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Description

[0001] This invention relates to a backhoe dredger, for
dredging soil material under water to a prescribed depth.
The invention also relates to a method for dredging soil
material under water, as well as to a computer program,
comprising program instructions adapted to carry out the
method.

[0002] A device, such as a backhoe dredger, is gen-
erally used to excavate or dredge soil material under wa-
ter atlocations where other dredgers such as trailing suc-
tion hopper dredgers and cutter suction dredgers are less
suited. Such locations include busy access channels,
hard soil types, (very) shallow waters and hard to reach
places, for instance harbor entrances. A conventional
backhoe dredger typically comprises a (sometimes land
based) excavator mounted on a pontoon. The excavator
comprises lifting booms, actuated by hydraulic cylinders,
and a bucket to dig up soil material from under the water
level. The dredged soil material is brought above the wa-
ter level and dropped in and removed by a barge, located
in the vicinity of the pontoon.

[0003] Atypicaldredgingcycle using a backhoe dredg-
er involves preparing a survey of the state of the under-
water bottom, which state at least includes charting the
depth of the bottom and/or the properties of the soil ma-
terial in the area of interest. A work plan is then made up
for the operator of the backhoe dredger and the excava-
tor, roughly taking into account the state of the bottom
area to be dredged and the desired state of the bottom
area (typically the desired depth profile). The work plan
involves determining the lines along which the pontoon
should be positioned, as well as giving a rough indication
of the excavating depth along said lines. The bottom area
is then dredged by the operator, which typically involves
the steps of positioning the pontoon onto a line to be
excavated, excavate soil material along the line, reposi-
tioning the pontoon to another line to be dredged, and
repeating the above.

[0004] However, as the soil properties are only known
at very sparse points, this approach is only an average.
The actual excavating action is determined by the oper-
ators feeling, based on very subjective feedback (re-
sponse of the excavator in terms of noise, vibrations,
motion, etc.) and on its previous experience in similar
situations. The efficiency of dredging needs improve-
ment.

[0005] US 2008/0010869 A1 discloses a system for
use in conjunction with an underwater dredging appara-
tus of backhoe type. The system comprises a pontoon
provided with backhoe type manipulator arms and a
bucket. Between the arms and bucket are provided angle
sensors as well as a depth sensor. Signals from the angle
and depth sensors are directed to a computer and dis-
played on a screen to enable the operator to adjust the
depth of the bucket accordingly. The depth sensor meas-
ures the underwater pressure to obtain the depth. This
document forms the basis for the preamble of independ-
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ent claim 1.

[0006] WO 03/023152 A2 discloses a trenching appa-
ratus for underwater trenching. It comprises a flushing
device for removing a flushing layer, and a loosening
device in the form of a chain-milling apparatus that is
provided with a pivotable sled to maintain close contact
with the surface to be trenched. The apparatus further
comprises pressure and angle sensing means to be able
to keep the right trenching line.

[0007] US 6,076,030 discloses an optimization routine
for improving an excavating cycle on the basis of knowl-
edge of an earlier excavating cycle.

[0008] JP 1314915 A relates to a system for determin-
ing the position of a pontoon, in which system lasers pro-
vided on the pontoon are aimed at mirrors provided on
a quay of reference.

[0009] Itis an object of the present invention therefore
to overcome the drawbacks of the above described prior
artdevice and method, and provide a device and method
for dredging soil material under water that permits a high-
er efficiency of operation.

[0010] Inoneaspectoftheinvention, a backhoe dredg-
er in accordance with claim 1 is provided. There is pro-
vided a backhoe dredger for dredging soil material under
water, the dredger comprising:

- a pontoon, provided with an excavator adapted to
excavate soil under water;

- actuating means adapted to control the motion of the
pontoon and/or the excavator;

- first monitoring means adapted to monitor the posi-
tion of the excavator; the device further comprising

- second monitoring means adapted to monitor the
forces experienced by the excavator;

- third monitoring means adapted to monitor the posi-
tion of the pontoon; and

- computing means adapted to compute, on the basis
of data obtained from the first, the second and the
third monitoring means, control signals for the actu-
ating means.

[0011] The backhoe dredgeraccordingtothe invention
allows to promptly and accurately excavate soil material
under water to a predetermined depth profile, whereby
the depth and /or the position in the plane of excavation
are regulated automatically, depending on the actual po-
sition of the excavator and the force values obtained from
the second monitoring means. The motion of the pontoon
includes leveling of the pontoon.

[0012] The invention also relates to a method for
dredging soil material under water, the method compris-
ing the steps of:

- providing a dredger according to the invention;

- positioning the pontoon of the device in a water;

- controlling the motion of the excavator of the device
by the actuator means such that soil is excavated
under water;
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- monitoring the position of the excavator, the forces
experienced by the excavator during the motion
thereof and the position of the pontoon; and

- computing, on the basis of data obtained from the
first, the second and the third monitoring means, con-
trol signals for the actuating means;
the excavator being moved according to these con-
trol signals.

[0013] The method according to the invention is par-
ticularly useful in optimizing a dredging operation along
one cut ling, i.e. in an embodiment when the pontoon is
itself in a (temporarily) stationary position. The method
of the invention eliminates substantially the variability as-
sociated with human action by providing a control loop,
in which the excavator motion is controlled in function of
its actual position and the actual forces it experiences.
[0014] The dredger and method of the invention allow
to lower downtime, due to overloaded mechanical struc-
tures, protect against overload, and maintain a more con-
stant quality of dredging over time. Also, the dredger and
method of the invention allow to take into account varying
soil sediment properties - the very nature of sedimenta-
tion causes such variation - which are not well known,
forinstance due to the generally rather low grid resolution
of taking samples.

[0015] A typical backhoe dredger is equipped with an
excavator comprising a boom, pivotably provided on a
substructure present on the deck of the pontoon, a stick,
pivotable provided at one extremity of the boom, and a
bucket, pivotably provided at one extremity of the stick.
The pivoting movement of the boom with respect to the
pontoon, of the stick with respect to the boom, and of the
bucket, relative to the stick are brought about by hydraulic
cylinders, provided on the substructure of the pontoon,
on the boom, and on the stick respectively. The backhoe
dredger preferably has the following degrees of freedom
to perform its tasks:

- 3rotations of the excavator around a horizontal axis
(corresponding to the 3 pivoting points of the main
and stick, and the bucket: these allow to position the
bucket under water, to dig into the soil (haul) and to
lift the material above the water;

- 1 rotation around a vertical axis: this degree of free-
dom enables the rotational positioning of the bucket,
as well as the transport from the soil material to the
barge aside;

- 1 horizontal translation (step) : when the digging of
soil within the reach of the excavator has been fin-
ished, the pontoon needs to be moved to the next
position, this is called stepping and is achieved by
moving one of the spuds of the pontoon;

- 3 vertical translations providing lift and stability and
enabling leveling of the pontoon (acquiring a hori-
zontal position).

[0016] In specific conditions, trimming tanks may be
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used to distribute the weight to achieve horizontal lev-
eling of the pontoon for instance. The specific rotations
around a vertical axis locally lead to a typical circular
digging pattern around a central point that corresponds
to the pivot of the boom. Due to the stepping nature of
the pontoon, the global patterns are cut lines next to each
other at the same or varying depth along the center line
or off the center line.

[0017] The backhoe dredger and method according to
the invention allow to accurately excavate soil under wa-
ter according to a predermined depth profile. When ex-
cavating a water bottom such as a sea floor or a naviga-
tion route near a quay, itis, generally speaking, extremely
dangerous to excavate the sea floor or the navigation
route beyond a prescribed excavation depth because
such a deep excavation may destroy the foundation of
the quay or walls formed in the sea floor. When excavat-
ing too deep, it becomes necessary to reload such an
over-excavated portion, which however requires addi-
tional man power and time. The device and method ac-
cording to the invention help in preventing this disadvan-
tage.

[0018] The excavator of the backhoe dredger may
comprise lifting booms, actuated by hydraulic cylinders,
that are part of an hydraulic circuit, and the second mon-
itoring means may comprise hydraulic pressure sensors
adapted to measure the pressure in the hydraulic circuit
and/or cylinders..

[0019] The excavator of the dredger may further com-
prise lifting booms, actuated by hydraulic cylinders, that
are part of a hydraulic circuit, and the first monitoring
means may comprise displacement sensors adapted to
measure the relative displacement of the lifting booms.
[0020] In principle, providing first and second monitor-
ing means is not sufficient to carry out the method ac-
cording to the invention, and the backhoe dredger ac-
cording to the invention comprises third monitoring
means adapted to monitor the position of the pontoon.
In this way, the movement of the excavator can be related
to the state of the underwater bottom as charted by a
survey, which state at least includes the depth profile of
the bottom and/or the properties of the soil material in
the area of interest. Indeed a survey carried out before
the actual start of the dredging operation yields an initial
depth profile. After passage of the backhoe dredger, and
with knowledge of the amount of soil material dredged,
the new local depth can be calculated. By monitoring the
position of the pontoon apart from the position of the ex-
cavator, an updated depth profile is obtained.

[0021] Ina preferred aspect of the invention, a dredger
is provided wherein the third monitoring means comprise
a global positioning system.

[0022] Inyetanother preferred aspect of the invention,
the dredger comprises an input/output device adapted
to transfer the signals from the first monitoring means to
the computing means.

[0023] Inyetanother preferred aspect of the invention,
the dredger comprises an input/output device adapted
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to transfer the signals from the second and/or third mon-
itoring means to the computing means.

[0024] In stillanother preferred aspect of the invention,
the dredger comprises display units adapted to display
the position of the excavator and/or of the pontoon, as
well as the forces experienced by the excavator.

[0025] The dredger may further comprise a display unit
adapted to display the depth of the soil under water.
[0026] The above and other objects, features and ad-
vantages of the present invention will become apparent
from the following description and the appended claims,
taken in conjunction with the accompanying drawings, in
which:

Figure 1 is a side view of the outline structure of a
hydraulic backhoe ship;

Figure 2 is a top view of the backhoe ship shown in
figure 1;

Figure 3 is a schematic diagram of the dredger ac-
cording to an embodiment of the invention; and
Figure 4 schematically represents the degrees of
freedom of an excavator according to an embodi-
ment of the invention;

[0027] With reference to figure 1, a hydraulic backhoe
ship 1 is schematically shown. The backhoe ship 1 com-
prises a pontoon 6 that is positioned in water 2 above a
water bottom 3 to be dredged. Pontoon 6 is provided with
anumber of spuds 4 than can take support onto the water
bottom 3. The pontoon 6 is held on the spuds 4 by a
number of swivels 7 in such a way that the pontoon 6 is
slidable up and down in the vertical direction 5 along the
spuds 4, but is substantially restrained from moving hor-
izontally across the water 2. The pontoon 6 ascends
along the spuds 4 as the tidal level rises, and descends
along the spuds 4 as the tidal level lowers. The depth h,
of the water bottom 3 (and also the distance between the
water bottom 3 and the pontoon 5) may therefore change
in accordance with the tidal level. The backhoe ship 1 is
further equipped with a bridge 8 that comprises at least
the actuating means adapted to control the motion of the
pontoon 6, and a backhoe excavator 10.

[0028] Backhoe excavator 10 comprises a boom 11
hingedly supported on the deck of pontoon 6, a stick 12
supported swingably on the boom 11 around hinge 13,
an a bucket 14 supported turnably on the stick 12 around
hinge 15. The lifting booms (11, 12) and bucket 14 of
excavator 10 are actuated by hydraulic cylinders (16, 17
and 18), that are part of a hydraulic circuit (not shown).
In the embodiment shown the degrees of freedom of the
backhoe dredger 10 to perform its tasks comprise 3 ro-
tations of the excavator around a horizontal axis, corre-
sponding to the 3 pivoting points of the boom 11, the stick
12, and the bucket 14, and actuated by hydraulic cylin-
ders (16, 17 and 18). These allow to position the bucket
14 under water, as shown by the position in dotted line
in figure 1, to dig into the soil of bottom 3 by hauling, and
to lift the soil material above the water 2. Another degree
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of freedom comprises the rotation of the boom 11 around
aturntable 19. This degree of freedom enables the rota-
tional positioning of the bucket 14, as well as the transport
of the dredged soil material 20 to a barge 21, lying aside
the pontoon 6, as shown in figure 2. Another degree of
freedom comprises the horizontal translation of the pon-
toon 6 (a 'step’). When the digging of soil material 20
within the reach 22 of the excavator 10 has been finished,
the pontoon 6 needs to be moved to a next position, a
process referred to as ‘stepping’. This is achieved by re-
tracting at least one of the spuds 4 of the pontoon 6 from
the bottom 3, moving (or swinging) the pontoon 6 and
lowering the spud 4 into the bottom 3 again to fix the
pontoon 6 in its new position. It is also possible to add 3
other degrees of freedom, being vertical translations of
the pontoon 6 along the spuds 4, providing lift and stability
and enabling leveling of the pontoon 6 in a substantially
horizontal position.

[0029] The backhoe dredger 1 comprises actuating
means (7, 16, 17, 18, 19) adapted to control the motion
of the pontoon 6 and of the excavator 10. The actuating
means among others comprise the swivels 7 for the
spuds 4 and driving means (not shown) for positioning
the pontoon 6, as well as turntable 19 and hydraulic cyl-
inders (16, 17, 18) that form part of a hydraulic circuit
controlling the motion of the excavator 10. The actuating
means (7, 16, 17, 18, 19) are controlled by computing
means as will be described in more detail further below.
[0030] With reference to figure 3, the backhoe dredger
1 is equipped with first monitoring means (30, 35) adapt-
ed to monitor the position of the excavator 10, and in
particular the position of the bucket 14 thereof, second
monitoring means 31, adapted to monitor the forces ex-
perienced by the excavator 10, third monitoring means
32 adapted to monitor the position of the pontoon 6, and
computing means 33 adapted to compute, on the basis
of data obtained from the first and the second monitoring
means (30, 31), control signals for the actuating means
(7, 16, 17, 18, 19). To transfer the excavator position
signals from the first monitoring means to the computing
means.

[0031] The first monitoring means (30, 35) comprise a
number of position and/or angular sensors (not shown),
mounted at several positions on the excavator 10. Figure
4 schematically shows a typical configuration, showing
the fulcrum A of the boom 11 supported on the deck of
the pontoon 6, the fulcrum B of the stick 12 supported on
the boom 11, the fulcrum C of the bucket 14 supported
on the stick 12 and the leading edge D of the bucket 14.
Also shown are the length L, of line A-B, the length L, of
line B-C, the length L5 of line C-D, the angle o between
a vertical line and the line A-B, the angle B between the
line A-B and the line B-C and the angle y between the
line B-C and the line C-D. Furthermore, h, defines the
present depth of the bottom 3 and h, the height of fulcrum
A relative to the water level. To illustrate, the excavated
depth h, from the water level can easily be expressed in
function of the angles a, p and y, and the lengths L4, L,,
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L, as well as height h,. Since the lengths L, L,, L and
height h, are known, the excavated depth h, relative to
the water level can be determined when one detects the
relative angles o, B and y by suitable angle detectors.
The angular signals 34 generated by the angular sensors
are transmitted through a suitable input/output device 35
to a first monitoring means processing unit 30, at least
comprising a memory for storing the angular signal data.
If desired, the position of the excavator 10 can be visu-
alized for the operator of the backhoe dredger 1 on a
display 40.

[0032] The third monitoring means (32, 36) adapted to
monitor the position of the pontoon 6 comprise a dynamic
positioning/dynamic tracking (DP/DT) system 32, an in-
put/output device 36 adapted to transfer position and/or
force signals from the second and/or the third monitoring
means to the computing means, and a number of pontoon
position sensors (not shown). The DP/DT system 32 al-
lows the backhoe dredge operator to view on-line through
a display device 38 a chart of the bottom depth profile.
Such a profile is obtained by inputting bathymetric data
obtained beforehand in the DP/DT system 32. The depth
profile of the bottom 3 is updated in real time as a result
of the dredging operation. The DP/DT system 32 also
comprises a global positioning system, enabling to locate
the global position of the pontoon 6. When a backhoe
dredger is manually operated, it generally relies on the
above described set of monitoring equipment. As the op-
erator is working underneath the water level, visibility of
the bucket 14 is zero. The operator therefore needs to
rely on a real-time visualization of the pontoon 6 and in
particular excavator 10. The first monitoring means (30,
35) based on sensors for monitoring the boom/stick/
bucket and slew/swing angles provide part of the input.
This information is combined with the system dimensions
to reconstruct the bucket position. When combining this
information with a global positioning system signal from
the DP/DT system 32, a real-time visualization of the po-
sition of the bucket 14 with respect to the bottom 3 is
obtained.

[0033] According to the invention, the second monitor-
ing means 31 are adapted to monitor the forces experi-
enced by the excavator 10, and comprise a number of
pressure or force transducers (not shown), typically in-
corporated in the hydraulic cylinders (16, 17, 18). The
force signals 39 originating from the transducers are
transmitted via the input/output device 36 to the comput-
ing means (31, 33) for further processing. If desired, a
display unit 41 adapted to display the force signals 39 as
experienced by the excavator 10 can be provided. Con-
trol signals (42, 43), generated by the computing means
(33) may also be displayed on display unit 41.

[0034] The computing means (33) are adapted to com-
pute, on the basis of the position signal data (34, 37),
obtained from the first and the third monitoring means
(30, 32), as well as on the basis of the force signal data
(39), obtained from the second monitoringmeans 31 con-
trol signals (42, 43) for the actuating means (7, 16, 17,
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18, 19).

[0035] The parameters involved in dredging a bottom
3 are many. Typically, a survey of the depth profile of the
water bottom 3 is carried out first by taking bathymetric
data and store these in the DP/DT system 32. A desired
dredge profile depends on many properties such as un-
derwater stability of the bottom 3 and the rheological
properties of the soil material. Other factors that may be
important include structural aspects of the dredging
equipment (maximum load levels and the like), vessel
stability, position control, tidal and water current behav-
ior, and more. The device according to the invention al-
lows to take into account a major part of these parameters
by providing a closed loop control system wherein posi-
tion and force data are combined to compute optimum
actuator signals. The force data are the result of the ac-
tion of a considerable number of relevant parameters re-
lated to the bottom and soil properties, which makes con-
sidering these force data particularly useful for the
present purpose. The inventionis not limited to the choice
of a particular optimum criterion and may actually use
any criterion that appears to be useful. Preferably, the
optimum criterion comprises the average power of the
excavator used per unit volume excavated soil material,
or the maximum likely expected excavating time per unit
volume excavated soil material. Typical limitations in-
clude dynamic limitations, such as power and force re-
strictions. The algorithms loaded in the computing means
are now described. Once the pontoon is substantially sta-
ble in its starting position, the excavation model, loaded
in the computing means, is executed. The excavation
model comprises a continuous path geometric trajectory
algorithm, known per se. Such an algorithm is based on
trajectories, as suggested by best practice training man-
uals and/or constructor’s power tables for a given exca-
vator set up (i.e. a boom/stick/bucket combination). The
input for the algorithm is provided by the results of a bot-
tom survey and a first best guess of a trajectory for the
excavator, including the depth and reach of the bucket.
With reach is meant the distance from the pivot point of
the excavator to the position where the bucket touches
the soil. The output of the algorithm provides the exca-
vator kinematics that produces the needed boom/stick/
bucket-joint angles at each stage of the excavation.
[0036] A second algorithm uses soil cutting theory to
compute the forces experienced by the excavator com-
ponents as a result of the interaction between the bucket
and the soil (when the bucket is actually moving through
the soil), and drag theory to compute the forces exerted
by water currents on submerged parts of the excavator.
This model yields the total expected forces, encountered
by the excavator whilst digging. The output gives the
overall model a starting point from which to proceed.
[0037] The starting point is preferably selected base
don a most suitable combination cutting depth, cutting
speed and reach or scraping length. Typically, the scrap-
ing length is chosen around 65% of the maximum reach
at a particular depth, with a generally accepted minimum
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of 6m.

[0038] When the above two algorithms are loaded in
the computing means and an excavation is started, the
measurements of forces and kinematical parameters al-
low to recalculate operational parameters, preferably the
depth of excavation, the velocity of excavation, and the
reach of the bucket. With the knowledge of the above
two models output, as well as of the power ratings of the
individual hydraulic components of the excavator, the ex-
cavating operation may be optimised by the operator of
the excavator by means of at each stage of operation
limiting the forces in the excavator by turning back on the
actuator settings, so as not to exceed the maximum tol-
erable power ratings. The maximum tolerable power set-
tings for the hydraulic components, such as the hydraulic
cylinders, are known from the manufacturer of these
components and for a hydraulic cylinder for instance are
given in terms of the product of maximum pressure p and
flow Q. Given the speed at which forces vary in the hy-
draulic system, such a rather static system (controlled
by an operator) would always try to intervene too late. In
addition the combination of actuators, hydraulic system
and excavator system/real world interaction will result in
a highly non-linear system.

[0039] As such, prior to operations a number of open
loop experiments that correlate actuator settings with hy-
draulic system characteristics (pressure p and flow rate
Q measurements) and readings from the geometric
measurement devices (i.e. the standard angle measure-
ment devices that measure boom/stick/bucket-joint an-
gles) is preferably conducted. These will serve as input
for the refined instrument variable identification that will
result in a proportional integral plus control algorithm for
each jointin the excavator system. Once the parameters
are known, the non-linear control algorithm (i.e. the pro-
portional integral plus algorithm) can control the joint an-
gles using the feedback from the angle measurement
devices on the joint without the need for extra pressure
or discharge sensors whilst remaining as close as pos-
sible to the permissible hydraulic settings for each system
component.

[0040] The invention is not limited to any optimization
algorithm and many may be used. Such algorithms are
generally known to the skilled person and generally min-
imize some function f(x) subject to a condition such as h
(x) = 0. In the present embodiment the function f(x) may
comprise the average power of the excavator used per
unitvolume excavated soil material forinstance. The con-
dition h(x) > 0 may for instance comprise the condition
that the depth h(x) of the bucket 14 has to be larger than
a certain depth h4. The condition then becomes hy - h(x)
> 0 (when depths are given in negative numbers). An
optimization scheme is initiated by choosing initial values
for x, and compute search directions Ax, using numerical
algorithms such as the well known Newton’s method. A
step to a new point is then taken and the calculations
repeated until the minimum is found. In the context of the
present invention, the output of the optimization scheme
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yields a next movement of the bucket 14 of the excavator
10, including horizontal and vertical movement, tilt an-
gles, defining the angle of attack, and speed of move-
ment. It thus becomes possible to maximize throughput
and obtain a more even quality. An additional advantage
is that by obtaining the force data, data are also obtained
on the soil properties during dredging. The method and
device according to the invention therefore also allows
to continuously update the soil properties, previously ob-
tained by the bathymetric data.

[0041] The computing means 33 substantially control
the movement of the excavator 10, and in particular the
bucket 14 thereof, as well as the movement of the pon-
toon 6, by generating control signals (42, 43) for the ex-
cavator 10 and pontoon 6 respectively. In particular, after
having positioned the pontoon 6, a zone is dredged within
reach of the excavator booms (11, 12) by automatically
lowering the bucket 14 to a calculated depth, by position-
ing the bucket 14 and scrape soil material 20 to fill the
bucket 14 to a desired level, and then lifting the bucket
14, and swing it to empty its content in barge 21. In the
meantime a new position is calculated through the opti-
mization routine and the bucket 14 swung back to this
optimal next position. After having dredged a zone within
the reach of the excavator 10, the pontoon 6 is 'stepped’
to a next position, that is also calculated by the optimi-
zation algorithm, and the cycle repeated.

[0042] The foregoing disclosure has been set forth
merely to illustrate the invention and is not intended to
be limiting. Since modifications of the disclosed embod-
iments incorporating the substance of the invention may
occur to persons skilled in the art, the invention should
be construed to include everything within the scope of
the appended claims and equivalents thereof.

Claims

1. A backhoe dredger (1) for dredging soil material un-
der water (2), the backhoe dredger (1) comprising:

- a pontoon (6), provided with a backhoe exca-
vator (10) adapted to excavate soil under water
(2);

- actuating means (7, 16, 17, 18, 19) adapted to
control the motion of the pontoon (6) and/or the
excavator (10);

-firstmonitoringmeans (30, 35) adapted to mon-
itor the position of the excavator (10);
characterized in that it further comprises

- second monitoring means (31) adapted to
monitor the forces experienced by the excavator
(10);

- third monitoring means (32, 36) adapted to
monitor the position of the pontoon; and

- computing means (33) adapted to compute, on
the basis of data obtained from the first, the sec-
ond and the third monitoring means, control sig-
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nals (42, 43) for the actuating means (7, 16, 17,
18, 19).

Backhoe dredger according to claim 1, wherein the
computing means (33) are adapted to compute the
control signals for the actuating means (7, 16, 17,
18, 19) such that an optimum criterion is minimized.

Backhoe dredger according to claim 2, wherein the
optimum criterion comprises the average power of
the excavator (10) used per unit volume excavated
soil material.

Backhoe dredger according to claim 2, wherein the
optimum criterion comprises the maximum likely ex-
pected excavating time per unit volume excavated
soil material.

Backhoe dredger according to any one of the pre-
ceding claims, wherein the third monitoring means
(32, 36) comprise a global positioning system.

Backhoe dredger according to any one of the pre-
ceding claims, the backhoe dredger comprising an
input/output device (36) adapted to transfer the sig-
nals from the first monitoring means (30, 35) to the
computing means (33).

Backhoe dredger according to any one of the pre-
ceding claims, the backhoe dredger comprising an
input/output device (36) adapted to transfer the sig-
nals from the second and/or third monitoring means
to the computing means (33).

Method for dredging soil material under water, the
method comprising the steps of:

- providing a backhoe dredger (1) according to
any one of claims 1-7;

- positioning the pontoon (6) in a water (2);

- controlling the motion of the excavator (10) by
the actuator means (7, 16, 17, 18, 19) such that
soil is excavated under water;

- monitoring the position of the excavator (10)
and the forces experienced by the excavator
(10) during the motion thereof;

- monitoring the position of the pontoon (6); and
- computing, on the basis of data obtained from
the first, the second and the third monitoring
means, control signals (42, 43) for the actuating
means (7, 16, 17, 18, 19);

whereafter the excavator (10) is moved according to
these control signals (42, 43).

Method according to claim 8, wherein the control sig-
nals (42, 43) for the actuating means are computed
such that an optimum criterion is minimized.
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10.

1.

12.

Method according to claim 9, wherein the optimum
criterion comprises the average power of the exca-
vator (10) used per unit volume excavated soil ma-
terial.

Method according to claim 9, wherein the optimum
criterion comprises the maximum likely expected ex-
cavating time per unit volume excavated soil mate-
rial.

Computer program comprising program instructions
that when loaded into a computer carries out the step
of computing control signals for the actuating means
of the method according to any one of the claims
8-11.

Patentanspriiche

1.

Loffelschwimmbagger (1) zum Ausbaggern von Bo-
denmaterial unter Wasser (2), wobei der Loffel-
schwimmbagger (1) aufweist:

- einen Ponton (6) mit einem Loéffelbagger (10),
der geeignet ist, um Boden unter Wasser (2)
auszubaggern;

- Betatigungsmittel (7, 16, 17, 18, 19), die ge-
eignet sind, um die Bewegung des Pontons (6)
und/oder Baggers (10) zu steuern;

- erste Uberwachungsmittel (30, 35), die geeig-
net sind, um die Position des Baggers (10) zu
Uberwachen;

dadurch gekennzeichnet, dass dieser weiter-
hin aufweist

- ein zweites Uberwachungsmittel (31), das ge-
eignet ist, um die auf den Bagger (10) einwir-
kenden Krafte zu Gberwachen;

- dritte Uberwachungsmittel (32, 36), die geeig-
net sind, um die Position des Pontons zu Uber-
wachen; und

- ein Berechnungsmittel (33), das geeignet ist,
um auf der Grundlage von Datenvon denersten,
zweiten und dritten Uberwachungsmitteln Steu-
ersignale (42, 43) fur die Betatigungsmittel (7,
16, 17, 18, 19) zu berechnen.

Loffelschwimmbagger nach Anspruch 1, wobei das
Berechnungsmittel (33) geeignet ist, um die Steuer-
signale fiir die Betatigungsmittel (7, 16, 17, 18, 19)
so zu berechnen, dass ein optimales Kriterium ver-
ringert wird.

Loffelschwimmbagger nach Anspruch 2, wobei das
optimale Kriterium die mittlere Leistung des Baggers
(10) aufweist, die pro Kubikmeter ausgebaggertem
Bodenmaterial aufgewendet wird.

Léffelschwimmbagger nach Anspruch 2, wobei das
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optimale Kriterium die maximale voraussichtlich er-
wartete Ausbaggerzeit pro Kubikmeter ausgebag-
gertem Bodenmaterial aufweist.

Loffelschwimmbagger nach einem der vorstehen-
den Anspriiche, wobeidie dritten Uberwachungsmit-
tel (32, 36) ein globales Positionierungssystem auf-
weisen.

Loffelschwimmbagger nach einem der vorstehen-
den Anspriiche, wobei der Léffelschwimmbagger ei-
ne Eingabe/Ausgabe-Einheit (36) aufweist, die ge-
eignet ist, um die Signale von den ersten Uberwa-
chungsmitteln (30, 35) zu dem Berechnungsmittel
(33) zu Ubertragen.

Loffelschwimmbagger nach einem der vorstehen-
den Anspriiche, wobei der Léffelschwimmbagger ei-
ne Eingabe/Ausgabe-Einheit (36) aufweist, die ge-
eignet ist, um die Signale von den zweiten und/oder
dritten Uberwachungsmitteln zu dem Berechnungs-
mittel (33) zu Ubertragen.

Verfahren zum Ausbaggern von Bodenmaterial un-
ter Wasser, wobei das Verfahren folgende Schritte
aufweist:

- Bereitstellen eines Léffelschwimmbaggers (1)
nach einem der Anspriiche 1 bis 7;

- Positionieren des Pontons (6) in einem Gewas-
ser (2);

- Steuern der Bewegung des Baggers (10) durch
die Betatigungsmittel (7,16, 17, 18, 19), sodass
Boden unter Wasser ausgebaggert wird;

- Uberwachen der Position des Baggers (10)
und der auf den Bagger (10) einwirkenden Kraf-
te wahrend seiner Bewegung;

- Uberwachen der Position des Pontons (6); und
- Berechnen der Steuersignale (42, 43) fur die
Betatigungsmittel (7, 16, 17, 18, 19) auf der
Grundlage der Daten von den ersten, zweiten
und dritten Uberwachungsmitteln; wonach der
Bagger (10) gemaR diesen Steuersignalen (42,
43) bewegt wird.

Verfahren nach Anspruch 8, wobei die Steuersignale
(42, 43) fur die Betatigungsmittel so berechnet wer-
den, dass ein optimales Kriterium verringert wird.

Verfahren nach Anspruch 9, wobei das optimale Kri-
terium die mittlere Leistung des Baggers (10) auf-
weist, die pro Kubikmeter ausgebaggertem Boden-
material aufgewendet wird.

Verfahren nach Anspruch 9, wobei das optimale Kri-
terium die maximale voraussichtlich erwartete Aus-
baggerzeit pro Kubikmeter ausgebaggertem Boden-
material aufweist.
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12. Computerprogramm, das Programmbefehle auf-

weist, die, wenn sie in einen Computer geladen wer-
den, den Schritt des Berechnens der Steuersignale
fur die Betatigungsmittel des Verfahrens gemaR ei-
nem der Anspriiche 8 bis 11 ausflihren.

Revendications

Drague a pelle rétrocaveuse (1) pour draguer des
matiéres formant terres sous I'eau (2), la drague a
pelle rétrocaveuse (1) comprenant :

- un ponton (6), pourvu d’'un excavateur a pelle
rétrocaveuse (10) adapté pour excaver des ter-
res sous l'eau (2) ;

- des moyens d’actionnement (7, 16, 17, 18, 19)
adaptés pour commander le mouvement du
ponton (6) et/ou de I'excavateur (10) ;

- des premiers moyens de contréle (30, 35)
adaptés pour contréler la position de
I'excavateur (10),

caractérisée en ce qu’elle comprend par
ailleurs :

- des deuxiémes moyens de contrdle (31) adap-
tés pour contrbler les forces subies par I'exca-
vateur (10) ;

- des troisiemes moyens de contrble (32, 36)
adaptés pour contrdler la position du ponton,
et

- des moyens de calcul (33) adaptés pour cal-
culer, sur la base des données regues des pre-
miers, deuxiémes et troisiemes moyens de con-
tréle, des signaux de commande (42, 43) desti-
nés aux moyens d’actionnement (7, 16, 17, 18,
19).

Drague a pelle rétrocaveuse selon la revendication
1, danslaquelle les moyens de calcul (33) sontadap-
tés pour calculer les signaux de commande destinés
aux moyens d’actionnement (7, 16, 17, 18, 19) de
telle sorte qu’un critére optimum soit minimalisé.

Drague a pelle rétrocaveuse selon la revendication
2, dans laquelle le critére optimum consiste en la
puissance moyenne de I'excavateur (10) utilisée par
unité de volume de matiéres formant terres exca-
vées.

Drague a pelle rétrocaveuse selon la revendication
2, dans laquelle le critére optimum consiste en le
temps maximal probable attendu d’excavation par
unité de volume de matiéres formant terres exca-
vées.

Drague a pelle rétrocaveuse selon I'une quelconque
des revendications précédentes, dans laquelle les
troisiemes moyens de contréle (32, 36) consistent
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en un systéme mondial de géolocalisation.

Drague a pelle rétrocaveuse selon 'une quelconque
des revendications précédentes, la drague a pelle
rétrocaveuse comprenant un dispositif d’entrée-sor-
tie (36) adapté pour transférer les signaux des pre-
miers moyens de contrdle (30, 35) aux moyens de
calcul (33).

Drague a pelle rétrocaveuse selon 'une quelconque
des revendications précédentes, la drague a pelle
rétrocaveuse comprenant un dispositif d’entrée-sor-
tie (36) adapté pour transférer les signaux des
deuxiémes et/ou troisiemes moyens de contrble aux
moyens de calcul (33).

Procédé de dragage de matieres formant terres sous
I'eau, le procédé comprenant les étapes consistant :

- aréaliser une drague a pelle rétrocaveuse (1)
selon 'une quelconque des revendications 1-7;
- a positionner le ponton (6) sur I'eau (2) ;

- a commander le mouvement de I'excavateur
(10) a 'aide des moyens d’actionnement (7, 16,
17, 18, 19) de telle sorte que des terres soient
excavées sous |’ eau ;

- a contréler la position de I'excavateur (10) et
les forces subies par I'excavateur (10) pendant
son mouvement ;

- a contréler la position du ponton (6), et
-acalculer, surla base des données regues des
premiers, deuxiémes et troisiemes moyens de
contréle, des signaux de commande (42, 43)
destinés aux moyens d’actionnement (7, 16, 17,
18, 19),

apres quoi I'excavateur (10) est déplacé conformé-
ment a ces signaux de commande (42, 43).

Procédé selon la revendication 8, dans lequel les
signaux de commande (42, 43) destinés aux moyens
d’actionnement sont calculés de telle sorte qu’un cri-
tere optimum soit minimalisé.

Procédé selon la revendication 9, dans lequel le cri-
tére optimum consiste en la puissance moyenne de
I'excavateur (10) utilisée par unité de volume de ma-
tieres formant terres excavées.

Procédé selon la revendication 9, dans lequel le cri-
tere optimum consiste en le temps maximal probable
attendu d’excavation par unité de volume de matie-
res formant terres excavées.

Programme de calcul comprenant des instructions
de programme qui, quand elles sont chargées dans
un calculateur, exécute I'étape du procédé selon
'une quelconque des revendications 8-11 qui con-

10

15

20

25

30

35

40

45

50

55

siste a calculer des signaux de commande destinés
aux moyens d’actionnement.
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