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(54) AN APPARATUS AND A METHOD FOR SELECTING A POSITION FOR A MINING VEHICLE

(57) Example embodiments provide an apparatus for
selecting a position for a mining vehicle in a mine for
drilling. The apparatus comprises at least one processor
and atleastmemory, the at least one memory comprising
instructions which, when executed by the at least one
processor, cause the apparatus to select a drill plan as-
sociated with a tunnel line for a tunnel to be excavated;
select a position of a navigation plane for the drill plan
with respect to the tunnel line; determine a first position
for the mining vehicle based on the drill plan and the
position of the navigation plane; obtain information on a
plurality of predefined variations of the first position; de-
termine a plurality of second position for the mining ve-
hicle based on the first position and the information on
the plurality of variations; and select, from the plurality of
second positions, a target position for the mining vehicle
based on the first position and at least one criterion.
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Description
TECHNICAL FIELD

[0001] The present application generally relates to a
mining vehicle. In particular, some example embodi-
ments of the present application relate to selecting a po-
sition for a mining vehicle.

BACKGROUND

[0002] In development drilling and tunnelling in mines,
tunnels change all the time and advance after every blast.
It may be challenging to operate a mining vehicle in the
changing conditions in mines. Further, selecting an op-
timal depth location for a relative drilling pattern and se-
lecting an optimal location for a drill rig to drill the pattern
are challenging and effect the effectiveness of the tun-
neling process.

SUMMARY

[0003] This summary is provided to introduce a selec-
tion of concepts in a simplified form that are further de-
scribed below in the detailed description. This summary
is not intended to identify key features or essential fea-
tures of the claimed subject matter, nor is it intended to
be used to limit the scope of the claimed subject matter.
[0004] Example embodiments may enable automati-
cally selecting a position of a mining vehicle in a tunnel.
The position may be selected such that the mining vehicle
may be able to drive at the selected position and be
placed there. Further, selection of a drill plan and a po-
sition of a navigation plane may be automated to improve
efficiency and accuracy of drilling by the mining vehicle.
[0005] According to a first aspect, there is provided an
apparatus for selecting a position of a mining vehicle in
a mine for drilling, the apparatus comprising at least one
processor and at least memory, the at least one memory
comprising instructions which, when executed by the at
least one processor, cause the apparatus to select a drill
plan associated with a tunnel line for a tunnel to be ex-
cavated; select a position of a navigation plane for the
drill plan with respect to the tunnel line; determine a first
position for the mining vehicle based on the drill plan and
the position of the navigation plane; obtain information
on a plurality of predefined variations of the first position;
determine a plurality of second positions for the mining
vehicle based on the first position and the information on
the plurality of predefined variations; and select, from the
plurality of second positions, a target position for the min-
ing vehicle based on the first position and at least one
predefined criterion.

[0006] In an embodiment, selecting the drill plan com-
prises identifying a profile of the tunnel to be excavated
and selecting the drill plan based on the profile.

[0007] In an embodiment, in addition or alternatively,
the at least one memory further comprises instructions
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which, when executed by the at least one processor,
cause the apparatus to identify the profile of the tunnel
to be excavated based on a depth of the already exca-
vated tunnel and direction of the tunnel to be excavated.
[0008] In an embodiment, in addition or alternatively,
selecting a position of the navigation plane for the drill
plan comprises varying a position of the navigation plane
in tunnel depth direction until a number of starting points
of drill holes in the drill plan located inside the excavated
tunnel exceeds at least one predefined limit.

[0009] In an embodiment, in addition or alternatively,
the plurality of predefined variations comprises a change
in at least one of a position, a heading or an articulation
of the mining vehicle in relation to the first position.
[0010] In an embodiment, in addition or alternatively,
the at least one predefined criterion comprises informa-
tion on at least one obstacle located at the first position
or at least one of the plurality of second positions.
[0011] In an embodiment, in addition or alternatively,
the at least one predefined criterion comprises that each
drill hole of the drill plan is reachable for drilling by the
mining vehicle.

[0012] In an embodiment, in addition or alternatively,
the at least one criterion comprises that each drill hole
of the drill plan is drillable by the mining vehicle based
on locations, depths and directions of the drill holes of
the drill plan, and dimensions of the machine parts.
[0013] In an embodiment, in addition or alternatively,
the at least one criterion comprises a priority order for
the plurality of second positions.

[0014] In an embodiment, in addition or alternatively,
the priority order for the plurality of second positions is
determined based on distance from the first position.
[0015] In an embodiment, in addition or alternatively,
the at least one predefined criterion comprises space re-
quired by the mining vehicle.

[0016] In an embodiment, in addition or alternatively,
the at least one memory further comprises instructions
which, when executed by the at least one processor,
cause the apparatus to determine a new target position
inresponse to determining, based on floor map data, that
the mining vehicle is unable to drive to the target position.
[0017] According to a second aspect, there is provided
a computer-implemented method for selecting a position
of a mining vehicle in a mine for drilling. The method
comprises selecting a drill plan associated with a tunnel
line for a tunnel to be excavated; selecting a position of
a navigation plane for the drill plan with respect to the
tunnel line; determining a first position for the mining ve-
hicle based on the drill plan and the position of the nav-
igation plane; obtaining information on a plurality of pre-
defined variations of the first position; determining a plu-
rality of second positions for the mining vehicle based on
the first position and the information on the plurality of
predefined variations; and selecting, from the plurality of
second positions, a target position for the mining vehicle
based on the first position and at least one predefined
criterion.
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[0018] According to a third aspect, there is provided a
computer-program product comprising instructions
which, when executed by a computer, cause the compu-
ter to carry out the method according to the second as-
pect.

[0019] Many of the attendant features will be more
readily appreciated as they become better understood
by reference to the following detailed description consid-
ered in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings, which are includ-
ed to provide a further understanding of the example em-
bodiments and constitute a part of this specification, il-
lustrate example embodiments and together with the de-
scription help to explain the principles of the example
embodiments. In the drawings:

FIG. 1 illustrates an example of an apparatus con-
figured to practice atleastone example embodiment;
FIG. 2 illustrates an example of selecting a target
position for a mining vehicle in a mine by an appa-
ratus for drilling according to an example embodi-
ment;

FIG. 3 illustrates another example of selecting a tar-
get position for a mining vehicle in a mine by an ap-
paratus according to an example embodiment;
FIG. 4 illustrates an example of a plurality of tunnels
having a plurality of profiles and associated drill
plans, according to an example embodiment;

FIG. 5 illustrates an example of selecting a position
of a navigation plane for a drill plan by an apparatus
according to an example embodiment;

FIG. 6 illustrates an example of a method for select-
ing a position of a mining vehicle in a mine for drilling,
according to an example embodiment.

[0021] Like references are used to designate like parts
in the accompanying drawings.

DETAILED DESCRIPTION

[0022] Reference willnowbe made in detail to example
embodiments, examples of which are illustrated in the
accompanying drawings. The detailed description pro-
vided below in connection with the appended drawings
is intended as a description of the present examples and
is not intended to represent the only forms in which the
present examples may be constructed or utilized. The
description sets forth the functions of the example and a
possible sequence of operations for constructing and op-
erating the example. However, the same or equivalent
functions and sequences may be accomplished by dif-
ferent examples.

[0023] Predefining a location for a mining vehicle to
drive to for drilling may be difficult. Driving the mining
vehicle to a wrong position for drilling may mean that
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booms of the mining vehicle cannot reach to drill all drill
holes planned in a drill plan. Further, the drilling may be
caused to be more difficult than needs to be due to the
wrongly selected position of the mining vehicle. A human
driver ofthe mining vehicle may estimate the bestlocation
to start drilling and test manually for reach of the booms
to drill the drill holes. If the mining vehicle cannot reach
to drill all drill holes, the mining vehicle may need to be
moved which means lost time and effort.

[0024] For example, there may be something in a tun-
nel that prevents the mining vehicle from being able to
park in a desired position such as the center of the tunnel.
The center of the tunnel may be a desired position for
drilling. An obstacle preventing the mining vehicle from
parking to the desired position can be as simple as muck
remaining from a mucking phase of the blast or there
may be a hole on the floor of the tunnel, for example.
[0025] In an example embodiment, an apparatus is
configured to automatically select a target position for
the mining vehicle based on a first position, at least one
second position and atleast one criterion. The apparatus
may be further configured to provide navigation instruc-
tions for the mining vehicle to arrive at the selected target
position from a current position of the mining vehicle. The
target position of the mining vehicle may be selected au-
tomatically in a tunnel based on an up-to-date mapping
result of a mine model and a drill plan. The target position
may be accessible to the mining vehicle and not limited
by ground conditions, obstacles or height restrictions in
the tunnel. Hence, it may be enabled that the mining ve-
hicle reaches to drill the drill holes of the drill plan in a
desired way. In case of an automated or autonomous
mining vehicle, the mining vehicle may be provided with
instructions to drive to the selected target position. Alter-
natively, the instructions to arrive to the target position
may be provided for a human driver of the mining vehicle.
[0026] FIG. 1 illustrates an example of an apparatus
100 configured to practice at least one example embod-
iment.

[0027] The apparatus 100 may comprise at least one
processor 102. The atleast one processor 102 may com-
prise, for example, one or more of various processing
devices, such as for example a co-processor, a micro-
processor, a controller, a digital signal processor (DSP),
a processing circuitry with or without an accompanying
DSP, or various other processing devices including inte-
grated circuits such as, for example, an application spe-
cific integrated circuit (ASIC), a field programmable gate
array (FPGA), a microcontroller unit (MCU), a hardware
accelerator, a special-purpose computer chip, or the like.
[0028] The apparatus 100 may further comprise at
least one memory 104. The memory 104 may be config-
ured to store, for example, computer program code 106
or the like, for example, operating system software and
application software. The memory 104 may comprise one
or more volatile memory devices, one or more nonvolatile
memory devices, and/or a combination thereof. For ex-
ample, the memory may be embodied as magnetic stor-
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age devices (such as hard disk drives, magnetic tapes,
etc.), optical magnetic storage devices, or semiconductor
memories (such as mask ROM, PROM (programmable
ROM), EPROM (erasable PROM), flash ROM, RAM (ran-
dom access memory), etc.).

[0029] Theapparatus 100 may further comprise acom-
munication interface 108 configured to enable the appa-
ratus 100 to transmit information to and/or receive infor-
mation from other devices. The apparatus may be con-
figured to receive information, for example, from a posi-
tioning system of a mining vehicle. Information may com-
prise, forexample, data relating to operation of the mining
vehicle. The apparatus 100 may be configured to receive
data from a server storing at least one of a mine model,
afloor map or a plurality of drill plans. The apparatus 100
may be configured to transmit data, for example, to a
control device of the mining vehicle.

[0030] The communication interface 108 may be con-
figured to provide at least one wireless radio connection,
such as for example a 3GPP mobile broadband connec-
tion (e.g. 3G, 4G, 5G). However, the communication in-
terface 108 may be configured to provide one or more
other type of connections, for example a wireless local
area network (WLAN) connection such as for example
standardized by IEEE 802.11 series or Wi-Fi alliance; a
short range wireless network connection such as for ex-
ample a Bluetooth, NFC (near-field communication), or
RFID connection; a wired connection such as for exam-
ple a local area network (LAN) connection, a universal
serial bus (USB) connection or an optical network con-
nection, or the like; or a wired Internet connection. The
communication interface 108 may comprise, or be con-
figured to be coupled to, at least one antenna to transmit
and/or receive radio frequency signals. One or more of
the various types of connections may be also implement-
ed as separate communication interfaces, which may be
coupled or configured to be coupled to a plurality of an-
tennas.

[0031] When the apparatus 100 is configured to imple-
ment some functionality, some component and/or com-
ponents of the apparatus 100, such as for example the
at least one processor 102 and/or the memory 104, may
be configured to implement this functionality. Further-
more, when the at least one processor 102 is configured
to implement some functionality, this functionality may
be implemented using program code 106 comprised, for
example, in the memory 104.

[0032] The functionality described herein may be per-
formed, atleastin part, by one or more computer program
product components such as software components. Ac-
cording to an embodiment, the apparatus 100 comprises
a processor 102 or processor circuitry, such as for ex-
ample a microcontroller, configured by the program code
106 when executed to execute the embodiments of the
operations and functionality described. Alternatively, or
in addition, the functionality described herein can be per-
formed, at least in part, by one or more hardware logic
components. For example, and without limitation, illus-
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trative types of hardware logic components that can be
used include Field-programmable Gate Arrays (FPGAs),
application-specific Integrated Circuits (ASICs), applica-
tion-specific Standard Products (ASSPs), System-on-a-
chip systems (SOCs), Complex Programmable Logic
Devices (CPLDs), Graphics Processing Units (GPUs).
[0033] The apparatus 100 may comprise for example
a server device, a client device, a mobile phone, a tablet
computer, a laptop, or the like. In an embodiment, the
apparatus 100 may comprise a mining vehicle. Although
the apparatus 100 is illustrated as a single device it is
appreciated that, wherever applicable, functions of the
apparatus 100 may be distributed to a plurality of devices.
[0034] The apparatus 100 comprises means for per-
forming at least one method described herein. In one
example, the means comprises the at least one proces-
sor 102, the at least one memory 104 including program
code 106 configured to, when executed by the at least
one processor 102, cause the apparatus 100 to perform
the method.

[0035] FIG. 2 illustrates an example of selecting a tar-
get position 200 for a mining vehicle in a mine by an
apparatus, according to an example embodiment. The
target position 200 may be determined, for example, by
the apparatus 100. The target position may refer to a
most suitable position of the mining vehicle in a mine for
performing a certain task. A mining vehicle may be con-
figured to perform drilling, bolting and/or tunnelling tasks
in a mine. For example, drilling may be performed by a
rock drilling rig. A rock drilling rig is an example of a mining
vehicle. The rock drilling rig may comprise at least one
boom for drilling, such as 1 to 3 booms. The booms may
be mounted on a carrier of the rock drilling rig. The ap-
paratus 100 may comprise the rock drilling rig.

[0036] The apparatus 100 may be configured to select
a drill plan 212 associated with a tunnel line 208 for a
tunnel to be excavated.

[0037] A drill plan comprises drill hole information on
holes to be drilled. Drill hole information may comprise,
for example, a number of holes, locations of the holes,
directions and/or lengths of holes to be drilled. A drill plan
may define, for example, a starting point, a length and
direction in a three-dimensional coordinate system for
holes included in the drill plan. As another example, a
drill plan may define a starting point and an end point for
holes included in the drill plan. A drill plan may comprise
information on selected holes or each hole to be drilled.
A hole comprised in a drill plan may be called a drill hole.
[0038] A tunnel line may refer to a planned line of a
tunnel. A tunnel design may determine a tunnel line to
be excavated in a project coordinate system of a mine.
Since a tunnel is excavated in rounds, a drill plan may
be designed in advance for each round. A tunnel may
refer to an excavated portion of a tunnel line. Although
illustrated as a center line of a tunnel 216 in FIG. 2, the
tunnel line 208 could be located at an edge of the tunnel
216 or even outside the tunnel 216. A tunnel line 208
may illustrate a reference line in a space relative to which
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excavation of the tunnel 216 may be done. A mine may
be associated with a plurality of drill plans for the tunnel
line 208. The plurality of drill plans may be associated
with a plurality of tunnel profiles. A tunnel profile may
indicate characteristics of a tunnel at a certain depth,
such as an outline of the tunnel, a shape of the tunnel
and/or a cross-sectional area of the tunnel.

[0039] In an embodiment, selecting a drill plan com-
prises identifying a profile of the tunnel to be excavated
and selecting the drill plan based on the profile.

[0040] In an embodiment, the apparatus 100 is config-
ured to identify the profile of the tunnel to be excavated
based on a depth of the already excavated tunnel and
direction of the tunnel to be excavated.

[0041] For example, the apparatus 100 may be con-
figured to determine based on the tunnel line, what kind
of a tunnel profile is associated to a detected depth. The
apparatus 100 may be then configured to select a drill
plan that has a matching profile with the tunnel profile
associated with the detected depth. The apparatus 100
may be configured to prefer a drill plan comprising aname
of the tunnel line in the drill plan if there exist multiple drill
plans with the matching profile. The apparatus 100 may
be configured to select a latest drill plan if there exist
multiple drill plans comprising the name of the tunnel line.
[0042] The apparatus 100 may be configured to select
the drill plan 212 from the plurality of drill plans, for ex-
ample, based on at least one of a tunnel profile associ-
ated with the drill plan, a time stamp associated with a
drill plan such as a latest drill plan for the tunnel line 208,
a position of the mining vehicle with respect to the tunnel
line 208, or a depth of the tunnel line 208.

[0043] The apparatus 100 may be further configured
to select a position of a navigation plane 210 for the drill
plan 212 with respect to the tunnel line 208. A navigation
plane may comprise animaginary plane comprising start-
ing points of holes included in a drill plan. Lengths of the
holes are defined based on the starting points of holes.
The navigation plane may be also referred to as a start
profile of the drill plan 212. The apparatus 100 may further
be configured to obtain a mine model. The apparatus 100
may be configured to obtain the position of the navigation
plane 210 in a coordinate system of the mine model.
[0044] In an embodiment, selecting a position of the
navigation plane for the drill plan comprises varying a
position of the navigation plane in tunnel depth direction
until a number of starting points of the holes in the drill
planlocated inside the excavated tunnel exceeds at least
one predefined limit.

[0045] The number of starting points may comprise,
for example, an absolute number or a proportional
number such as a percentage of the holes.

[0046] Varyinga position of the navigation plane in tun-
nel depth direction may be referred to as navigation plane
depth adjustment. In an embodiment, an aim of naviga-
tion plane depth adjustment is that the hole end points
are inside unexcavated rock based on the up-to-date 3D
mine model and that as many hole start points are inside
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the tunnelin the already excavated volume. This enables
drilling holes to target length while maximizing advance.
[0047] The apparatus 100 may be configured to deter-
mine a first position 204 for the mining vehicle based on
the drill plan 212 and the position of the navigation plane
210.

[0048] The first position may comprise, for example,
an initial position of the mining vehicle, a default position
of the mining vehicle, or the like. For example, the appa-
ratus 100 may be configured to determine a center point
and a heading of the drill plan 212 with respect to the
tunnel line 208. The center point and the heading may
be determined based on drill hole information obtained
from the drill plan 212. The apparatus 100 may be con-
figured to determine the first position 204 to be, for ex-
ample, in align to the center point and the heading of the
drill plan 212. The first position 204 may be aligned with
the center point according to the heading of the drill plan
212. Hence, the first position 204 may be located in a
same axis as the center point of the drill plan 212 and
positioned to have the same heading as the drill plan
212. The heading of a drill plan may comprise a depth
direction of the navigation plane. The depth direction may
refer to a drilling direction. The apparatus 100 may be
configured to determine the position of the navigation
plane 210 with respect to a depth direction of the tunnel
216. The position of the navigation plane 210 may be
defined as a peg number. The peg number may indicate
a distance along the tunnel 216 to the navigation plane
location 210.

[0049] The apparatus 100 may be further configured
to determine the first position 204 based on dimensions
of the mining vehicle and the position of the navigation
plane 210. Based on the dimensions of the mining vehi-
cle, the apparatus 100 may be configured to determine
a distance between the position of the navigation plane
210 and a position of the mining vehicle such that each
drill hole of the drill plan 212 is reachable for drilling by
the mining vehicle. The dimensions of the mining vehicle
may comprise at least one of dimensions of one or more
carriers of the mining vehicle, dimensions of a boom base
of the mining vehicle or a length of one or more booms
of the mining vehicle. The boom base may be a part of
the booms from which part the booms are attached to
the carrier. The length of the booms may be determined
from the attachment point of the boom base to the carrier
to a drill bit of the booms in an extreme position. The
extreme position may refer to a position where the booms
are adjusted to a a minimum length. Hence, the appara-
tus 100 may be configured to determine the first position
204 to be located within the distance from the position of
the navigation plane 210.

[0050] Alternatively, the apparatus 100 may be config-
ured to use a default distance to a tunnel face for deter-
mining the first position 204. The apparatus 100 may be
configured to obtain the default distance to tunnel face,
for example, based on the dimensions of the mining ve-
hicle. The default distance may comprise the length of
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one or more booms of the mining vehicle with an added
margin. Different mining vehicles may have booms of
differentlengths, such as from 5to 15 metres long booms.
The margin may be, for example, 0,1 - 1,5 metres, such
as 0,2 metres, 0,5 metres, 0,7 metres, or 1 metre. The
lengths and the margin are an example, and the values
may depend on the used mining vehicle. The tunnel face
may refer to an end wall of a tunnel.

[0051] Inan embodiment, the apparatus 100 is config-
ured to obtain information on a plurality of predefined
variations of the first position.

[0052] Information on a plurality of predefined varia-
tions in position may comprise, for example, a list of pre-
defined variations in position of the mining vehicle in re-
lation to at least one of the center point and heading of
the drill plan 212 or the first position 204.

[0053] The plurality of predefined variations may com-
prise, for example, a change in at least one of a position,
a heading or an articulation of the mining vehicle in rela-
tion to the default first position.

[0054] The apparatus 100 may be configured to com-
pare the first position 204 to at least one second position
202 of the mining vehicle. The at least one second posi-
tion may comprise, for example, at least one candidate
position for the mining vehicle. A candidate position may
comprise a predefined position for the mining vehicle.
[0055] The apparatus 100 may be configured to deter-
mine at least one second position 202 based on the first
position 204. In an embodiment, the apparatus 100 is
configured to determine a plurality of second positions
202 for the mining vehicle based on the first position 204
and the information on the plurality of variations.

[0056] The apparatus 100 may be configured to deter-
mine the at least one second position 202 based on the
list of predefined variations in position of the mining ve-
hicle in relation to at least one of the center point and
heading of the drill plan 212 or the first position 204. The
predefined variations in position may comprise at least
one change in at least one of a position, a heading, or
an articulation of the first position 204. For example, the
apparatus 100 may be configured to determine the at
least one second position by varying information on the
position of the mining vehicle in relation to the first posi-
tion 204 to at least one of to the left, right, or back with
respect to the center point of the drill plan 212, the head-
ing of the drill plan 212 and/or the position of the naviga-
tion plane 210 based on the predefined variations of po-
sition. The apparatus 100 may be further configured to
determine the atleast one second position 202 by varying
atleastone of heading or articulation of the mining vehicle
in relation to the center point and heading of the drill plan
212 based on the predefined variations of position.
[0057] The apparatus 100 may be configured to deter-
mine a target position 200 for the mining vehicle based
on the first position 204, the at least one second position
202 and/or at least one criterion. The target position 200
may indicate a most suitable position for drilling from a
plurality of position options comprising the first position
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204 and the at least one second position 202. The ap-
paratus 100 may be configured to discard one or more
position options based on the at least one criterion, such
as one or more unsuitable second positions 214.
[0058] In an embodiment, the apparatus is configured
to select, from the plurality of second positions, a target
position for the mining vehicle based on the first position
and at least one predefined criterion.

[0059] Inanexample embodiment, the at least one cri-
terion relates to a suitability of the first position and/or
the at least one second position of the mining vehicle for
performing rock drilling based on the drill plan 212.
[0060] In an embodiment, the at least one predefined
criterion comprises information on at least one obstacle
located at the first position or at least one of the plurality
of second positions.

[0061] Forexample,the atleastone criterion may com-
prise information on one or more obstacles 206 located
at the first position 204 or at the at least one second
position 202. The apparatus 100 may be configured to
obtain a floor map data of the mine model. Floor map
data may comprise, for example, a traversability map
comprising a floor map including additional information
relating to height, floor slope, or the like. A traversability
map may comprise, for example, data on a floor of the
tunnel 216 with obstacle height, slope and roof height
information coded into floor points. The apparatus 100
may be configured to determine if any of the first position
204 or the at least one second position 202 is located at
a position of an obstacle 206 based on the traversability
map. The obstacle 206 may comprise, for example, an
obstacle on the floor, or a roof or a wall of the tunnel 216.
The apparatus 100 may be also configured to determine
atemporary traversability map based on a real-time data
obtained from the mining vehicle, such as obstacles de-
tected by the mining vehicle from surroundings of the
mining vehicle.

[0062] Inanembodiment, the at least one predefinend
criterion comprises space required by the mining vehicle.
[0063] For example, the apparatus 100 may be con-
figured to check position options in which the mining ve-
hicle may be placed, for example, based on dimensions
of the mining vehicle and the traversability map. For ex-
ample, the apparatus 100 may be configured to obtain
machine part envelopes of the mining vehicle. The ma-
chine part envelopes may comprise at least carrier en-
velopes. In general, an envelope is indicative of space
required by a machine part or the mining vehicle in a
current position. Space required by a machine part or the
mining vehicle may comprise a margin added on outer
dimensions of the machine part/mining vehicle. The ap-
paratus 100 may be configured to discard the first position
204 or a second position 202, for example, when the
machine part envelope contains space occupied by an
obstacle having predetermined properties or when the
machine part envelope is not located within the tunnel
216 based on the traversability map. The apparatus 100
may be configured to check, for example, if the machine
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part envelope is located at least partially inside walls of
the tunnel 216 or overlapping with an obstacle or wall of
the tunnel 216 at a second position 202 of the mining
vehicle. Further, the apparatus 100 may be configured
to check based on dimensions of the mining vehicle, for
example, if there is an obstacle on the floor located below
the machine part envelope and having a height above a
predetermined limit or if the roof height prevents posi-
tioning the mining vehicle to the at least one second 202
or first position 204. Different parts of the mining vehicle
(machine part envelopes of the complete machine enve-
lope) may have different limitations in ground clear-
ance/obstacle height or roof height requirements. The
apparatus 200 may be configured to obtain the limitations
associated with the dimensions of the mining vehicle.
[0064] In an embodiment, the at least one predefined
criterion comprises that each drill hole of the drill plan is
drillable by the mining vehicle based onlocations, depths
and directions of the holes of the drill plan, and dimen-
sions of the machine parts.

[0065] Inanembodiment,the atleastone criterion may
comprise a priority order. For example, the first position
204 may have a highest priority.

[0066] In an embodiment, the at least one predefined
criterion comprises a priority order for the plurality of sec-
ond positions. In an embodiment, the priority order for
the plurality of second positions is determined based on
distance from the first position. For example, the appa-
ratus 100 may be configured to prioritize at least one
second position 202 based on proximity of a second po-
sition 202 to the first position 204. For example, the ap-
paratus 100 may be configured to prioritize a second po-
sition closer to the first position 204 higher than another
second position thatis farther away from the first position.
In addition, or alternatively, the apparatus 100 may be
configured to prioritize the first position 204 and the at
least one second position 202 based on obstacles 206
located at or near the respective positions. For example,
the apparatus 100 may be configured to prioritize a po-
sition with less obstacles near the position higher than a
position with a lot of obstacles near the position. The
apparatus 100 may be further configured to prioritize the
first position at the at least one second position based
on properties of an obstacle 206 at the first position and/or
the second position. The properties of the obstacle 206
may comprise, for example, dimensions or a position of
the obstacle 206 obtained from the traversability map by
the apparatus 100. For example, a second position 202
located on top of a relatively small hole on the ground
but close to the first position 204 may be prioritized over
a second position 202 located right next to a wall of the
tunnel 216.

[0067] In an embodiment, the at least one predefined
criterion comprises that each drill hole of the drill plan
212 is reachable for drilling by the mining vehicle. For
example, the apparatus 100 may be configured to deter-
mine that each drill hole of the drill plan 212 is reachable
for drilling by at least one boom of the mining vehicle.
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The apparatus 100 may be configured to determine
which second positions 202 are located, for example,
within the default distance to the tunnel face. For exam-
ple, the apparatus 100 may be configured to determine
adistance between boom base coordinates of the mining
vehicle in the second position 202 and coordinates of the
drill holes of the drill plan 212 based on the position of
the navigation plane 210. Thereafter, the apparatus 100
may be configured to compare the distance with the de-
fault distance. Instead of the default distance, the dis-
tance between the second position 202 and the drill holes
based on the position of the navigation plane 210 may
be compared, for example, with the length of the one or
more booms of the mining vehicle. The apparatus 100
may be configured to discard the second positions 202
which are not within the default distance or within the
boom length. Hence, it may be determined that the one
or more booms of the mining vehicle can reach to drill
the planned drill holes using the associated boom length.
[0068] The apparatus 100 may be configured to select
the target position 200 among the first position 204 and
the atleast one second position 202 based on the at least
one criterion. For example, the apparatus 100 may be
configured to select the first position 204 as the target
position 200 unless the traversability map indicates that
the first position 204 is not suitable for the mining vehicle.
The apparatus 100 may be configured to select the at
least one second position 202, for example, when the
first position 204 is not suitable for the mining vehicle.
The apparatus 100 may be configured to select one sec-
ond position 202 as the target position 200, for example,
based on proximity of the second position 202 to the first
position 204. Alternatively, the apparatus 100 may be
configured to select the target position 200, for example,
based on the priority order such that positions in which
the mining vehicle fits in the tunnel 216 based on the
traversability map have a higher priority than position in
which the mining vehicle does not fit in the tunnel 216.

[0069] Incrosscutting, or other cases where the drilling
is not performed in a forward moving direction of the min-
ing vehicle, position selection for the mining vehicle may
be difficult to optimize reachability by the booms for drill-
ing. FIG. 3 illustrates an example, where the first and
second positions 204, 202 are determined by the appa-
ratus 100 for cross cutting. The apparatus 100 may have
discarded the first position 204 and a plurality of unsuit-
able second positions 214 in which positions the mining
vehicle does not fit in the tunnel 216 due to obstacles
206, such as a side wall and an end wall of the tunnel
216. The apparatus 200 may be configured to then select
the target position 200 among the remaining second po-
sitions 202, for example, based on the priority order. The
apparatus 100 may be configured to determine the pri-
ority order, for example, based on a capability of the min-
ing vehicle to drill according to the drill plan 212 and the
position of the navigation plane 210 from the second po-
sition. Hence, the apparatus 100 may enable to find a
most suitable position for the mining vehicle for drilling
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in different circumstances based on the determined first
position 204 and at least one second position 202 and
the at least one criterion.

[0070] In an embodiment, the apparatus 100 may be
configured to determine a route for the mining vehicle to
the target position 200. The apparatus 100 may be con-
figured to obtain a current location of the mining vehicle.
Thereafter, the apparatus 100 may be configured to de-
termine the route from the current location to the target
position 200 based on the traversability map. Hence, it
may be determined that the target position 200 is also
accessible to the mining vehicle. For example, the target
position 200 might not be accessible to the mining vehicle
if the wall of the tunnel 216 was too close to rear of the
mining vehicle such that it is not possible for the mining
vehicle to arrive in that particular target position. The ap-
paratus 100 may be configured to, upon determining the
route to the target position, take into account obstacles
included in the traversability map along the route. Fur-
ther, the apparatus 100 may be configured to add mar-
gins for dimensions of the mining vehicle to determine
that the mining vehicle fits to drive to the target position
200.

[0071] The apparatus 100 may be configured to deter-
mine a new target position when the selected target po-
sition 200 is not accessible to the mining vehicle.
[0072] In an embodiment, the apparatus 100 is config-
ured to determine a new target position in response to
determining, based on floor map data, that the mining
vehicle is unable to drive to the target position. The new
target position may be determined, for example, among
remaining second positions 202 based on the priority or-
der.

[0073] The apparatus 100 may be configured to cause
the mining vehicle to drive automatically to the target po-
sition 200 when the apparatus 100 has determined the
target position 200 is accessible to the mining vehicle.
Alternatively, the apparatus 100 may be configured to
provide information on the target position 200 as well as
the route to the target position 200 to a driver of the mining
vehicle.

[0074] Mining vehicles, such as underground develop-
ment and tunnelling rigs, may need information on a tun-
nel line and a drill plan to be able to perform rock drilling
automatically. In addition, the information on a tunnel line
may be needed for displaying booms in relation to the
drill plan to the operator of the rig. The tunnel lines and
drill plans both may comprise a theoretical profile. The
profile may change along the length of a tunnel. For ex-
ample, consider a railway tunnelwhere most of the tunnel
is small but at the stations the tunnel is wider. The tunnel
in the mine may thus require different kinds of drill plans
at different depths of the tunnel. In mining tunnels, the
profile may change, for example, in passing bays. FIG.
4 shows an example of a plurality of tunnels 400. A tunnel
216 of the plurality of tunnels 400 may have different
profiles and associated drill plans 212 along a length of
the tunnel216. For example, a tunnel in the mine may
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start larger and then get narrower towards the end. In
addition, the different drill plans 212 may be updated over
time. Hence, before starting rock drilling, the the tunnel
profile at a correct drilling position may need to be deter-
mined as well as a correct drill plan.

[0075] For example, an operator may select a tunnel
line for a tunnel from amongst all tunnel lines based on
the information available about the tunnels in the mine.
The operator may accidentally select an old tunnel line
even though information on an updated one would be
available. The tunnel line may have changed for example
due to mine planning. Excavation based on a wrong tun-
nel line may cause delays. The operator may select the
drill plan manually from amongst information on all drill
plans. For example, the operator may accidentally select
a wrong one for the depth in the tunnel and cause the
profile to be excavated wrong. Wrong selection of the
drill plan may further cause underbreak or overbreak
causing delay in a project and additional work to fix it.
The operator may also accidentally choose an older pat-
tern even though an updated one would be available,
causing suboptimal blast result.

[0076] The apparatus 100 may be configured to re-
ceive information on a plurality of tunnel lines in a mine.
The apparatus 100 may be configured to select a correct
tunnel line for drilling from the plurality of tunnel lines.
Thereafter, the apparatus 100 may be configured to se-
lecta profile based on adepth inthe tunneland adirection
of the tunnel. The depth in the tunnel may correspond to
a depth of a deepest excavated point of the tunnel pro-
jected to the tunnel line. The tunnel and a tunnel line may
comprise a plurality of profiles from which a correct profile
may be determined by the apparatus 100 based on the
depth. For example, the apparatus 100 may be config-
ured to detect a deepest point in the tunnel by comparing
a mapped mine to the selected tunnel line. Lastly, the
apparatus 100 may be configured to select a drill plan
that matches the chosen profile.

[0077] In an embodiment, the apparatus 100 may be
configured to obtain information from a position system
of the mining vehicle. For example, the mining vehicle
may drive to an end of a tunnel. The apparatus 100 may
then select the correct tunnel line based on at least one
of a location or a heading of the mining vehicle at the end
of the tunnel. A rough positioning may be sufficient for
determining the location and heading. For example, a
positioning system with a meter-level error may be suf-
ficient for the purpose.

[0078] The apparatus 100 may be configured to obtain
a latest data of the tunnel line associated with at least
one of the location or the heading of the mining vehicle.
For example, different data on tunnel lines may have a
same identifier, such as a name of the tunnel line. Also,
some of the tunnel lines may overlap. Hence, the appa-
ratus 100 may be configured to select the tunnel line hav-
ing the same heading as the mining vehicle. The appa-
ratus 100 may be configured to obtain the latest data, for
example, based on an edited date or other content indi-
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cating which is the latest version of the data.

[0079] Hence, the tunnel line selection may be per-
formed automatically by the apparatus 100. Alternatively,
the selection may be done by the operator of the mining
vehicle. In an embodiment, the apparatus 100 may be
configured to analyze all tunnel line information for
unique identifiers. The operator may indicate the correct
tunnel line for the apparatus 100 by selecting from a list
of the unique identifiers extracted from all tunnel line in-
formation by the apparatus 100.

[0080] In an embodiment, the apparatus 100 may be
configured to determine the depth and direction of the
excavated portion of the selected tunnel line based on
the information received from the positioning system. For
example, the apparatus 100 may be configured to obtain
a position of a drill bit of the mining vehicle. Further, the
apparatus 100 may be configured to obtain the heading
of the mining vehicle in the tunnel line indicating a direc-
tion of excavation. The apparatus 100 may be configured
to compute the position of the drill bit based on the posi-
tion of mining vehicle in the mine. For example, a three-
dimensional (3D) point of the drill bit position may be
projected to a tunnel line spline by the apparatus 100. A
tunnel line may be defined as a series of points and
depths that the tunnel line goes through. Interval of the
points may be, for example 5 or 10 meters. The tunnel
in between the defined points can be extrapolated by a
spline, line or an arc. Thereafter, the apparatus 100 may
be configured to extract the depth of the tunnel from the
projected 3D point.

[0081] In an embodiment, the apparatus 100 may be
configured to compare the mine model to the selected
tunnel line to determine the deepest excavated point in
the respective tunnel. For example, the apparatus 100
may extract a subset of a point cloud from the mine model
that is close to the tunnel line. For example, all points at
a threshold distance to the selected tunnel line may be
picked up by the apparatus 100. The points of the point
cloud may be projected to the tunnelline by the apparatus
100. For example, all the selected points may be project-
ed to the spline formed by the tunnel line. Thereafter, the
apparatus 100 may be configured to identify a deepest
excavated point in the tunnel based on the projection.
The apparatus 100 may then extract the depth from the
projected point. For example, the apparatus 100 may
compute a peg number indicating the depth of the pro-
jected points. The apparatus 100 may be configured to
select the largest peg number and corresponding depth.
The apparatus 100 may use, for example, outlier removal
or clustering to reduce faulty results.

[0082] The tunnelline information may include the the-
oretical profile for each peg number and, respectively,
depthinthetunnel. The apparatus 100 may be configured
to extract and select a profile associated to a depth clos-
est to the indicated position of the mining vehicle or the
drill bit in the tunnel. The apparatus 100 may be config-
ured to obtain available drill plan information for a match-
ing tunnel line identifier (for example, included in a IRE-
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DES drill plan format) once the profile is extracted. If a
matching tunnel line identifier is not found, the apparatus
100 may be configured to select a drill plan comprising
a matching profile with the selected tunnel profile. The
apparatus 100 may be configured to select the latest drill
plan associated with the matching profile and optionally
the tunnel line identifier. The selected drill plan may be
provided by the apparatus 100 to the mining vehicle for
navigation of the one or more booms.

[0083] An example embodiment may improve selec-
tion of correct information for operating a mining vehicle
in a mine. For example, the operator may not have to
know what specific file to use to obtain a correct drill plan.
File naming may not matter, only the data content of the
drill plan. The apparatus 100 may enable to ensure that
the latest available data is used, for example after auto-
matic synchronization to a planning program. This makes
it possible to automate a navigation of the mining vehicle
by only having to select the tunnel line by the operator.
Alternatively, also the correct tunnel line may be auto-
matically selected by the apparatus 100.

[0084] However, drill plans are not usually designed in
mine coordinates. The drill plans may comprise arelative
drilling pattern that is repeated in the mine in an actual
excavation situation. As mentioned, a start of drill holes
of a drill plan may be called a navigation plane or a start
profile. The start profile may be smaller than a profile at
the end of drill holes. The end of drill holes may be also
called an end of round. The difference between the pro-
files at the start and at the end may define a lookout
angle. The lookout angle may be used to fit drilling feeds
and rock drills of mining vehicles into the tunnel. It may
be difficult to drill holes directly next to a wall of a tunnel
with a zero angle to the tunnel direction. For this reason,
selection of a navigation plane depth, or depth of the start
profile, may be important for the drilling result.

[0085] For example, if the position of the navigation
plane is too deep in the tunnel, the mining vehicle may
not be able to fully reach a designed length of the drill
holes in the drill plan. When the position of the navigation
plane is located too deep in the tunnel line, it may lead
to a rounded and a malformed tunnel face because the
targeted hole depth may be too deep for the lengths of
a drill rod to drill. In addition, if the position of the navi-
gation plane is too deep in the tunnel line, the position of
the navigation plane may lead to failed blasting. For ex-
ample, underbreak on a tunnel profile behind the start
profile may be caused due to alookout angle extrapolated
back from the position of the navigation plane to an actual
rock surface of the tunnel.

[0086] On the other hand, if the navigation plane is not
positioned deep enough in the tunnel, this may lead to
insufficient round length. The insufficient round length
may cause extended project time and increased cost to
a tunnel excavation project. Further, drilling may be dif-
ficult since the drill holes may eventually start from the
side walls of the tunnel and not from the tunnel face. If
the drilling is started from a too steep angle, this may
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lead to the drill bit sliding in the wall instead of impacting
the wall.

[0087] FIG. 5 illustrates an example of selecting a po-
sition of the navigation plane 210 for a drill plan 212 by
an apparatus, according to an example embodiment. The
selection may be performed, for example, by the appa-
ratus 100.

[0088] As mentioned, a mine may comprise multiple
tunnel lines and associated tunnels. The apparatus 100
may obtain the mine model in a same coordinate system
as the tunnel lines. The apparatus 100 may be configured
to position a selected drill plan 212 into the tunnel line
coordinates using, for example, navigation curve calcu-
lation. In a navigation curve calculation, the tunnel line
is determined by means of a curve table which contains
points and their coordinate information, such as peg num-
bers, spaced at predetermined distances from one an-
other. A depth in the tunnel line 208, such as a peg
number, may be varied in the navigation curve calcula-
tion. For example, the apparatus 100 may be configured
to iterate the peg number with fixed steps from a planned
end of the tunnel line 208 to the direction of a start of the
tunnel line 208. Alternatively, the apparatus 100 may it-
erate the peg number with the fixed steps from an iden-
tified deepest excavated point 500 in the tunnel line 208
opposite to the direction of excavation.

[0089] The drill plan 212 may comprise locations of
start points 502 of the drill holes. The start points of the
drillholes may be provided in a three-dimensional format.
The apparatus 100 may be configured to analyze the
locations of the 3D start points 502 in comparison to the
mine model mapped with the tunnel lines. The apparatus
100 may be configured to continue the iteration by moving
the drill plan 212 backwards along the tunnel line 208
until a predefined number of the start points 502 are lo-
cated inside the tunnel 216. In an embodiment, the pre-
defined number may comprise having all start points 502
of the drill holes inside the tunnel 216. The apparatus
100 may be configured to determine that the predefined
number of the start points are located inside a measured
model of the tunnel 216. The model may be a 3D model
of the tunnel 216 or a simplified 2D wall model indicating
an advance of the tunnel 216 at the moment. In other
words, at least the predefined number of drill holes of the
navigation plane may be determined by the apparatus
100 to start inside the excavated portion of the tunnel line
208 based on the up-to-date model of the tunnel 216. In
an embodiment, the predefined number may comprise
having a certain percentage of the start points 502 inside
the excavated portion of the tunnel 216. In an embodi-
ment, the predefined number may comprise having all
but profile or contour drill holes inside the excavated por-
tion of the tunnel 216. The profile or contour drill holes
may comprise at least the outermost drill holes of the drill
plan 212.

[0090] The apparatus 100 may be configured to stop
the iteration and store the peg number when the prede-
fined number of the start points 502 are located inside
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the tunnel 216. The apparatus 100 may then determine
the position of the navigation plane 210 based on the
stored peg number/depth of the tunnel line 208. The po-
sition of the navigation plane 210 may be further used
by the apparatus 100 to determine a final drill plan place-
ment for drilling navigation.

[0091] By determining the position of the navigation
plane 210 and/or the final drill plan placement based on
the predefined number of start points 502 locating inside
thetunnel 216, a balance between an advance perround,
a tunnel face end shape after blast and drillability by the
mining vehicle may be achieved. A maximal advance in
relation to the tunnel face shape after blast may be
achieved since at least most drill holes may be drilled to
a target depth. Further, a minimal underbreak may be
achieved due to the drill plan not being located too far
back. Selecting the position of the navigation plane 210
in the tunnel line 208 based on the predefined number
of start points 502 locating inside the tunnel 216 may
enable optimizing tunnel face shape after blast to a
planned flat shape, making the following rounds easier
to drill and load.

[0092] FIG. 6 illustrates an example of a method 600
for selecting a position of a mining vehicle in a mine for
drilling, according to an example embodiment.

[0093] Atan operation 602, the method may comprise
selecting a drill plan associated with a tunnel line for a
tunnel to be excavated. The drill plan may be selected,
for example, based on a depth and direction of a tunnel
line selected for drilling.

[0094] Atan operation 604, the method may comprise
selecting a position of a navigation plane for the drill plan
with respect to the tunnel line. The position of the navi-
gation plane may be selected, for example, based on a
depth of the tunnel, where at least a predetermined
number of drill holes of the navigation plane is located
inside the tunnel 216.

[0095] Atan operation 606, the method may comprise
determining a first position for the mining vehicle based
on the drill plan and the position of the navigation plane.
[0096] Atan operation 608, the method may comprise
obtaining information on a plurality of predefined varia-
tions of the first position.

[0097] Atan operation 610, the method may comprise
determining a plurality of second positions for the mining
vehicle based on the first position and the information on
the plurality of predefined variations.

[0098] Atan operation 612, the method may comprise
selecting, from the plurality of second positions, a target
position for the mining vehicle based on the first position
and at least one predefined criterion. The at least one
predefined criterion may comprise, forexample, detected
obstacles preventing positioning the mining vehicle to
the first position or the at least one second position based
on a traversability map of the mine.

[0099] It is obvious to a person skilled in the art that
with the advancement of technology, the basic idea of
the invention may be implemented in various ways. The
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invention and its embodiments are thus not limited to the
examples described above, instead they may vary within
the scope of the claims.

[0100] Further features of the methods directly result
from the functionalities and parameters of the apparatus
as described in the appended claims and throughout the
specification and are therefore not repeated here. It is
noted that one or more operations of the method may be
performed in different order.

[0101] An apparatus may be configured to perform or
cause performance of any aspect of the method(s) de-
scribed herein. Further, a computer program may com-
prise instructions for causing, when executed, an appa-
ratus to perform any aspect of the method(s) described
herein. Further, an apparatus may comprise means for
performing any aspect of the method(s) described herein.
According to an example embodiment, the means com-
prises atleast one processor, and memory including pro-
gram code, the at one memory and the program code
configured to, when executed by the at least one proc-
essor, cause performance of any aspect of the meth-
od(s).

[0102] Anyrange or device value given herein may be
extended or altered without losing the effect sought. Also,
any embodiment may be combined with another embod-
iment unless explicitly disallowed.

[0103] Although the subject matter has been described
in language specific to structural features and/or acts, it
is to be understood that the subject matter defined in the
appended claims is not necessarily limited to the specific
features or acts described above. Rather, the specific
features and acts described above are disclosed as ex-
amples of implementing the claims and other equivalent
features and acts are intended to be within the scope of
the claims.

[0104] It will be understood that the benefits and ad-
vantages described above may relate to one embodi-
ment or may relate to several embodiments. The embod-
iments are not limited to those that solve any or all of the
stated problems or those that have any or all of the stated
benefits and advantages. It will further be understood
that reference to ’an’ item may refer to one or more of
those items.

[0105] Theoperations ofthe methods described herein
may be carried out in any suitable order, or simultane-
ously where appropriate. Additionally, individual blocks
may be deleted from any of the methods without depart-
ing from the scope of the subject matter described herein.
Aspects of any of the embodiments described above may
be combined with aspects of any of the other embodi-
ments described to form further embodiments without
losing the effect sought.

[0106] The term 'comprising’ is used herein to mean
including the method, blocks, or elements identified, but
that such blocks or elements do not comprise an exclu-
sive list and a method or apparatus may contain addi-
tional blocks or elements.

[0107] As used in this application, the term ’circuitry’
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may refer to one or more or all of the following: (a) hard-
ware-only circuit implementations (such as implementa-
tions in only analog and/or digital circuitry) and (b) com-
binations of hardware circuits and software, such as (as
applicable):(i) a combination of analog and/or digital
hardware circuit(s) with software/firmware and (ii) any
portions of hardware processor(s) with software (includ-
ing digital signal processor(s)), software, and memo-
ry(ies) that work together to cause an apparatus, such
as amobile phone or server, to perform various functions)
and (c) hardware circuit(s) and or processor(s), such as
a microprocessor(s) or a portion of a microprocessor(s),
that requires software (e.g., firmware) for operation, but
the software may not be present when it is not needed
for operation. This definition of circuitry applies to all uses
of this term in this application, including in any claims.
[0108] Asafurtherexample, asusedinthis application,
the term circuitry also covers an implementation of mere-
ly a hardware circuit or processor (or multiple processors)
or portion of a hardware circuit or processor and its (or
their) accompanying software and/or firmware. The term
circuitry also covers, for example and if applicable to the
particular claim element, a baseband integrated circuit
or processor integrated circuit for a mobile device or a
similar integrated circuit in server, a cellular network de-
vice, or other computing or network device.

[0109] It will be understood that the above description
is given by way of example only and that various modi-
fications may be made by those skilled in the art. The
above specification, examples and data provide a com-
plete description of the structure and use of exemplary
embodiments. Although various embodiments have
been described above with a certain degree of particu-
larity, or with reference to one or more individual embod-
iments, those skilled in the art could make numerous al-
terations to the disclosed embodiments without departing
from scope of this specification.

Claims

1. An apparatus for selecting a position of a mining ve-
hicle in a mine for drilling, the apparatus comprising
at least one processor and at least memory, the at
least one memory comprising instructions which,
when executed by the at least one processor, cause
the apparatus to:

select a drill plan associated with a tunnel line
for a tunnel to be excavated;

select a position of a navigation plane for the
drill plan with respect to the tunnel line;
determine a first position for the mining vehicle
based on the drill plan and the position of the
navigation plane;

obtain information on a plurality of predefined
variations of the first position;

determine a plurality of second positions for the
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mining vehicle based on the first position and
the information on the plurality of predefined var-
iations; and

select, from the plurality of second positions, a
target position for the mining vehicle based on
the first position and at least one predefined cri-
terion.

An apparatus of claim 1, wherein selecting the drill
plan comprises identifying a profile of the tunnel to
be excavated and selecting the drill plan based on
the profile.

An apparatus according to claim 2, wherein the at
least one memory further comprises instructions
which, when executed by the at least one processor,
cause the apparatus to identify the profile of the tun-
nel to be excavated based on a depth of the already
excavated tunnel and direction of the tunnel to be
excavated.

An apparatus of any preceding claim, wherein se-
lecting a position of the navigation plane for the drill
plan comprises varying a position of the navigation
planein tunnel depth direction untila number of start-
ing points of drill holes in the drill plan located inside
the excavated tunnel exceeds at least one prede-
fined limit.

An apparatus of any preceding claim, wherein the
plurality of predefined variations comprises a change
in at least one of a position, a heading or an articu-
lation of the mining vehicle in relation to the first po-
sition.

An apparatus of any preceding claim, wherein the at
least one predefined criterion comprises information
on at least one obstacle located at the first position
or at least one of the plurality of second positions.

An apparatus of any preceding claim, wherein the at
least one predefined criterion comprises that each
drill hole of the drill plan is reachable for drilling by
the mining vehicle.

An apparatus of any preceding claim, wherein the at
least one criterion comprises that each drill hole of
the drill plan is drillable by the mining vehicle based
on locations, depths and directions of the drill holes
ofthe drill plan, and dimensions of the machine parts.

An apparatus of any preceding claim, wherein the at
least one criterion comprises a priority order for the
plurality of second positions.

An apparatus of claim 9, wherein the priority order
for the plurality of second positions is determined
based on distance from the first position.
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12.

13.

14.

22

An apparatus of any preceding claim, wherein the at
least one predefined criterion comprises space re-
quired by the mining vehicle.

An apparatus according to any preceding claim,
wherein the at least one memory further comprises
instructions which, when executed by the at least
one processor, cause the apparatus to determine a
new target position in response to determining,
based on floor map data, that the mining vehicle is
unable to drive to the target position.

A computer-implemented method for selecting a po-
sition of a mining vehicle in a mine for drilling, the
method comprising:

selecting a drill plan associated with a tunnel line
for a tunnel to be excavated;

selecting a position of a navigation plane for the
drill plan with respect to the tunnel line;
determining a first position for the mining vehicle
based on the drill plan and the position of the
navigation plane;

obtaining information on a plurality of predefined
variations of the first position;

determining a plurality of second positions for
the mining vehicle based on the first position and
the information on the plurality of predefined var-
iations; and

selecting, from the plurality of second positions,
a target position for the mining vehicle based on
the first position and at least one predefined cri-
terion.

A computer-program product comprising instruc-
tions which, when executed by a computer, cause
the computer to carry out the method of claim 13.
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Select a drill plan associated with a tunnel line for a
tunnel to be excavated
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Select a position of a navigation plane for the drill
plan with respect to the tunnel line
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Determine a first position for the mining vehicle
based on the drill plan and the position of the
navigation plane
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Obtain information on a plurality of predefined
variations of the first position
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Determine a plurality of second positions for the
mining vehicle based on the first position and the
information on the plurality of predefined variations
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Select, from the plurality of second positions, a target
position for the mining vehicle based on the first
position and at least one predefined criterion
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