first set of acoustic
measurements and from the second set of acoustic measurements.
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