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Description

Field of the invention

[0001] The present invention relates to work machines,
and more particularly to controlling the automated oper-
ation mode of a work machine.

Background of the invention

[0002] Various mining vehicles, such as rock drilling
equipment, loading equipment and transport equipment,
are used in a mine. Mining vehicles may be manned or
unmanned. Unmanned mining vehicles may be remote-
controlled by an operator from a control station, for in-
stance, and they may be equipped with measuring in-
struments suitable for location determination. Unmanned
mining vehicles may be operated automatically, e.g. driv-
en along a desired route in the mine, as long as the lo-
cation of the device can be determined. The automated
operation may be carried out in a surface or underground
operating area.
[0003] An automatically operated mining vehicle may
encounter an unexpected condition, which may neces-
sarily not be tackled by the automated settings of the
mining vehicle. Examples of such unexpected conditions
may comprise locations in a hole being drilled comprising
water or a fracture and locations where the properties of
the rock material suddenly change. Such unexpected
conditions may also relate to obstacles hindering the min-
ing vehicle from moving to desired direction. Typically,
when an automatically operated mining vehicle encoun-
ters such unexpected condition, the automated operation
is interrupted, the mining vehicle is stopped and possibly
the operator at the remote control station is notified by
an alarm. The operator may then take over the mining
vehicle to remote manual operation and solve the prob-
lem causing the interruption of the automated operation
by operating the mining vehicle manually over the unex-
pected condition.
[0004] However, taking over the mining vehicle to re-
mote manual operation requires further operations of
shutting down the automated operation mode and estab-
lishing a remote control channel to the mining vehicle in
order to operate the mining vehicle manually. On the oth-
er hand, taking over the mining vehicle to remote manual
operation mode during the automated operation mode
causes the mining vehicle to stop its operation immedi-
ately. Any such interruptions reduce the efficiency of the
mining operations. Partly for this reason, operators at the
remote control station tend to allow the automated oper-
ation mode to continue until an unexpected condition is
encountered, thereby possibly causing the mining vehi-
cle to stop. However, the automated operation mode may
have caused the mining vehicle to end up to a very difficult
situation, and solving the problem caused thereby man-
ually may take a long time.
[0005] Examples of methods of control of mining vehi-

cles and drilling equipment are shown in the documents
US 2001/0050186, US 2003/0015351, US
2013/0060458, and DE 44 45 420 C1.

Summary of the invention

[0006] An improved method and technical equipment
implementing the method has now been developed for
controlling the automated operation mode of the mining
vehicle. Various aspects of the invention include a meth-
od, a working machine and a computer program product,
which are characterized by what is stated in the inde-
pendent claims. Various embodiments of the invention
are disclosed in the dependent claims.
[0007] According to a first aspect, there is provided a
method for controlling an automated drilling process on
a work machine as defined by claim 1. According to an
embodiment, the method further comprises controlling,
in response to a manually assisted operation carried out
by the operator being completed, the work machine to
continue the automated drilling process.
[0008] According to an embodiment, the manually as-
sisted operation comprises, in response to providing said
option to a remote operator, establishing a control chan-
nel between a control station and the work machine; re-
ceiving manually submitted control commands via said
control channel at the work machine; and disconnecting
said control channel such that the automated drilling
process is continued.
[0009] According to an embodiment, the operator car-
ries out the manually assisted operation at a cabin of the
work machine.
[0010] According to an embodiment, the manually as-
sisted operation comprises determining one or more
functionalities for assisting the operations of the work ma-
chine at said point; providing the remote operator with
said one or more functionalities as options to select; in
response to the remote operator selecting one of said
functionalities, carrying out control operations according
to the selected functionality at the work machine; and
continuing the automated drilling process.
[0011] According to an embodiment, the control oper-
ations according to the selected functionality comprise
at least one of the following:

- automatically switching off suction of drilling cuttings
in response to the reference data indicating the drill-
ing process of the hole being drilled approaching a
point comprising water;

- automatically moving a suction head up or down ac-
cording to the expected rock conditions and/or ex-
pected points comprising water;

- reducing drilling feed power in response to the ref-
erence data indicating the drilling process of the hole
being drilled approaching a void;

- adjusting drilling feed power and/or percussion to be
suitable for expected type of rock material;

- changing the drilling control mode and/or the drilling
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control parameters according to the expected rock
conditions.

[0012] According to an embodiment, the method fur-
ther comprises storing one or more sets of drilling pa-
rameters, drilling control modes and/or drilling control pa-
rameters in a memory of the work machine; linking said
set of drilling parameters, said drilling control mode
and/or said drilling control parameter to one or more drill-
ing conditions, where such parameters or control modes
are suitable to use; and in response to the reference data
indicating the drilling process of the hole being drilled
approaching a specific drilling condition, retrieving from
the memory a set of drilling parameters, a drilling control
mode and/or a drilling control parameter suitable for said
drilling condition to be used in said control operations.
According to an embodiment, said manually assisted op-
eration relates only to a sub-process of the automated
drilling process, and the method further comprises con-
tinuing other sub-processes of the automated drilling
process of the work machine while the operator carries
out said manually assisted operation.
[0013] According to an embodiment, the data deter-
mining operations of the work machine is one or more of
the following:

- measurement data obtained from one or more sen-
sors of the work machine;

- measurement data obtained from at least one other
work machine;

- user data submitted by an operator of at least one
work machine describing operation conditions of an
operating area and/or the work machine.

[0014] According to a second aspect, there is provided
a work machine as defined by claim 8. According to a
third aspect, there is provided a computer program prod-
uct as defined by claim 15. These and other aspects of
the invention and the embodiments related thereto will
become apparent in view of the detailed disclosure of the
embodiments further below.

List of drawings

[0015] In the following, various embodiments of the in-
vention will be described in more detail with reference to
the appended drawings, in which

Fig. 1 shows a schematic representation of a rock
drilling apparatus as an example of a work ma-
chine suitable for implementing the embodi-
ments of the invention;

Fig. 2 shows a flow chart for a control method of a
work machine according to an embodiment of
the invention;

Fig. 3 shows a block diagram of a system for carrying

out the control method of a work machine; and

Fig. 4 shows an exemplified block diagram of co-func-
tional modules according to an embodiment of
the invention.

Description of embodiments

[0016] The presently disclosed embodiments are ap-
plicable, in particular, to various remotely operatable
work machines used in mining industry. Particular exam-
ples of such work machines are mining and construction
apparatuses, such as various mobile rock drilling ma-
chines. A mining apparatus may be a mobile mining ap-
paratus, which may be referred to as a mining vehicle,
or a stationary mining apparatus. It should also be noted
that, in general, a mining apparatus may also refer to
various machines used for rock excavation in a surface
or underground operating area. In this context, the term
"rock" is to be understood broadly to cover also a boulder,
rock material, crust and other relatively hard material.
[0017] Fig. 1 shows an example of a rock drilling ap-
paratus 100, such as a rock drilling rig comprising a mov-
able carrier 102, one or more drilling booms 104 and
drilling units 106 arranged in the drilling booms 104. The
drilling unit 106 comprises a feed beam 108 on which a
rock drill 110 can be moved by means of a feed motor
(not shown in Fig. 1). Further, the drilling unit 106 com-
prises a tool 112 with which the impact pulses given by
a percussion device (not shown in Fig. 1) of the rock drill
110 are transmitted to the rock to be drilled. The rock
drilling apparatus typically comprises a plurality of pumps
(not shown in Fig. 1) for generating hydraulic pressure
for operating various parts of the apparatus, for pumping
drilling fluid for lubricating, cooling, and cleaning a drilling
bit, and for pumping rock cuttings from the drill holes.
[0018] The rock drilling rig 100 further comprises at
least one control unit 114 arranged to control actuators
of the rock drilling rig 100, the actuators being arranged
in a first control system. The control unit 114 may be a
computer or a corresponding device, and it may comprise
a user interface with a display device as well as control
means for giving commands and information to the con-
trol unit 114. The control unit 114 and its user interface
are typically located within a cabin 116 of the rock drilling
apparatus 100.
[0019] Further, the rock drilling apparatus 100 may
have a data transfer unit 118, with which the control unit
112 may establish a data transmission connection to a
second control system external to the rock drilling appa-
ratus 100 by utilising a wireless connection provided by
a base station 120. The second control system may re-
side at a control station 122 that may be arranged outside
the mine. The control systems may be computers
equipped with appropriate software. A remote operator
124 may monitor and control the operations of the rock
drilling apparatus 100 via the wireless connection.
[0020] Figure 1 is a simplified figure, and the control
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system of a mining vehicle, such as the rock drilling ap-
paratus 100, typically comprises several units for imple-
menting different control functions. The control system
of the mining vehicle may be a distributed entity consist-
ing of modules connected to a CAN (Controller Area Net-
work) bus, for example, and managing all measurements
and controls of the machine. The information system of
the control station 122 may also comprise one or more
servers, databases, operator workstations and a connec-
tion to other networks and systems.
[0021] The rock drilling rig of Figure 1 is disclosed here-
in only as an example of a mining vehicle where the em-
bodiments disclosed herein may be implemented. The
embodiments are equally applicable to any other mining
vehicles, such as various loading and transport equip-
ment used in mines.
[0022] Despite of whatever mining vehicle is used, the
control system of the mining vehicle preferably comprises
a positioning system or unit. Various methods may be
used for determining the location of the mining vehicle,
for example, depending on whether the mining vehicle
is used in surface drilling or in underground drilling. In
surface drilling, it is possible to use satellite navigation,
such as the GPS system, for determining the location
and orientation of the mining vehicle with sufficient ac-
curacy.
[0023] In underground drilling, the location of the min-
ing vehicle may be determined using a tachymetry proc-
ess. A sufficient number of navigation points with prede-
termined locations, for example in a tunnel to be exca-
vated, are used for linking a tachymeter to the xyz coor-
dinate system to be used. The mining vehicle is provided
with targets, the locations of which in relation to the origin
of the coordinate system of the mining vehicle have been
determined. The tachymeter is used for continuously
measuring the xyz coordinates of the targets. Moreover,
at least one point of the drilling pattern is determined in
a level of navigation. On the basis of these data, possibly
together with a curvature table, the length of the drilling
pattern and the inclination of the mining vehicle, the min-
ing vehicle may determine its location and the location
and the orientation of the drilling pattern.
[0024] Furthermore, regardless of whether a satellite
navigation or a tachymetry process is used for determin-
ing the location of the mining vehicle, the mining vehicle
and its sub-units, such as the drilling apparatus having
its booms and drilling unit, are preferably provided with
sufficient number of sensors, such as gyroscopes, com-
pass sensors, inclinometers, rotary encoders, linear en-
coders and accelerometers, for ensuring sufficient hole
position accuracy both for the feed alignment and the
drilling process. As a result, when the mining vehicle nav-
igated with sufficient accuracy carries out a drilling proc-
ess according to a drilling pattern, exact locations are
obtained for the drilled holes and they can be exactly
located in the coordinate system of the job site to be used
as future reference holes.
[0025] Thus, the operations of the mining vehicle may

be remotely controlled and monitored, as well as be au-
tomated to be carried out at least partly autonomously.
[0026] The mining vehicle may further be arranged to
obtain information about the operations of the mining ve-
hicle, as well as about the area where the mining vehicle
is operating. In the field of mining vehicles, an automated
drilling process generally refers to any operations, by
which the mining vehicle is moved in its operating area,
positioned as exactly as possible to a hole to be drilled
and carries out the drilling process.
[0027] For example, the rock drilling apparatus 100
may be provided with various sensors to detect states of
actuators and/or to measure conditions of different parts
of the apparatus and possibly to take measurements
about the environment. The sensors may include various
types of pressure sensors, accelerometers, magnetom-
eters, temperature sensors, etc. capable of providing re-
al-time measurements about the drilling process in gen-
eral, particularly about the conditions at the drill bit on
one hand, and about the properties of geological forma-
tion on the other hand. These real-time measurements
are referred to as measurement-while-drilling (MWD) or
logging-while-drilling (LWD).
[0028] On the basis of the measurements from the sen-
sors, MWD may provide drilling mechanics information.
The information provided by MWD about the conditions
at the drill bit may include, for example, rotational speed
of the drill, smoothness of the rotation, rotating pressure,
pressure on the percussion piston, torque and weight on
the drill bit, vibration type of the drill bit, temperature in
the hole, energy of percussion and rotation per drilled
volume/length, penetration per impact, penetration per
bit revolution, rotation torque, feed force, rotation-feed
pressure ratio, feed pressure-penetration rate ratio, etc.
[0029] Furthermore, measurements may be made for
obtaining a detailed record (log) of the geologic forma-
tions penetrated by a drill hole. In such measurements,
information about geological characteristics around the
drill hole, such as density, porosity, cleavage, resistivity,
fractioning, magnetic resonance and formation pressure,
are obtained.
[0030] Instead of or in addition to measurement infor-
mation obtained from the rock drilling apparatus, there
may be a separate measurement system arranged to
obtain one or more types of information regarding the
drilling mechanics and/or the geologic formations. Such
separate measurement system may be functionally con-
nected to the rock drilling apparatus, for example, for
transferring the measurement information to the rock
drilling apparatus.
[0031] Depending on the field of drilling and the forum
of discussion, the definitions of MWD and LWD may vary,
and therefore at least some of the measurements men-
tioned above may sometimes be referred to as logging-
while-drilling (LWD).
[0032] Typically, when starting to excavate rock, a drill-
ing pattern is designed comprising at least the locations
and the hole direction angles of the holes to be drilled in
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the coordinate system of the drilling pattern, as well as
the lengths of the holes to be drilled. While drilling the
drill holes according to the drilling pattern, the rock drilling
apparatus is preferably arranged to obtain measurement
data from the drilled holes. The measurement data may
comprise, for example, one or more data types of the
MWD and/or the LWD data mentioned above. The meas-
urement data may also comprise various analysis data
regarding, for example, the drilling dynamics and/or the
geologic formations, wherein for example one or more
data types of the MWD and/or the LWD data are used
as input data for various analysis algorithms. The meas-
urement data may be stored on a memory medium in
functional connection with the control unit.
[0033] Now according to an aspect of the invention,
the work machine is arranged to control the automated
drilling process on the basis of the data regarding previ-
ous operations of the work machine. Fig. 2 illustrates a
method for controlling an automated drilling process on
a work machine, such as the rock drilling apparatus.
[0034] In the method, data determining operations of
the work machine are obtained (200) from at least one
input. Reference data is generated (202) based on the
data determining previous operations of the work ma-
chine in substantially the same area. A region of interest
is detected (204) in the reference data, and in response
to the work machine or its drilling process approaching
a point corresponding to the region of interest in the ref-
erence data, the work machine is controlled (206) to pro-
vide an operator with an option to manually assist the
operations of the work machine at said point.
[0035] In other words, the operations of the work ma-
chine are monitored and reference data is generated on
the basis of data determining previous operations of the
work machine in substantially the same area. Herein, the
data determining previous operations may be measure-
ment data obtained from one or more sensors of the work
machine. It is also possible to use measurement data
obtained from at least one other work machine. For ex-
ample, another mining vehicle may have been operating
in the same operating area previously and may have
gathered measurement data using its own sensors. This
measurement data may be conveyed to the work ma-
chine in question e.g. via remote control station or by
direct wireless transmission between the work machines.
[0036] The data determining previous operations may
also be user data submitted by an operator of at least
one work machine describing operation conditions of an
operating area and/or the work machine.
[0037] Thereby, the data may be so-called silent
knowledge gathered from experience of another opera-
tor. Thus, a previous operator may have stored informa-
tion relating to e.g. problematic drilling conditions at a
certain location and/or depth or obstacles on a navigation
route. The stored data may also relate to the work ma-
chine in question e.g. difficulties in carrying out certain
operations by the work machine.
[0038] The reference data may be MWD and/or LWD

data from the previously drilled one or more holes, for
example. The reference data may be data received from
one or more scanners or distance measuring devices
about the environment of the work machine. Thus, the
reference data may be data describing geological surface
formations of the mine, for example in terms of its suita-
bility for the propagation of the work machine.
[0039] The reference data may be analysed, if neces-
sary, and a region of interest may be found in the refer-
ence data. Herein, the region of interest refers to any
data or analysed information, which may have influence
on the overall operation of the work machine in its current
location. Especially, it may refer any data relating to a
location in one or more previously drilled holes or a lo-
cation derived on the basis of one or more previously
drilled holes, which may have influence on the drilling
process of the work machine. The region of interest may
further be, for example, a region in the reference pattern,
one or more holes, one or more hole depths, one or more
hole depth intervals, data about detected obstacles, such
as tunnel wall or loose rock, that may be relevant to the
propagation of the work machine, etc.
[0040] At a moment, the operations of the work ma-
chine approach a point corresponding to the region of
interest in the reference data, which may refer to the drill-
ing process of at least one hole being drilled approaching
a point corresponding to the region of interest in the ref-
erence data, the region of interest being, for example, a
location comprising water or a fracture or a location where
the properties of the rock material change. It may also
refer to the work machine moving towards a location
where a previously detected obstacle may hinder the
propagation of the work machine.
[0041] When the operations of the work machine ap-
proach such a point, the work machine is controlled to
provide an operator with an option to manually assist the
operations of the work machine at said point. The oper-
ator may be a remote operator at a remote control statin
or an operator in the cabin of the work machine. In case
of the remote operator, the control unit of the work ma-
chine may send a notification to the control system of the
remote control station possibly arranged outside the
mine. The notification may be provided on the user inter-
face of the remote control station such that the remote
operator preferably notices the notification. After consid-
ering whether the situation is such that a manually as-
sisted operation could improve the performance of the
work machine over the detected region of interest, the
remote operator may initiate an appropriate manually as-
sisted operation.
[0042] The above arrangement is similarly applicable,
when the work machine is carrying out an automated
drilling process such that the operator is located in the
cabin of the work machine. Similarly, said notification
may be provided on the user interface of the work ma-
chine such that the operator preferably notices the noti-
fication. The operator in the cabin then carries out the
manually assisted operation, if considered necessary.
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[0043] According to an embodiment, in response to the
manually assisted operation carried out by the remote
operator is completed, the work machine is controlled to
continue the automated drilling process. Thus, when the
remote operator has manually assisted the work machine
over the detected region of interest, the work machine
returns to continue the automated drilling process. Thus,
no interruptions of the operation of the work machine are
caused and the efficiency of the drilling process may be
maintained high.
[0044] According to an embodiment, the manually as-
sisted operation relates only to a sub-process of the au-
tomated drilling process, and other sub-processes of the
automated drilling process of the work machine are con-
tinued while the operator carries out said manually as-
sisted operation. Thus, operator may concentrate to a
specific problem requiring human intervention, while the
work machine otherwise may continue its automated op-
eration.
[0045] According to an embodiment, the manually as-
sisted operation comprises, in response to providing said
option, establishing a control channel between a control
station and the work machine; receiving manually sub-
mitted control commands via said control channel at the
work machine; and disconnecting said control channel
such that the automated drilling process is continued.
[0046] Thereby, the remote operator may be provided
with the option to take control of the work machine, for
example by displaying a notification on the UI of the re-
mote station: "A cleavage approaching at the depth of
3.5 m, estimated time 40 seconds." In response to notic-
ing the notification, the remote operator may start to man-
ually controlling the drilling process, whereby the control
responsibility is automatically shifted to the remote op-
erator. The control responsibility remains at the remote
operator as long as he/she continues to manually control
the drilling process, and upon stopping the manual con-
trol, the work machine automatically returns to the auto-
mated operation mode. As another option, The UI of the
remote station may be provided with control means, such
as a button, for the remote operator to take the manual
control.
[0047] In order to the remote operator manually con-
trolling the work machine, a wireless control channel is
established between the control station and the work ma-
chine. The UI of the remote station may be provided with
a plurality of views, such as one or more camera views
captured from the viewpoint of the work machine and one
or more map views showing the location of the work ma-
chine in respect to the geography of the mine and/or the
drilling pattern and/or other work machines operating in
the same area. On the basis of these views and using
the control means of the remote station, such as a joystick
and/or a mouse and/or a touch pad and/or a touch dis-
play, the remote operator starts to operate the work ma-
chine manually over the difficult position.
[0048] The control signals of the control means are
transmitted as control commands via said control chan-

nel to the work machine. The remote operator may con-
tinue to operate the work machine manually as long as
necessary such that the difficult position has been
passed. Then the remote operator may terminate the
manual operation by disconnecting the control channel,
whereupon the work machine automatically returns to
continue the automated drilling process.
[0049] Instead of providing the remote operator with
an option to manually control the operation of the work
machine using the control means of remote station over
the control channel, the remote controller may be provid-
ed with an option to select a predetermined operation to
be carried out.
[0050] Thus, according to an embodiment, the manu-
ally assisted operation comprises determining one or
more functionalities for assisting the operations of the
work machine at said point; providing the remote operator
with said one or more functionalities as options to select;
in response to the remote operator selecting one of said
functionalities, carrying out control operations according
to the selected functionality at the work machine; and
continuing the automated drilling process.
[0051] Herein, the work machine may be arranged, up-
on noticing that the operation is approaching a point cor-
responding to the region of interest in the reference data,
to determine one or more functionalities that may assist
the operations of the work machine in a difficult position.
The remote operator may then be provided with said one
or more functionalities as options to select, for example
by displaying a notification on the UI of the remote station:
"A point possibly comprising water approaching in 50 cm.
Want to switch off suction?" The UI of the remote station
may be provided with selection means, such as a button,
for the remote operator to select at least one functionality
to be carried out.
[0052] Herein, no wireless control channel needs to be
established between the control station and the work ma-
chine, but the selection of the remote operator may be
transmitted to the work machine along with other com-
munication between the control station and the work ma-
chine. The work machine carries out the predetermined
functionality selected by the remote operator as a part of
the automated process and continues then the automat-
ed drilling process.
[0053] According to an embodiment, the control oper-
ations according to the selected functionality comprise
at least one of the following:

- automatically switching off suction of drilling cuttings
in response to the reference data indicating the drill-
ing process of the hole being drilled approaching a
point comprising water;

- reducing drilling feed power in response to the ref-
erence data indicating the drilling process of the hole
being drilled approaching a void;

- adjusting drilling feed power and/or percussion to be
suitable for expected type of rock material;

- changing the drilling control mode and/or the drilling
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control parameters according to the expected rock
conditions.

[0054] Consequently, when a region of interest possi-
bly having a major or a severe influence on the drilling
process of the hole being drilled is detected in the refer-
ence data, the remoter operator may be provided with
an option to control the drilling process appropriately by
adjusting at least one parameter of the drilling process.
[0055] According to an embodiment, the control oper-
ations according to the selected functionality comprise
changing navigation route of the work machine in re-
sponse to at least one of the following:

- detecting a forbidden area on a planned route;
- detecting the work machine to be too inclined;
- detecting a difficult position on a planned route.

[0056] Thus, in a manner similar to detecting possible
difficulties in the drilling process, when the reference data
comprises a region of interest, which may involve an ob-
stacle for the movements of the work machine, the re-
moter operator may be provided with an option to change
the navigation route accordingly. Such an option may
also be provided if, for example, the work machine, such
as a drilling rig, is in a too inclined alignment such that
the work machine cannot be driven along the originally
planned navigation route. A further example relates to
detecting a difficult position, such as a tunnel wall or an
edge of a bank, being close to the planned route, where-
upon the remoter operator may be provided with an op-
tion to change the navigation route to avoid said position.
[0057] The manually assisted operations may further
relate to supporting the work machine to be firmly in its
operating position. For example, a drilling rig should be
firmly supported in its operating position, possibly obtain-
ing ground contact through one or more ground supports,
before it can be safely and steadily operated.
[0058] Thus, according to an embodiment, the control
operations according to the selected functionality com-
prise manually assisting in providing ground support of
the work machine in response to at least one of the fol-
lowing:

- detecting the ground around the work machine to be
too inclined or slippery to support;

- detecting the work machine to be too inclined to sup-
port;

- detecting at least one support of the work machine
being incorrectly supported.

[0059] Herein, the work machine may observe the ref-
erence data relating to the ground around the work ma-
chine, and if a region of interest indicating the ground to
be, for example, too inclined or slippery to support the
work machine is detected, the remoter operator may be
provided with an option to manually assist in providing
ground support of the work machine. In a similar manner,

it may be detected that the work machine, such as a
drilling rig, is too inclined to be supported or supporting
the work machine has failed, the remoter operator may
again be provided with an option to manually assist in
providing ground support of the work machine.
[0060] A further field of operation where the manually
assisted operations may be provided to the operator is
positioning the work machine, for example as described
above in connection with the drilling apparatus having its
booms and drilling unit each being positioned in their cor-
rect operating position.
[0061] Therefore, according to an embodiment, the
control operations according to the selected functionality
comprise manually assisting positioning the work ma-
chine and/or its sub-units in response to at least one of
the following:

- obtaining a pre-warning of collision;
- detecting a feed beam touching ground;
- detecting a feed beam leaning on a tunnel wall;
- detecting at least one of the joints of the work ma-

chine not following correctly.

[0062] Herein, the pre-warning of collision may relate
to a situation, where the work machine starts to operate
in a difficult position such that there is a risk of a boom
to collide into another part of the work machine, e.g. a
cabin or the boom itself. The operator may manually as-
sist e.g. by controlling one of the joints of the work ma-
chine to move to a position where the automated process
may continue. This may also be the manually assisted
operation, when it is detected at least one of the joints of
the work machine does not follow correctly. If it is detect-
ed that the feed beam touching ground or leaning against
a tunnel wall, this may be indicated to the operator, who
then controls the feed beam to move to such position
where the automated process may continue.
[0063] According to an embodiment, one or more sets
of drilling parameters, drilling control modes and/or drill-
ing control parameters are stored in a memory of the
work machine. In the memory, each set of drilling param-
eters, a drilling control mode and/or a drilling control pa-
rameter may be linked to one or more drilling conditions,
where such parameters or control modes are suitable to
use. The drilling parameters, drilling control modes
and/or drilling control parameters may be determined on
the basis of at least one previously drilled hole, or they
may be calculated using an appropriate algorithm.
[0064] According to an embodiment, in response to the
reference data indicating the drilling process of the hole
being drilled approaching a specific rock condition, the
work machine is arranged to retrieve from the memory a
set of drilling parameters, a drilling control mode and/or
a drilling control parameter suitable for said drilling con-
dition to be used in said control operations.
[0065] In a use case example, the work machine is in
an automated process drilling rock type A with good drill-
ing parameters (e.g. good penetration rate, low levels of
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vibrations). The used drilling parameters have been
stored in the memory and linked to the rock type A. Next,
the work machine moves to drill rock type B and makes
changes to the drilling parameters. Later on, the drilling
process moves back to rock type A. Now, upon the ref-
erence data indicating the drilling process of the hole
being drilled approaches rock type A, the previously
stored drilling parameters offering high penetration rate
with low levels of vibrations for the rock type A can be
retrieved from the memory.
[0066] Herein, the work machine may be arranged to
send a notification to the remote station, the notification
showing the stored drilling parameters for the rock type
A and proving an option to take said drilling parameters
in use. The remote operator may then select to use said
parameters and give a user input via the UI of the remote
station to the work machine for using said drilling param-
eters.
[0067] In a similar manner, when the work machine is
operating in a mine, it may be arranged to store its nav-
igation parameters together with corresponding propa-
gation conditions, and when later on operating substan-
tially in the same area, the sored parameters may be
utilised. Thus, according to an embodiment, one or more
sets of navigation parameters are stored in a memory of
the work machine, said set of navigation parameters are
linked to one or more propagation conditions, where such
parameters are suitable to use, and in response to the
reference data indicating the navigation route of the work
machine approaching an obstacle, a set of navigation
parameters suitable for propagation to be used in said
control operations is retrieved from the memory.
[0068] According to an embodiment, the remote oper-
ator may be provided with an option to include his/her
notes to the user interface view of the remote station.
The note may relate to a certain event in the drilling proc-
ess (e.g. detected water or fractioning) or to navigation
(e.g. an area where manually assisted navigation is typ-
ically required) or to an operation or an observation made
by the operator, and the operator may include a note,
such as a text or a voice message, describing the event
more in detail. The user interface of the apparatus may
include a specific button ("event button") or any other
input means for including the note relating an event.
[0069] In the previous embodiments, the reference da-
ta may, at its simplest, be based on data from only one
previously drilled reference hole. The reference hole may
be, for example, the latest drilled hole or a hole locating
closest to the hole being drilled. The reference hole may
also be any other previously drilled hole, selected for ex-
ample from a field view of a drilling plan.
[0070] According to an embodiment, the reference da-
ta may be based on measurement data from a plurality
of previously drilled holes comprising for example a row
of reference holes, a fan of reference holes, any other
part of the drilling pattern or the whole drilling pattern.
Thus, the reference data may be based on measurement
data from two or three previously drilled holes, for exam-

ple.
[0071] The reference data may further be based on
measurement data from one or more holes previously
drilled using the same or another drilling rig, from one or
more previously drilled exploration holes (e.g. bore-
holes), from analysis data of chippings, or from geological
data obtained otherwise than by drilling, e.g. by scanning
or imaging a bank or the ground, or by using a geological
map or a mine map/scheme. If the measurement data is
obtained otherwise than by drilling, then a previously
drilled hole may be a virtual hole, which calculated and/or
estimated on the basis of said measurement data.
[0072] A skilled person appreciates that any of the em-
bodiments described above may be implemented as a
combination with one or more of the other embodiments,
unless there is explicitly or implicitly stated that certain
embodiments are only alternatives to each other.
[0073] The various embodiments of the invention can
be implemented with the help of computer program code
that resides in a memory and causes the relevant appa-
ratuses to carry out the invention. For example, a work
machine may comprise circuitry and electronics for han-
dling, receiving and transmitting data, computer program
code in a memory, and a processor that, when running
the computer program code, causes the machine to carry
out the features of an embodiment.
[0074] Fig. 3 shows a block diagram of a system for
carrying out a control process of the work machine. The
system comprises one or more processors PRO, and
memory MEM. The processors and memory may be in
one part of the system or distributed across different parts
and different apparatuses. For example, a work machine
control interface may have its own processor and/or
memory, a computer connected to the work machine its
own processor and memory, and other parts of the sys-
tem their own. The memory MEM may comprise software
SW executable on the processor PRO so that the system
may display items to the operator via a screen SCR and
accept input through buttons BUT, physical controls PC-
TRL like levers and joysticks, and/or through a touch
screen T-SCR. A part or all of the steps of an embodiment
may be carried out in software, and a part or all of the
steps may be carried out by control circuitry CIR. The
software may reside on a computer-readable non-tran-
sitory medium such as a USB stick or a data disc, and
the computer program code is stored on said medium.
Such a computer program product may be used to deliver
the functionalities of the invention to a system by instal-
lation or by using the computer-readable medium directly
for executing the program therefrom. The system may
comprise communication modules COMM for sending
and receiving data between the different parts and ap-
paratuses of the system.
[0075] As a further aspect of the invention, there is pro-
vided a computer program product, stored on a non-tran-
sitory memory medium, comprising computer program
code for carrying out a control process of a work machine,
the computer program code which, when executed by a
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processor, causes the work machine to perform: obtain-
ing, from at least one input, data determining operations
of the work machine; generating a reference data based
on the data determining previous operations of the work
machine in substantially the same area; detecting a re-
gion of interest in the reference data; and controlling, in
response to the work machine or its drilling process ap-
proaching a point corresponding to the region of interest
in the reference data, the work machine to provide an
operator with an option to manually assist the operations
of the work machine at said point.
[0076] The various embodiments of the invention may
be implemented as co-functional modules in the work
machine, the modules being preferably replaceable as
such. The modules may be implemented as hardware,
software or a combination of them. Fig. 4 shows an ex-
emplified block diagram of modules and their mutual
communication via a communication bus 400. The indi-
vidual sensors of the work machine are represented by
the sensor module 402. The measurement data obtained
from the sensors is communicated to the control unit
module 404 and the analysis module 406 via the com-
munication bus 400. The measurement data interpreted
and analyzed by the analysis module 406 may be pro-
vided to the user interface module 408, whereas the user
inputs obtained by the user interface module 408 are
communicated to the control unit module 804 and/or the
analysis module 406. The user interface module may fur-
ther be connected to the remote station for sending/re-
ceiving data to/from the remote operator. The data han-
dling module 410 creates and updates the reference data
according to the inputs from the analysis module 406 and
the user interface module 408.
[0077] It is obvious that the present invention is not
limited solely to the above-presented embodiments, but
it can be modified within the scope of the appended
claims.

Claims

1. A method for controlling an automated drilling proc-
ess on a mining vehicle, the method comprising:

obtaining, from at least one input, data describ-
ing current operation conditions of the mining
vehicle (200);
generating reference data based on the data de-
scribing previous operation conditions of the
mining vehicle in substantially the same area
(202);
detecting a region of interest in the reference
data, wherein the region of interest represents
any analysed data which may indicate difficul-
ties in the drilling process of the mining vehicle
in its current location (204); and
controlling, in response to the drilling process
approaching a point corresponding to the region

of interest in the reference data, the mining ve-
hicle to provide an operator with a notification of
the approaching point corresponding to the re-
gion of interest and with an option to manually
assist the drilling process of the mining vehicle
at said point (206).

2. The method according to claim 1, further comprising
controlling, in response to a manually assisted op-
eration carried out by the operator being completed,
the mining vehicle to continue the automated drilling
process.

3. The method according to claim 1 or 2, wherein the
manually assisted operation comprises, in response
to providing said option to a remote operator,
establishing a control channel between a control sta-
tion and the mining vehicle;
receiving manually submitted control commands via
said control channel at the mining vehicle; and
disconnecting said control channel such that the au-
tomated drilling process is continued.

4. The method according to claim 1 or 2, wherein the
manually assisted operation comprises
determining one or more functionalities for assisting
the drilling process of the mining vehicle at said point;
providing a remote operator with said one or more
functionalities as options to select;
in response to the remote operator selecting one of
said functionalities, carrying out control operations
according to the selected functionality at the mining
vehicle; and
continuing the automated drilling process.

5. The method according to claim 4, wherein
the control operations according to the selected func-
tionality comprise at least one of the following:

- automatically switching off suction of drilling
cuttings in response to the reference data indi-
cating the drilling process of the hole being
drilled approaching a point comprising water;
- automatically moving a suction head up or
down according to the expected rock conditions
and/or expected points comprising water;
- reducing drilling feed power in response to the
reference data indicating the drilling process of
the hole being drilled approaching a void;
- adjusting drilling feed power and/or percussion
to be suitable for expected type of rock material;
- changing the drilling control mode and/or the
drilling control parameters according to the ex-
pected rock conditions.

6. The method according to any preceding claim,
wherein
said manually assisted operation relates only to a
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sub-process of the automated drilling process, the
method further comprising
continuing other sub-processes of the automated
drilling process of the mining vehicle while the oper-
ator carries out said manually assisted operation.

7. The method according to any preceding claim,
wherein the data describing operation conditions of
the mining vehicle is one or more of the following:

- measurement data obtained from one or more
sensors of the mining vehicle;
- measurement data obtained from at least one
other mining vehicle;
- user data submitted by an operator of at least
one mining vehicle describing operation condi-
tions of an operating area and/or the mining ve-
hicle.

8. A mining vehicle (100) arranged to carry out an au-
tomated drilling process, the mining vehicle (100)
comprising:

at least one input for obtaining data describing
current operation conditions of the mining vehi-
cle (100);
a control system (114) arranged to generate a
reference data based on data describing previ-
ous operation conditions of the mining vehicle
(100) in substantially the same area, the control
system (114) being further arranged to
detect a region of interest in the reference data,
wherein the region of interest represents any an-
alysed data which may indicate difficulties in the
drilling process of the mining vehicle (100) in its
current location; and
control in response to the drilling process ap-
proaching a point corresponding to the region
of interest in the reference data, the mining ve-
hicle (100) to provide an operator with a notifi-
cation of the approaching point corresponding
to the region of interest and with an option to
manually assist the drilling process of the mining
vehicle (100) at said point.

9. The mining vehicle (100) according to claim 8,
wherein the control system (114) is further arranged
to
control, in response to a manually assisted operation
carried out by the operator being completed, the min-
ing vehicle (100) to continue the automated drilling
process.

10. The mining vehicle (100) according to claim 8 or 9,
wherein the control system (114) is further arranged
to
establish a control channel between a control station
and the mining vehicle (100);

receive manually submitted control commands via
said control channel from the remote control station;
and
disconnect said control channel such that the auto-
mated drilling process is continued.

11. The mining vehicle (100) according to claim 8 or 9,
wherein the control system (114) is further arranged
to
determine one or more functionalities for assisting
the drilling process of the mining vehicle (100) at said
point;
provide a remote operator with said one or more
functionalities as options to select;
in response to the remote operator selecting one of
said functionalities, carry out control operations ac-
cording to the selected functionality; and
continue the automated drilling process.

12. The mining vehicle (100) according to claim 11,
wherein
the control operations according to the selected func-
tionality comprise at least one of the following:

- automatically switching off suction of drilling
cuttings in response to the reference data indi-
cating the drilling process of the hole being
drilled approaching a point comprising water;
- automatically moving a suction head up or
down according to the expected rock conditions
and/or expected points comprising water;
- reducing drilling feed power in response to the
reference data indicating the drilling process of
the hole being drilled approaching a void;
- adjusting drilling feed power and/or percussion
to be suitable for expected type of rock material;
- changing the drilling control mode and/or the
drilling control parameters according to the ex-
pected rock conditions.

13. The mining vehicle (100) according to any of claims
8 - 12, wherein
said manually assisted operation relates only to a
sub-process of the automated drilling process, and
the control system (114) is further arranged to
continue other sub-processes of the automated drill-
ing process of the mining vehicle (100) while the op-
erator carries out said manually assisted operation.

14. The mining vehicle (100) according to any of claims
8 - 13, wherein the data describing operation condi-
tions of the mining vehicle (100) is one or more of
the following:

- measurement data obtained from one or more
sensors of the mining vehicle (100);
- measurement data obtained from at least one
other mining vehicle;
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- user data submitted by an operator of at least
one mining vehicle describing operation condi-
tions of an operating area and/or the mining ve-
hicle.

15. A computer program product, stored on a non-tran-
sitory memory medium, comprising computer pro-
gram code for carrying out a control process of a
mining vehicle (100), the computer program code
which, when executed by a processor, causes the
mining vehicle (100) to perform:

obtaining, from at least one input, data describ-
ing current operation conditions of the mining
vehicle (100);
generating a reference data based on the data
describing previous operation conditions of the
mining vehicle (100) in substantially the same
area;
detecting a region of interest in the reference
data, wherein the region of interest represents
any analysed data which may indicate difficul-
ties in the drilling process of the mining vehicle
(100) in its current location; and
controlling, in response to the drilling process
approaching a point corresponding to the region
of interest in the reference data, the mining ve-
hicle (100) to provide an operator with a notifi-
cation of the approaching point corresponding
to the region of interest and with an option to
manually assist the drilling process of the mining
vehicle (100) at said point.

Patentansprüche

1. Verfahren zur Regelung eines automatisierten Bohr-
prozesses auf einem Bergbaufahrzeug, wobei das
Verfahren umfasst:

Erhalten von Daten, die gegenwärtige Betriebs-
bedingungen des Bergbaufahrzeugs beschrei-
ben, von mindestens einem Eingang (200);
Generieren von Referenzdaten auf Grundlage
der Daten, die vorherige Betriebsbedingungen
des Bergbaufahrzeugs in im Wesentlichen dem-
selben Gebiet beschreiben (202);
Detektieren eines Bereichs von Interesse in den
Referenzdaten, wobei der Bereich von Interes-
se jedwede analysierten Daten darstellt, die auf
Schwierigkeiten in dem Bohrprozess des Berg-
baufahrzeugs an seinem gegenwärtigen Stand-
ort hinweisen könnten (204); und
Regeln des Bergbaufahrzeugs in Reaktion dar-
auf, dass der Bohrprozess sich einem Punkt nä-
hert, der dem Bereich von Interesse in den Re-
ferenzdaten entspricht, um eine Benachrichti-
gung des nahenden Punkts, der dem Bereich

von Interesse entspricht, und eine Option, um
den Bohrprozess des Bergbaufahrzeugs an die-
sem Punkt manuell zu unterstützen, für einen
Bediener bereitzustellen (206).

2. Verfahren nach Anspruch 1, weiter umfassend
Regeln des Bergbaufahrzeugs in Reaktion darauf,
dass ein manuell unterstützter Vorgang, der von dem
Bediener ausgeführt wurde, abgeschlossen ist, um
den automatisierten Bohrprozess fortzusetzen.

3. Verfahren nach Anspruch 1 oder 2, wobei der ma-
nuell unterstützte Vorgang in Reaktion auf das Be-
reitstellen der Option für einen entfernten Bediener
umfasst:

Erzeugen eines Regelungskanals zwischen ei-
ner Regelungsstation und dem Bergbaufahr-
zeug;
Empfangen von manuell übermittelten Rege-
lungsbefehlen über den Regelungskanal an
dem Bergbaufahrzeug; und
Trennen des Regelungskanals, so dass der au-
tomatisierte Bohrprozess fortgesetzt wird.

4. Verfahren nach Anspruch 1 oder 2, wobei der ma-
nuell unterstützte Vorgang umfasst:

Bestimmen einer oder mehrerer Funktionalitä-
ten zum Unterstützen des Bohrprozesses des
Bergbaufahrzeugs an dem Punkt;
Bereitstellen der einen oder mehreren Funktio-
nalitäten für einen entfernten Bediener als Op-
tionen zum Auswählen;
in Reaktion darauf, dass der entfernte Bediener
eine der Funktionalitäten auswählt, Ausführen
von Regelungsvorgängen gemäß der ausge-
wählten Funktionalität an dem Bergbaufahr-
zeug; und
Fortsetzen des automatisierten Bohrprozesses.

5. Verfahren nach Anspruch 4, wobei
die Regelungsvorgänge gemäß der ausgewählten
Funktionalität mindestens eines der Folgenden um-
fassen:

- Automatisches Abschalten des Absaugens
von Bohrklein in Reaktion darauf, dass die Re-
ferenzdaten darauf hinweisen, dass der Bohr-
prozess des Lochs, das gebohrt wird, sich einem
Punkt nähert, der Wasser umfasst;
- Automatisches Bewegen eines Absaugkopfs
nach oben oder unten gemäß der erwarteten
Gesteinsbedingungen und/oder erwarteten
Punkte, die Wasser umfassen;
- Verringern einer Bohrzuführleistung in Reakti-
on darauf, dass die Referenzdaten darauf hin-
weisen, dass der Bohrprozess des Lochs, das
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gebohrt wird, sich einem Hohlraum nähert;
- Anpassen der Bohrzuführleistung und/oder ei-
nes Schlags, so dass diese/r sich für das erwar-
tete Gesteinsmaterial eignet;
- Ändern des Bohrregelungsmodus und/oder
der Bohrregelungsparameter gemäß den er-
warteten Gesteinsbedingungen.

6. Verfahren nach einem vorstehenden Anspruch, wo-
bei
der manuell unterstützte Vorgang sich lediglich auf
einen Untervorgang des automatisierten Bohrpro-
zesses bezieht, wobei das Verfahren weiter umfasst:

Fortsetzen anderer Untervorgänge des automa-
tisierten Bohrprozesses des Bergbaufahrzeugs,
während der Bediener den manuell unterstüt-
zend Vorgang ausführt.

7. Verfahren nach einem vorstehenden Anspruch, wo-
bei die Daten, die Betriebsbedingungen des Berg-
baufahrzeugs beschreiben, eines oder mehrere der
Folgenden sind:

- Messdaten, die von einem oder mehreren Sen-
soren des Bergbaufahrzeugs erhalten wurden;
- Messdaten, die von mindestens einem ande-
ren Bergbaufahrzeug erhalten wurden;
- Nutzerdaten, die von einem Bediener mindes-
tens eines Bergbaufahrzeugs übermittelt wur-
den und Betriebsbedingungen eines Betriebs-
gebiets und/oder des Bergbaufahrzeugs be-
schreiben.

8. Bergbaufahrzeug (100), das angeordnet ist, um ei-
nen automatisierten Bohrprozess auszuführen, wo-
bei das Bergbaufahrzeug (100), umfasst:

mindesten einen Eingang zum Erhalten von Da-
ten, die gegenwärtige Betriebsbedingungen des
Bergbaufahrzeugs (100) beschreiben;
ein Regelungssystem (114), das angeordnet ist,
um Referenzdaten auf Grundlage von Daten,
die vorherige Betriebsbedingungen des Berg-
baufahrzeugs (100) in im Wesentlichen demsel-
ben Gebiet beschreiben, zu generieren, wobei
das Regelungssystem (114) weiter angeordnet
ist, um
einen Bereich von Interesse in den Referenzda-
ten zu detektieren, wobei der Bereich von Inte-
resse jedwede analysierten Daten darstellt, die
auf Schwierigkeiten in dem Bohrprozess des
Bergbaufahrzeugs (100) an seinem gegenwär-
tigen Standort hinweisen könnten; und
das Bergbaufahrzeug (100) in Reaktion darauf,
dass der Bohrprozess sich einem Punkt nähert,
der dem Bereich von Interesse in den Referenz-
daten entspricht, zu regeln, um eine Benach-

richtigung des nahenden Punkts, der dem Be-
reich von Interesse entspricht, und eine Option,
um den Bohrprozess des Bergbaufahrzeugs
(100) an diesem Punkt manuell zu unterstützen,
für einen Bediener bereitzustellen.

9. Bergbaufahrzeug (100) nach Anspruch 8, wobei das
Regelungssystem (114) weiter angeordnet ist, um
das Bergbaufahrzeug (100) in Reaktion darauf, dass
ein manuell unterstützter Vorgang, der von dem Be-
diener ausgeführt wurde, abgeschlossen ist, zu re-
geln, um den automatisierten Bohrprozess fortzu-
setzen.

10. Bergbaufahrzeug (100) nach Anspruch 8 oder 9, wo-
bei das Regelungssystem (114) weiter angeordnet
ist, um

einen Regelungskanal zwischen einer Rege-
lungsstation und dem Bergbaufahrzeug (100)
zu erzeugen;
manuell übermittelte Regelungsbefehle über
den Regelungskanal von der entfernten Rege-
lungsstation zu empfangen; und
den Regelungskanal zu trennen, so dass der
automatisierte Bohrprozess fortgesetzt wird.

11. Bergbaufahrzeug (100) nach Anspruch 8 oder 9, wo-
bei das Regelungssystem (114) weiter angeordnet
ist, um

eine oder mehrerer Funktionalitäten zum Unter-
stützen des Bohrprozesses des Bergbaufahr-
zeugs (100) an dem Punkt zu bestimmen;
die einen oder mehreren Funktionalitäten für ei-
nen entfernten Bediener als Optionen zum Aus-
wählen bereitzustellen;
in Reaktion darauf, dass der entfernte Bediener
eine der Funktionalitäten auswählt, Regelungs-
vorgänge gemäß der ausgewählten Funktiona-
lität auszuführen; und
den automatisierten Bohrprozesses fortzuset-
zen.

12. Bergbaufahrzeug (100) nach Anspruch 11, wobei
die Regelungsvorgänge gemäß der ausgewählten
Funktionalität mindestens eines der Folgenden um-
fassen:

- Automatisches Abschalten des Absaugens
von Bohrklein in Reaktion darauf, dass die Re-
ferenzdaten darauf hinweisen, dass der Bohr-
prozess des Lochs, das gebohrt wird, sich einem
Punkt nähert, der Wasser umfasst;
- Automatisches Bewegen eines Absaugkopfs
nach oben oder unten gemäß der erwarteten
Gesteinsbedingungen und/oder erwarteten
Punkte, die Wasser umfassen;
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- Verringern einer Bohrzuführleistung in Reakti-
on darauf, dass die Referenzdaten darauf hin-
weisen, dass der Bohrprozess des Lochs, das
gebohrt wird, sich einem Hohlraum nähert;
- Anpassen der Bohrzuführleistung und/oder ei-
nes Schlags, so dass diese/r sich für das erwar-
tete Gesteinsmaterial eignet;
- Ändern des Bohrregelungsmodus und/oder
der Bohrregelungsparameter gemäß den er-
warteten Gesteinsbedingungen.

13. Bergbaufahrzeug (100) nach einem der Ansprüche
8 - 12, wobei

der manuell unterstützte Vorgang sich lediglich
auf einen Untervorgang des automatisierten
Bohrprozesses bezieht, und das Regelungssys-
tem (114) weiter angeordnet ist, um
andere Untervorgänge des automatisierten
Bohrprozesses des Bergbaufahrzeugs (100)
fortzusetzen, während der Bediener den manu-
ell unterstützend Vorgang ausführt.

14. Bergbaufahrzeug (100) nach einem der Ansprüche
8 - 13, wobei die Daten, die Betriebsbedingungen
des Bergbaufahrzeugs (100) beschreiben, eines
oder mehrere der Folgenden sind:

- Messdaten, die von einem oder mehreren Sen-
soren des Bergbaufahrzeugs (100) erhalten
wurden;
- Messdaten, die von mindestens einem ande-
ren Bergbaufahrzeug erhalten wurden;
- Nutzerdaten, die von einem Bediener mindes-
tens eines Bergbaufahrzeugs übermittelt wur-
den und Betriebsbedingungen eines Betriebs-
gebiets und/oder des Bergbaufahrzeugs be-
schreiben.

15. Computerprogrammprodukt, das auf einem nicht-
flüchtigen Speichermedium gespeichert ist, umfas-
send Computerprogrammcode zum Ausführen ei-
nes Regelungsprozesses eines Bergbaufahrzeugs
(100), wobei der Computerprogrammcode, wenn er
von einem Prozessor ausgeführt wird, das Bergbau-
fahrzeug (100) dazu bringt, Folgendes durchzufüh-
ren:

Erhalten von Daten, die gegenwärtige Betriebs-
bedingungen des Bergbaufahrzeugs (100) be-
schreiben, von mindestens einem Eingang;
Generieren von Referenzdaten auf Grundlage
der Daten, die vorherige Betriebsbedingungen
des Bergbaufahrzeugs (100) in im Wesentlichen
demselben Gebiet beschreiben;
Detektieren eines Bereichs von Interesse in den
Referenzdaten, wobei der Bereich von Interes-
se jedwede analysierten Daten darstellt, die auf

Schwierigkeiten in dem Bohrprozess des Berg-
baufahrzeugs (100) an seinem gegenwärtigen
Standort hinweisen könnten; und
Regeln des Bergbaufahrzeugs (100) in Reakti-
on darauf, dass der Bohrprozess sich einem
Punkt nähert, der dem Bereich von Interesse in
den Referenzdaten entspricht, um eine Benach-
richtigung des nahenden Punkts, der dem Be-
reich von Interesse entspricht, und eine Option,
um den Bohrprozess des Bergbaufahrzeugs
(100) an diesem Punkt manuell zu unterstützen,
für einen Bediener bereitzustellen.

Revendications

1. Procédé de commande d’un processus de forage
automatisé sur un véhicule d’exploitation minière, le
procédé comprenant :

l’obtention, à partir d’au moins une entrée, de
données décrivant des conditions de fonction-
nement actuelles du véhicule d’exploitation mi-
nière (200) ;
la génération de données de référence sur la
base de données décrivant des conditions de
fonctionnement précédentes du véhicule d’ex-
ploitation minière dans sensiblement la même
zone (202) ;
la détection d’une région d’intérêt dans les don-
nées de référence, dans lequel la région d’inté-
rêt représente toute donnée d’analyse qui peut
indiquer des difficultés dans le processus de fo-
rage du véhicule d’exploitation minière dans son
emplacement actuel (204) ; et
la commande, en réponse à l’approche du pro-
cessus de forage d’un point correspondant à la
région d’intérêt dans les données de référence,
du véhicule d’exploitation minière pour fournir à
un opérateur une notification que le point appro-
chant correspond à la région d’intérêt et une op-
tion pour aider manuellement le processus de
forage du véhicule d’exploitation minière au ni-
veau dudit point (206).

2. Procédé selon la revendication 1, comprenant en
outre
la commande, en réponse à l’achèvement d’une
opération aidée manuellement réalisée par l’opéra-
teur, du véhicule d’exploitation minière pour poursui-
vre le processus de forage automatisé.

3. Procédé selon la revendication 1 ou 2, dans lequel
l’opération aidée manuellement comprend, en ré-
ponse à la fourniture de ladite option à un opérateur
distant,
l’établissement d’un canal de commande entre une
station de commande et le véhicule d’exploitation
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minière ;
la réception des instructions de commande soumi-
ses manuellement par le biais dudit canal de com-
mande au niveau du véhicule d’exploitation minière ;
et
la déconnexion dudit canal de commande de sorte
que le processus de forage automatisé soit poursui-
vi.

4. Procédé selon la revendication 1 ou 2, dans lequel
l’opération aidée manuellement comprend
la détermination d’une ou de plusieurs fonctionnali-
tés pour aider le processus de forage du véhicule
d’exploitation minière au niveau dudit point ;
la fourniture à un opérateur distant de ladite une ou
desdites plusieurs fonctionnalités comme options à
sélectionner ;
en réponse à la sélection par l’opérateur distant
d’une desdites fonctionnalités, la réalisation d’opé-
rations de commande selon la fonctionnalité sélec-
tionnée au niveau du véhicule d’exploitation
minière ; et
la poursuite du processus de forage automatisé.

5. Procédé selon la revendication 4, dans lequel
les opérations de commande selon la fonctionnalité
sélectionnée comprennent au moins un de ce qui
suit :

- l’arrêt automatique de l’aspiration de débris de
forage en réponse à l’indication par les données
de référence que le processus de forage du trou
étant foré approche d’un point comprenant de
l’eau ;
- le déplacement automatique d’une tête d’as-
piration vers le haut ou le bas selon les condi-
tions de roche attendues et/ou les points atten-
dus comprenant de l’eau ;
- la réduction de la puissance d’alimentation de
forage en réponse à l’indication par les données
que le processus de forage du trou étant foré
approche d’un vide ;
- l’ajustement de la puissance d’alimentation de
forage et/ou de la percussion pour leur adapta-
tion au type attendu de matériau de roche ;
- le changement du mode de commande de fo-
rage et/ou des paramètres de commande de fo-
rage selon les conditions de roche attendues.

6. Procédé selon une quelconque revendication pré-
cédente, dans lequel
ladite opération aidée manuellement concerne seu-
lement un sous-processus du processus de forage
automatisé, le procédé comprenant en outre
la poursuite d’autres sous-processus du processus
de forage automatisé du véhicule d’exploitation mi-
nière alors que l’opérateur réalise ladite opération
aidée manuellement.

7. Procédé selon une quelconque revendication pré-
cédente, dans lequel les données décrivant les con-
ditions de fonctionnement du véhicule d’exploitation
minière sont une ou plusieurs de ce qui suit :

- des données de mesure obtenues à partir d’un
ou de plusieurs capteurs du véhicule d’exploita-
tion minière ;
- des données de mesure obtenues à partir d’au
moins un autre véhicule d’exploitation minière ;
- des données utilisateur soumises par un opé-
rateur d’au moins un véhicule d’exploitation mi-
nière décrivant des conditions de fonctionne-
ment d’une zone opérationnelle et/ou du véhi-
cule d’exploitation minière.

8. Véhicule d’exploitation minière (100) agencé pour
réaliser un processus de forage automatisé, le vé-
hicule d’exploitation minière (100) comprenant :

au moins une entrée pour obtenir des données
décrivant des conditions de fonctionnement ac-
tuelles du véhicule d’exploitation minière (100) ;
un système de commande (114) agencé pour
générer des données de référence sur la base
de données décrivant des conditions de fonc-
tionnement précédentes du véhicule d’exploita-
tion minière (100) dans sensiblement la même
zone, le système de commande (114) étant en
outre agencé pour
détecter une région d’intérêt dans les données
de référence, dans lequel la région d’intérêt re-
présente toute donnée analysée qui peut indi-
quer des difficultés dans le processus de forage
du véhicule d’exploitation minière (100) dans
son emplacement actuel ; et
commander, en réponse à l’approche du pro-
cessus de forage d’un point correspondant à la
région d’intérêt dans les données de référence,
le véhicule d’exploitation minière (100) pour
fournir à un opérateur une notification que le
point approchant correspond à la région d’inté-
rêt et une option pour aider manuellement le pro-
cessus de forage du véhicule d’exploitation mi-
nière (100) au niveau dudit point.

9. Véhicule d’exploitation minière (100) selon la reven-
dication 8, dans lequel le système de commande
(114) est en outre agencé pour
commander, en réponse à l’achèvement d’une opé-
ration aidée manuellement réalisée par l’opérateur,
le véhicule d’exploitation minière (100) pour poursui-
vre le processus de forage automatisé.

10. Véhicule d’exploitation minière (100) selon la reven-
dication 8 ou 9, dans lequel le système de comman-
de (114) est en outre agencé pour
établir un canal de commande entre une station de
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commande et le véhicule d’exploitation minière
(100) ;
recevoir des instructions de commande soumises
manuellement par le biais dudit canal de commande
du poste de commande distant ; et
déconnecter ledit canal de commande de sorte que
le processus de forage automatisé soit poursuivi.

11. Véhicule d’exploitation minière (100) selon la reven-
dication 8 ou 9, dans lequel le système de comman-
de (114) est en outre agencé pour
déterminer une ou plusieurs fonctionnalités pour
aider le processus de forage du véhicule d’exploita-
tion minière (100) au niveau dudit point ;
fournir à un opérateur distant ladite une ou lesdites
plusieurs fonctionnalités comme options à
sélectionner ;
en réponse à la sélection par l’opérateur distant
d’une desdites fonctionnalités, réaliser des opéra-
tions de commande selon la fonctionnalité
sélectionnée ; et
poursuivre le processus de forage automatisé.

12. Véhicule d’exploitation minière (100) selon la reven-
dication 11, dans lequel
les opérations de commande selon la fonctionnalité
sélectionnée comprennent au moins un de ce qui
suit :

- l’arrêt automatique de l’aspiration de débris de
forage en réponse à l’indication par les données
de référence que le processus de forage du trou
étant foré approche d’un point comprenant de
l’eau ;
- le déplacement automatique d’une tête d’as-
piration vers le haut ou le bas selon les condi-
tions de roche attendues et/ou les points atten-
dus comprenant de l’eau ;
- la réduction de la puissance d’alimentation de
forage en réponse à l’indication par les données
de référence que le processus de forage du trou
étant foré approche d’un vide;
- l’ajustement de la puissance d’alimentation de
forage et/ou de la percussion pour leur adapta-
tion au type attendu de matériau de roche ;
- le changement du mode de commande de fo-
rage et/ou des paramètres de commande de fo-
rage selon les conditions de roche attendues.

13. Véhicule d’exploitation minière (100) selon l’une
quelconque des revendications 8 à 12, dans lequel
ladite opération aidée manuellement concerne seu-
lement un sous-processus du processus de forage
automatisé, et le système de commande (114) est
en outre agencé pour
poursuivre d’autres sous-processus du processus
de forage automatisé du véhicule d’exploitation mi-
nière (100) alors que l’opérateur réalise ladite opé-

ration aidée manuellement.

14. Véhicule d’exploitation minière (100) selon l’une
quelconque des revendications 8 à 13, dans lequel
les données décrivant les conditions de fonctionne-
ment du véhicule d’exploitation minière (100) sont
une ou plusieurs de ce qui suit :

- des données de mesure obtenues à partir d’un
ou de plusieurs capteurs du véhicule d’exploita-
tion minière (100) ;
- des données de mesure obtenues à partir d’au
moins un autre véhicule d’exploitation minière ;
- des données utilisateur soumises par un opé-
rateur d’au moins un véhicule d’exploitation mi-
nière décrivant des conditions de fonctionne-
ment d’une zone opérationnelle et/ou du véhi-
cule d’exploitation minière.

15. Produit de programme informatique, stocké sur un
support de mémoire non transitoire, comprenant un
code de programme informatique pour réaliser un
processus de commande d’un véhicule d’exploita-
tion minière (100), le code de programme informati-
que qui, lorsqu’il est exécuté par un processeur,
amène le véhicule d’exploitation minière (100) à
réaliser :

l’obtention, à partir d’au moins une entrée, de
données décrivant des conditions de fonction-
nement actuelles du véhicule d’exploitation mi-
nière (100) ;
la génération de données de référence sur la
base de données décrivant des conditions de
fonctionnement précédentes du véhicule d’ex-
ploitation minière (100) dans sensiblement la
même zone ;
la détection d’une région d’intérêt dans les don-
nées de référence, dans lequel la région d’inté-
rêt présente toute donnée analysée qui peut in-
diquer des difficultés dans le processus de fo-
rage du véhicule d’exploitation minière (100)
dans son emplacement actuel ; et
la commande, en réponse à l’approche du pro-
cessus de forage d’un point correspondant à la
région d’intérêt dans les données de référence,
du véhicule d’exploitation minière (100) pour
fournir à un opérateur une notification que le
point approchant correspond à la région d’inté-
rêt et une option pour aider manuellement le pro-
cessus de forage du véhicule d’exploitation mi-
nière (100) au niveau dudit point.
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