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(57) Abstract: According to an example aspect of the present invention, there is provided a
method, comprising: receiving target pose data indicative of at least target position of a first
boom object of the boom for positioning a work machine of the mine vehicle to a target pose
in accordance with a mine work plan, receiving geometry data of the first boom object, the
geometry data being mapped with start pose data indicative of the start position and orientation
of the first boom object, receiving obstacle data, selecting trajectory generation locations for
the first boom object, and generating, before starting positioning of the work machine for the
target pose, a positioning trajectory for each of the selected trajectory generation locations on
the basis of the target pose data, the geometry data, the start pose data, and the obstacle data.
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MINE VEHICLE BOOM POSITIONING CONTROL

FIELD

[0001] The present invention relates to controlling positioning of an underground
mine vehicle boom, and in particular to generation of boom trajectory for automated boom

positioning.
BACKGROUND

[0002] Mine vehicles, such as, drilling rigs or bolting vehicles, are used in
underground construction and mining sites. In drilling-blasting based methods rock is
excavated in rounds. Several successive rounds produce a tunnel having a tunnel face. At
first drill holes are drilled to the tunnel face, where after the drilled holes are charged and
blasted. Rock material of the amount of one round is detached at one blasting time. The

detached rock material is transported away from the tunnel for further treatments.

[0003] For excavating rock, a mine excavation plan, which may comprise at least
one drilling pattern, or drill hole pattern, is made in advance and information on the rock
type, for example, is determined. Typically, the drilling pattern is designed as office work
for each round. The pattern is provided for the rock drilling rig to drill holes in the rock in

such a way that a desired round and tunnel profile can be achieved.

[0004] The mine vehicles are provided with one or more booms and mine working
tools, such as drilling machine or bolting tool at distal ends of the booms. Typically the
mine work tool needs to be positioned to exact positions, which may be determined in a
mine or drilling plan, for example. The boom comprises one or more boom parts and joints
between them. Controlling of the boom in confined mine spaces is demanding and
collisions between the boom and obstacles may exist. Therefore, collision avoidance
systems are needed for the mine vehicles. However, the present systems have shown to

contain some disadvantages.
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SUMMARY

[0005] The invention is defined by the features of the independent claims. Some

specific embodiments are defined in the dependent claims.

[0006] According to a first aspect of the present invention, there is provided an
apparatus, being configured to or comprising means configured for performing at least:
controlling a first boom object of a boom of a mine vehicle for positioning a work machine
of the mine vehicle to a target pose in accordance with a mine work plan, wherein the
apparatus comprises a boom trajectory planner configured to perform, before starting
positioning of the work machine for the target pose, positioning trajectory generation for
controlling the first boom object from a starting position to a target position for positioning
the work machine to the target pose, the positioning trajectory generation comprising
receiving target pose data indicative of at least target position of the first boom object for
positioning the work machine to the target pose in accordance with the mine work plan,
receiving geometry data of the first boom object, the geometry data being mapped with
start pose data indicative of the start position and orientation of the first boom object,
receiving obstacle data, selecting trajectory generation locations for the first boom object,
and generating a positioning trajectory for each of the selected trajectory generation
locations on the basis of the target pose data, the geometry data, the start pose data, and the

obstacle data.

[0007] According to a second aspect of the present invention, there is provided a
method for underground mine vehicle boom trajectory generation, comprising: receiving
target pose data indicative of at least target position of a first boom object of the boom for
positioning a work machine of the mine vehicle to a target pose in accordance with a mine
work plan, receiving geometry data of the first boom object, the geometry data being
mapped with start pose data indicative of the start position and orientation of the first boom
object, receiving obstacle data, selecting trajectory generation locations for the first boom
object, and generating, before starting positioning of the work machine for the target pose,
a positioning trajectory for each of the selected trajectory generation locations on the basis

of the target pose data, the geometry data, the start pose data, and the obstacle data.

[0008] According to a third aspect, there is provided an apparatus comprising at least
one processing core, at least one memory including computer program code, the at least

one memory and the computer program code being configured to, with the at least one



10

15

20

25

30

WO 2020/187947 3 PCT/EP2020/057353

processing core, cause the apparatus at least to perform the method or an embodiment of

the method.

[0009] According to a fourth aspect, there is provided a computer program, a
computer program product or (a non-tangible) computer-readable medium comprising
computer program code for, when executed in a data processing apparatus, to cause the

apparatus to perform the method or an embodiment thereof.

[0010] According to an embodiment of any of the aspects, positioning trajectories
for each of the selected trajectory generation locations are generated by a trajectory
experimentation algorithm configured to experiment available trajectory options by
applying a set of cost functions. The set of cost functions may comprise at least some of
distance to the obstacle, direction of obstacle circumvention, and distance to another object
of the boom, for example.

[0011] According to an embodiment of any of the aspects, a 3D trajectory is defined
for the boom on the basis of at least some the positioning trajectories.

[0012] According to an embodiment of any of the aspects, boom trajectory
information is provided based on at least some of the positioning trajectories to a boom
controller configured to define boom actuator control commands on the basis of the
received boom trajectory information.

[0013] According to an embodiment of any of the aspects, trajectory status for at
least some of the positioning trajectories is analyzed, and use of at least one of the
positioning trajectories is controlled on the basis of a trajectory status of the positioning
trajectory. In a further embodiment, positioning of the first boom object is delayed on the
basis of the trajectory status or change to another target pose of the mine work plan on the

basis of the trajectory status.

[0014] According to an embodiment, the boom trajectory planner is provided with
3D scanning data produced by means of at least one scanning device; and

the boom trajectory planner is configured to utilize the scanning data as the obstacle data.
BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIGURE 1 illustrates an example of an underground vehicle in accordance

with some embodiments;

[0016] FIGURE 2 illustrates a top view of a drilling rig and tunnel excavation;
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[0017] FIGURE 3 illustrates a control system or apparatus a for a mine vehicle

according to at least some embodiments;

[0018] FIGURES 4 and 5 illustrate methods according to at least some
embodiments;
[0019] FIGURES 6a and 6b illustrate trajectory generation for mine vehicle

comprising multiple booms in accordance with at least some embodiments, and

[0020] FIGURE 7 illustrates an example apparatus capable of supporting at least

some embodiments.
EMBODIMENTS

[0021] As an example of a mine vehicle in which at least some of the embodiments
may be illustrated, Figure 1 illustrates a rock drilling rig 1 comprising a carrier 2, one or
more drilling booms 3 and drilling units 4 arranged in the drilling booms 3. The boom may
comprise two or more parts, object, or portions 3a, 3b connected by a joint. The boom is
further connected to a drilling unit 4 by a joint. The drilling unit 4 comprises a feed beam 5
on which a rock drilling machine 6 can be moved by means of a feed device. Further, the
drilling unit 4 comprises a tool 7 with which the impact pulses given by the percussion

device of the rock drilling machine are transmitted to the rock to be drilled.

[0022] The rock drilling rig 1 further comprises at least one control unit 8 arranged
to control actuators of the rock drilling rig 1, for example. The control unit 8 may comprise
one or more processors executing computer program code stored in a memory, and it may
comprise or be connected to a user interface with a display device 9 as well as operator
input interface for receiving operator commands and information to the control unit 8. In
some embodiments, the control unit 8 is configured to control at least boom automation
control related operations, and there may be one or more other control units in the rig for

controlling other operations.

[0023] Figure 1 further discloses that one or more sensors 10 may be arranged for
determining current position and direction of portions of the boom 3 and further the tool 7.
Such sensors 10 may locate in connection with the boom 3, or alternatively the sensing

may be executed remotely from the carrier or even elsewhere. The sensing data may be
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provided to the control unit 8 (or another control unit for positioning), which may execute

appropriate computations.

[0024] The drilling rig 1 may comprise at least one scanner unit 11 for scanning
tunnel profile. Point cloud data generated on the basis of scanning may be applied for
generating and updating 3D tunnel model, which may be applied for positioning the
drilling rig 1 in the tunnel, for example. In some embodiments, the scanning results are
applied to detect position and orientation of the rig 1 and one or more further elements
thereof, such as the tool 7. This may enable to avoid or reduce number of specific sensors

10 for determining the position and direction of the rig elements.

[0025] In some embodiments, the rig 1 or the control unit 8 thereof may execute a
point cloud matching program for matching operational point cloud data (being scanned by
the drilling rig 1) to tunnel model cloud data. Position and direction of the scanning device
and/or another interest point of the machine 1, such as the (leading edge of the) tool 7, may
be determined in the mine coordinate system on the basis of the detected matching between
the operational point cloud data and the reference cloud data. Such scanning and point
cloud matching based positioning may be used instead or in addition to other positioning

means in the machine, such the positioning based on the (position) sensors and tachymetry.

[0026] It is to be appreciated that Figure 1 provides only one example and many
other configurations are applicable. For example, instead of a drilling unit, another type of
work machine may be attached to the boom 3, such as a bolting unit, a concrete sprayer, a
platform, a scaling unit, or an explosives charger unit, for example. Instead of two booms,
there may be only single boom or more than two booms, such as three or even four booms
in a single drilling rig. It is to be also noted that in some alternative embodiments the mine
vehicle is unmanned. Thus, the user interface may be remote from the machine and the
machine may be remotely controlled by an operator in the tunnel, or in control room at the

mine area or even long distance away from the mine via communications network(s).

[0027] A drilling pattern or plan, or other type of mine work plan, such as a bolting
plan, is defining work tasks carried out by the drilling rig and may be used as an input for
automatic control of one or more booms of the mine vehicle, such as the drilling rig 1. The
plan may define a plurality of target poses for a work machine of the mine vehicle, such as
hole positions and orientations, on the basis of which boom movement control is arranged.

The plan may be designed offline and off-site, for example in an office, or on-board the
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drilling rig. Such plan may be sent via a wired or wireless connection to, or otherwise
loaded to the mine vehicle, e.g. to a memory of the rock drilling rig 1 for access by the
control unit 8. It is to be noted that there may be also certain other predefined target poses
for the work machine and/or the boom, such as a predefined boom haulage pose applied
when the mine vehicle is driven in the tunnel. Further example embodiments are illustrated
below particularly in connection with drilling rigs, but it will be appreciated that at least
some of the below illustrated embodiments, such as those illustrated in connection with
Figures 3 to 5, may be applied in other types of mine vehicles applying a mine work plan

for controlling movement of a boom.

[0028] In case of a drilling plan, the control unit 8 may also control drilling work
cycle actions on the basis of the hole information in the drilling plan. The operator 12 of
the rock drilling rig 1 may control the drilling interactively with the control unit 8. With
reference to Figure 2, illustrating a top view of a tunnel and drilling rig 1, the drilling plan
defines positions and orientations of holes 21a, 21b to be drilled which may be arranged in

several drill hole rows.

[0029] There are now provided further improvements for automatic boom movement
control, based on specific boom trajectory generation control or logic, further illustrated
below. Figure 3 illustrates operational modules for a control apparatus, system or unit 30
for boom control and collision-free positioning for an underground mine vehicle, such as

the control unit 8 for the drilling rig 1 according to some embodiments.

[0030] The apparatus 30 may be configured to provide multi-level or layer collision
avoidance architecture. A drill plan control module 37 may be configured to perform drill
plan logic, which may be considered as highest level of collision avoidance. In other
embodiments, module 37 may be a work plan module configured to execute operations on
the basis of another type of mine work plan, e.g. provide input of target poses to the
trajectory planner. A boom trajectory planner (BTP) module 31 may be configured to
perform trajectory planning logic, which may be considered as middle level collision

avoidance.

[0031] The apparatus may further comprise, or be connected to, a movement
collision avoidance (MCA) module 42, configured to take care of collision avoidance

measures during movement of one or more booms. The MCA may also be referred to as
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kinematics collision avoidance module and may be considered as the lowest level of

collision avoidance, and as “last line of defense”.

[0032] The MCA module 42 may be configured to take care of collision avoidance
measures during movement of one or more booms, e.g. on the basis of scanning the
surroundings of the mine vehicle (all relationships not shown). In response to detecting the
boom moving too close to an obstacle the MCA module 42 may take precautionary
measures, and cause a control signal to boom control module 39 to stop the boom
movement or cause change in the trajectory of the boom being executed. In some
embodiments, the MCA module 42 (or the apparatus 30/mine vehicle or drilling rig 1 in
general) may be configured to carry out at least some of the on-line collision prevention
features during movement of the boom illustrated in an earlier patent application

W02018/184916.

[0033] Various embodiments are now particularly focused on the trajectory planner
operations, and Figure 3 further illustrates interfaces to the BTP 31 and further modules

related to the BTP 31.

[0034] A kinematics module 34 may receive joint data 35 of one or more booms B1,
B2. The joint data may indicate current position of each joint of the respective boom. The
kinematics module 34 may define current position and orientation of each monitored and
controlled boom object, such as a given portion or part of a single or multi-part boom,
which may be referred to current or start pose of the boom portion, in a coordinate system

of the mine vehicle.

[0035] A model processor module 32 may receive from the kinematics module 34
information of the current position and orientation of each monitored and controlled boom
object. In some embodiments, this information is provided by transformation matrices

generated by the kinematics module 34.

[0036] The model processor module 32 may also receive geometry data, or model
data, of the boom objects from a model data repository, such as a memory connected to a
processor configured to perform the module 32. In some embodiments, the geometry data

comprises point cloud data of the boom objects.

[0037] The model processor module 32 is configured to map the geometry data

(model) of a boom object to the current position and orientation (start pose) of the boom
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object. In some embodiments, a point cloud file of the boom object is mapped to the start
pose of the boom object. This may be carried out by matching the point cloud with an
appropriate transformation matrix (of the respective boom object) and positioning the

boom object point cloud in correct start pose based on the transformation matrix.

[0038] The BTP module 31 is configured to perform, before starting positioning of a
boom, and the work machine for the target pose, positioning trajectory generation for
generating boom trajectory information 38 for controlling at least one boom object from a
starting position to a target position for positioning the work machine to a target pose in

accordance with the mine work plan.

[0039] Figure 4 illustrates a method according to some embodiments. The method
may be performed by the mine vehicle, in some embodiments the apparatus 30, and by the

BTP module 31 thereof.
[0040] In some embodiments, the positioning trajectory generation comprises

— receiving 400 target pose data indicative of at least target position of the first boom
object for positioning the work machine to the target pose defined in the mine work
plan,

— receiving 410 geometry data of the first boom object, mapped with start pose data
indicative of the start position and orientation of the first boom object,

— receiving 420 obstacle data,

— selecting 430 trajectory generation locations for the first boom object, and

— generating 440 a positioning trajectory for each of the selected trajectory generation
locations on the basis of the target pose data, the geometry data, the start pose data,
and the obstacle data.

[0041] Thus, “slices™ at selected locations of the modelled boom (object) may be
captured, which may be in 2D plane, at which the trajectory may be efficiently defined.
The number of the trajectory locations for the first boom object may vary and may be is
also selected as part of the method (e.g. in block 430). Trajectories may thus be selected to
be generated at critical locations of the boom. It will be appreciated that at least some of
the blocks (400-430) may be carried out in another order. Some other and further example
embodiments are illustrated below, again referring also to Figure 3.

[0042] At least some of the trajectories are after block 440 applied (directly or

indirectly) for controlling the respective boom when the boom movement is initiated.
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Boom trajectory information 38 based on or comprising at least some of the trajectories
generated in 440 may be sent from the BTP module 31 to a boom controller, which may be
configured to generate a boom control model based on the trajectory information 38.
Control signals may be generated for boom actuator(s) for moving the first boom object in
accordance with the boom trajectory information 38.

[0043] In some embodiments, the BTP module 31 is further configured to define 450
a 3D trajectory for the boom (or the boom object) on the basis of at least some the
positioning trajectories. Thus, 3D position coordinates may be defined for the boom object
trajectory. The 3D trajectory (or a boom control model based on the 3D trajectory) may
then be sent 460 for the boom controller 39. In another embodiment, at least some the
positioning trajectories are sent as the boom trajectory information 38 to the boom
controller 39.

[0044] The method may be applied in real-time during execution of the mine work
plan assigned for the drilling rig. For example, step 400 may be entered instantly after
concluding a preceding work task involving a preceding in the mine work plan, such as
after finishing drilling of a preceding hole in a drilling plan.

[0045] In some embodiments, the positioning trajectories are generated 440 by a
trajectory experimentation algorithm configured to experiment available trajectory options
by applying a set of cost functions. Some examples of methods that may be applied by the
BTP module 31 for calculating trajectories comprise Dijkstra and A* algorithms.

[0046] The BTP module 31 may be configured to calculate cost factor information
on the basis of the set of cost functions for each of a set of available trajectory point
options, and a trajectory point is selected among the set of trajectory point options on the
basis of the cost factors of the trajectory point options.

[0047] The cost functions may comprise, but are not limited to, at least some of:
distance to the target position, distance from the start position, distance to the (at least one)
obstacle, direction of obstacle circumvention, and distance to another object or portion of
the boom or another boom. The direction of obstacle circumvention may be relevant, e.g.
since the configuration of the drilling rig 1 may be such that it does not enable to
circumvent the obstacle at one direction. It will be appreciated that the application and
weighting of cost functions may be implemented in numerous ways. Naturally, the aim
typically is to minimize total trajectory length while securing a guard distance to all

obstacles.
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[0048] The BTP module 31 may be configured to define one or more dead zones on
the basis of at least some of the information received in 400-420. The available trajectory
options are experimented by the algorithm in a space outside of the defined dead zone.
This enables to reduce available trajectory point options and hence trajectory generation

computation time.

[0049] The trajectory generation locations may be selected 440 on the basis of
predefined selection criteria and parameters. In a simple example, the BTP module 31 may
be configured to configured to select the trajectory generation locations at a predefined
location of a boom portion head, a boom portion tail, and/or a boom portion center. In
some embodiments, the selection is based on further of dynamic input parameters, such as
outcome of preceding trajectory generation cycle or an input indicative if another boom is

being moved.

[0050] The BTP module 31 may be configured to select the trajectory generation
locations and/or a number of trajectories for the first boom object on the basis of a user
input and/or an outcome of a preceding trajectory generation cycle. For example, the BTP
31 decides to determine five positioning trajectories and selects locations for these five

trajectories in block 430.

[0051] The BTP module 31 may be configured to continuously perform the method
and update the positioning trajectories during positioning of the first boom at least on the
basis of updated position of the first boom object and the updated position(s) of the

object(s). The blocks may be repeated at each computation cycle of the apparatus.

[0052] In some embodiments the apparatus 30, e.g. the BTP module 31, is provided
with 3D scanning data produced by at least one scanning device, which may be attached to
the drilling rig 1. The scanning data may be utilized as the obstacle data of at least one of
the objects. In some embodiments, drilling rig portions are detected and positioned based
on scanned point cloud data, such as scanned boom objects (instead of or in addition to the

positioning based on boom joint data 35).

[0053] In some embodiments, pose of the first boom object is modelled on the basis
of a 3D geometry data of the first boom object and a start position and orientation of the
first boom object in a 3D coordinate system, such as the mine or drilling plan coordinate

system, or the coordinate system of the drilling rig 1. The trajectory generation locations
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may be selected 430 in the modelled pose of the first boom object. The positioning
trajectories may be generated 440 at the selected locations on the basis of the modelled
pose of the first boom object in the applied coordinate system.

[0054] In some embodiments at least some of the presently disclosed features are
applied for collision avoidance between at least two booms of a mine vehicle, such as the
drilling rig 1. Figures 5, 6a, and 6b illustrate simplified example embodiments for
trajectory information generation based on assessment of two drilling boom objects, which
may be of or for separate booms.

[0055] Target pose data for the first boom object (for which trajectory is now being
generated for positioning a drilling unit (or in particular a tool thereof) attached to the first
boom to the target pose defined in a drilling plan) is received 500.

[0056] Start pose and geometry data for the first boom object and for a second boom
object are received 510. Trajectory generation locations are selected 520. Hole positioning
trajectory is generated 530 for each selected location, wherein the trajectory generation
comprises:

— calculating, on the basis of geometry data and position of the first boom object and
geometry data and position of a second boom object, a set of available trajectory
options by a trajectory experimentation algorithm, and

— selecting a trajectory option with minimum cost among the trajectories in the set.

[0057] It is to be noted that, depending on the applied algorithm, the trajectory
options may comprise a portion of the trajectory from the start pose to the target pose, and
the trajectory is generated portion-by-portion by repeating the above steps. Cost functions
may be applied, as illustrated above. The steps may be repeated even for assessing one
node or point at a time to be next added for the trajectory.

[0058] As illustrated in Figure 6a, the kinematics module 34 may generate boom
object (e.g. joint) positions based on boom 1 joint data 35 and boom 2 joint data 36, and
respective boom kinematics models BM1 and BM2. The poses of the first boom object and
the second boom object may be modelled 600 on the basis of a 3D geometry data of the
boom objects and a position and orientation of the boom objects in the 3D coordinate
system. Although not shown, it will be appreciated that other objects (of the drilling rig
and/or in the environment thereof) may be modelled 600, e.g. on the basis of the 3D
scanning data.

[0059] The positioning trajectories are calculated on the basis of the modelled poses

of the first boom object and the second boom object. The trajectory generation locations
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610, 612 may be selected 430, 520 in the modelled poses 600 of the first boom object.
Simplified examples of the trajectories 620, 622 at the selected locations are further
illustrated in Figure 6b.

[0060] As further illustrated in Figure 5, in some embodiments the BTP module 31
may be configured to analyze 540 trajectory status of the trajectory generation procedure
and/or at least some of the positioning trajectories.

[0061] The BTP module 31 may further control 550 subsequent actions for boom
movement control, such as use of the respective positioning trajectory, on the basis of the
trajectory status. In some embodiments, the trajectory status may specify or indicate: does
the trajectory require bypassing around an obstacle, is the current or target pose inside an
obstacle range (error situation), difficulty of the trajectory, etc.

[0062] For example, if trajectories 1-3 of five generated trajectories do not detect
need for evasive action (to avoid collision), they may be discarded and trajectories 4-5 are
applied 550 as the boom trajectory information 38.

[0063] In another example, the positioning of the first boom object may be delayed
on the basis of the trajectory status, or change to another target pose or target hole of the
mine work plan may be controlled on the basis of the trajectory status. It is to be noted that
the status analyzation and further use thereof, as well as other embodiments introduced in
connection with Figures 5, 6a, and 6b, may be applied outside the example embodiment of
these Figures.

[0064] Various of embodiments are available associated with the Ul 41 on the basis
of the method carried out by the BTP module 31 and the trajectory information 38, only

some example embodiments being illustrated herewith.

[0065] The apparatus may be configured to cause at least the some of the generated
trajectories for display for an operator. This is particularly relevant for the operator to be
confident on appropriate subsequent actions, instead of being “blind” on how the
automation will move the boom. The Ul 41, e.g. a touch screen, may be configured to
provide input option(s) for the operator to obtain further information on and/or amend the

planned trajectories.

[0066] Further, the apparatus 30 may be configured to inform the operator in
response to a predefined trigger condition in the trajectory planning procedure requiring
operator attention being met. This may be based on the trajectory status. For example, in

response to no available trajectory being found, the BTP 31 may cause an indication for the
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operator to manually control the drilling rig. In another example, the BTP 31, or another
control module of the drilling rig, is configured to determine a corrective control action for
one or more components of the drilling rig, after which a trajectory for the first boom
object for positioning the work machine to the target pose can be generated. For example,

an indication is sent to a boom controller of the second boom to move the second boom.

[0067] In some embodiments, the MCA module 42 is connected to the BTP module
31. The MCA module 42 is configured to execute a collision examination process during
the movement of at least the boom for positioning the work machine to the target pose on
the basis of at least some of the positioning trajectory information 38 generated by the BTP
module 31. The MCA module 42 may be adapted to:

- receive information on current position and orientation of the first boom object

and an obstacle in a 3D coordinate system,

- examine risk of collision of the boom further moving in accordance with the at

least some of the generated positioning trajectories, and

- execute a collision avoidance process for preventing the moving first boom object

to collide to the obstacle.
[0068] The MCA module 42 may be configured to receive first 3D geometry data on
the first boom object and second 3D geometry data of the second boom object. The MCA
module 42 may examine the risk of collision of the first boom object and the second boom
object on the basis of shortest distance between the first 3D geometry data aligned on the
basis of the current position and orientation of the first boom object and the second 3D
geometry data aligned on the basis of the current position and orientation of the second

boom object.

[0069] The MCA module 42 may be adapted, in response to detecting a collision

risk for the first boom object, perform:

— define an updated set of positioning trajectories and/or joint values for the first
boom object to avoid the collision,

— provide information of the collision risk to the BTP module 31, which is configured
to, in response to the information, define an updated set of positioning trajectories
to avoid the collision, or

— cause an input to a mine work plan controller for adapting order of target poses

and/or pose parameters in the mine work plan.
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[0070] It is to be noted that the modules of Figure 3 may be implemented by one or
more physical devices. For example, boom control 39 may be arranged in devices separate

from a collision device or server comprising e.g. the trajectory planner 31.

[0071] It is to be appreciated that various further features may be complement or
differentiate at least some of the above-illustrated embodiments. For example, there may
be further user interaction and/or automation functionality further facilitating the operator
to study the trajectories, select appropriate action to overcome an issue regarding boom

trajectory/positioning, and control the mine vehicle and the boom(s) thereof.

[0072] An electronic device comprising electronic circuitries may be an apparatus
for realizing at least some embodiments illustrated above, such as the method illustrated in
connection with Figure 4 and/or 5. The apparatus may be comprised in at least one
computing device connected to or integrated into a control system of the mine vehicle.
Such control system may be an intelligent on-board control system controlling operation of
various sub-systems of the mine vehicle, such as a hydraulic system, a motor, a rock drill,
etc. Such control systems are often distributed and include many independent modules

connected by a bus system of controller area network (CAN) nodes, for example.

[0073] Figure 7 illustrates a simplified example apparatus capable of supporting at
least some embodiments of the present invention. Illustrated is a device 70, which may be
configured to carry out at least some of the embodiments relating to the mine vehicle boom
trajectory control related operations illustrated above. In some embodiments, the device 70
comprises or implements the control unit 8, the apparatus 30, and/or the BTP module 31

thereof.

[0074] Comprised in the device 70 is a processor 71, which may comprise, for
example, a single- or multi-core processor. The processor 71 may comprise more than one
processor. The processor may comprise at least one application-specific integrated circuit,
ASIC. The processor may comprise at least one field-programmable gate array, FPGA.
The processor may be configured, at least in part by computer instructions, to perform

actions.

[0075] The device 70 may comprise memory 72. The memory may comprise
random-access memory and/or permanent memory. The memory may be at least in part

accessible to the processor 71. The memory may be at least in part comprised in the
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processor 71. The memory may be at least in part external to the device 70 but accessible
to the device. The memory 72 may be means for storing information, such as parameters
74 affecting operations of the device. The parameter information in particular may
comprise parameter information affecting e.g. the boom trajectory generation and related

features, such as threshold values.

[0076] The memory 72 may be a non-transitory computer readable medium
comprising computer program code 73 including computer instructions that the processor
71 is configured to execute. When computer instructions configured to cause the processor
to perform certain actions are stored in the memory, and the device in overall is configured
to run under the direction of the processor using computer instructions from the memory,
the processor and/or its at least one processing core may be considered to be configured to
perform said certain actions. The processor may, together with the memory and computer
program code, form means for performing at least some of the above-illustrated method

steps in the device.

[0077] The device 70 may comprise a communications unit 75 comprising a
transmitter and/or a receiver. The transmitter and the receiver may be configured to
transmit and receive, respectively, i.a. data and control commands within or outside the
mine vehicle. The transmitter and/or receiver may be configured to operate in accordance
with global system for mobile communication, GSM, wideband code division multiple
access, WCDMA, long term evolution, LTE, 3GPP new radio access technology (N-RAT),
wireless local area network, WLAN, and/or Ethernet standards, for example. The device 70
may comprise a near-field communication, NFC, transceiver. The NFC transceiver may

support at least one NFC technology, such as NFC, Bluetooth, or similar technologies.

[0078] The device 70 may comprise or be connected to a UI, such as the UI 41
illustrated in connection with Figure 3. The Ul may comprise at least one of a display 76, a
speaker, an input device 77 such as a keyboard, a joystick, a touchscreen, and/or a
microphone. The UI may be configured to display views on the basis of above illustrated
embodiments. A user may operate the device and control at least some of above illustrated
features. In some embodiments, the user may control the apparatus 30 or the rig 1 via the
Ul, for example to manually operate a boom, change operation mode to and from
automatic boom positioning, change display views, modify parameters 74, in response to

user authentication and adequate rights associated with the user, etc.
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[0079] The device 70 may further comprise and/or be connected to further units,
devices and systems, such as one or more sensor devices 78 sensing environment of the

device 70 and/or sensor devices detecting position of a joint.

[0080] The processor 71, the memory 72, the communications unit 75 and the Ul
may be interconnected by electrical leads internal to the device 70 in a multitude of
different ways. For example, each of the aforementioned devices may be separately
connected to a master bus internal to the device, to allow for the devices to exchange
information. However, as the skilled person will appreciate, this is only one example and
depending on the embodiment various ways of interconnecting at least two of the
aforementioned devices may be selected without departing from the scope of the present

invention.

[0081] It is to be understood that the embodiments of the invention disclosed are not
limited to the particular structures, process steps, or materials disclosed herein, but are
extended to equivalents thereof as would be recognized by those ordinarily skilled in the
relevant arts. It should also be understood that terminology employed herein is used for

the purpose of describing particular embodiments only and is not intended to be limiting.

[0082] Reference throughout this specification to one embodiment or an
embodiment means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment of the present
invention. Thus, appearances of the phrases “in one embodiment” or “in an embodiment”
in various places throughout this specification are not necessarily all referring to the same
embodiment. Where reference is made to a numerical value using a term such as, for

example, about or substantially, the exact numerical value is also disclosed.

[0083] As used herein, a plurality of items, structural elements, compositional
elements, and/or materials may be presented in a common list for convenience. However,
these lists should be construed as though each member of the list is individually identified
as a separate and unique member. Thus, no individual member of such list should be
construed as a de facto equivalent of any other member of the same list solely based on
their presentation in a common group without indications to the contrary. In addition,
various embodiments and example of the present invention may be referred to herein along
with alternatives for the various components thereof. It is understood that such

embodiments, examples, and alternatives are not to be construed as de facto equivalents of
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one another, but are to be considered as separate and autonomous representations of the

present invention.

[0084] Furthermore, the described features, structures, or characteristics may be
combined in any suitable manner in one or more embodiments. In the preceding
description, numerous specific details are provided, such as examples of lengths, widths,
shapes, etc., to provide a thorough understanding of embodiments of the invention. One
skilled in the relevant art will recognize, however, that the invention can be practiced
without one or more of the specific details, or with other methods, components, materials,
etc. In other instances, well-known structures, materials, or operations are not shown or

described in detail to avoid obscuring aspects of the invention.

[0085] While the forgoing examples are illustrative of the principles of the present
invention in one or more particular applications, it will be apparent to those of ordinary
skill in the art that numerous modifications in form, usage and details of implementation
can be made without the exercise of inventive faculty, and without departing from the
principles and concepts of the invention. Accordingly, it is not intended that the invention

be limited, except as by the claims set forth below.

[0086] The verbs “to comprise” and “to include” are used in this document as open
limitations that neither exclude nor require the existence of also un-recited features. The
features recited in depending claims are mutually freely combinable unless otherwise

explicitly stated. Furthermore, it is to be understood that the use of "a" or "an", that is, a

singular form, throughout this document does not exclude a plurality.
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CLAIMS:

1. An apparatus for generating instructions for controlling a boom of an underground
mine vehicle comprising at least one boom, wherein the boom is movable by a
boom actuator, and is attachable to a mine work machine,
the apparatus is configured to control a first boom object of the boom for
positioning the work machine to a target pose in accordance with a mine work plan,
wherein the apparatus comprises a boom trajectory planner configured to perform,
before starting positioning of the work machine for the target pose, positioning
trajectory generation for controlling the first boom object from a starting position to
a target position for positioning the work machine to the target pose, the positioning

trajectory generation comprising

receiving target pose data indicative of at least target position of the first boom

object for positioning the work machine to the target pose in accordance with

the mine work plan,

- receiving geometry data of the first boom object, the geometry data being
mapped with start pose data indicative of the start position and orientation of
the first boom object,

- receiving obstacle data,

- selecting trajectory generation locations for the first boom object, and

- generating a positioning trajectory for each of the selected trajectory generation

locations on the basis of the target pose data, the geometry data, the start pose

data, and the obstacle data.

2. The apparatus of claim 1, wherein the boom trajectory planner is further configured
to define a 3D trajectory for the boom on the basis of at least some the positioning

trajectories.

3. The apparatus of claim 1 or 2, wherein the apparatus is further configured to
provide boom trajectory information based on at least some of the positioning
trajectories to a boom controller configured to define boom actuator control

commands on the basis of the received boom trajectory information.
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4. The apparatus of any preceding claim, wherein the boom trajectory planner is
further configured for performing:

— modelling pose of the first boom object on the basis of a 3D geometry data of the
first boom object and a start position and orientation of the first boom object in a
3D coordinate system,

— selecting the trajectory generation locations in the modelled pose of the first boom
object, and

— calculating the positioning trajectories at the selected locations on the basis of the

modelled pose of the first boom object.

5. The apparatus of claim 4, wherein the mine vehicle comprises at least two booms
and the boom trajectory planner is further configured for performing:

— modelling pose of a second boom object of a second boom of the on the basis of a
3D geometry data of the second boom object and a position and orientation of the
second boom object in the 3D coordinate system, and

— calculating the positioning trajectories on the basis of the modelled poses of the

first boom object and the second boom object.

6. The apparatus of any preceding claim, wherein the work machine comprises a rock
drill attached to a feed beam connected to the boom, the mine work plan is a
drilling plan comprising target positions and orientations for each hole in a set of

holes to be drilled, and the positioning trajectories are hole positioning trajectories.

7. The apparatus of any preceding claim, wherein the boom trajectory planner is
configured to select the trajectory generation locations based on predefined
selection criteria at least one of a boom portion head, a boom portion tail, and a

boom portion center.

8. The apparatus of any preceding claim, wherein the apparatus is further configured
to analyze trajectory status for at least one of the positioning trajectories, and
control use of the positioning trajectory on the basis of a trajectory status of the

positioning trajectory.
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10.

11.

12.

The apparatus of any preceding claim, wherein the boom trajectory planner is
configured to select the trajectory generation locations and/or a number of
trajectories for the first boom object on the basis of a user input and/or an outcome

of a preceding trajectory generation cycle.

The apparatus of any preceding claim, wherein the boom trajectory planner is
further configured to generate positioning trajectories for each of the selected
trajectory generation locations by a trajectory experimentation algorithm
configured to experiment available trajectory options by applying a set of cost
functions, the set of cost functions comprising at least some of distance to the
obstacle, direction of obstacle circumvention, and distance to another object of the

boom.

The apparatus of any preceding claim, wherein the apparatus is configured to cause
at least the some of the generated trajectories for display for an operator, or, in
response to no available trajectory being found, cause an indication for the operator
to manually control the mine vehicle and/or determine a control action for one or
more components of the mine vehicle after which a trajectory for the first boom

object for positioning the work machine to the target pose can be generated.

The apparatus of any preceding claim, wherein the apparatus further comprises a
collision avoidance module configured to execute a collision examination process
during movement of the boom for positioning the work machine to the target pose
on the basis of at least some of the generated positioning trajectories, adapted to:

- receive information on current position and orientation of the first boom object
and an obstacle in a 3D coordinate system,

- examine risk of collision of the boom further moving in accordance with the at
least some of the generated positioning trajectories, and

- execute a collision avoidance process for preventing the moving first boom object
to collide to the obstacle, adapted, in response to detecting a collision risk for the

first boom object, perform:
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13.

14.

15.

1. define an updated set of positioning trajectories and/or joint values for the
first boom object to avoid the collision,

ii. provide information of the collision risk to the boom trajectory planner
configured to define an updated set of positioning trajectories to avoid the
collision, or

iii. cause an input to a mine work plan controller for adapting order of target

poses and/or pose parameters in the mine work plan.

An underground mine vehicle, comprising a carrier, at least one boom comprising
at least two boom parts and a plurality of boom joints, a mine work machine
attached a distal end portion of the boom, wherein the mine vehicle comprises an

apparatus according to any one of claims 1 to 12.

A method for generating instructions for controlling a boom of an underground
mine vehicle comprising at least one boom by a boom trajectory planner,

comprising:

receiving target pose data indicative of at least target position of a first boom

object of the boom for positioning a work machine of the mine vehicle to a

target pose in accordance with a mine work plan,

— receiving geometry data of the first boom object, the geometry data being
mapped with start pose data indicative of the start position and orientation of
the first boom object,

— receiving obstacle data,

— selecting trajectory generation locations for the first boom object, and

— generating, before starting positioning of the work machine for the target pose,

a positioning trajectory for each of the selected trajectory generation locations

on the basis of the target pose data, the geometry data, the start pose data, and

the obstacle data.

A computer program comprising code for, when executed in a data processing

apparatus, to cause a method in accordance with claim 14 to be performed.
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