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Description

TECHNICAL FIELD

[0001] Various example embodiments generally relate
to the field of bolting a rock surface. Some example
embodiments relate to determining a position for instal-
ling a bolt based on position of at least one bolt of a
previously installed bolt fan.

BACKGROUND

[0002] In various applications, such as for example
underground mining, it may be desired to install bolts
ona rock surface.Amobile boltermachinemay comprise
one or more booms with appropriate tools for drilling
holes and installing bolts to the rock surface. Positions
of the bolts may be determined on-site by a human
operator sitting in the cabin of themobile bolter machine.

SUMMARY

[0003] This summary is provided to introduce a selec-
tion of concepts in a simplified form that are further
described below in the detailed description. This sum-
mary is not intended to identify key features or essential
featuresof the claimedsubjectmatter, nor is it intended to
be used to limit the scope of the claimed subject matter.
[0004] According to a first aspect, an apparatus for
controlling a mobile bolter machine is disclosed. The
apparatus may comprise: at least one processor; and
at least one memory including computer program code,
the at least onememory and the computer program code
configured to, with the at least one processor, cause the
apparatus at least to: obtain scanning data of a rock
surface; determine, based on the scanning data, a posi-
tion of at least one bolt of a previous bolt fan on the rock
surface; anddetermineaposition for at least onebolt of at
least one subsequent bolt fan on the rock surface based
on the determined position of the at least one bolt of the
previous bolt fan.
[0005] According to a second aspect, a mobile bolter
machine is disclosed. The mobile bolter machine may
comprise: at least one processor; and at least one mem-
ory including computer program code, the at least one
memory and the computer program code configured to,
with the at least one processor, cause the mobile bolter
machine at least to: obtain scanning data of a rock sur-
face; determine, based on the scanning data, a position
of at least one bolt of a previous bolt fan on the rock
surface; anddetermineaposition for at least onebolt of at
least one subsequent bolt fan on the rock surface based
on the determined position of the at least one bolt of the
previous bolt fan.
[0006] According to a third aspect, a method for con-
trolling amobile boltermachine is disclosed. Themethod
may comprise: obtaining scanning data of a rock surface;
determining, based on the scanning data, a position of at

least one bolt of a previous bolt fan on the rock surface;
and determining a position for at least one bolt of at least
one subsequent bolt fan on the rock surface based on the
determinedpositionof theat least onebolt of theprevious
bolt fan.
[0007] According to a fourth aspect, an apparatus for
controlling a mobile bolter machine is disclosed. The
apparatus may comprise: means for obtaining scanning
data of a rock surface; means for determining, based on
the scanning data, a position of at least one bolt of a
previous bolt fan on the rock surface; and means for
determining a position for at least one bolt of at least
one subsequent bolt fan on the rock surface based on the
determinedpositionof theat least onebolt of theprevious
bolt fan.
[0008] According toafifthaspect, a computer program,
a computer program product, or a (non-transitory) com-
puter-readable medium is disclosed. The computer pro-
gram, computer program product, or (non-transitory)
computer-readable medium may comprise program in-
structionswhich, when executed by an apparatus, cause
the apparatus at least to: obtain scanning data of a rock
surface; determine, based on the scanning data, a posi-
tion of at least one bolt of a previous bolt fan on the rock
surface; anddetermineaposition for at least onebolt of at
least one subsequent bolt fan on the rock surface based
on the determined position of the at least one bolt of the
previous bolt fan.
[0009] According to some aspects, there is provided
the subject matter of the independent claims. Some
further aspects are defined in the dependent claims.
Many of the attendant features will be more readily ap-
preciated as they become better understood by refer-
ence to the following description considered in connec-
tion with the accompanying drawings.

LIST OF DRAWINGS

[0010] The accompanying drawings, which are in-
cluded to provide a further understanding of the example
embodiments and constitute a part of this specification,
illustrate example embodiments and, together with the
description, help to explain theexample embodiments. In
the drawings:

FIG. 1 illustrates an example of a mobile bolter
machine;
FIG. 2 illustrates an example of a mobile bolter
machine communicatively coupled to a remote con-
trol device;
FIG.3 illustratesanexampleof installedandplanned
bolt fans on a rock surface;
FIG. 4 illustrates anexample of a top viewof installed
and planned bolt fans on a rock surface;
FIG. 5 illustrates an example of a method for deter-
mining bolt locations for subsequent bolt fan(s)
based on a previous bolt fan;
FIG. 6 illustrates anexample of bolt positions relative
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to individual bolts of a previous bolt fan;
FIG. 7 illustrates anexample of bolt positions relative
to a line of a previous bolt fan;
FIG. 8 illustrates an example of an apparatus con-
figured to practise one or more example embodi-
ments; and
FIG. 9 illustrates an example of a method for con-
trolling a mobile bolter machine.

[0011] Like references are used to designate like parts
in the accompanying drawings.

DESCRIPTION

[0012] Reference will now be made to embodiments,
examples of which are illustrated in the accompanying
drawings. The description provided 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 example may be
constructed or utilized. The description sets forth the
functions of the example and the sequence of steps for
constructing and operating the example. However, the
same or equivalent functions and sequences may be
accomplished by different examples.
[0013] Bolting of a rock surface may be configured
based on a reference bolting scheme comprising deter-
mination of bolt positions based on positions of pre-
viously installed bolts, or a systematic bolting scheme
following a predetermined bolting plan. In either case,
desired dimensions between bolts or bolt fans may be
defined to ensure properly dense bolting of the rock
surface. A bolting scheme may be also called a bolting
plan. Examples of such dimensions include the distance
between adj acent bolt fans and the distance between
middle points or other points of adjacent bolts. Positions
of previously installed bolts may be configured to be
manually pointed by a boom , a drill bit, a normal laser,
or other device. During navigation of a mobile bolter
machine, positions of the next bolt fan may be shown
on a user interface.
[0014] Example embodiments of the present disclo-
sure improve accuracy and speed of bolting a rock sur-
face. Anapparatusmay be configured to obtain scanning
data of the rock surface and determine position(s) of
bolt(s) of a previously installed bolt fan on the rock sur-
face. The scanning data may be representative of the
rock surface. Based on the determined bolt position(s),
theapparatusmaybeconfigured todetermineposition(s)
bolt(s) of subsequent bolt fan(s) on the rock surface.
[0015] FIG. 1 illustrates an example of a mobile bolter
machine. Even though mobile bolter machine 100 is
illustrated as an underground mobile bolter machine,
example embodiments of the present disclosure may
be applied also to other type of mobile bolter machines,
for example rigs configured for installing bolts on rock
cuttings along roads or railways. Mobile bolter machine
100 may for example comprise a bolting drill rig, a rock

bolter drill rig, a roof bolter, a rock bolter, amining bolter, a
multifunction drill rig, a cable bolter, or the like.
[0016] Mobile bolter machine 100 may be an auto-
matedmobile bolter machine, for example an automated
vehicle, e.g., a mining vehicle, equipped with tools con-
figured for bolting. An automated vehicle, for example an
automated mobile bolter machine, operating in an auto-
matic modemay be configured to, for example, receive a
task to be performed, perceive the environment of the
automated vehicle, and autonomously perform the task
while taking the environment into account. An automated
vehicle operating in an automatic mode may be config-
ured to operate independently but may be taken under
external control at certain operation areas or conditions,
such as during states of emergencies. Example embodi-
ments of the present disclosure may be however applied
also in non-autonomous or semiautonomousmobile bol-
ter machines, for example remote-controlled mobile bol-
ter machines.
[0017] In the example of FIG. 1, axis x represents the
forward driving direction of mobile bolter machine 100.
Axis z represents the vertical direction, in this example
towards the roof of tunnel 140. Note that axis z may or
may not be parallel to the vector of gravity depending on
whether mobile bolter machine 100 is ascending or des-
cending in tunnel 140 . Mobile bolter machine 100 may
comprise a movable carrier 110 and at least one boom
120 connected to movable carrier 110. Movable carrier
110 may comprise equipment for moving or stabilising
mobile bolter machine 100, such as for example amotor,
wheels, or stabilizer jacks (ground support). Movable
carrier 110 may be configured to move autonomously
or it may be configured to be controlled by a human
operator, either remotely or locally at mobile bolter ma-
chine 100. Even though one boom 120 has been illu-
strated in FIG. 1, mobile bolter machine 100 may gen-
erally comprise one or a plurality (e.g., two, three, four,...)
of booms120.Abolter 124maybe coupled to a distal end
portion of boom 120. Bolter 124 may be alternatively
called a bolting head. Bolter 124 may be configured to
drill holes and/or to install bolts at rock surface 142. Rock
surface142maycomprise the roof of tunnel 140and/or at
least some of the walls of tunnel 140. It is however noted
that rock surface 142 may comprise any rock surface to
be bolter. For example, rock surface 142 may be located
outside tunnel 142.
[0018] Mobile bolter machine 100 may comprise at
least one sensor(s) 112 for scanning environment of
mobile bolter machine 100, for example, rock surface
142 and any bolts or bolt fans previously installed there-
on.Sensor(s) 112may include forexampleoneormoreof
the following scanning devices: one or more cameras,
one ormore radio detection and ranging (radar) sensors,
or oneormore light detection and ranging (lidar) sensors.
Sensor(s) 112may therefore comprise a single sensor or
group of two or more sensors. Sensor(s) 112 may be
configured to scan rock surface 142, for example to
detect particular features of rock surface 142 or asso-
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ciated with rock surface 142, such as bolts. Scanning
rock surface 142 may comprise scanning with sensor(s)
112such that its sensingdirection is towards rock surface
142. Scanning rock surface 142 does not necessarily
include detecting features of rock surface 142. For ex-
ample, scanning rock surface142may comprise pointing
sensor(s) 112 towards rock surface 142 and detecting
positions of bolts installed on rock surface 142.
[0019] Acameramaybeused toextract depth informa-
tion of objects such as for example a bolt, for example by
comparing two images takenat slightly different positions
(e.g., by two camera units). Alternatively, sensor(s) 112
may comprise a time-of-flight (ToF) camera, which may
be configured to determine a distance between the cam-
era and an object, e.g., rock surface 142 or a bolt of a bolt
fan, by measuring a round-trip time of an artificial light
signal provided by a laser or a lightemitting diode (LED).
A lidar sensormay be configured to determine a distance
to an obj ect by targeting the obj ect with a laser and
measuring the time for the reflected light to return to a
receiver of the lidar sensor. A radar sensor may be
configured to transmit electromagnetic energy towards
rock surface 142 and to observe the echoes returned
from the rock surface, or bolts installed thereon, to de-
termine distances to rock surface 142 or the bolts. Based
on the scanning, mobile bolter machine 100 may be
configured to obtain point cloud data that represents
the scanned environment. The point cloud data may
for example comprise a three-dimensional (3D) model
of rock surface 142, and/or a bolt fan or bolts installed
thereon. Position of the bolt fan, e.g., individual bolts of
the bolt fan, may be determined based on the scanning
data, as will be further described below. The position of
the bolt fanmay be therefore fixed to, or known in relation
to, a coordinate system of mobile bolter machine 100
(Fmachine). The coordinate system of mobile bolter ma-
chine 100may be stationary with respect tomobile bolter
machine 100.
[0020] Mobileboltermachine100maybeconfigured to
scan rock surface 142 during movement or while being
stationary with respect to rock surface 142. Scanning
rock surface 142 during movement may speed up the
bolting process, because bolting may be initiated soon
aftermobile boltermachine 100has reached the planned
position for installing the next bolts (bolting position), as
will be further described below. Scanning of rock surface
142 may be implemented for example with a simulta-
neous localization and mapping (SLAM) system, which
may be configured to scan environment of mobile bolter
machine100 toobtain thepoint clouddata of surrounding
surfaces or objects. The obtained point cloud data may
be used for object detection, but also for determining
position of mobile bolter machine 100 based on compar-
ing the scanning data to reference data, such as for
example a 3D model of tunnel 140.
[0021] Mobile bolter machine 100 may comprise a
controller (C) 114. Controller 114 may be communica-
tively coupled to sensor(s) 112, for example to receive

scanned sensor data from sensor(s) 112, or, to request
sensor(s) 112 to initiate scanning of rock surface 142.
Controller 114maybe forexampleprovidedasasoftware
application residing on a memory and being executable
by a processor. An example of an apparatus suitable for
implementing controller 114 is provided in FIG. 8. Con-
troller 114may comprise, or be communicatively coupled
to, various functions, blocks, or applications for imple-
menting functionality of controller 114. For example,
controller 114 may comprise or be communicatively
coupled to a data management server, which may be
configured to store information on a digital bolting plan,
tunnel linesor profiles, aminemappoint cloud, or the like.
The digital bolting plan may comprise planned bolt posi-
tions or planned bolt fan positions. Controller 114 may
comprise a navigation application configured to control,
or enable a human operator to control, navigation of
mobile bolter machine 100, for example to move it to
the planned bolting position and/or to determine planned
positions of bolts or bolt fans of the digital bolting plan
relative to a current position of mobile bolter machine
100. Position of mobile bolter machine 100 may be
referred to as a navigation position. A bolting position
may be therefore a navigation position, which has been
planned or determined for mobile bolter machine 100 to
install bolt(s) at rock surface 142.
[0022] Controller 114 may be configured to determine
and/or maintain the digital bolting plan, a 3D model of at
least one component of mobile bolter machine 100 (e.g.,
a 3D model of boom(s) 120 or bolter 124), and/or a
kinematic model of mobile bolter machine 100, or com-
ponent(s) thereof. A 3D model of a component of mobile
bolter machine 100 may comprise 3D geometry data of
the component, obtained for example from a computer
aided design (CAD) model of the respective physical
component.
[0023] A kinematic model of mobile bolter machine
100, or component(s) thereof, may comprise a mathe-
matical description of at least a part of mobile bolter
machine 100. A kinematic model may describe motion
of mobile bolter machine 100 or component(s) of mobile
boltermachine 100without taking into account the forces
that cause themotion. The kinematicmodelmay be used
for estimating a position of mobile bolter machine 100 or
component(s) of mobile bolter machine 100, for example
based on measurement data from one or more sensors
associated with mobile bolter machine 100 or motion of
mobile bolter machine 100 caused by given control in-
puts. The kinematic model of mobile bolter machine 100
may comprise at least dimensions of mobile bolter ma-
chine 100 and/or reach of mobile bolter machine 100
such as a movement range of at least one boom 120 or
bolter 124 of mobile bolter machine 100. The kinematic
model may comprise information on dimensions of
boom(s) 120, or parts thereof, for example bolter 124,
characteristics of joint(s) 122 (e.g., their degrees of free-
dom), constraints between moving parts of mobile bolter
machine 100, or the like. The kinematic model may thus
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enable modelling movement of the component(s) of mo-
bile bolter machine 100, for example to determine pos-
sible bolt positions for bolting from a particular bolting
position. The kinematic model may for example enable
determining a maximum distance reachable by bolter
124. The 3D model(s) of the component(s) may be pro-
vided as point cloud data indicative of the surface of the
component(s). Point cloud data may comprise a plurality
of data points representing, for example, distances be-
tweenmobileboltermachine100and its component(s) or
other objects in theenvironment ofmobile boltermachine
100, for example at a particular time instance. An indivi-
dual point included in a point cloud may be presented by,
for example, x and y coordinates, or x, y, and z coordi-
nates with respect to a particular coordinate frame.
[0024] Mobile boltermachine100maybe controlled by
a remote control device 200, which may be external to
mobile bolter machine 100, as illustrated in FIG. 2. Re-
mote control device 200 may be for example a server
located remote from mobile bolter machine 100, for ex-
ample outside tunnel 140. Functionality of controller 114
may be distributed between mobile bolter machine 100,
for example a local controller of mobile bolter machine
100, and remote control device 200. Information may be
exchanged between remote control device 200 and mo-
bile bolter machine 100 over a communication interface
including any suitable wireless or wired connection. Ex-
amples of suitable communication interfaces are de-
scribed with reference to FIG. 8.
[0025] Controller 114 may be configured to determine
and/ormaintain the digital bolting plan. The digital bolting
plan, the 3D model(s), or the kinematic model(s) of
mobile bolter machine 100 may be stored at controller
114, for example based on pre-configuration of the mod-
els. Alternatively, controller 114 may be configured to
receive the digital bolting plan or one or more of the
models from mobile bolter machine 100 or the data
management server. Controller 114 may also be config-
ured to receive, for example from mobile bolter machine
100, the scanned sensor data of sensor(s) 112, which
controller 114 may be configured to use for detecting
bolt(s) installed on rock surface 142. Example embodi-
ments of the present disclosure may be thus implemen-
ted locally by mobile bolter machine 100, by remote
control device 200, or by a system comprising mobile
bolter machine 100 and remote control device 200.
[0026] FIG. 3 illustrates an example of installed and
planned bolt fans on a rock surface. A previous bolt fan
may comprise bolts 302 installed on rock surface 142.
The previous bolt fan may be located substantially on a
plane perpendicular to driving direction (x) of mobile
bolter machine 100. Controller 114 may be configured
to determine position(s) for bolt(s) of subsequent bolt
fan(s), for example a first subsequent bolt fan (Fan 1)
and a second subsequent bolt fan (Fan 2). Each bolt fan
may be associated with a position along the longitudal
direction of tunnel 140, in this example axis x.
[0027] Considering bolting at a particular point of axis

x, the bolt fans may be configured to be installed starting
from the roof of tunnel 140, for example from the highest
point of the roof, andmovingdownalong rocksurface142
such that bolts located onwalls of tunnel 140are installed
after bolts the roof of tunnel 140, or vice versa. A wall of
tunnel 140maycomprise a portion of rock surface142 for
which the inclination with respect to axis z is below a
threshold, for example less than 45°. A roof of tunnel 140
may comprise a portion of rock surface 142 for which the
inclination with respect to axis z is above the threshold,
for example greater than 45°.
[0028] The first subsequent bolt fanmaybeadjacent to
the previous bolt fan in the driving direction (x) of mobile
boltermachine100.Thesecondsubsequent bolt fanmay
be adjacent to the first subsequent bolt fan in the driving
direction (x) of mobile bolter machine 100. The first sub-
sequent bolt fan may be therefore between the previous
bolt fan and the second subsequent bolt fan. The first
subsequent bolt fanmay beadjacent to both the previous
bolt fan and the second subsequent bolt fan. An adjacent
bolt fan may refer to a bolt fan that is next to a particular
bolt fan, either in the driving direction of mobile bolter
machine, or the direction opposite to thedriving direction.
[0029] Positions of subsequent bolt fan(s) may be in-
itially defined in the digital bolting plan. Alternatively,
controller 114 may be configured to determine positions
for bolts of subsequent bolt fan(s) without the digital
bolting plan indicating any initial positions for them. Con-
troller 114 may be configured to determine, e.g., adjust,
position(s) of bolt(s) of the subsequent bolt fan(s) based
on the previous bolt fan. Even though two subsequent
bolt fans are illustrated in FIG. 3, controller 114 may be
configured to determine bolt positions for one or a plur-
ality (e.g., two, three, four,...) of subsequent bolt fans.
[0030] An example of a top view of the previous (’o’)
and subsequent (’x’) bolt fans is illustrated in FIG. 4.
Controller 114 may be configured to determine the posi-
tions of the bolts of the previous bolt fan. Controller 114
may be further configured to determine a line of the
previous bolt fan, as will be further described with refer-
ence toFIG.5. It is noted that due to thepotentially curved
profile of the roof and/or walls of tunnel 140, the line may
be a curved line on a plane, e.g., the plane perpendicular
to the driving direction of mobile bolter machine 100 (yz-
plane). Optionally, controller 114 may be configured to
project positions of the bolts of the previous bolt fan to a
plane, e.g., the xy-plane, and to determine the line of the
previous bolt fan on this plane, resulting in a straight line.
[0031] FIG. 5 illustrates an example of a method for
determining bolt locations for subsequent bolt fan(s)
based on a previous bolt fan.
[0032] At operation 501, controller 114 may be config-
ured to obtain a bolting plan, for example a digital bolting
plan. Controller 114 may be configured to retrieve the
bolting plan form a memory associated with controller
114, for example a memory of mobile control machine
100. Alternatively, controller 114 may be configured to
receive theboltingplan, for example viaacommunication
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interface (e.g., from a remote server) or user interface
810. The bolting plan may be configured to indicate
planned relative positions of bolts and/or bolt fans, for
example a planned distance between bolts of bolt fans
adjacent to each other or a planned distance between
bolt fans adjacent to each other. Adjacent bolts or adja-
cent bolt fans may refer to bolts or bolt fans that are
adjacent toeachother, for example in thedrivingdirection
of mobile bolter machine 100. The bolting plan may
comprise any suitable format of digital data configured
to indicate planned positions of bolts or bolt fans, for
example in a coordinate frame stationary with respect
to rock surface 142 (e.g., Ftunnel). Controller 114 may be
configured to map the planned positions of the bolts or
bolt fan(s) to its own coordinate system (Fmachine). The
bolting plan may be further configured to indicate a
planned distance for adjacent bolts of the same bolt fan.
[0033] At operation 502, controller 114 may be config-
ured to obtain scanning data of rock surface 142. The
scanning data may comprise 3D scanning data of rock
surface 142, obtained for example by sensor(s) 112.
Controller 114 may be configured to control scanning
of rock surface 142 to obtain the scanning data. Con-
troller 114 may be configured to cause scanning of rock
surface 142, for example by transmitting to sensor(s) 112
a request to initiate scanning.
[0034] Sensor(s) 112may be positioned such that their
sensor signal(s) are configured to be directed to rock
surface142,whenmobile boltermachine100 is operated
near rock surface142.Scanning datamay comprise data
captured by sensor(s) 112 during scanning of rock sur-
face 142. Controller 114 may be configured to obtain the
scanning data of rock surface 142, for example by re-
ceiving the scanning data from sensor(s) 112. Controller
114 may be however configured to process, for example
select or filter, raw sensor data provided by sensor(s) 112
to obtain the scanning data.
[0035] It is noted that controller 114may be configured
to causescanningof rock surface142whenmobile bolter
machine 100 is not located at the plannedbolting position
for installing the next bolt fan. For example, controller 114
may be configured to cause scanning of rock surface 142
before mobile bolter machine 100 arrives at the planned
bolting position for installing the next bolt fan. Controller
114maybeconfigured tocontrol scanningof rocksurface
142 such that the scanning data is obtained while mobile
bolter machine 100 is moving away from a previous
bolting position. Controller 114 may be configured to
determine the planned bolting position based on the
scanning data, for example such that mobile bolter ma-
chine 100 is enabled to install one or more subsequent
bolt fans, for example based on the kinematic model of
mobile bolter machine 100.
[0036] For example, controller 114 may be configured
to cause scanning of rock surface 142 to obtain the
scanning data, in response to determining that mobile
bolter machine 100 is located within a predetermined
range from a planned bolting position, which may com-

prise a planned position for mobile bolter machine 100
(e.g., carrier 110) for bolting bolt(s) of subsequent bolt
fan(s). This provides thebenefit of faster bolting, because
the scanning may be initiated already before arriving at
the planned bolting location of mobile bolter machine
100. Note that controller 114 may be configured to
post-process the scanning data to compensate formove-
ment of mobile bolter machine 100 during or after scan-
ning of rock surface 142.
[0037] At operation 503, controller 114 may be config-
ured todetect a previousbolt fan installedon rock surface
142. Controller 114 may be configured to determine,
based on the scanning data, position(s) of bolt(s) of
the previous bolt fan on rock surface 142. Detecting
bolt(s) of the previous fan may comprise detecting dis-
tinctive features of the bolt(s) in the scanning data (e.g.,
thepoint coulddata) suchas for exampleprotuberanceof
the bolt(s) from rock surface 142. Controller 114 may be
configured todetect thebolt(s) of the previousbolt fan, for
example based on applying any suitable computer vision
or pattern recognition algorithm(s) on the scanning data.
The position of the bolt(s) of the previous bolt fanmay be
determined in the coordinate frame of mobile bolter ma-
chine 100 (Fmachine), which may be stationary with re-
spect to mobile bolter machine 100 (e.g., carrier 110).
Optionally, controller 114 may be configured to map the
determined bolt position(s) to an external coordinate
frame, for example to a coordinate frame stationary with
respect to rock surface 142 (e.g., Ftunnel).
[0038] For example, controller 114 may be configured
to initially provide information on the position of the bolts
of the previous bolt fan with respect to the coordinate
frame ofmobile boltermachine 100 (Fmachine). Controller
114 may be therefore configured to provide information
on the position of the bolts of the previous bolt fan with
respect to the position of mobile bolter machine 100
during the scanning by sensor(s) 112. Subsequently,
after movement of mobile bolter machine 100, the posi-
tions of the bolts of the previous bolt fan may be updated
at the coordinate frame of mobile bolter machine 100
such that their positions with respect to rock surface 142
remain stationary. It is also possible to perform the scan-
ning at multiple positions of mobile bolter machine 100.
As noted above,movement ofmobile boltermachine 100
during or after the scanning may be compensated by
controller 114.
[0039] At operation 504, controller 114 may be config-
ured to determine position(s) for bolt(s) of subsequent
bolt fan(s) on rock surface 142. Controller 114 may be
configured to the determine position(s) for bolt(s) of
subsequent bolt fan(s) based on the position(s) of the
bolt(s) of thepreviousbolt fan, asdeterminedatoperation
503.
[0040] As a first option, controller 114 may be config-
ured to determine the position(s) for bolt(s) of the sub-
sequent bolt fan(s) such that bolt(s) of the subsequent
bolt fan(s) is/are configured to be positioned at a planned
distance from respective adjacent bolt(s) of an adjacent
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fan in a direction substantially perpendicular to the ad-
jacent bolt fan. Anexample of this approach is provided in
FIG.6.BothFIG.6andFIG.7 illustrate topviews (towards
floor of tunnel 140) of positions of already installed bolts
of the previous bolt fan and planned bolt positions of two
subsequent bolt fans.
[0041] For example, bolt 612 of the first subsequent
bolt fan (Fan 1)may be configured to be positioned at the
planned distance (dx) from respective adjacent bolt 602
of the previous bolt fan. Bolt 624 of the second subse-
quent bolt fan (Fan 2)may be configured to be positioned
at the planneddistance (dx) from respective adjacent bolt
614 of the first subsequent bolt fan, which is an adjacent
bolt fan for the second subsequent bolt fan (Fan 2). Note
that the planned distance may comprise the x-compo-
nent of the distance between respective bolts of the
adjacent bolt fans, e.g., the distance in the driving direc-
tion of mobile bolter machine 100. This distance may be
substantially perpendicular to the previous bolt fan, or a
plane defined by the previous bolt fan. For example,
controller 114 may be configured to determine position
of bolt 616 of the first subsequent bolt fan (Fan 1) such
that the distance between a line passing through the
planned location of bolt 616 in a direction (y) perpendi-
cular to the driving direction (x) and a respective bolt 606
of the previous bolt fan is equal to the planned distance
(dx). This provides freedom inselectingpositions for bolts
of the subsequent bolt fans along the y-axis, while en-
suring that bolts are installed at appropriate distances in
the driving direction of mobile bolter machine 100.
[0042] As a second option, controller 114 may be con-
figured to determine, based on the scanning data, a
position of a line of the previous bolt fan. For example,
controller 114 may be configured to fit a line to a set of
points representing bolt positions of the previous bolt fan.
Fitting the line may comprise averaging positions of the
bolts of the previousbolt fan along the x-axis, or any other
suitable line fitting method. The line of the previous bolt
fan may be substantially perpendicular to the longitudal
direction of tunnel 140. During bolting the driving direc-
tion (x) ofmobile boltermachine100maybesubstantially
the same as the longitudal direction of tunnel 140. Con-
troller 114may be further configured to determine, based
on the position of the line of the previous bolt fan, loca-
tions for bolts of the subsequent bolt fan(s). An example
of this approach is illustrated in FIG. 7. Note that the line
may be a straight line or a curved line on a plane, in this
example the yz-plane.
[0043] For example, bolt 712 of the first subsequent
bolt fan (Fan 1)may be configured to be positioned at the
planned distance (dx) from the line of the previous bolt
fan. An indication of the planned distance may be in-
cluded in the bolting plan and it may be configured to
indicate the planned distance between adjacent bolt
fans. Bolt 724 of the second subsequent bolt fan (Fan
2) may be configured to be positioned at twice the
planned distance (2dx) from the line of the previous bolt
fan, i.e., the previously installed bolt fan. In general,

controller 114 may be configured to determine positions
of the bolts of subsequent bolt fans such that the bolts are
at an integer multiple (e.g., 2dx, 3dx, 4dx) of the planned
distance between from the previous bolt fan. In case ofN
subsequent bolt fans, controller 114maybe configured to
determine positions of the bolts of theN subsequent bolt
fans such that bolts of an n-th bolt fan are located at
distance ndx from the line of the previous bolt fan, where
integer n = 1... N . Determining positions of subsequent
bolt fans based on the line of the previous bolt fan
provides the benefit of more consistent bolting pattern,
because drifting of bolt locations, e.g., due to deviations
in individual bolt locations from the planned locations,
may be avoided. Deviations in individual bolt locations
might occur due to errors in installation or due to adjust-
ment of bolt positions during the installation, for example
to avoid installing a bolt in a steep recess of rock surface
142.
[0044] The planned distance to the line of the previous
bolt fanmay be again the x-component of the distance to
the line, or in case of a curved line to the plane on which
the line resides. Again, this provides freedom in selecting
positions for bolts of the subsequent bolt fansalong the y-
axis, while ensuring that bolts are installed at appropriate
distances in thedrivingdirection ofmobile boltermachine
100.
[0045] In case of both FIG. 6 and FIG. 7, controller 114
may be configured to determine the positions of the bolts
of the subsequent bolt fans such that there’s a predeter-
mined distance (dy), or at most this distance, between
adjacent bolts of the same bolt fan. One or both of
distances dx and dymay be indicated in the bolting plan.
[0046] Referring back to FIG. 5, at operation 505 con-
troller 114maybeconfigured tooutput an indicationof the
determined positions of the bolt(s) of the subsequent bolt
fan(s). When controller 114 is located at mobile bolter
machine100, controller 114maybeconfigured toprovide
the indication over an internal communication interface
(e.g., a data bus) of mobile bolter machine 100, for
example to another subsystem of mobile bolter machine
100. Alternatively, or additionally, controller 114 may be
configured to transmit the indication, or cause transmis-
sion of the indication, over an external communication
interface of mobile bolter machine 100, for example to
remote control device200.Whencontroller 114 is located
external to mobile bolter machine 100, e.g., at remote
control device 200, controller 114 may be configured to
transmit the indication to mobile bolter machine 100.
Transmissionof the indication over an internal or external
communication interface is provided as an example of
outputting the indication.Alternatively, controller 114may
beconfigured tooutput the indicationwithinacomputer to
a software component of mobile bolter machine 100.
[0047] At operation 506, controller 114 may be config-
ured to cause visualization of the determined position(s)
of bolt(s) of the subsequent bolt fan(s). For example,
controller 114 may be configured to transmit control in-
structions to a display of mobile bolter machine 100 to
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visualize the determined bolt position(s), for example as
an overlay on top of a 3D visualization of rock surface
142. This provides the benefit of enabling a human
operator of mobile bolter machine 100, either remotely
or at the cabin of mobile bolter machine 100, to control
installation of the bolts in accordance with their deter-
mined positions.
[0048] At operation 507, controller 114 may be config-
ured to control installation of bolts of the subsequent bolt
fan(s) to rock surface 142. For example, controller 114
maybeconfigured tocontrolmovementof boom120,and
operations of bolter 124, to cause installation of the
subsequent bolt fan(s) at the determined bolt positions.
Controller 114 may be configured to transmit control
instructions to devices(s), e.g., actuators, configured to
cause movement of boom 120 or operation(s) of bolter
124 (e.g., drilling or bolting).
[0049] Some operations of FIG. 5 may be optional and
the operations may be also performed in different order,
where appropriate. For example, controller 114 may be
configured to obtain the bolting plan at any suitable time
beforedetermining thebolt position(s) for thesubsequent
bolt fan(s) (cf. operation 504). Controller 114 may be
configured to perform one or more of operations 505 to
507, or terminate the method after operation 504.
[0050] FIG. 8 illustrates an example of an apparatus
configured to practise one or more example embodi-
ments. Apparatus 800 may be or comprise a control
apparatus, such as for example a server, communica-
tively coupled to mobile bolter machine 100, a control
apparatus located at mobile bolter machine 100, con-
troller 114, mobile bolter machine 100 itself, or in general
any apparatus or system configured to implement the
functionality described herein. Althoughapparatus 800 is
illustrated as a single device, it is appreciated that, wher-
ever applicable, functions of apparatus 800 may be dis-
tributed to a plurality of physically separate apparatuses,
for example mobile bolter machine 100 and remote con-
trol device 200.
[0051] Apparatus 800 may comprise at least one pro-
cessor 802. The at least one processor 802 may com-
prise, for example, one or more of various processing
devices, such as for example a co-processor, a micro-
processor, a controller, adigital signal processor (DSP), a
processing circuitry with or without an accompanying
DSP, or various other processing devices including in-
tegrated circuits such as, for example, an application
specific integrated circuit (ASIC), a field programmable
gate array (FPGA), a microcontroller unit (MCU), a hard-
ware accelerator, a specialpurpose computer chip, or the
like.
[0052] Apparatus 800 may further comprise at least
one memory 804. The at least one memory 804 may be
configured to store, for example, computer programcode
or the like, for example operating system software and
application software. The at least one memory 804 may
comprise one or more volatile memory devices, one or
morenon-volatilememory devices, and/or a combination

thereof. For example, the memory may be embodied as
magnetic storagedevices (suchasharddiskdrives, etc.),
optical magnetic storage devices, or semiconductor
memories (such as mask ROM, PROM (programmable
ROM), EPROM (erasable PROM), flash ROM, RAM
(randomaccessmemory), etc.). Memory 804 is provided
as an example of a (non-transitory) computer readable
medium. The term "non-transitory," as used herein, is a
limitation of themedium itself (i.e., tangible, not a signal )
as opposed to a limitation on data storage persistency
(e.g., RAM vs. ROM). The at least one memory 804 may
be also embodied separate from apparatus 800, for ex-
ample as a computer readable (storage) medium, exam-
plesofwhich includememory sticks, compact discs (CD),
or the like.
[0053] Whenapparatus800 isconfigured to implement
some functionality, somecomponent and/or components
of apparatus 800, such as for example the at least one
processor 802 and/or the at least one memory 804, may
be configured to implement this functionality. Further-
more, when the at least one processor 802 is configured
to implement some functionality, this functionalitymay be
implemented using program code 806 comprised, for
example, in the at least one memory 804.
[0054] The functionality described herein may be per-
formed, at least inpart, byoneormorecomputer program
product components such as software components. Ac-
cording to an example embodiment, apparatus 800 com-
prises a processor or processor circuitry, such as for
example a microcontroller, configured by the program
code 806, when executed, to execute the embodiments
of the operations and functionality described herein.
Program code 806 is provided as an example of instruc-
tionswhich, when executed by the at least one processor
802, cause performance of apparatus 800.
[0055] For example, controller 114 may be at least
partially implemented as program code 806 configured
to cause apparatus 800 to perform functionality of con-
troller 114. Similarly, transmission or reception of data
(e.g., the bolting plan, indications of bolt positions, or
control instructions) over an internal or external commu-
nication interface of mobile bolter machine 100 may be
controlled by software.
[0056] Alternatively, or in addition, the functionality
described herein can be performed, at least in part, by
one or more hardware logic components. For example,
and without limitation, illustrative types of hardware logic
components that can be used include field-programma-
ble gate arrays (FPGAs), application-specific integrated
circuits (ASICs), application-specific standard products
(ASSPs), system-on-a-chip systems (SOCs), complex
programmable logic devices (CPLDs), graphics proces-
sing units (GPUs), neural processing unit (NPU), tensor
processing unit (TPU), or the like.
[0057] Apparatus 800may comprise a communication
interface 808 configured to enable apparatus 800 to
transmit and/or receive information. Communication in-
terface 808 may comprise an internal or external com-
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munication interface, such as for example a radio inter-
face between mobile bolter machine 100 and remote
control device 200. Apparatus 800 may further comprise
other components and/or functions such as for example
user interface 810 comprising at least one input device
and/or at least one output device. The input device may
takevarious formssuchasakeyboard, a touchscreen, or
one or more embedded control buttons. The output de-
vice may for example comprise a display, a speaker, or
the like.User interface810mayenable ahumanoperator
to monitor various functions and data, such as for ex-
ample determined bolt positions, positions of already
installed bolts, or the like.
[0058] Apparatus 800may be configured to perform or
cause performance of any aspect of the method(s) de-
scribed herein. Further, a computer program or a com-
puter program product may comprise instructions for
causing, when executed by apparatus 800, apparatus
800 to perform any aspect of the method(s) described
herein. Further, apparatus 800 may comprise means for
performing any aspect of the method(s) described here-
in. In one example, themeans comprises the at least one
processor 802, the at least one memory 804 including
program code 806 (instructions) configured to, when
executed by the at least one processor 802, cause ap-
paratus 800 to perform the method(s). In general, com-
puter program instructions may be executed on means
providing generic processing functions. Such means
may be embedded for example in a computer, a server,
or the like. The method(s) may be thus computer-imple-
mented, for example based algorithm(s) executable by
the generic processing functions, an example of which is
the at least one processor 802. Apparatus 800 may
comprisemeans for transmittingor receiving information,
for example one or more wired of wireless (e.g. radio)
transmitters or receivers, which may be coupled or be
configured to be coupled to one or more antennas, or
transmitter(s) or receiver(s) of a wired communication
interface.
[0059] According to a first aspect, apparatus 800 may
be configured to control a mobile bolter machine. The
apparatus may comprise: at least one processor; and at
least onememory including computer program code, the
at least one memory and the computer program code
configured to, with the at least one processor, cause the
apparatus at least to: obtain scanning data of a rock
surface; determine, based on the scanning data, a posi-
tion of at least one bolt of a previous bolt fan on the rock
surface; anddetermineaposition for at least onebolt of at
least one subsequent bolt fan on the rock surface based
on the determined position of the at least one bolt of the
previous bolt fan.
[0060] According to an example embodiment of the
first aspect, the computer program code is configured to,
with the at least one processor, cause the apparatus to
perform at least one of the following: outputting an in-
dication of the determined position of the at least one bolt
of the at least one subsequent bolt fan, causing visuali-

zation of the determinedposition of the at least one bolt of
the at least one subsequent bolt fan on a display, or
controlling bolting of the at least one bolt of the at least
one subsequent bolt fan on the rock surface based on the
determined position for the at least one bolt of the at least
one subsequent bolt fan.
[0061] According to an example embodiment of the
first aspect, the computer program code is configured to,
with the at least one processor, cause the apparatus to:
obtain a bolting plan indicative of a planned distance
between bolts of adjacent bolt fans; and determine the
position for the at least one bolt of the at least one
subsequent bolt fan such that the at least one bolt of
the at least one subsequent bolt fan is configured to be
positioned at the planned distance from an adjacent bolt
of an adjacent fan in a direction substantially perpendi-
cular to the adjacent bolt fan.
[0062] According to an example embodiment of the
first aspect, the computer program code is configured to,
with the at least one processor, cause the apparatus to:
determine, based on the scanning data, a position of a
line of the previous bolt fan; and determine, based on the
position of the line of the previous bolt fan, locations for
bolts of the at least one subsequent bolt fan.
[0063] According to an example embodiment of the
first aspect, the computer program code is configured to,
with the at least one processor, cause the apparatus to:
determine the line of the previous bolt fan based on line
fitting of positions of bolts of the previous bolt fan on the
rock surface.
[0064] According to an example embodiment of the
first aspect, the computer program code is configured to,
with the at least one processor, cause the apparatus to:
obtain a bolting plan indicative of a planned distance
between adjacent bolt fans; and determine positions
for bolts of the at least one subsequent bolt fan such that
the bolts of the at least one subsequent bolt fan are
configured to be positioned at the planned distance or
an integermultiple of theplanneddistance from the lineof
the previous bolt fan towards a direction substantially
perpendicular to the previous bolt fan.
[0065] According to an example embodiment of the
first aspect, the line of the previous bolt fan is substan-
tially perpendicular to a longitudal direction of a tunnel
defining the rock surface.
[0066] According to an example embodiment of the
first aspect, the computer program code is configured to,
with the at least one processor, cause the apparatus to:
causescanningof the rock surface to obtain the scanning
data, in response to determining that the mobile bolter
machine is located within a predetermined range from a
planned position for bolting the at least one subsequent
bolt fan.
[0067] According to an example embodiment of the
first aspect, the computer program code is configured to,
with the at least one processor, cause the apparatus to:
transmit, to at least one scanning device of the mobile
bolter machine, a request to initiate scanning of the rock
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surface to cause the scanning of the rock surface.
[0068] According to an example embodiment of the
first aspect, theat least onescanningdeviceof themobile
bolter machine comprises at least one camera, at least
one radio detection and ranging sensor, or at least one
light detection and ranging sensor.
[0069] According to an example embodiment of the
first aspect, the scanning data comprises three-dimen-
sional scanning data of the rock surface.
[0070] According to a second aspect, a mobile bolter
machine comprises the apparatus according to any ex-
ample embodiment of the first aspect. For example, the
mobile bolter machine may comprise: at least one pro-
cessor; and at least one memory including computer
programcode, theat least onememoryand the computer
program code configured to, with the at least one pro-
cessor, cause the mobile bolter machine at least to:
obtain scanning data of a rock surface; determine, based
on the scanning data, a position of at least one bolt of a
previous bolt fan on the rock surface; and determine a
position for at least one bolt of at least one subsequent
bolt fan on the rock surface based on the determined
position of the at least one bolt of the previous bolt fan.
[0071] FIG. 9 illustrates an example of a method for
controlling a mobile bolter machine, according to a third
aspect of the present disclosure. The method may com-
prise a computer-implementedmethod performed by, for
example, apparatus 800 such as controller 114.
[0072] At 901, the method may comprise obtaining
scanning data of a rock surface.
[0073] At 902, the method may comprise determining,
based on the scanning data, a position of at least one bolt
of a previous bolt fan on the rock surface.
[0074] At903, themethodmaycomprisedetermininga
position for at least one bolt of at least one subsequent
bolt fan on the rock surface based on the determined
position of the at least one bolt of the previous bolt fan.
[0075] According to an example embodiment of the
third aspect, the method comprises at least one of the
following: outputting an indication of the determined po-
sition of the at least one bolt of the at least one subse-
quent bolt fan, causing visualization of the determined
position of the at least one bolt of the at least one sub-
sequent bolt fan on a display, or controlling bolting of the
at least one bolt of the at least one subsequent bolt fan on
the rock surface based on the determined position for the
at least one bolt of the at least one subsequent bolt fan.
[0076] According to an example embodiment of the
third aspect, the method comprises: obtaining a bolting
plan indicative of a planned distance between bolts of
adjacent bolt fans; and determining the position for the at
least one bolt of the at least one subsequent bolt fan such
that the at least one bolt of the at least one subsequent
bolt fan is configured to be positioned at the planned
distance from an adjacent bolt of an adjacent fan in a
direction substantially perpendicular to the adjacent bolt
fan.
[0077] According to an example embodiment of the

third aspect, the method comprises: determining, based
on the scanning data, a position of a line of the previous
bolt fan; anddetermining, basedon thepositionof the line
of the previous bolt fan, locations for bolts of the at least
one subsequent bolt fan.
[0078] According to an example embodiment of the
third aspect, the method comprises: determining the line
of the previous bolt fan based on line fitting of positions of
bolts of the previous bolt fan on the rock surface.
[0079] According to an example embodiment of the
third aspect, the method comprises: obtaining a bolting
plan indicative of a planned distance between adjacent
bolt fans; and determining positions for bolts of the at
least one subsequent bolt fan such that the bolts of the at
least one subsequent bolt fan are configured to be posi-
tionedat theplanneddistanceoran integermultipleof the
planned distance from the line of the previous bolt fan
towards a direction substantially perpendicular to the
previous bolt fan.
[0080] According to an example embodiment of the
third aspect, the line of the previous bolt fan is substan-
tially perpendicular to a longitudal direction of a tunnel
defining the rock surface.
[0081] According to an example embodiment of the
third aspect, themethod comprises: causing scanning of
the rock surface to obtain the scanning data, in response
to determining that the mobile bolter machine is located
within a predetermined range from a planned position for
bolting the at least one subsequent bolt fan.
[0082] According to an example embodiment of the
third aspect, the method comprises: transmitting, to at
least one scanning device of themobile boltermachine, a
request to initiate scanning of the rock surface to cause
the scanning of the rock surface.
[0083] According to an example embodiment of the
third aspect, the at least one scanning device of the
mobile bolter machine comprises at least one camera,
at least one radiodetectionand rangingsensor, or at least
one light detection and ranging sensor.
[0084] According to an example embodiment of the
third aspect, the scanning data comprises three-dimen-
sional scanning data of the rock surface.
[0085] The method may be performed by controller
114,mobile bolter machine 100, or remote control device
200, for example based on program code 806, when
executed by processor 802. Various examples of the
methods are explained above with regard to functional-
ities of controller 114, mobile bolter machine 100, and/or
remote control device 200, and are therefore not re-
peated here. It should be understood that example em-
bodiments described may be combined in different ways
unless explicitly disallowed.
[0086] According to a fourth aspect, an apparatusmay
comprise means for obtaining scanning data of a rock
surface; means for determining, based on the scanning
data, apositionofat least onebolt of apreviousbolt fanon
the rock surface; andmeans for determiningaposition for
at least one bolt of at least one subsequent bolt fan on the
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rock surface based on the determined position of the at
least one bolt of the previous bolt fan. The apparatusmay
comprise means for performing any example embodi-
ment of the method of the third aspect.
[0087] According toafifthaspect, a computer program,
a computer program product, or a (non-transitory) com-
puter-readable medium is disclosed. The computer pro-
gram, computer program product, or (non-transitory)
computer-readable medium may comprise program in-
structionswhich, when executed by an apparatus, cause
the apparatus at least to: obtain scanning data of a rock
surface; determine, based on the scanning data, a posi-
tion of at least one bolt of a previous bolt fan on the rock
surface; anddetermineaposition for at least onebolt of at
least one subsequent bolt fan on the rock surface based
on the determined position of the at least one bolt of the
previous bolt fan. The computer program, the computer
program product, or the (non-transitory) computer-read-
able medium may comprise program instructions which,
when executed by an apparatus, cause the apparatus to
perform any example embodiment of the method of the
third aspect.
[0088] Although thesubjectmatter hasbeendescribed
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
examples of implementing the claims and other equiva-
lent features and acts are intended to bewithin the scope
of the claims.
[0089] 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 embo-
diments are not limited to those that solve any or all of the
stated problems or those that have any or all of the stated
benefitsandadvantages. Itwill further beunderstood that
reference to ’an’ item may refer to one or more of those
items.
[0090] The steps or operations of the methods de-
scribed herein may be carried out in any suitable order,
or simultaneously where appropriate. Additionally, indi-
vidual blocks may be deleted from any of the methods
without departing from the scope of the subject matter
described herein. Aspects of any of the example embodi-
ments describedabovemaybecombinedwith aspects of
any of the other example embodiments described to form
further example embodiments without losing the effect
sought.
[0091] 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.
[0092] Asused herein, "at least one of the following: <a
list of twoormoreelements>" and "at least oneof <a list of
two or more elements>" and similar wording, where the
list of two or more elements are joined by "and" or "or",

mean at least any one of the elements, or at least any two
ormore of the elements, or at least all the elements. Term
"or" may be understood to also cover a case where both
of the items separated by "or" are included. Hence, "or"
may be understood as an inclusive "or" rather than an
exclusive "or".
[0093] Although subjectsmay be referred to as ’first’ or
’second’ subjects, this does not necessarily indicate any
order or importance of the subjects. Instead, such attri-
butes may be used solely for the purpose of making a
difference between subjects.
[0094] It will be understood that the above description
is given by way of example only and that various mod-
ifications 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 embodi-
ments, those skilled in the art could make numerous
alterations to the disclosed embodimentswithout depart-
ing from scope of this specification.

Claims

1. Anapparatus for controllingamobile boltermachine,
the apparatus comprising:

at least one processor; and
at least one memory including computer pro-
gram code, the at least one memory and the
computer program code configured to, with the
at least one processor, cause the apparatus at
least to:

obtain scanning data of a rock surface;
determine, based on the scanning data, a
position of at least onebolt of a previous bolt
fan on the rock surface; and
determine a position for at least one bolt of
at least one subsequent bolt fan on the rock
surfacebasedon thedeterminedposition of
the at least one bolt of the previous bolt fan.

2. The apparatus according to claim 1, wherein the at
least one memory and the computer program are
code further configured to, with the at least one
processor, cause the apparatus to perform at least
one of the following:

outputting an indication of the determined posi-
tion of the at least one bolt of the at least one
subsequent bolt fan,
causing visualization of the determined position
of the at least one bolt of the at least one sub-
sequent bolt fan on a display, or
controlling bolting of the at least one bolt of the at
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least one subsequent bolt fan on the rock sur-
face based on the determined position for the at
least one bolt of the at least one subsequent bolt
fan.

3. The apparatus according to claim 1 or 2, wherein the
at least one memory and the computer program are
code further configured to, with the at least one
processor, cause the apparatus to:

obtain a bolting plan indicative of a planned
distance between bolts of adjacent bolt fans;
and
determine the position for the at least one bolt of
theat least onesubsequentbolt fansuch that the
at least one bolt of the at least one subsequent
bolt fan is configured to be positioned at the
planned distance from an adjacent bolt of an
adjacent bolt fan in a direction substantially per-
pendicular to the adjacent bolt fan.

4. The apparatus according to claim 1 or 2, wherein the
at least one memory and the computer program are
code further configured to, with the at least one
processor, cause the apparatus to:

determine, based on the scanning data, a posi-
tion of a line of the previous bolt fan; and
determine, based on the position of the line of
the previous bolt fan, locations for bolts of the at
least one subsequent bolt fan.

5. The apparatus according to claim 4, wherein the at
least one memory and the computer program are
code further configured to, with the at least one
processor, cause the apparatus to:
determine the line of the previous bolt fan based on
line fitting of positions of bolts of the previous bolt fan
on the rock surface.

6. The apparatus according to claim 4 or 5, wherein the
at least one memory and the computer program are
code further configured to, with the at least one
processor, cause the apparatus to:

obtain a bolting plan indicative of a planned
distance between adjacent bolt fans; and
determine positions for bolts of the at least one
subsequent bolt fan such that the bolts of the at
least one subsequent bolt fan are configured to
be positioned at the planned distance or an
integer multiple of the planned distance from
the line of the previous bolt fan towards a direc-
tion substantially perpendicular to the previous
bolt fan.

7. The apparatus according to any of claims 4 to 6,
wherein the line of the previous bolt fan is substan-

tially perpendicular to a longitudal direction of a
tunnel defining the rock surface.

8. The apparatus according to any of claims 1 to 7,
wherein the at least one memory and the computer
program are code further configured to, with the at
least one processor, cause the apparatus to:
cause scanning of the rock surface to obtain the
scanning data, in response to determining that the
mobile bolter machine is located within a predeter-
mined range fromaplannedposition for bolting theat
least one subsequent bolt fan.

9. The apparatus according to claim 8, wherein the at
least one memory and the computer program are
code further configured to, with the at least one
processor, cause the apparatus to:
transmit, to at least one scanning device of the
mobile bolter machine, a request to initiate scanning
of the rock surface to cause the scanning of the rock
surface.

10. The apparatus according to claim 9, wherein the at
least one scanning device of the mobile bolter ma-
chine comprises at least one camera, at least one
radio detection and ranging sensor, or at least one
light detection and ranging sensor.

11. The apparatus according to any of claims 1 to 10,
wherein the scanning data comprises three-dimen-
sional scanning data of the rock surface.

12. A mobile bolter machine comprising the apparatus
according to any of claims 1 to 11.

13. Amethod for controlling amobile boltermachine, the
method comprising:

obtaining scanning data of a rock surface;
determining, based on the scanning data, a
position of at least one bolt of a previous bolt
fan on the rock surface; and
determining a position for at least one bolt of at
least one subsequent bolt fan on the rock sur-
face based on the determined position of the at
least one bolt of the previous bolt fan.

14. A computer program comprising instructions which,
when executed by an apparatus, cause the appara-
tus at least to:

obtain scanning data of a rock surface;
determine, based on the scanning data, a posi-
tion of at least one bolt of a previous bolt fan on
the rock surface; and
determine a position for at least one bolt of at
least one subsequent bolt fan on the rock sur-
face based on the determined position of the at
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least one bolt of the previous bolt fan.
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