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Bremen  METHOD FOR DETECTING AND NEUTRALIZING 5
SUBMARINE OBJECTS The invention relates to a method for
detection and  neutralization of underwater objects
which are present  in a sea region, in particular
mines, of the generic 10 type defined in the
precharacterizing clause of Claim  1. In a known method
for detection and destruction of  mines (EP 0 535 044
131), an unmanned, remotely  15 controlled underwater
vehicle, a so-called ROV, as well as a remotely
controlled search and mine destruction  unit, which is
equipped with an explosive charge for  mine
destruction, are used, and are connected to one
another by means of a glass fibre cable. The ROV is 20
connected via a further glass fibre cable to a surface
vessel which has a sonar system for detection and
location of mines. The mine and search unit is also
equipped with a transponder, acoustic sensors such as a
short-range sonar, with optical sensors such as a TV 25
camera with an illumination unit, and with sensors for
measurement of actual data for navigation, such as the
direction of travel, the angle with respect to the
horizontal plane, the distance from the seabed and the
diving depth. The transponder corresponds with an 30
acoustic positioning system (APS), whose hydrophones
are arranged on the ROV. The ROV has an ejection unit,
a so-called launcher, to which the search and mine
destruction unit is subject. The search and mine
destruction unit is guided by means of the APS by an 



35 operator, who is positioned in the surface vessel,
to  the sonar beam, which is directed at the mine, from
the  mine hunting sonar. The search and mine
destruction 204. 10WO 23 Nov, 2005 2  unit, whose
transponder signals are displayed on the  mine hunting
sonar together with the mine echo signals,  is then
controlled towards the mine by the operator in  the
sonar beam from the mine hunting sonar. The mine is 5
checked by means of the TV camera, and the search and
mine destruction unit is moved by the operator to a
position with respect to the mine which is advantageous
for destruction, and is then remotely detonated by the
operator. The exploding explosive charge of the search
10 and mine destruction unit which, for example, may be
a  shaped charge, causes the mine to be detonated '
with  the search and mine destruction unit also being
destroyed. 15 The invention is based on the object of
specifying a  method of the type mentioned initially,
by means of  which a sea region, in particular a
coastal region, can  be searched quickly and
efficiently for underwater  objects which are present,
in particular mines, and can  20 be cleared of these
objects. According to the invention, the object is
achieved by  the features of Claim 1. 25 The method
according to the invention has the ad-vantage  that the
reconnaissance mission and the neutralization  mission
are carried out separately by an unmanned  underwater
vehicle in each case, so that the  neutralization
mission can he assigned to a very 30 precisely located
object. If more than one object is  found in the
reconnaissance image, neutralization  



missions can he carried out in parallel by different
underwater vehicles at the same time, so that the time
to clear the sea region is considerably shortened. 35
During the neutralization mission, the shortest route
to the assigned object can be found quickly, and the
assigned object can also be reliably identified on the
204. 10WO 23 Nov, 2005 3  basis of an image comparison
between the stored image,  in which the assigned object
is marked, with the image  elements which are produced
continuously by the sensors  during the movement of the
underwater vehicle. There is 5 no need for any
navigation device, for example a  direct -reckoning
navigator, to preset the track of the  underwater
vehicle which is moving autonomously in the
neutralization mission. In particular, the underwater
vehicles for neutralization can operate well away from
10 any manned mission control Centre, for example a
surface vessel for coordination of the missions to be
carried out, so that the mission control Centre is not
subjected to any danger, in particular for mine
clearance purposes. The underwater vehicle can, in 15
particular, enter coastal regions without any problem
which cannot be approached and cleared by conventional
mine clearance vehicles. Expedient embodiments of the
method according to the  20 invention together with
advantageous developments and  refinements of the
invention are specified in the  further claims. The
invention will be described in more detail in the  25
following text on the basis of an exemplary embodiment
which is illustrated in the drawing. In this case, the
drawing shows block diagrams of the components which  



are required for the method in a reconnaissance drone
and in a neutralization drone, as well as a procedure
30 of method steps which are carried out in a mission
control Centre. In the drawing, 11 denotes a mission
control Centre,  for example a surface vessel or a
submarine, from which  35 the mine search and clearance
in a sea region is coordinated. The sea region being
approached is  subdivided in the mission control Centre
11 into 204.10WO  23 Nov, 2005 4  detection and
clearance sections, referred to in the  following text
as sea region sections, in which  reconnaissance and
clearance missions are carried out  successively or in
parallel. The mission control centre 5 11 itself
remains well away from the sea region  assigned for
clearance throughout the entire operation,  so that it
is never endangered. 12 denotes a first unmanned,
autonomously acting  10 underwater vehicle, which
carries out a reconnaissance  mission and is referred
to in the following text as a  reconnaissance drone. 13
denotes a second unmanned,  autonomously acting
underwater vehicle, which carries  out a neutralization
mission, that is to say mine 15 destruction in the case
of the mine clearance operation  described here, and
this is referred to in the  following text as a
neutralization drone. The  reconnaissance drone 12 has
optical and/or acoustic  sensors 14, such as a
high-resolution camera or a 20 short-range sonar, which
is operated in the side- looking mode or in the
forward-looking mode, or else a  parametric sonar or a
sediment echo sounder, as well as  a sensor data memory
17 for storage of the data  



produced by the sensors. The reconnaissance drone 12 25
normally has a drive and control-surface device 15,
which is controlled by means of a guidance program
that is stored in a guidance program memory 16. All of
the components are actuated in the correct sequence by
a central control unit 18. 30 The neutralization drone
13 has the same sensors 20 as  the reconnaissance drone
12, and likewise has a drive  and control-surface
device 21 and, in addition, a  neutralization unit 22,
for example an explosive charge 35 or mine destruction
charge. The data produced by the  sensors 20 is
supplied to an image generator 23, which  is followed
by an evaluation unit 24 whose input side 204. 10WO 23
Nov, 2005 is still connected to a memory 25 for image
data  storage. All of the components in the
neutralization  drone 13 are actuated in the correct
sequence by a  central control unit 26. 5 Any mines in
the assigned sea region are detected and  neutralized
by these two unmanned, autonomously  operating
underwater vehicles in accordance with the  following
method: 10 The reconnaissance drone 12 and the
neutralization  drone 13 are transported by the mission
control centre  11, preferably in large numbers, and
are used as  required. After definition of a sea region
section, a 15 specific guidance program is stored in
the guidance  program memory 16 in the reconnaissance
drone 12, on  the basis of which the reconnaissance
drone 12 is  intended to move systematically over the
sea region  



section. In order to carry out a reconnaissance 20
mission, the reconnaissance drone 12 is placed in the
water from the mission control centre 11 and moves
through the sea region section in accordance with the
predetermined guidance program. The sensors 14 scan the
seabed in the sea region section, and produce sensor 25
data continuously, from which a two-dimensional or
three-dimensional image of the seabed can be created.
if a short-range sonar or a high-resolution camera is
used as a sensor 14, then the resultant image shows the
topography of that sea region section. If a sediment 30
echo sounder or a parametric sonar is used as a sensor
14, then an image of the bed characteristic of the
seabed down to a bed depth which is predetermined by
the penetration depth of the sensors is created in
addition to the topography. All of the sensor data is
35 stored in the sensor data memory 17. 204. 10WO 23
Nov, 2005 6  After completion of the reconnaissance
mission, the  reconnaissance drone 12 returns to the
mission control  centre 11 where the sensor data is
read from the  control data memory 27, and the
two-dimensional or 5 three-dimensional image of the
seabed in the sea region  section is created from the
sensor data (image  generation 30). As already
mentioned, the image shows  either the topography or
the topography and the bed  characteristic of the
seabed in the sea region section. 10 The generated
image is now evaluated for the presence  of underwater
objects, in the described exemplary  embodiment mines
(image evaluation 31). One underwater  object is
selected from the identified objects, and is  marked in
the image (object marking 32) . The image 



15 provided with the object marking is written to the
image data memory 25 in the reconnaissance drone 12
(image storage 33) . If the image contains a plurality
of underwater objects, then a further underwater object
can be marked in the image, and the image with this 20
object marking is written to the image memory 25 in a
second reconnaissance drone 12. The neutralization
drone 13 that has been prepared in  this way is placed
in the water from the mission  25 control centre 11,
and is started to carry out the neutralization mission.
During the neutralization  mission, image elements of
the seabed are created  continuously in the
neutralization drone 13 by means of  the sensors 20,
for which purpose the sensor data 30 produced by the
sensors 20 is supplied to the image  generator 23, in
which image elements are created  continuously which
correspond to those sections of the  image that is
stored in the image data memory 25 which  the
neutralization drone 13 is in each case moving 35
through. The image elements created in the image
generator 23 are continuously compared in the
evaluation unit 24 with the image stored in the image
204. 10WO 23 Nov, 2005 7  data memory 25, and the
comparison data is used to  determine guidance data,
which is supplied to the  control-surface device 21.
The neutralization drone 13  is guided to the
underwater object by these guidance  5 signals. When
the neutralization drone 13 has arrived at the
underwater object, as is likewise identified by
comparison of the image element created by the image 10
generator 23 of the area surrounding the object with  



the image stored in the image data memory 25, the
central control unit 18 activates the neutralization
unit 22, for example an integrated explosive charge,
which causes the mine to explode, and thus destroys it.
15 Alternatively, the neutralization unit in the
neutralization drone 13 may also be a tool which is
used, for example, to sever the tether of anchored
tethered mines, which then float up and can be cleared
20 on the water surface. In a modification of the
described exemplary  embodiment, the image generation
process which is  carried out in the mission control
centre 11 can be 25 carried out instead in the
reconnaissance drone 12, so  that the reconnaissance
drone 12 itself produces a two- dimensional or
three-dimensional image of the seabed of  the sea
region section that has been moved over, and  the image
then just has to be evaluated for the 30 presence of
mines in the mission control centre 11.  Instead of the
autonomously acting reconnaissance drone  12, it is
also possible to use a reconnaissance drone  which is
remotely guided from the mission control 35 centre 11,
for example a wire-guided reconnaissance  drone, which,
with the exception of the guidance  program memory, has
the same components. 204. 10WO 23 Nov, 2005 8  ATLAS
ELEKTRONIK GmbH  13remen 5 PATENT CLAIMS 1. Method for
detection and neutralization of  underwater objects
which are present in a sea region,  in particular
mines, using at least one unmanned 



10 underwater vehicle which is equipped with optical
and/or acoustic sensors, characterized by the following
method steps: during a reconnaissance mission by the
underwater  vehicle in a sea region section, a
two-dimensional  15 or three-dimensional image of the
seabed is created by means of the sensors in the
underwater  vehicle, after conclusion of the
reconnaissance mission,  the image is evaluated for the
presence of  20 underwater objects and at least one
underwater object that is present in the image is
marked, the image that has been provided with at least
one  underwater object marking is stored in at least
one second underwater vehicle, which is equipped 25
with the same sensors as the first underwater  vehicle
and additionally with a neutralization  unit, during a
neutralization mission by the second  underwater
vehicle in the same sea region section,  30 image
elements of the seabed are created continuously by
means of the sensors in the second  underwater vehicle,
and are compared with the  stored image, the second
underwater vehicle is guided to the  35 marked
underwater object on the basis of the  comparison data,
and 204. 10WO 23 Nov, 2005 9  - the neutralization unit
is activated at the  location of the underwater object.
2. Method according to Claim 1, characterized in that
5 the topography of the seabed and/or the bed  



characteristic of the seabed down to a predetermined
bed depth are/is recorded as an image of the seabed. 3.
Method according to Claim 2, characterized in that  10
at least one high-resolution camera is used as optical
sensors, and a. short-range sonar and/or sediment echo
sounder or a parametric sonar is used as acoustic
sensors. 15 4. Method according to Claim 3,
characterized in that  the short-range sonar is
operated in the side-looking  mode or in the
forward-looking mode. 5. Method according to one of
Claims 1 to 4,  20 characterized in that an explosive
charge which is  carried in the second underwater
vehicle is used as the  neutralization unit. 6. The
method according to Claim 5, characterized in  25 that
the explosive charge is integrated in the second
underwater vehicle. 7, method according to one of
Claims 1 to 4,  characterized in that a tool which is
arranged on the  30 second underwater vehicle is used
as the neutralization  unit. 8. Method according to one
of Claims 1 to 6,  characterized in that the first
underwater vehicle is  35 remotely controlled or is
operated autonomously during the reconnaissance
mission, and the at least second 2 04 . 10WO 23 Nov,
2005 - 10  underwater vehicle is operated autonomously
during the  neutralization mission. 


