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Description

Field of the invention

[0001] The present invention relates to driving of mining and/or construction machines, and in particular to a method
for driving a mining and/or construction machine according to the preamble of claim 1. The invention also relates to a
system and a mining and/or construction machine.

Background of the invention

[0002] In mining and tunneling, for example, there is a constant ongoing process of improving efficiency, productivity
and safety. Examples of changes/improvements that are carried out to an increasing extent, perhaps in particular in
mining, is the automation, fully or partly, of various processes occurring in mining.
[0003] It is, for example, often desirable that at least part of the vehicles/machines that are used in mining/tunneling
can be driven fully autonomous, i.e. without an operator being required to influence the steering. Autonomous operation,
however, is not always suitable or even economically justifiable. This is true in particular in environments that constantly
change, for example in certain types of mines where new galleries/drifts frequently arise, and older drifts can be refilled,
which normally has an impact on autonomous operation of machines. This is because a setup of a fully autonomous
solution normally is relatively time and resource consuming, and a new setup is at least partially required as soon as
the environment in which the autonomous machine is driven changes.
[0004] In many situations, therefore, such machines are instead being driven by means of remote control, where the
machine is driven without a driver, but where, instead, an operator, for example in a control room, controls the machine
by means of suitable maneuvering means such as, for example, control sticks.
[0005] One example of vehicles/machines where remote control often is desirable consists of so called LHD (Load-
Haul-Dump) machines. The driving of such machines belong to the more dangerous tasks that exists in mines, for
example because they are often used to remove and transport broken rock/ore from, for example, a position where
blasting has been performed to another position for further processing. The remote control consequently has the ad-
vantage that the operator can be removed from the dangerous environment in which the machine works to a considerably
safer location such as, for example, a control room.
[0006] Remote control can also be used for other kinds of machines, e.g. when drilling by means of drilling rigs and
when driving machines, e.g. in the form of mine trucks.
[0007] There is an exchange of data between the machine and, e.g., the, usually located on a distance, control room
where an operator controls the machine by means of said data exchange during such remote control of machines. These
data can, for example, consist of steering commands for maneuvering the vehicle, sensor data from various sensors
arranged on the machine and video data (video streams) from one or more video cameras arranged on the machine.
[0008] The one (or more) video streams being received from the machine and other data, respectively, can, for example,
be presented on a display arranged in the control room, whereby the operator can use the video pictures for orientation
in the surroundings of the machine and maneuver the machine in a desired manner. In order to facilitate remote control
of the machine, other data can also be used in addition to said video data, such as, for example, a so called "machine
view". The machine view depicts the machine and its surroundings, preferably from the above, and facilitates, for example,
an estimation of the lateral clearance distance of the machine, while the video facilitates detection of obstacles that are
not disclosed by the machine view.
[0009] Irrespective of these aids, however, the machine surroundings and actual direction of travel in relation to the
surroundings are not perceived as well during remote control as in the case when the operator is actually present in the
machine.
[0010] In case the remote controlled machine is stationary or substantially stationary, which, for example, often can
be considered to be the case with a drilling drill rig that is moved by comparatively small steps at a time, this is a less
significant problem, but when remote controlling e.g. loading machines or mine trucks, which can be arranged to be
remote controlled for longer distances in, for example, a mine, the reduced perception has as result that the machine
oftentimes is being driven with a lower speed when being remote controlled than when the machine is being driven by
an operator that is present at the machine.
[0011] DE 10 2010 028 911 A1 relates to a method for monitoring the travel path of a fork-lift truck. A risk of collision
with obstacles in an expected travel path is determined, and when there is a risk for collision an automatic retardation
can be initiated, or steering commands being influenced.

Summary of the invention

[0012] It is an object of the present invention to provide a method as well as a system for driving a mining and/or
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construction machine. This object is achieved by means of a method according to claim 1 and a system according to
claim 14.
[0013] The present invention relates to a method for driving a mining and/or construction machine, where said machine
is arranged to be controlled by an operator by means of maneuvering means, where said operator, when driving said
machine, provides steering commands by means of said maneuvering means for maneuvering said machine. The
method comprises, when said machine is being driven in an environment having at least a first obstacle:

- estimate a path that has been requested by said operator by means of said steering commands,
- by means of a control system determining whether said machine when moving according to said requested path

will be driven within a first distance from said first obstacle, and
- when said machine, when travelling along said path, will be driven within a first distance from said first obstacle,

influence the path of said machine by means of said control system.

According to the present invention, it is provided a method where it is determined whether a machine during movement
will be driven in such a manner that the machine, when travelling along a selected path, i.e. the track along which the
machine will move according to current steering commands, will come within a first distance from an obstacle. If this is
the case the path of the machine is influenced according to the present invention, e.g. by influencing the application of
a steering angle. By means of this a control system that controls the machine, such as, for example, the machine control
system, can influence the maneuvering of the machine such that the machine is being driven in a safe manner without
the risk of collision even though the machine is "from a general point of view" is completely operator controlled.
[0014] The control signals from the operator go, in the usual case, via the machine control system to actuators such
as motor and hydraulic valves for brake and steering. The control system, however, normally does not process the
control signals, but the control signals are translated when necessary to a corresponding setting of actuators, valves
etc. This is valid, in general, for all kinds of maneuvering, i.e. for example when the operator is located on board the
machine as well as in remote control by means of radio control. According to the present invention, on the other hand,
the control signals from the operator are evaluated in relation to surrounding obstacles, and are converted, when required,
by functions for so called "local autonomy", so that the operator, when there is a risk that the machine when travelling
according to the requested path will be driven within a first distance from said first obstacle, no longer has a direct access
to the setting of actuators etc., but the steering signals from the operator are first subjected to a processing by the control
system, where the actuator settings as much as possible follow the commands given by the operator but where the
signals are filtered by controllers such that the machine automatically steers away from obstacles and/or prevents
steering angles that result in the machine being at risk of colliding with obstacles in the path.
[0015] For example, the present invention makes it easier for an operator of a machine to drive the machine in a
manner that reduces the probability of undesirably hitting walls or other obstacles. The present invention thereby reduces
the impact that difficulties with controlling the machine has on the productivity of a remote controlled machine. In general,
the productivity of a remote controlled machine is lower than the productivity of a machine where the operator steers
the machine when present in the machine. This is partly due to the fact that the remote controlled machine in general
is being driven at a lower speed, and partly because maintenance costs of a remote controlled machine usually is higher
since a remote controlled machine more often collides with or scrapes against walls than a machine having an operator
present onboard. Preventing the operator from controlling the machine in a manner that, for example, would result in
collision or running into a ditch according to the present invention can consequently reduce such maintenance costs
and wear.
[0016] The surroundings in which the machine is travelling can comprise a plurality of obstacles, such as, for example,
various rock walls. One and the same tunnel wall can, however, also constitute a large number of obstacles, e.g. when
a laser range scanner measures a number of distances in various directions, where each measurement represents an
obstacle. Consequently it can be determined whether the machine when moving according to the requested path will
be driven within a first distance from at least one of said plurality of obstacles.
[0017] Influencing the path of the machine can, for example, be such that driving the machine according to the requested
path is prevented, where the requested path can be prevented for example by maneuvering said machine by means of
said control system according to another path, being different from the path requested by the operator.
[0018] Preferably, however, the machine is driven essentially according to the steering commands that have been
given by the operator for as long as the path that has been requested by the operator by means of the maneuvering
means results in the machine being driven with a greater distance than said first distance to surrounding obstacles.
[0019] When determining whether said machine when moving according to said requested path will be driven within
a first distance from an obstacle, a shortest distance to an obstacle along the requested path can be determined, whereby
the machine is being driven according to said requested path when the shortest distance to an obstacle along the
requested path exceeds said first distance. Said first distance can be a distance to an obstacle in the direction of travel
of the machine, but also a distance to a lateral obstacle, i.e. a smallest distance that the machine must keep from, for
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example, surrounding rock. Hereby the path of the machine can be defined as an area in front of the machine having a
width corresponding to the width of the machine with the addition of a first safety distance, where obstacles within said
area constitutes obstacles in said path.
[0020] A steering angle dependent safety distance is used according to one embodiment, where the steering angle
dependent safety distance can be dependent also on the length of the machine in front of the front wheel axle in the
direction of travel. This steering angle dependent safety distance can be arranged to only, or at least, be applied on the
outer side of the machine when turning, since it is the outer corner of the machine that is most probable to hit an obstacle
when there is a large overhang in front of the front axle in the directional travel. The said area can have any suitable
length, such as for example the stopping distance that is required to bring the machine to stand still, or the stopping
distance with the addition of some suitable further distance.
[0021] The safety distance to surrounding lateral obstacles of said machine can, for example, be the same on each
side of the center axis of the machine in the longitudinal direction, but the safety distances can also be arranged to be
set to different values for each side of the machine, respectively. This difference in safety distance can at least partially
be determined by the operator and/or be different for the inside and outside, respectively, of a curved path in dependence
of the steering angle of the machine according to the above.
[0022] For example, a ditch can run along one side of a tunnel, whereby it is desirable that the machine is being driven
closer to the opposite side. If the obstacle that the ditch represents is not detected, which, for example, can be the case
when distances to obstacles according to the above are determined by means of, e.g., a horizontal laser measurement,
the machine is still at risk of running into the ditch. This can be prevented, e.g., by the operator setting a lateral safety
distance to the wall on the side of the ditch that ensures that the machine will not be allowed to run into the ditch.
[0023] When influencing said path of the machine, the control system can determine a plurality of possible paths for
the machine, whereby a drivability is determined for each of said paths. The control system can select one of said plurality
of paths based on the path being requested of the operator, and baser on the drivability of the various paths, where said
selected path, for example, as close as possible can correspond to the path requested by the operator, but where the
selected path still ensures that the obstacle is avoided.
[0024] The invention can also be used to ensure that the machine is being driven with a speed that is suited for the
surroundings in which the machine is present. For example, the invention can ensure that the machine is not being
driven at too high speeds. For example, the invention can be used to ensure that the machine is not being driven with
a higher speed than a speed where collisions with stationary obstacles can be avoided.
[0025] The invention, however, can also be used to drive the machine at higher speeds than the machine normally is
driven at when being remote controlled. As has been mentioned, it is often difficult for the operator, in particular when
remote controlling the machine, to have an exact knowledge of how the machine is related to surrounding obstacles,
such as tunnel walls, for which reason the speed of the remote controlled machine many times is lower than when a
machine is controlled by an operator onboard the vehicle. The invention can be used to adapt the speed of the machine
to a speed that is suitable for the current surroundings, whereby the machine can be driven at higher speed in comparison
to when the machine is completely remote controlled by the operator. The invention can thereby be used to drive a
machine e.g. in a tunnel in a more efficient manner, and also, for example, to take corners, drive faster or slower when
so is indicated by the operator by the steering commands, in a more efficient manner.
[0026] Consequently, by means of the present invention, remote controlled machines can be driven faster by means
of the described function than what is possible when the machine is controlled directly by an operator. The invention is
further suitable also for manual driving, where the invention, for example, can make it easier for inexperienced, unskilled
and careless operators to drive the machine at higher speeds while at the same time wear of the machine is reduced.
Furthermore, the difference in the degree of concentration that is required when remote controlling a machine in com-
parison to when being present in the machine is reduced, where remote control normally requires a higher degree of
concentration from the operator.
[0027] The alternative paths that are being determined by the control system can, for example, consist of the tracks
that the machine would follow when being set to said steering angles. Consequently, a relatively large number of possible
paths (steering angles) can be evaluated, whereby a steering angle that is determined to be the most advantageous
based on said criteria can be selected and followed. Apart from the steering angle request from the operator these
criteria can, for example, comprise distances to surrounding obstacles for the paths, whereby these distances, for
example, can be detectable by sensors arranged on the machine and which, for example, measures distances to
stationary objects such as, for example, walls, roofs, or movable obstacles such as, for example, other machines.
[0028] The steering commands from the operator can be such that a specific command, such as a specific control
stick position, corresponds to a desired steering angle, (such as wheel angle or hinge angle at an articulated machine),
whereby the path essentially will consist of a circular arc having a radius determined by the steering angle.
[0029] The steering command/control stick maneuvering from the operator can also be such that a certain control
stick position corresponds to a request for a steering angle alteration, where this steering angle alteration for example
can consist of a speed by means of which the control angle is to be changed, i.e. the steering angle is not constant for



EP 2 780 770 B1

5

5

10

15

20

25

30

35

40

45

50

55

a constant control stick position with the result that the path can exhibit, for example, a spiral shape instead of a circular
arc. A return of a control stick to a "center position" can, for example, be arranged to result in a driving at the current
steering angle and thereby not necessarily straight forward.
[0030] The path consequently, constitutes, a representation of the track along which the machine will move according
to the current steering command. As soon as there is a request for an alteration of the manner in which the direction of
movement of the machine is changing, the machine will move along a new path.
[0031] The invention also has the advantage that the control system does not require any previous knowledge of the
surroundings of the machine. The invention can be used directly in a machine even when positioning the machine at an
arbitrary position in an arbitrary environment since distances continuously are determined to surrounding obstacles.
[0032] The invention also relates to a system and a mining and/or construction machine.

Brief description of the drawings

[0033]

Fig. 1A-B shows a vehicle from the side and from the above, with which the present invention advantageously can
be utilized.

Fig. 2A shows an example of a mine where the present invention advantageously can be utilized.

Fig. 2B shows an example of an operator view in the control room shown in fig. 2A.

Fig. 3 shows an example of how the machine shown in fig. 1 can be reproduced in a representation of the surroundings.

Fig. 4 shows an exemplary method according to the present invention.

Fig. 5A shows a control principle for remote control according to prior art.

Fig. 5B shows a control principle for remote control according to the present invention.

Fig. 6 shows an illustration of possible paths according to one embodiment of the present invention.

Fig. 7A shows an example of a set of tentacles according to the present invention.

Fig. 7B shows the set of tentacles shown in fig. 7A in a system of coordinates where the origin coincides with the
starting point of the tentacles, and the x-axis is parallel to a straight tentacle, i.e. a tentacle having infinite curve radius.

Fig. 8A shows an example of a lateral safety distance.

Fig. 8B shows an example of a lateral safety distance when taking turns.

Fig. 8C shows an example of a steering angle dependent lateral safety distance when taking turns.

Fig. 9 shows a method for calculating a reference speed for a machine that is driven according to the present invention.

Detailed description of a preferred embodiment

[0034] According to the above, modern mining/tunneling technology can comprise remote controlled operation of
machines, where the machines can be controlled and/or supervised, e.g. from a remote location such as a control room.
Such machines, in general, consist of machines for drilling or machines for loading and/or transportation.
[0035] Fig. 1A-B discloses an exemplary machine 100 from the side and from the above and which is suitable for
remote controlled operation according to the above, and with which the present invention can be utilized. The machine
100 constitutes a so-called LHD load machine, and is used to load and transport away material such as, for example,
blasted rock or masses by means of a bucket 101. Apart from the bucket 101, the machine 100 comprises wheels
102-105 and a control system comprising at least one control unit 106 (fig. 1B), which controls various of the functions
of the machine. Machines of the disclosed kind can comprise more than one control unit, where each control unit,
respectively, can be arranged to be responsible for different functions of the machine.
[0036] The disclosed machine 100 further constitutes an articulated vehicle, where a front portion 100a is connected
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to a rear portion 100b by means of a hinge 107, and is consequently steered by means of articulated steering to facilitate
maneuvering of the machine. An articulation angle sensor 110 transfers signals regarding current articulation angle to
the control unit 106. The hinge 107 is further controlled by means of suitable control member/actuator (not shown).
Machines of the disclosed kind are often driven in surroundings where the distance to surrounding rock walls is small
which renders maneuvering of a non-articulated machine with conventional front and/or rear wheel steering difficult to
perform. The invention, however, is suitable also for machines/vehicles of this kind. The machine 100 further comprises
a front 111 and a rear 112 video camera, which are connected to the control unit 106 and which transfers video signals
to the control unit for further transmission, e.g. to a remote control operator in a control room. The disclosed machine
further comprises laser range scanners 114, 115, the function of which being described below.
[0037] Fig. 2A discloses an example of a portion of a mine where the present invention advantageously can be utilized,
e.g. when operating the machine disclosed in fig. 1A-B. In fig. 2A the exemplary machine 100 is disclosed, and which
by means of remote control loads masses of rock by means of the bucket 101 at the position A for transportation of the
loaded masses to position B for dumping.
[0038] The figure only discloses the portion of the mine where the exemplary vehicle 100 is moving, and consequently
the mine can comprise a large number of further galleries/drifts. The figure also schematically shows a control room
206, where the operator is located when remote controlling the vehicle 100 by means of a remote control station 210
such as a computer intended for this. The control room 206 can, as in fig. 2A, be located in the mine, in the vicinity of,
or at a greater or smaller distance from the area in which the machine 100 is being driven, alternatively at any suitable
location above ground. The machine 100 can communicate with the control room 206, e.g. via a network in the mine,
and, e.g., via one or more wireless communication links in a manner known per se. Information is transmitted by means
of the wireless connection between the machine 100 and the remote control station 210 in the control room 206.
[0039] During remote control, the machine transmits video data, e.g. video streams from one or more of the video
cameras 111-112 being present at the machine (the machine can also comprise further video cameras, such as, e.g.,
one or more video cameras directed in a lateral direction) to the remote control station 210. These one or more video
streams are presented to the remote control operator via one or more displays in the control room, whereby the operator
remote controls the machine 100 at least partially by means of the video streams. Preferably, other data is also transmitted
via the communication link. For example, data regarding current steering angle, speed, bucket angle etc. can be trans-
mitted from the control unit 106 to make it easier for the remote control operator. When remote controlling a load
machine/mine truck, the direction of travel and position in relation to, for example, surrounding rock is, however, as
mentioned, not as easily perceived as when actually being present at the machine.
[0040] For this reason, therefore, apart from the above, further means may also be used to make it easier for the
remote control operator. One such means is, in addition to the video streams and possible further data, also to use the
current position of the machine in relation to the surroundings, which, according to the above, e.g. can be obtained by
means of a so called machine view, where the position of the machine, preferably seen from the above, is reproduced
in a representation of the surroundings, whereby the representation of the surroundings can, for example, be displayed
on part of a, or a separate, display in the control room. The machine view has, for example, the advantage that it will be
easier for the operator to estimate distances to crossings, surrounding obstacles such as rock walls etc. An example of
an operator view as shown on, e.g., a display at the remote control station 210 is shown in fig. 2B. Apart from said video
data, which can be displayed in an area 221 of said display, and other data, such as steering angle, speed, system
state, information, warnings and errors etc., which can be displayed in one or more further areas 222, 223 of said display,
a machine view 224 is shown. The machine view 224 is preferably arranged such that the current direction of travel of
the machine is displayed upwards in the machine representation. The direction of travel is also preferably displayed as
being into the video picture 221. That is, in case the machine is reversed, the machine will be reproduced with the rear
end directed upwards in the machine representation, while at the same time a video picture from the rear video camera
112 is displayed.
[0041] The representation of the surroundings in the machine view 224 can be realized in a plurality of ways. According
to the preferred embodiment, this is accomplished by means of a so called laser view, where the machine 100 according
to the above comprises a front 114 and rear 115 laser range scanner, which also are connected to the control unit 106
and which deliver sensor signals representing measured distances, i.e. distances to the closest obstacles in the path of
the laser beam that stops the laser beam. The laser range scanners 114, 115 can, for example, be arranged to measure
the distance in certain directions in an angular range. According to the present example, laser range scanners are used,
which measure the distance to the closest object in the longitudinal forward direction of the front portions 100a (and in
the longitudinal rearward direction of the rear portion 100b, respectively) and the distance to the closest object (such as
rock) for each full degree 6 90° from the longitudinal directions A1, A2 (see fig. 3), respectively. Each laser range
scanner, consequently, measures 181 points of measuring, respectively. The distances are measured in one plane (e.g.
on the height of the laser at right angles from the vertical line of the machine, alternatively in a horizontal direction from
the laser position), the so called laser plane.
[0042] As is realized, laser range scanners that measure distances in a considerably larger number of directions can
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of course be used, i.e. also for fractions of degrees and/or larger angular ranges than the stated 6 90°. Conversely, the
laser range scanners can be arranged to measure distances in fewer directions, i.e. having a larger distribution between
the directions, i.e. sparser than at each degree and/or for a smaller angular range than the stated 6 90°. Furthermore,
a single omnidirectional laser can be used instead, and/or lasers for measuring in a plurality of planes. Other distance
meters being suitable for the purpose can also be used instead of using lasers.
[0043] By means of the distances measured by the laser scanners, a representation of the machine surroundings, a
so called laser view, can be obtained by marking the area around the machine that according to the laser range scanners
is "free", at the same time as everything else is assumed to consist of e.g. surrounding rock or other obstacles.
[0044] An example of a laser view is shown in fig. 3, where the machine 100 is graphically represented in the repre-
sentation of the surroundings that has been generated by means of measured distances. Consequently, this embodiment
continuously generates a representation of the surroundings based on laser range data from the current position of the
machine. This has the result that the representation can appear somewhat cryptic to an inexperienced viewer. For this
reason, the actual appearance of the surroundings, but which at the moment of generation is invisible to the laser, is
disclosed in fig. 3 by dashed lines. As can be seen, the surroundings comprises further "side roads" (drifts) 301-303 that
at the present position of the machine 100 are not distinctly detected by the laser range scanners due to stopping rock
and/or the limited angular range of the laser. The representation shown in fig. 3 will, as is realized, continuously change
as the machine is being driven, whereby, when travelling in the direction of the "arrows", the drifts 301, 302 will become
increasingly "invisible" in the representation of the surroundings, while the drift 303 will be better and better visualized
until the machine 100 has passed this drift also.
[0045] The representation of the surroundings shown in fig. 3 can also be used to illustrate further information that
has been received from the machine. For example, the steering angle of the vehicle, which for the disclosed machine
is the steering angle α between the front and rear machine body, can be graphically illustrated, for example by drawing
axes in the longitudinal direction of the rear and front vehicle body, respectively, where the angle α can be stated with
a value.
[0046] The view shown in fig. 3 consequently provides the operator with further information, i.e. when estimating the
distance to the next crossing, which can be very useful, e.g. if the machine in fig. 3 is to turn into the drift 303.
[0047] The operator station comprises, apart from said display, a console which, for example, can comprise maneu-
vering means such as for example control sticks for maneuvering the machine. The operator being present at a distance
from the machine can consequently have access to useful means for facilitating remote control. In spite of this it can
still be difficult to drive the vehicle in a desired manner.
[0048] For example, it can be difficult for the operator to determine the manner in which the machine will respond to
a steering command. An operator being present in the machine can use both vision, sense of hearing and a tactile sense
to determine the manner in which the machine responds to steering commands. This is more difficult in remote control,
where the feedback occurs via video picture from a camera arranged on the machine. Furthermore, it can, for example,
be some delay in the steering signals that the operator sends to the machine, for example by use of said one or more
control sticks. This has as result that the operator in the remote control often is a little "behind" in the steering which
results in larger control stick movements in the control, with a more jerky travel as result. Furthermore, the maneuvering
means used by the operator often comprises a so called dead band, i.e. a certain movement of the maneuvering means
is possible before the movement is actually detected by the associated control system. It is also, in spite of the assisting
aids, still difficult to predict the path of the machine, e.g. with regard to the foremost/far corner of the machine in relation
to surrounding obstacles such as rock walls, which has as result that the speed of the machine often must be reduced
in order to avoid collisions. This is valid in particular in the taking of corners.
[0049] In sum, this means that a machine that is remote controlled usually is being driven at considerably lower average
speed than a machine that is driven fully autonomously, or when the operator is present on the machine. According to
the present invention, it is provided a control method where manual control of the machine is performed in such a manner
that it allows considerably higher machine speeds at the same time as the risk of collision is reduced. This is achieved
by comparing the path along which the machine would travel according to a steering angle command that is requested
by the operator, and interpreted as a desired steering angle, with a plurality of possible paths, where another path than
the path chosen by the operator is chosen when another of said plurality of paths is determined to be more advantageous.
[0050] An exemplary embodiment 400 according to the present invention for influencing the path of the machine when
the path chosen by the operator will result in the machine being driven within a first distance from an obstacle is disclosed
in fig. 4. According to this method, the path is influenced by the desired path being evaluated against alternative paths.
The method starts in step 401, where it is determined whether the vehicle is to be driven in a manner in which the control
signals of the operator are evaluated in relation to alternative paths based on the surroundings of the machine and being
corrected when required such that an optimal path is chosen.
[0051] Such a control method consequently means that the machine itself determines the driving of the vehicle to
some extent, for which reason this method of driving the vehicle is denoted local autonomy in the below description.
[0052] For as long as the machine is not to be driven by local autonomy, i.e. for example to be completely manually
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controlled or not at all, the method remains in step 401. If, on the other hand, the vehicle is to be driven by means of
local autonomy, which, for example, can be stated by the operator by activating this mode by means of a suitable button,
handle, lever or the like, such as for example suitable input via a keyboard, the method continues to step 402. In step
402 one or more steering commands are received from the operator, where these steering commands at least comprise
a representation of a steering angle command but can, according to the below, also comprise e.g. a desired acceleration
action or brake action etc. Instead of these control signals directly influencing control of the one or more actuators on
the machine that in turn affects steering angle etc. according to the prior art, the control signals are, instead, transmitted
to a path generator. This difference is schematically illustrated in fig. 5A-B.
[0053] Fig. 5A discloses the function during conventional remote control. The signals 501 that are transmitted from
the operator/control room 210 are received by the control system of the machine 100, schematically indicated as 502,
and is used to directly control actuators etc. completely according to the requests of the steering signals. Sensor signals
from the machine, such as laser data, video signals, are transmitted to the operator/control room to facilitate the continued
control for the operator.
[0054] Fig. 5B discloses the function according to the present invention. Operator commands 510 that are received
from the operator at the operator station 210 do not immediately influence the steering of the machine as in the prior
art, but are first processed in a path generator 511. Apart from the operator commands also sensor data, e.g. from the
laser scanners, are provided to the path generator, step 403 in fig. 4. A set of possible paths are generated by means
of data from the laser scanners, in the following denoted "tentacles", step 404, in order to detect drivable paths by means
of the local surroundings of the machine as perceived by the laser scanners. The set of tentacles is generated for some
given position, e.g. the front axle of the machine in the direction of travel, or any other suitable position. As will be
described below, a position being at a distance from and in front of a suitable reference point at the machine, such as,
for example, in front of the center of the front axle of the machine, is used according to the present invention since such
a position provides unexpected advantages.
[0055] The tentacles consist of possible paths based on various steering angles, and thereby form circular arcs that
are determined by any suitable distribution, such as, for example a circular arc for each degree that the steering angle
is changed, or, for example, by means of a distribution according to what is exemplified below, whereby circular arcs
can be generated for a large number of possible steering angles that the machine can be arranged to follow. If the
maximum steering angle of the machine, for example, is 45° in either direction from a straight forward direction, tentacles
can, for example, consequently be generated for each degree up to 45° degrees in each direction. Tentacles can naturally
be generated with a more dense distribution, i.e. separated by a steering angle difference of a fraction of a degree, or,
conversely, be more sparsely distributed with a distribution of more than one degree. Consequently, a number of tentacles
are generated in step 403 starting from any suitable point such as, for example, the center of the front axle of the machine
or another point in front of this according to the below.
[0056] As has been mentioned above, the paths, and consequently the tentacles, can also be of other shapes.
[0057] An example of a set of tentacles, starting from the front axle of the machine in the direction of travel is illustrated
in fig. 6 where each tentacle consequently represents a theoretically possible path of the vehicle.
[0058] The possible paths can be more or less drivable in dependence of the surroundings of the machine. The
machine shown in fig. 6 is in an environment where possible movements to a large extent are limited by rock walls and
other obstacles, for which reason practically possible/suitable paths will consist of only a fraction of the possible tentacles.
For example travel along the path/tentacle 601 would result in the machine rather immediately running into the rock wall,
hence travel along this path is less suitable, while travel along e.g. path 602 can be performed at least along the tentacle
length that is illustrated in fig. 6 (possible constraints of the length of the tentacles are described below). Fig. 6 also
shows data from laser scanners 114-115, which data are also provided to the path generator in fig. 5, and which are
indicated as "x" along the rock walls, where each "x" represents a range measurement in one direction from one laser
scanner.
[0059] In connection to the generation of a set of tentacles it can therefore also be performed an evaluation of the
generated tentacles, step 405 below, where tentacles being considered to be non-drivable can be discarded. This
determination can be performed in various different ways and one such method is exemplified in fig. 7A-C. First, however,
generation of the tentacles will be described.
[0060] Fig. 7A discloses a set of tentacles for an exemplary situation where the machine is travelling in a certain
direction of travel in relation to some suitable reference direction R, and in relation to which changes in direction can be
determined, e.g. by means of a gyro. Furthermore, the disclosed machine is at a position where it reaches a T-crossing
(in order to facilitate the understanding, the rock walls are indicated by dashed lines), i.e. fig. 7A represents a different
situation than the situation shown in fig. 6. The generated set of tentacles starts from a point 701, which in this case
consists of a point in front of a reference point in form of the center of the front axle of the machine in the direction of
travel. Data from the laser scanners, or in this case the front laser scanner in the direction of travel are indicated as
stars, "*", in the figure. Each star, consequently, represents a distance measurement in one direction from the laser
scanner, and these stars consequently represent distances to the schematically indicated rock walls. As can be seen
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in fig. 7A, many of the generated tentacles are drivable only to a certain extent, i.e. to the indicated rock wall. The
generated set of tentacles is therefore compared with sensor data from the laser scanner, where each tentacle can be
classified as fully drivable, potentially e.g. tentacle 702, which is not disturbed by any obstacle, or partially drivable, such
as, for example, tentacles 703, 704, or non-drivable.
[0061] A tentacle can, for example, be classified as non-drivable if the possible travel distance along the tentacle is
shorter than the distance the machine requires to come to a stop. Alternatively, a tentacle can be classified as non-
drivable if the drivable length of the tentacle, for example, is lower than the stopping distance that the machine requires
to come to a stop with the addition of some suitable offset. This consequently means that whether a tentacle is determined
as drivable or not at least partially will depend on the current speed of the machine, since the faster the machine travels,
the longer stopping distance is required and thereby also a longer drivable distance for each tentacle, respectively.
[0062] The set of tentacles that is actually generated can also be dependent on the current speed of the machine.
The faster the machine is travelling, the less suitable it is to drive the machine with large steering angles. For this reason,
the maximum steering angle for which a tentacle is generated, and thereby the maximally allowable steering angle, can
be arranged to be restricted as a function of the speed of the machine, i.e. the faster the machine is travelling, the smaller
the maximum steering angle that is applied. The maximum steering angle can, for example, be the maximum steering
angle of the vehicle or a large portion thereof for low speeds, while the maximum steering angle at higher speeds e.g.
can be restricted to half the maximum steering angle or any other suitable angle. This consequently means that the set
of tentacles that is generated will be restricted by the maximum allowable steering angle. Since the machine will then
be driven along a track that corresponds to a specific tentacle being chosen from said generated tentacles, it is thereby
possible for the operator to request considerably larger control stick movements (greater steering angles) at high speeds
than the control system in practice will allow, whereby the requested greater steering angle will not be applied.
[0063] Above, the tentacles have been assumed to comprise mutually similar differences in steering angle. According
to one embodiment, it can be advantageous to vary the steering angle difference between mutually adjacent tentacles
in a non-linear manner. For example, the mutual distribution between tentacles can be arranged such that more tentacles
are obtained in a direction essentially straight forward of the machine, while the tentacles get more and more sparsely
distributed the closer to the maximum allowable steering angle at current machine speed that the tentacle is. This is
also the case in fig. 7A, where the tentacles are considerably closer in the current direction of travel of the machine. The
number of tentacles that are actually generated can also be arranged to depend e.g. on machine speed.
[0064] According to one embodiment the turning radius is defined according to equation 1, where rk denotes the turning
radius of tentacle no. k of a total of n tentacles. 

[0065] Tests have disclosed that the number of tentacles n, for example, can be set to 51 and ρ can be set, e.g. to
1.25. The setting of ρ to a value exceeding 1 will result in a tentacle set where the mutual difference between tentacles
is smaller in the direction of travel than the mutual difference between tentacles at larger steering angles. The smallest
turning radius Rj in eq. 1 can be arranged to be dependent on the speed, and j can consequently represent a set of
tentacles for a certain speed j. Consequently sets of tentacles can be generated for a suitable number of different speeds,
e.g. with some suitable mutual difference in speed, such as, for example, a suitable difference in speed in the interval
0.01 m/s-0.5 m/s. Alternatively, the set of tentacles can, for example, be generated for the current speed of the machine.
[0066] The smallest turning radius Rj that is used for a set of tentacles for a specific speed j can be determined in any
suitable way and, for example, be dependent on various measures of the machine. Equation 2 exemplifies a non-limiting
method for determining the turning radius at Rj: 

, where lF and lR constitutes the distances from the machine hinge to the front and rear axle, respectively, while γj
constitutes the maximum turning angle that is used for the speed set j. As is realized, a different suitable method for
determining Rj is used, e.g., for wheel axle steered machines.
[0067] As is realized, this only constitutes an example, and Rj can also be determined in any arbitrary suitable way,
but consequently preferably being dependent on the current vehicle speed in some manner. The tentacles can further
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be arranged to be limited in length independent from the restriction that is imposed by laser measurements according
to the above. This is schematically illustrated in fig. 7a, and according to one exemplary embodiment the length of each
tentacle, respectively, in a set of tentacles is determined according to equation 3: 

, where lj, for example, can be set according to lj = min(20m, Rj·π/2). According to eq. 3, each tentacle consequently
obtains different lengths, and from the dependence of the smallest turning radius Rj, which in turn is dependent on the
speed (maximum steering angle) according to eq. 2, the tentacles, consequently, can be arranged to be dependent on
speed. According to another embodiment, however, all tentacles can have the same length, where this length can be
set to some suitable length, such as, for example, the distance that the vehicle travels during a certain period of time at
current speed, alternatively the full range or suitable fraction of the range of the laser.
[0068] When evaluating whether a tentacle is drivable or not it is, however, not sufficient to determine only whether
the length of tentacle fulfils any length criteria according to the above. This is because the machine by definition has a
certain width and all parts of the machine must clear the determined length and not only the line being represented by
the tentacle. According to the present invention, therefore each tentacle line is expanded laterally to an area that defines
the area that must be free from obstacles in order for the machine to be able to travel according to the tentacle without
collision. A fundamental rule when forming this area is that the tentacle is expanded by half the width of the machine in
each direction from the tentacle line. In addition, a lateral clearance distance is preferably added, which, for example,
can be speed dependent on speed. This is illustrated in fig. 8A, where the machine is shown having the width w and
lateral clearance distance denoted as dsc. The marked area 801 represents an expanded tentacle k having the length
lk. This offset dsc ensures that the vehicle can navigate along the path that is defined by the tentacle, even with some
deviation, without this resulting in a risk of collision.
[0069] The lateral clearance distance dsc can consequently be speed dependent and, for example, be in the order of
0.1-0.3 meters at low speeds, and 0.4-1 meter or more at higher speeds. The requirement of clearance distance is,
however, different in dependence of the turning angle.
[0070] When the machine turns, it must also be ensured that the machine does not hit the outer wall. Due to the
overhang in front of the front wheel axle in the direction of travel, the outer corner of the machine can reach outwards
past the lateral clearance distance dsc. Therefore, either the lateral clearance distance dsc must take this into account
or, alternatively, a further margin that depend on the turning radius of the tentacle is required. This is illustrated in fig.
8B with turning margin dcc, 802. This additional turning margin dcc that is required on the outer side of the machine can
be calculated using the turning radius r, the distance from each axle, respectively, to the corners lFF and lRR, respectively,
and the machine width w and the Pythagorean theorem as 

where lxx corresponds to lFF if the machine is driven in a forward direction, and lRR if the machine is reversed. The turning
radius r, the distance from each axle to corresponding corner lFF and lRR, and the machine width is defined in fig. 8C.
The area where the additional turning margin dcc is utilized is further restricted to only be valid in the area in front of the
machine as is disclosed in fig. 8B. This limitation of the area where the extra turning margin dcc is applied is of great
importance for the applicability of the method in narrow tunnels in mines. Calculation of the angle αcc, which is shown
in fig. 8C, and which defines in front of which angle the turning margin dcc is to be used is trivial and can for example
be carried out according to: 

where lxx, r and w are defined according to the above.
[0071] Consequently, when determining the path of the vehicle, steering signals from the operator and a set of tentacles



EP 2 780 770 B1

11

5

10

15

20

25

30

35

40

45

50

55

that preferably is adapted to the current vehicle speed are used, where the set of tentacles can be determined according
to the above. Furthermore, the position for which the tentacles are to be determined, is determined. If the vehicle is
standing still this is preferably performed for the center of the front most vehicle axle in the direction of travel, since the
vehicle will start moving from this position. The path of the vehicle can, however, also be arranged to be calculated with
some planning in advance, where the path for the following distance/time, such as, for example, the next 0.1-5 seconds,
can be calculated already, where calculations are performed for the position at which the reference point of the machine,
such as the center of the front axle in the direction of travel, will be when this time has elapsed. This is schematically
shown in fig. 7A, where the starting point of the tentacles is marked as position 701, but where the center of the front
axle of the machine in the direction of travel is marked with an "X".
[0072] An advantage in carrying out the calculations for a position in front of the reference point (e.g. the center of the
front axle) of the machine is that the movement pattern of the machine can be adapted to the prevailing surroundings
to a considerably greater extent. This since the calculated path to said point of determination can comprise both very
small and alternating changes in direction, so that a path can be obtained which is not possible to obtain if the circular
arcs continuously start from the front wheel axle of the machine. This point in front of the reference point, however, still
consists of a point on a previously determined track, i.e. a point that the reference point is certain to pass.
[0073] Referring again to fig. 4 the tentacles generated in step 405 are consequently classified, so that a set of drivable
tentacles is obtained. The classification is performed based on laser data from the laser scanner that measure distances
in the direction of travel, and whether a tentacle is drivable or not is mainly determined by the distance from the machine
to the closest obstacle in the expanded tentacle. The tentacles where no obstacle is present within the maximum range
of the laser measurement, which, for example, can be in the order of 20-30 meters, or the defined length of the tentacles
according to the above, and the widening of the tentacles according to the above taken into consideration, are classified
as fully drivable.
[0074] With regard to the tentacles where obstacles are present within the maximum range of the laser, the tentacle
is classified in dependence of the distance to the obstacle, still with widening of the tentacle taken into consideration
according to the above. The tentacle can be considered as drivable for as long as the vehicle can be retarded to a full
stop before the obstacle is reached. Alternatively, a stopping distance with the addition of some suitable offset can be
applied. This smallest distance can consequently be speed dependent.
[0075] When this evaluation then has then been performed for each of the tentacles in step 405 a tentacle selection
is carried out, where the intention is to find the tentacle of the set of drivable tentacles that fulfills some given set of
criteria to a most extent based at least on the steering commands of the operator and preferably also criteria such as
drivable length and lateral clearance to obstacles. It is, however, a prerequisite that a tentacle at least has been determined
as drivable in order for the tentacle to be possible to select. Therefore, it is determined in step 406 whether one or more
drivable tentacles exist.
[0076] If there are no drivable tentacles, the method continues to step 407, where a retardation of the machine is
activated. The control system can, for example, apply a constant retardation or any other suitable retardation that,
preferably with certainty, will be able to brake the vehicle to a stop before an obstacle is encountered, e.g. in the current
direction of travel. The method then returns to step 401 for a new determination of tentacles. The retardation means
that during the next update of the path/tentacle determination, or after a plurality of updates with continued retardation,
the speed of the machine can have been reduced to such extent that previously discarded paths will become drivable,
e.g. because the required free tentacle length to obstacles can be arranged to be reduced with reduced speed according
to the above, or because the reduced speed has reduced the requirement for lateral clearance and the vehicle thereby
can pass e.g. a narrowing that is not allowed to be passed at the higher speed. The retardation also has the result that
larger steering angles are allowed in the set of tentacles, which results in greater maneuvering possibilities, and thereby
a higher probability to be able to pass obstacles. Consequently, it is not required that the retardation with certainty must
retard the vehicle to a complete stop.
[0077] Carrying out the measurement for a point in front of the reference point of the vehicle according to the above
increases the probability to be able to pass, for example, a narrower passage further. If the determination is carried out
for the reference point of the machine, it is possible that the machine, when the retardation is ongoing, will follow a
tentacle that results in the machine, once the speed has been reduced to a level where passage is allowed, has reached
a position, for example in relation to a rock wall, where continued travel through the narrower portion is not possible due
to the current position of the machine, e.g. because the vehicle has ended up too close a rock wall and with an erroneous
direction and thereby is not capable to turn in a desired manner without the risk of collision. The chances for the occurrence
of this is considerably reduced when the determination is carried out for a position in front of the reference point of the
machine, so that suitable measures can be taken at an earlier stage, such that the machine thereby can be steered in
a desired direction of travel before it is too late.
[0078] The update of the path/the determination of tentacle can be carried out with any suitable update frequency,
such as e.g. a suitable time in the interval 0.1-1000 ms or any other suitable shorter or longer interval, perhaps preferably
in the interval 0.1-200 ms to ensure that the machine will not move too far between updates of the path.
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[0079] If it is determined in step 406 that one or more tentacles are drivable the method continues to step 408 for
determination of the tentacle that best fulfils set criteria. For example, parameter values representing conformance with
the input of the operator, vop, the drivable length of the tentacle, vc, and lateral clearance to obstacles, vf be used. These
are discussed one by one below with calculation examples.
[0080] Regarding the drivable length lo of the tentacle, this length is the distance to the first obstacle (i.e. laser meas-
urement) that occurs in the area of the expanded tentacle. For as long as length lo exceeds a collision distance according
to the above, the tentacle is considered drivable.
[0081] The drivable length of a certain tentacle can be calculated in a straightforward manner according to the following,
where the example starts from the set of tentacles shown in fig. 7A. All obstacles, i.e. laser measurements, are first
transformed to a system of coordinates having origo in the start point of the tentacles (701 in fig. 7A) and an x-axis
parallel to the start direction of the tentacles, i.e. the x-axis is parallel to a tentacle having infinite curve radius, see fig.
7B. The distance dk,i, such as, for example d50,14, (see fig. 7B) is the distance from the center of the circular arc of

tentacle k to obstacle (laser measurement) oi, and can be calculated as  

[0082] Note that the radius of tentacles that turn to the right (in this example), are defined as negative numbers.
αk,i=arcsin (xi/dk,i) is the corresponding angle along the circular periphery of tentacle k, and can together with the radius
of the tentacle be used to calculate the distance to obstacles, and thereby the length of the tentacle that is free from
obstacles. The distance to a lateral obstacle (such as laser measurement o14) along tentacle 50, Δ50,14, can consequently
generally be calculated as 

[0083] For as long as Δk,i exceeds the desired distance  (i.e. half the machine width w/2 with the addition of the

lateral safety distance dsc and possible additional turning margin dcc according to fig. 8B) for each obstacle i, where 

is calculated as: 

the obstacle i in relation to tentacle k is outside the expanded tentacle.
[0084] The shortest distance to an obstacle within the expanded area of a tentacle, i.e. within the radius of the tentacle
with the addition and subtraction of the lateral safety distance, can be determined for each tentacle by comparing the
distances to the various laser measurements for each tentacle.
[0085] If there are further obstacles within the area of the expanded tentacle, the drivable length lo of the tentacle can

be determined as:  i.e. the radius of the tentacle multiplied with the angle to the closest obstacle (expressed

in radians), which can be determined by using a representation according to fig. 7B.
[0086] For as long as the distance lo of a tentacle exceeds a collision distance, which is the smallest distance that is
required to be able to stop the machine, possibly with the addition of an offset, the tentacle is drivable and thereby part
of a set of drivable tentacles.
[0087] If there are no obstacles within the expanded area of a tentacle, the distance to the first obstacle is the tentacle
length.
[0088] A set of drivable tentacles is consequently obtained by performing the above determination for all tentacles.
As has been mentioned above, a parameter vc representing the drivability of the tentacle, where vc can depend on the
drivable length lo of the tentacle, is used when evaluating/selecting a tentacle.
[0089] vc can, for example, be determined according to the following: 
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[0090] Where  is the distance to the closest obstacle in the expanded tentacle according to the above. By varying

the factor cc, the obtained value of the criteria can be varied and thereby weighted. For example, by setting cc to 0.11
a value of 0.5 is obtained at a free distance of 10m.
[0091] Consequently, according to the equation, a long distance that is free from obstacles results in a low value of
vc. As will be explained below, a tentacle having a smallest total value will be determined as a preferred tentacle, and
hence a low value of vc (a long, free tentacle length) is to prefer.
[0092] Concerning the parameter value regarding lateral clearance to obstacles, vf, this parameter value can be used
to use drivable space in a manner such that tentacles having a greater distance to lateral obstacles are favored in
comparison to tentacles having a shorter lateral distance to obstacles. Since a number of obstacles (laser measurements)
can surround a certain tentacle, the parameter value vf can be arranged to depend on all obstacles (at least obstacles
within a certain distance). The contribution si(d) from a specific obstacle can, for example, be determined according to
the following: 

where the parameters are set to some suitable value, and where experimental tests have disclosed that the following
parameters can be used as guidance: κ=1, σ=0.16 and smax=10.

[0093] The parameter  for each tentacle, respectively, can then be calculated as the sum of the contributions from

the various obstacles, and wherein all  then can be normalized in relation to each other such that 

[0094] vf can also be determined in any other suitable way. According to one embodiment, the parameter is not used
at all, but only the drivable distance according to the above and the operator input according to the below. According to
another embodiment, a parameter vf is used together with the operator input according to the below. According to a
further embodiment also historical control data, such as, for example, operator signals and/or determined steering angels
at one or more preceding determinations of tentacles.
[0095] Regarding the parameter representing the steering commands of the operator, the steering angle command
requested by the operator can be converted to a form according to -1≤uSop≤1, where -1, 1 represents the maximum
steering command in each direction, respectively.

[0096] The parameter value  can then be determined as:  where γk represents the

steering angle that corresponds to tentacle k, and γmax is the maximum steering angle, and consequently uSOP·γmax is

interpreted as the steering angle requested by the operator. This value is also normalized analogous to  according

to the above.
[0097] In step 408 the best tentacle is selected based on these parameter values by determining a total value v for
each of the tentacles v=a0vc+a1vf+a2vop, where a0, a1, a2 constitutes weighting parameters that can be used to weight
the influence of the various factors on the final tentacle selection. In dependence on how the factors are determined,
the tentacle can then be selected as the tentacle for which a maximum or minimum, as in the example, value of v is
obtained. When a tentacle then has been selected, the method returns to step 401 for a continued new determination
of a tentacle for driving the machine.
[0098] When a tentacle then has been selected for the driving of the vehicle, the driving can be performed in various
different ways. For example, the vehicle can be driven by setting the steering angle to the steering angle being represented
by the selected tentacle. Depending on the point for which the calculation has been carried out, the steering angle can
be set directly, or at the time the vehicle has reached the point in front of the vehicle for which the calculation has been
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carried out. Alternatively, the determined tentacle can be used in the generation of a path that the vehicle then will be
made to follow by means of, for example a separate control module, a path tracker module (path tracker), which can be
integrated in the control unit 106 or constitute a separate unit, and the function of which being to make the vehicle to
follow the determined track as far as possible. This is exemplified in fig. 5B with the path tracker 512. The use of a path
tracker and its function is known to a person skilled in the art.
[0099] The above calculations have been exemplified for a machine that is being driven in the forward direction, i.e.
with reference to e.g. a LHD machine, with the bucket in the front. The invention, however, can be applied also when
the machine is driven with the rear end first, where suitable adaption of distances for the rear portion of the machine is
applied instead.
[0100] In the disclosed embodiment, the determined tentacle is used to generate a track consisting of points, where
each point represents not only the desired position (x,y) of the vehicle, but also the direction (th) and speed Vö. According
to the disclosed embodiment, data generated by the path generator, i.e. the path represented by the above mentioned
point shape, is sent to a path tracker module. The path tracker module calculates control signals for the one or more
actuators that control articulation angle (or wheel angle where steering wheels are applied) and wheel rotation speed
for active steering of the vehicle based on received path data. The data being calculated by the path tracker module can
differ from the data calculated by the path generator, for example if the present position of the vehicle deviates from the
desired position, where the path tracker module can compensate for this and steer the vehicle towards the calculated path.
[0101] With regard to the output signals of the path tracker module in regard of wheel rotation speed it can be advan-
tageous not to follow these directly when controlling the wheel rotation speed. Instead, in order to allow the operator to
receive an intuitive sense of controlling the movements of the machine, the minimum value of, for example, the power
requested by the operator and the power requested by the path tracker module can be used. Similarly, the maximum
value of the break command requested by the operator and the break command requested by the path tracker module
can be used. This will have as result that the machine will never move faster than the operator or control system allows,
but where the operator, by requesting full power, still can allow the system to limit the speed and thereby drive the
machine at the highest speed that is safe, which can be considerably higher than the speed at which the machine would
have been driven by the operator.
[0102] The look ahead functionality according to the above is advantageous also for the path tracker module since
the path tracker module receives knowledge of desired vehicle position not only for the current instant in time, but for a
period of time, which renders it easier for the path tracker module to perform corrections of possible deviations in vehicle
position.
[0103] The present invention consequently allows that vehicles can be driven remote controlled by an operator in, for
example, a control room, and where the machine is driven essentially according to the steering commands of the operator
but where tentacles are used to choose a path that corresponds to steering commands from the operator to a large
extent, but where the control system at the same time influences the control in such a manner that the risk of collision
is minimized.
[0104] Consequently, the operator can, in principle, control the machine freely, and, for example, drive the machine
in a meandering path along, for example, a straight tunnel, but the control system will continuously ensure that the
machine never gets closer to the tunnel walls than the above defined safety distance allows. As soon as the steering
signals requested by the operator would result in a risk of collision, the control system will prohibit steering that would
result in the machine colliding with an obstacle or that would violate the set safety distances, e.g. to tunnel walls. If the
machine is driven along a straight and very narrow tunnel, which, in principle, have similar width to the machine plus
the safety distance according to the above, the control system can, in principle, force the machine to move essentially
straight through the tunnel irrespective of the commands requested by the operator by means of the control stick, since
deviations in a lateral direction directly would violate the set safety distances.
[0105] The invention has been described above according to a method where a requested path continuously is eval-
uated against alternative paths. According to one embodiment, the operator is allowed to control the machine freely for
as long as the path requested by the operator does not result in the machine being driven within a certain distance from
an obstacle, where the path is only influenced in these cases, e.g. by retarding the machine or changing steering angle
to avoid the obstacle. According to another embodiment a path is instead chosen according to the above, but where a
path that as far as possible corresponds to the path selected by the operator is selected for as long as the path selected
by the operator does not result in the machine being driven within a certain distance from an obstacle.
[0106] According to one embodiment of the present invention, the operator can, apart from the above mentioned safety
distances, select an offset in relation to surrounding obstacles. For example, a ditch can run along one side of a tunnel,
in which case it is desirable that the machine is driven closer to the other side. Ditches will not be discovered by the
machine when, for example, horizontal laser measurements according to the above are used, with the result that the
machine still faces the risk of running into the ditch.
[0107] The ditch, however, is normally visible to the operator via video image, and at such situations the operator can,
according to one embodiment, influence the lateral safety distance by allowing the operator to add an offset, via a lever,
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button, graphical display control or other device on the control panel from which the machine is controlled, to the minimum
lateral distance that the machine is to keep to the closest obstacle. The machine can, for example, e.g. in a mine drift
where a ditch runs along one side of the machine, and in a situation where the minimum distance in general is, for
example, 0.5 meter, be requested to maintain a considerably larger minimum distance, such as for example 1.5 m, to
obstacles (the wall) on the side of the machine along which the ditch is running, whereby the machine will maintain a
minimum distance of 0.5 m to the wall without a ditch and 1.5 m to the wall along which the ditch runs.
[0108] Hitherto only a steering angle determination has been carried out, although based on the current speed of the
vehicle. That is, the speed of the vehicle can be arranged to completely be controlled by the speed requested by the
operator of the machine, and can be represented by either a reference speed or direct commands for requesting power
and brake.
[0109] According to the above, however, a remote controlled vehicle is usually being driven at considerably lower
speed in comparison to, for example, the speed at which the vehicle would be driven when the operator is present at
the vehicle, or in fully autonomous operation. According to one embodiment of the present invention, the speed of the
vehicle is therefore at least partially determined by the control system of the vehicle. The control system can, for example,
comprise stored data regarding the maximum possible speed, or preferred speeds, for various steering angles. A max-
imum steering angle will, for example have a considerably lower recommended speed than when the vehicle is being
driven essentially straight forward. This is because if the machine would turn with maximum steering angle at a high
speed the machine would probably skid/slide to a greater or lesser extent, with a possible consequence that the machine
e.g. skids/slides away from the desired path and hits surrounding obstacles with damage as result. Conversely, a small
steering angle can often be followed also at higher speeds.
[0110] According to one embodiment of the present invention, the current speed of the machine is compared with the
maximum speed at which the vehicle theoretically could be driven along a determined tentacle without the risk of the
vehicle skidding/sliding in an undesired manner. If the current speed at which the vehicle is being driven is lower than
the speed at which the vehicle could be driven, the control system can demand an increase of the speed of the vehicle,
for example to the maximum speed that the vehicle can be driven at without the risk of undesired skidding etc. Alternatively,
the reference speed can be increased by some suitable value. In this way, the reference speed can be successively
increased at consecutive determinations of tentacles to finally reach, for example, the maximum recommended speed
or a suitable fraction thereof. When the reference speed is too high, e.g. due to a greater steering angle being required,
the control system can, conversely, request a reduced speed/retardation.
[0111] In order to obtain a favorable fuel economy and minimize wear of brakes and tires it is, however, important to
plan in advance when calculating the reference speed.
[0112] An example of a method 900 for determining a reference speed is disclosed in fig. 9. According to this method,
the previously described method for evaluating a set of tentacles with regard to drivability is applied in a search for
drivable paths for one or more speeds that are higher than the current vehicle speed, i.e. tentacle sets for higher speeds
than the current speed of the machine are also evaluated.
[0113] In the cases where drivable tentacles are found for a speed exceeding the current vehicle speed the machine
can be allowed to accelerate to reach this speed.
[0114] The method starts in step 901, where it is determined if the reference speed is to be calculated or not. If the
vehicle is to be driven by means of local autonomy, the method continues to step 902, where sensor data from the
machine is obtained, e.g. articulation angle and current vehicle speed Vnu, where a reference speed Vref can be set to
Vnu the first time the method moves from step 901 to step 902. In step 903 a set of tentacles representing the current
vehicle speed Vnu is evaluated as previously has been described. A suitable brake command is applied if no drivable
tentacle exists, and a suitable path is chosen (step 904), and thereafter the reference speed Vref is set in step 905 to
the smallest value of Vnu and the maximum allowable vehicle speed for local autonomy Vmax. The method then returns
to step 901 waiting for the next execution.
[0115] In step 904 the appropriate path can be selected, for example, as the tentacle that has the greatest drivable
length lo.
[0116] According to another embodiment it is utilized that the tentacles are evaluated at a point a small distance in
front of the reference point of the machine according to what has been described above. A set of tentacles can therefore
be evaluated with respect to the reference point of the machine at the lower speed that the machine will have when the
machine reaches the point in front of the reference point after a suitable brake command has been activated during the
time it takes for the reference point to reach the point in front of the reference point. By means of this method a better
path can, in general, be determined, since more drivable tentacles often are available at this lower speed, and the best
of these tentacles can consequently be selected in the same manner as for step 408 in method 400.
[0117] If, on the other hand, drivable tentacles exist at the speed Vnu in step 903 it is evaluated in step 906 if the
reference speed Vref is greater than or equal to Vnu, and if this is not the case the best tentacle is selected in step 907
in the same way as for step 408 in the method 400 in fig. 4. The reference speed is then set according to step 905.
[0118] If Vref is greater than or equal to Vnu in step 906 a new set of tentacles representing the speed Vref is evaluated
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in step 908. The method continues to step 909 if no drivable tentacle exists for speed Vref.
[0119] In step 909 it is evaluated if the reference speed minus a difference speed VΔ is greater than the current vehicle
speed. If this is the case the method continues to step 910, and if not the reference speed is updated according to step
905. Step 910 is carried out in the same manner as the previous steps 903 and 908 with the difference that in step 910
a set of tentacles corresponding to the speed Vref - VΔ is evaluated.
[0120] If drivable tentacles exist at this evaluation the most suitable tentacle is selected in step 911 in the same manner
as for step 408 in method 400. In step 911 the reference speed Vref of the vehicle is also updated to correspond to the
highest speed (Vref-VΔ) at which drivable tentacles have been found, whereafter the method returns to step 901. If, on
the other hand, no drivable tentacles are found in step 910, the reference speed is set according to step 905.
[0121] Returning to step 908, if one or more drivable tentacles exist in the evaluation of a set of tentacles for speed
Vref, the best tentacle from this set is selected in step 912 in the same manner as for step 408 in method 400. In step
913 a new set of tentacles is then evaluated with respect to the smallest value of the reference speed plus a difference
speed (Vref+VΔ) and the maximum allowable vehicle speed at local autonomy Vmax. If no drivable tentacles are found
the method returns to step 901 to wait for the next execution.
[0122] If, on the other hand, drivable tentacles are found in step 913 the best tentacle from this set is selected in the
same manner as for step 408 in method 400. The reference speed is then updated to the new higher speed at which
drivable tentacles have been found, whereafter the method returns to step 901.
[0123] The difference speed VΔ can be set to arbitrary positive value, such as, for example, 0.5 m/s or some other
suitable value.
[0124] As is realized the method described in fig. 9 only constitutes an example on how the reference speed of the
machine can be changed by evaluating drivability for sets of tentacles for higher speeds. The reference speed, and
thereby the influence on the speed of the machine, can alternatively be determined in any other suitable way. According
to one embodiment a flow chart similar to fig. 9 is applied without steps 906, 907, but where the method otherwise is
performed according to the description of fig. 9.
[0125] The invention has so far been described in connection to an underground mine. The invention, however, is
also suitable for example in tunneling and other applications where a mining and/or construction machine is utilized.
Accordingly, the invention is applicable also in applications above ground. The invention is also suitable for other kinds
of vehicles than articulated vehicles.
[0126] The invention has so far been described in connection with laser range scanners for generating the represen-
tation of the surroundings. It is not, however, essential to the invention that the representation of the surroundings is
determined by means of laser range scanners, but arbitrary distance meters can be used for as long as these can provide
distance measurements having acceptable accuracy.
[0127] The invention has further been described with the purpose to allow an operator to drive a remote controlled
machine in a secure manner at higher speeds, where the machine is remote controlled from a control room. Such
machines are, however, often also remote controlled by means of portable radio control where the operator can see the
machine directly, i.e. with the machine within line-of-sight. Even if the machine is within line-of-sight of the operator
during such control it can still be difficult for the operator to obtain a correct view of the position of the machine in relation
to the surroundings. The machine can, for example, be present far away in a tunnel, or even around a corner, and it is
then difficult to see the position of the machine relative to the tunnel walls. The machine can also in this kind of control
be driven in a secure manner without the risk of collision by determining possible paths and controlling the machine
according to a possible path, where this possible path is selected at least partially based on the steering commands
from the operator.
[0128] There are also portable maneuvering systems where the machine is controlled by means of radio control
according to the above and another independent communication channel streams video to a monitor that the operator
is looking at. There is consequently in this case no cooperation between the systems, and this system consequently
consists of a simpler system in comparison to the above described remote control system. The present invention,
however, is applicable here as well.
[0129] Furthermore, the invention is also applicable in machines that are driven by an operator in a conventional
manner, i.e. from a maneuvering position arranged on the machine. Consequently, the invention can be used as support
also for a driver that is actually present onboard the machine, whereby the requirement of attention from the driver can
be reduced at the same time as the risk of collision at the lack of attention is reduced.
[0130] Consequently, the invention is not limited other than in regard of what is stated in the appended independent
claims, and the present invention relates to at least the following aspects and embodiments of a method and system for
for driving a mining and/or construction machine, and mining and/or construction machine.
[0131] In particular, the invention relates to a method for driving a mining and/or construction machine, where said
machine is arranged to be controlled by an operator by means of maneuvering means, where said operator, when driving
said machine, provides steering commands by means of said maneuvering means for maneuvering said machine,
characterized in that the method comprises, when said machine is being driven in an environment having at least a first
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obstacle:

- estimating a path that has been requested by said operator by means of said steering commands,

- by means of a control system determining whether said machine when moving according to said requested path
will be driven within a first distance from said first obstacle, and

- when said machine, when travelling along said path, will be driven within a first distance from said first obstacle,
influencing the path of said machine by means of said control system.

[0132] The environment may comprise a plurality of obstacles, and the method may further comprise:

- by means of said control system determining whether said machine when moving according to said requested path
will be driven within a first distance from at least one of said plurality of obstacles, and

- when said machine when travelling along said path will be driven within a first distance from at least one of said
plurality of obstacles, influencing the path of said machine by means of said control system.

[0133] Driving of said machine according to the path requested by said operator may be prevented.
[0134] Driving according to the path requested by the operator may be prevented by maneuvering said machine by
means of said control system according to another path, being different from the path requested by the operator.
[0135] When driving said machine, the machine may be controlled according to steering commands given by said
operator for as long as the path being requested by said steering commands will result in the machine being driven with
more than a first distance to said at least one obstacle.
[0136] When driving said machine, the machine may be controlled essentially according to the steering commands
given by said operator for as long as the path being requested by said steering commands results in the machine being
driven by more than a first distance to said at least one obstacle, where, during said control, a path is selected by said
control system that essentially corresponds to the steering commands given by the operator.
[0137] When determining whether said machine when moving according to said requested path will be driven within
a first distance from an obstacle, a shortest distance to obstacles along said requested path can be determined, where
said machine can be driven according to said requested path when said shortest distance to an obstacle along said
requested path exceeds said first distance.
[0138] The first distance can be determined based on a lateral and/or longitudinal distance to at least one obstacle
along said path.
[0139] When determining a distance to an obstacle for said requested path, said path can be defined as area in front
of the machine having a width corresponding to the width of the machine with the addition of a first safety distance,
wherein obstacles within said area constitutes obstacles in said path. A lateral safety distance of said machine can be
set to different values for each side of said machine, respectively. The difference in safety distance can at least partially
be determined by said operator. The safety distance of the outer side of the machine when turning may be dependent
on the turning angle of the machine. A steering angle dependent safety distance may be arranged to depend of the
length of the machine in front of the front wheel axle in the direction of travel. The safety distance on the outer side of
the machine when turning, which may be dependent on the turning angle of the machine, may be arranged to be applied
only in front of the machine.
[0140] The first distance may be a stopping distance for said machine at a current speed, or said stopping distance
with the addition of a second distance.
[0141] The inventive method may further comprise, when influencing the path of said machine:

- by means of said control system determining a plurality of possible paths of said machine, and wherein a drivability
is determined for each of said paths, and

- by means of said path requested by said operator and said drivability of said paths, select one of said plurality of paths.

[0142] A path where the distance to an obstacle along said path is below said first distance may be considered non-
drivable.
[0143] When none of said paths are considered drivable, said machine may be retarded. The paths may represent
different steering angles, respectively, of said machine.
[0144] The possible paths may consist of tracks, such as, for example, circular arcs, where said tracks may constitute
tracks that said machine would follow when set to said steering angles, respectively.
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[0145] The method may further comprise determining if drivable paths exist for a higher speed than the current speed,
where the speed of said machine may be increased when drivable paths for a higher speed exist.
[0146] A first speed of said machine may be determined and compared with a second speed, wherein said second
speed may be dependent on a steering angle of said vehicle and/or operator commands and/or distance to obstacle in
the surroundings, and the speed of said machine may be increased or decreased by means of said control system in
dependence of said second speed when said first speed deviates from said second speed.
[0147] The paths may be separated from each other by a steering angle separation in the interval 0-10 degrees.
[0148] One of said plurality of paths may be selected based on a weighted parameter value, wherein when determining
said weighted parameter value the path requested by the operator is represented by a first weight and the drivability of
a path, respectively, is represented by a second weight.
[0149] The first distance may be determined starting from a position in front of a reference point on said machine,
such as in front of the center of the front axle of the machine with respect to the direction of travel.
[0150] The second position may constitute a position at which said machine will be present within a first time.
[0151] A distance to said obstacle may be determined by means of sensors arranged on said machine.
[0152] The maneuvering means may consist of maneuvering means at a location being remote from said machine,
wherein said machine may be arranged to be remote controlled by said operator.
[0153] In said remote control, picture data from a camera directed in the direction of travel of said machine may be
shown on a display, wherein movement of said machine in the direction of travel may be shown in a direction inwards
into said display irrespective if the machine is moved in a forward or reverse direction.
[0154] The maneuvering means may be arranged at said machine, and wherein said machine may be arranged to be
maneuvered from a maneuvering position onboard said machine.
[0155] The determination of said path may be determined a plurality of times per second.
[0156] The invention also relates to a corresponding system and a mining- and/or construction machine comprising
such a system, where machine may constitute an articulated machine.

Claims

1. Method for driving a mining and/or construction machine (100), where said machine (100) is arranged to be controlled
by an operator by means of maneuvering means, where said operator, when driving said machine (100), provides
steering commands (510) by means of said maneuvering means for maneuvering said machine (100), characterized
in that the method comprises, when said machine (100) is being driven in an environment having at least a first
obstacle:

- estimating a path that has been requested by said operator by means of said steering commands (510),
- by means of a control system determining whether said machine (100) when moving according to said requested
path will be driven within a first distance from said first obstacle, and
- when said machine (100), when travelling along said path, will be driven within a first distance from said first
obstacle, influencing the path of said machine (100) by means of said control system, the method further
comprising, when influencing the path of said machine:

- by means of said control system determining a plurality of possible paths (601, 602; 702-704) of said
machine (100), and wherein a drivability is determined for each of said paths (601, 602; 702-704), and
- by means of said path requested by said operator and said drivability of said paths (601, 602; 702-704),
select one of said plurality of paths (601, 602; 702-704).

2. Method according to claim 1, wherein said environment comprises a plurality of obstacles, wherein the method
further comprises:

- by means of said control system determining whether said machine (100) when moving according to said
requested path will be driven within a first distance from at least one of said plurality of obstacles, and
- when said machine (100) when travelling along said path will be driven within a first distance from at least one
of said plurality of obstacles, influencing the path of said machine (100) by means of said control system

3. Method according to any of claims 1-2, wherein driving according to the path requested by the operator is prevented
by maneuvering said machine (100) by means of said control system according to another path, being different from
the path requested by the operator.
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4. Method according to any of the preceding claims, wherein, when driving said machine (100), the machine (100) is
controlled according to steering commands (510) given by said operator for as long as the path being requested by
said steering commands (510) will result in the machine (100) being driven with more than a first distance to said
at least one obstacle.

5. Method according to any of the preceding claims, wherein, when driving said machine (100), the machine (100) is
controlled essentially according to the steering commands (510) given by said operator for as long as the path being
requested by said steering commands (510) results in the machine (100) being driven by more than a first distance
to said at least one obstacle, where, during said control, a path (601, 602; 702-704) is selected by said control
system that essentially corresponds to the steering commands (510) given by the operator.

6. Method according to any of the preceding claims, wherein, when determining a distance to an obstacle for said
requested path, said path is defined as area (801) in front of the machine (100) having a width corresponding to the
width of the machine (100) with the addition of a first safety distance (dsc), wherein obstacles within said area
constitutes obstacles in said path.

7. Method according to claim 6, wherein the safety distance (dsc, dcc) of the outer side of the machine (100) when
turning is dependent on the turning angle of the machine (100).

8. Method according to claim 7, wherein the steering angle dependent safety distance (dsc, dcc) is dependent of the
length of the machine (100) in front of the front wheel axle in the direction of travel.

9. Method according to any of claims 7-8, wherein the safety distance (dsc, dcc) on the outer side of the machine (100)
when turning, which is dependent on the turning angle of the machine (100), is applied only in front of the machine
(100).

10. Method according to any of the preceding claims, wherein said first distance is a stopping distance for said machine
(100) at a current speed, or said stopping distance with the addition of a second distance.

11. Method according to claim 10, wherein said paths represent different steering angles, respectively, of said machine
(100) .

12. Method according to any of the claims 10-11, further comprising selecting one of said plurality of paths based on a
weighted parameter value, wherein when determining said weighted parameter value the path requested by the
operator is represented by a first weight and the drivability of a path, respectively, is represented by a second weight.

13. Method according to any of the preceding claims, further comprising determining said first distance starting from a
position in front of a reference point on said machine (100), such as in front of the center of the front axle of the
machine (100) with respect to the direction of travel.

14. System for driving a mining and/or construction machine (100), where said machine (100) is arranged to be controlled
by an operator by means of maneuvering means, where said operator, when driving said machine (100), provides
steering commands (510) by means of said maneuvering means for maneuvering said machine (100), characterized
in that the system comprises means for, when said machine (100) is being driven in an environment having at least
a first obstacle:

- estimating a path that has been requested by said operator by means of said steering commands (510),
- by means of a control system determining whether said machine (100), when moving according to said re-
quested path, will be driven within a first distance from said first obstacle, and
- when said machine (100), when travelling along said path, will be driven within a first distance from said first
obstacle, influencing the path of said machine (100) by means of said control system, the system further com-
prising means for, when influencing the path of said machine (100):

- by means of said control system determining a plurality of possible paths (601, 602; 702-704) of said
machine (100), and wherein a drivability is determined for each of said paths (601, 602; 702-704), and
- by means of said path requested by said operator and said drivability of said paths, select one of said
plurality of paths (601, 602; 702-704).
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15. Mining- and/or construction machine (100), characterized in that it comprises a system according to claim 14.

Patentansprüche

1. Verfahren zum Fahren einer Bergwerks- und/oder Baumaschine (100), wobei die Maschine (100) ausgelegt ist,
durch einen Bediener mittels Manövriermitteln gesteuert zu werden, wobei der Bediener, wenn er die Maschine
(100) fährt, Lenkbefehle (510) mittels der Manövriermittel zum Manövrieren der Maschine (100) ausgibt, dadurch
gekennzeichnet, dass das Verfahren Folgendes umfasst, wenn die Maschine (100) in einer Umgebung gefahren
wird, die mindestens ein erstes Hindernis aufweist:

- Schätzen eines Wegs, der mittels der Lenkbefehle (510) von dem Bediener angefragt worden ist,
- Bestimmen mittels eines Steuersystems, ob die Maschine (100), wenn sie sich gemäß dem angefragten Weg
bewegt, innerhalb einer ersten Distanz von dem ersten Hindernis gefahren werden wird, und
- wenn die Maschine (100), wenn sie sich entlang des Wegs fortbewegt, innerhalb einer ersten Distanz von
dem ersten Hindernis gefahren werden wird, Beeinflussen des Wegs der Maschine (100) mittels des Steuer-
systems, wobei das Verfahren, wenn der Weg der Maschine beeinflusst wird, ferner umfasst:

- Bestimmen mittels des Steuersystems mehrerer möglicher Wege (601, 602; 702-704) der Maschine (100)
und worin eine Befahrbarkeit für jeden der Wege (601, 602; 702-704) bestimmt wird, und
- mittels des von dem Bediener angefragten Wegs und der Befahrbarkeit der Wege (601, 602; 702-704)
Auswählen eines der mehreren Wege (601, 602; 702-704) .

2. Verfahren nach Anspruch 1, wobei die Umgebung mehrere Hindernisse umfasst, wobei das Verfahren ferner um-
fasst:

- Bestimmen mittels des Steuersystems, ob die Maschine (100), wenn sie sich gemäß dem angefragten Weg
bewegt, innerhalb einer ersten Distanz von mindestens einem der mehreren Hindernisse gefahren werden wird,
und
- wenn die Maschine (100), wenn sie sich entlang des Wegs fortbewegt, innerhalb einer ersten Distanz von
mindestens einem der mehreren Hindernisse gefahren werden wird, Beeinflussen des Wegs der Maschine
(100) mittels des Steuersystems.

3. Verfahren nach einem der Ansprüche 1-2, wobei das Fahren gemäß dem von dem Bediener angefragten Weg
verhindert wird, indem die Maschine (100) mittels des Steuersystems gemäß einem anderen Weg, der von dem
von dem Bediener angefragten Weg verschieden ist, manövriert wird.

4. Verfahren nach einem der vorhergehenden Ansprüche, wobei beim Fahren der Maschine (100) die Maschine (100)
gemäß den Lenkbefehlen (510), die von dem Bediener gegeben werden, so lange gesteuert wird, wie der Weg, der
durch die Lenkbefehle (510) angefragt wird, dazu führen wird, dass die Maschine (100) mit mehr als einer ersten
Distanz zu dem mindestens einen Hindernis gefahren wird.

5. Verfahren nach einem der vorhergehenden Ansprüche, wobei beim Fahren der Maschine (100) die Maschine (100)
im Wesentlichen gemäß den von dem Bediener gegebenen Lenkbefehlen (510) so lange gesteuert wird, wie der
Weg, der durch die Lenkbefehle (510) angefragt wird, dazu führt, dass die Maschine (100) um mehr als eine erste
Distanz zu dem mindestens einen Hindernis gefahren wird, wobei während der Steuerung ein Weg (601, 602;
702-704) von dem Steuersystem ausgewählt wird, das im Wesentlichen den von dem Bediener gegebenen Lenk-
befehlen (510) entspricht.

6. Verfahren nach einem der vorhergehenden Ansprüche, wobei, wenn eine Distanz zu einem Hindernis für den
angefragten Weg bestimmt wird, der Weg als Bereich (801) vor der Maschine (100) definiert wird, der eine Breite
aufweist, die der Breite der Maschine (100) mit der Hinzufügung einer ersten Sicherheitsdistanz (dsc) entspricht,
wobei Hindernisse innerhalb des Bereichs Hindernisse im Weg darstellen.

7. Verfahren nach Anspruch 6, wobei die Sicherheitsdistanz (dsc, dcc) der Außenseite der Maschine (100) beim Drehen
von dem Drehwinkel der Maschine (100) abhängt.

8. Verfahren nach Anspruch 7, wobei die vom Lenkwinkel abhängige Sicherheitsdistanz (dsc, dcc) von der Länge der
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Maschine (100) vor der Vorderradachse in Fahrtrichtung abhängig ist.

9. Verfahren nach einem der Ansprüche 7-8, wobei die Sicherheitsdistanz (dsc, dcc) an der Außenseite der Maschine
(100) beim Drehen, welche von dem Drehwinkel der Maschine (100) abhängig ist, nur vor der Maschine (100)
angewandt wird.

10. Verfahren nach einem der vorhergehenden Ansprüche, wobei die erste Distanz ein Bremsweg für die Maschine
(100) bei einer aktuellen Geschwindigkeit oder der Bremsweg mit der Hinzufügung einer zweiten Distanz ist.

11. Verfahren nach Anspruch 10, wobei die Wege jeweils unterschiedliche Lenkwinkel der Maschine (100) darstellen.

12. Verfahren nach einem der Ansprüche 10-11, ferner umfassend Auswählen eines der mehreren Wege basierend
auf einem gewichteten Parameterwert, wobei, wenn der gewichtete Parameterwert bestimmt wird, der von dem
Bediener angefragte Weg durch ein erstes Gewicht dargestellt wird bzw. die Befahrbarkeit eines Wegs durch ein
zweites Gewicht dargestellt wird.

13. Verfahren nach einem der vorhergehenden Ansprüche, ferner umfassend Bestimmen der ersten Distanz, die von
einer Position vor einem Referenzpunkt an der Maschine (100) aus beginnt, wie etwa vor der Mitte der Vorderachse
der Maschine (100) mit Bezug auf die Fahrtrichtung.

14. System zum Fahren einer Bergbau- und/oder Baumaschine (100), wobei die Maschine (100) ausgelegt ist, mittels
Manövriermitteln von einem Bediener gesteuert zu werden, wobei der Bediener beim Fahren der Maschine (100)
Lenkbefehle (510) mittels der Manövriermittel zum Manövrieren der Maschine (100) ausgibt, dadurch gekenn-
zeichnet, dass das System Mittel für Folgendes umfasst, wenn die Maschine (100) in einer Umgebung mit min-
destens einem ersten Hindernis gefahren wird:

- Schätzen eines Wegs, der von dem Bediener mittels der Lenkbefehle (510) angefragt worden ist,
- Bestimmen mittels eines Steuersystems, ob die Maschine (100), wenn sie sich gemäß dem angefragten Weg
bewegt, innerhalb einer ersten Distanz von dem ersten Hindernis gefahren werden wird, und
- wenn die Maschine (100), wenn sie sich entlang des Wegs fortbewegt, innerhalb einer ersten Distanz von
dem ersten Hindernis gefahren werden wird, Beeinflussen des Wegs der Maschine (100) mittels des Steuer-
systems, wobei das System, wenn der Weg der Maschine (100) beeinflusst wird, ferner Mittel für Folgendes
umfasst:

- Bestimmen mittels des Steuersystems mehrerer möglicher Wege (601, 602; 702-704) der Maschine (100)
und wobei eine Befahrbarkeit für jeden der Wege (601, 602; 702-704) bestimmt wird, und
- mittels des von dem Bediener angefragten Wegs und der Befahrbarkeit der Wege Auswählen eines der
mehreren Wege (601, 602; 702-704).

15. Bergbau- und/oder Baumaschine (100), dadurch gekennzeichnet, dass sie ein System nach Anspruch 14 umfasst.

Revendications

1. Procédé de conduite d’un engin d’exploitation minière et/ou de chantier (100), ledit engin (100) étant conçu pour
être commandé par un opérateur à l’aide de moyens de manoeuvre, ledit opérateur, lorsqu’il conduit ledit engin
(100), fournissant des instructions de direction (510) à l’aide desdits moyens de manoeuvre afin de manoeuvrer
ledit engin (100), caractérisé en ce que le procédé comprend, lorsque ledit engin (100) est conduit dans un
environnement comportant au moins un premier obstacle :

- estimer un trajet qui a été demandé par ledit opérateur à l’aide desdites instructions de direction (510),
- déterminer, à l’aide d’un système de commande, si ledit engin (100) sera conduit, lorsqu’il se déplace suivant
ledit trajet demandé, à une distance inférieure à une première distance à partir dudit premier obstacle, et
- lorsque ledit engin (100), lorsqu’il avance le long dudit trajet, sera conduit à une distance inférieure à une
première distance à partir dudit premier obstacle, influencer le trajet dudit engin (100) à l’aide dudit système
de commande, le procédé comprenant en outre, lors de l’exercice d’une influence sur le trajet dudit engin :

- déterminer, à l’aide dudit système de commande, une pluralité de trajets possibles (601, 602 ; 702 à 704)
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dudit engin (100), et un caractère praticable étant déterminé pour chacun desdits trajets (601, 602 ; 702 à
704), et
- sélectionner, à l’aide dudit trajet demandé par ledit opérateur et dudit caractère praticable desdits trajets
(601, 602 ; 702 à 704), un trajet parmi ladite pluralité de trajets (601, 602 ; 702 à 704) .

2. Procédé selon la revendication 1, dans lequel ledit environnement comprend une pluralité d’obstacles, le procédé
comprenant en outre :

- déterminer, à l’aide dudit système de commande, si ledit engin (100) sera conduit, lorsqu’il se déplace suivant
ledit trajet demandé, à une distance inférieure à une première distance à partir d’au moins un obstacle parmi
ladite pluralité d’obstacles, et
- lorsque ledit engin (100), lorsqu’il avance le long dudit trajet, sera conduit à une distance inférieure à une
première distance à partir d’au moins un obstacle parmi ladite pluralité d’obstacles, influencer le trajet dudit
engin (100) à l’aide dudit système de commande.

3. Procédé selon l’une quelconque des revendications 1 et 2, dans lequel le fait de manoeuvrer ledit engin (100) à
l’aide dudit système de commande suivant un autre trajet, différent du trajet demandé par l’opérateur, empêche la
conduite suivant le trajet demandé par l’opérateur.

4. Procédé selon l’une quelconque des revendications précédentes, dans lequel, lors de la conduite dudit engin (100),
l’engin (100) est commandé conformément à des instructions de direction (510) données par ledit opérateur tant
que le trajet demandé par lesdites instructions de direction (510) se traduit par la conduite de l’engin (100) à une
distance supérieure à une première distance par rapport au(x)dit(s) obstacle(s).

5. Procédé selon l’une quelconque des revendications précédentes, dans lequel, lors de la conduite dudit engin (100),
l’engin (100) est commandé essentiellement conformément aux instructions de direction (510) données par ledit
opérateur tant que le trajet demandé par lesdites instructions de direction (510) se traduit par la conduite de l’engin
(100) à une distance supérieure à une première distance par rapport au(x)dit(s) obstacle(s), ledit système de com-
mande sélectionnant, lors de ladite commande, un trajet (601, 602 ; 702 à 704) qui correspond essentiellement aux
instructions de direction (510) données par l’opérateur.

6. Procédé selon l’une quelconque des revendications précédentes, dans lequel, lors de la détermination d’une distance
par rapport à un obstacle pour ledit trajet demandé, ledit trajet est défini comme une zone (801) devant l’engin (100)
présentant une largeur correspondant à la largeur de l’engin (100) à laquelle est ajoutée une première distance de
sécurité (dsc), des obstacles au sein de ladite zone constituant des obstacles dans ledit trajet.

7. Procédé selon la revendication 6, dans lequel la distance de sécurité (dsc, dcc) du côté extérieur de l’engin (100)
lors d’un virage dépend de l’angle de virage de l’engin (100).

8. Procédé selon la revendication 7, dans lequel la distance de sécurité (dsc, dcc) dépendante de l’angle de direction
dépend de la longueur de l’engin (100) devant l’essieu avant dans la direction d’avance.

9. Procédé selon l’une quelconque des revendications 7 et 8, dans lequel la distance de sécurité (dsc, dcc) sur le côté
extérieur de l’engin (100) lors d’un virage, qui dépend de l’angle de virage de l’engin (100), est appliquée uniquement
devant l’engin (100).

10. Procédé selon l’une quelconque des revendications précédentes, dans lequel ladite première distance est une
distance d’arrêt pour ledit engin (100) à une vitesse actuelle, ou ladite distance d’arrêt à laquelle est ajoutée une
seconde distance.

11. Procédé selon la revendication 10, dans lequel lesdits trajets représentent respectivement différentes angles de
direction dudit engin (100).

12. Procédé selon l’une quelconque des revendications 10 et 11, comprenant en outre la sélection d’un trajet parmi
ladite pluralité de trajets en fonction d’une valeur de paramètre pondérée, le trajet demandé par l’opérateur étant,
lors de la détermination de ladite valeur de paramètre pondérée, représenté par un premier poids et le caractère
praticable d’un trajet étant respectivement représenté par un second poids.
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13. Procédé selon l’une quelconque des revendications précédentes, comprenant en outre la détermination de ladite
première distance en partant d’un emplacement situé devant un point de référence sur ledit engin (100), par exemple
devant le centre de l’essieu avant de l’engin (100) par rapport à la direction d’avance.

14. Système de conduite d’un engin d’exploitation minière et/ou de chantier (100), ledit engin (100) étant conçu pour
être commandé par un opérateur à l’aide de moyens de manoeuvre, ledit opérateur, lorsqu’il conduit ledit engin
(100), fournissant des instructions de direction (510) à l’aide desdits moyens de manoeuvre afin de manoeuvrer
ledit engin (100), caractérisé en ce que le système comprend des moyens destinés, lorsque ledit engin (100) est
conduit dans un environnement comportant au moins un premier obstacle, à :

- estimer un trajet qui a été demandé par ledit opérateur à l’aide desdites instructions de direction (510),
- déterminer, à l’aide d’un système de commande, si ledit engin (100) sera conduit, lorsqu’il se déplace suivant
ledit trajet demandé, à une distance inférieure à une première distance à partir dudit premier obstacle, et
- lorsque ledit engin (100), lorsqu’il avance le long dudit trajet, sera conduit à une distance inférieure à une
première distance à partir dudit premier obstacle, influencer le trajet dudit engin (100) à l’aide dudit système
de commande, le système comprenant en outre des moyens destinés, lors de l’exercice d’une influence sur le
trajet dudit engin (100), à :

- déterminer, à l’aide dudit système de commande, une pluralité de trajets possibles (601, 602 ; 702 à 704)
dudit engin (100), et un caractère praticable étant déterminé pour chacun desdits trajets (601, 602 ; 702 à
704), et
- sélectionner, à l’aide dudit trajet demandé par ledit opérateur et dudit caractère praticable desdits trajets,
un trajet parmi ladite pluralité de trajets (601, 602 ; 702 à 704).

15. Engin d’exploitation minière et/ou de chantier (100) caractérisé en ce qu’il comprend un système selon la reven-
dication 14.



EP 2 780 770 B1

24



EP 2 780 770 B1

25



EP 2 780 770 B1

26



EP 2 780 770 B1

27



EP 2 780 770 B1

28



EP 2 780 770 B1

29



EP 2 780 770 B1

30



EP 2 780 770 B1

31



EP 2 780 770 B1

32



EP 2 780 770 B1

33



EP 2 780 770 B1

34



EP 2 780 770 B1

35



EP 2 780 770 B1

36



EP 2 780 770 B1

37

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• DE 102010028911 A1 [0011]


	bibliography
	description
	claims
	drawings
	cited references

