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ACCURATE POSITIONING OF AN
UNMANNED MINE VEHICLE USING
STATIONARY OBSTACLES

FIELD OF THE INVENTION

The invention relates to a method of stopping an unmanned
mine vehicle in a predetermined position, the mine vehicle
being controlled by means of a control system comprising at
least a first control unit in the mine vehicle, a second control
unit outside the mine vehicle and a data transmission connec-
tion between said control units, and the method comprising:
driving the mine vehicle, controlled by its control system,
towards a predetermined position; and monitoring at least the
speed of the mine vehicle and the speed of the driving power
transmission of the mine vehicle.

Further, the invention relates to a system for stopping an
unmanned mine vehicle in a predetermined position, the sys-
tem comprising: at least a control unit including at least a first
control unit in the mine vehicle; a second control unit outside
the mine vehicle and a data transmission connection between
said control units; and means for monitoring the speed of the
mine vehicle and the speed of the driving power transmission
of the mine vehicle.

The invention further relates to a system for stopping an
unmanned mine vehicle in a predetermined position, the sys-
tem comprising a control system including at least a control
unit in the mine vehicle.

BACKGROUND OF THE INVENTION

Various unmanned mine vehicles are increasingly used in
mines, which vehicles are controlled by remote control from
a monitoring room or which may operate independently in a
mine according to their own navigation systems and an oper-
ating plan concerning the vehicles. There are situations where
it is necessary to be able to stop an unmanned mine vehicle
accurately. For example transport vehicles and, on the other
hand, loading vehicles must be stopped in a certain position
on the loading site in order for the loading of broken rock
material to be successful. This imposes great requirements for
the control systems of unmanned mine vehicles. It is, how-
ever, very difficult and expensive to construct control systems
capable of extremely accurate stopping in demanding mine
conditions. Furthermore, the control system easily becomes
complex and sensitive to failures.

BRIEF DESCRIPTION OF THE INVENTION

An object of the present invention is to provide a novel and
an improved arrangement for stopping an unmanned mine
vehicle very accurately in a predetermined position.

A method according to the invention is characterized by
driving the mine vehicle at a speed significantly lower than
the normal driving speed against at least one physical obstacle
that is arranged in a predetermined position; and stopping the
mine vehicle when the ratio of the speed of the driving power
transmission to the speed of the mine vehicle exceeds a pre-
determined limit value.

A system according to the invention is characterized in that
the system further comprises: at least one physical obstacle
arranged in a predetermined position, against which the mine
vehicle is arranged to be driven; and means for stopping the
mine vehicle when the ratio of the speed of the driving power
transmission of the mine vehicle to the speed of the vehicle
exceeds a predetermined limit value.
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A second system according to the invention is character-
ized in that the system further comprises: at least one physical
obstacle arranged in a predetermined position, against which
the mine vehicle is arranged to be driven; means for deter-
mining the tractive resistance of the mine vehicle when said
obstacle is approached; and further, means for stopping the
mine vehicle when the tractive resistance exceeds a predeter-
mined limit value.

An essential idea of the invention is that an unmanned mine
vehicleis driven at a speed significantly lower than the normal
driving speed towards a physical obstacle that is positioned in
a predetermined position. At the same time, the speed of the
mine vehicle and the speed transmitted from the driving
power transmission of the vehicle are monitored. When the
mine vehicle encounters the obstacle, the obstacle resists the
proceeding of the vehicle. As a result of the tractive resis-
tance, a speed difference is generated between the speed of
the mine vehicle and the speed of the driving power transmis-
sion. In the control system of the mine vehicle, a limit value
has been set for the speed difference. When the control system
detects that the limit value has been exceeded, it concludes
that the mine vehicle has been driven against the obstacle,
after which it stops the vehicle.

An advantage of the invention is that the stopping system is
rather simple to implement. Further, the system is reliable,
because stopping is based on using a physical obstacle. The
location of the obstacle determines the precise stopping point,
whereby the location determination does not necessarily
require complex positioning systems or heavy processing of
the location information. Furthermore, no failure-sensitive
proximity sensors or other corresponding components are
needed in the system. Owing to its simplicity, the system
according to the invention is also inexpensive. Also, the sys-
tem according to the invention may be applied relatively
easily to present unmanned mines already in use.

The essential idea of an embodiment of the invention is that
the speed of the traction wheels of the vehicle is monitored,
and if the speed difference between the speed of at least one
traction wheel and the speed of the vehicle exceeds a prede-
termined limit, the mine vehicle is concluded to be against the
obstacle. The speed of the vehicle can be determined by
monitoring the speed of the wheels rolling freely. Monitoring
the wheel speeds is relatively simple.

The essential idea of an embodiment of the invention is that
the obstacle is approached at a decelerating speed. Thus,
when the vehicle collides with the obstacle, no damage is
caused for the vehicle or obstacle.

The essential idea of an embodiment of the invention is that
at least one wheel of the mine vehicle is driven against the
obstacle.

The essential idea of an embodiment of the invention is that
the frame of the mine vehicle is driven against the obstacle.

BRIEF DESCRIPTION OF THE FIGURES

The invention will be explained in more detail in the
attached drawings, of which

FIG. 1 shows schematically a side view of an unmanned
mine vehicle according to the invention, stopped in a manner
according to the invention in a predetermined position;

FIG. 2 shows schematically a top view of a loading site
where stopping according to the invention is applied;

FIG. 3 shows schematically a side view of an embodiment
of the solution according to the invention; and

FIG. 4 shows schematically a second embodiment of the
system according to the invention.
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For the sake of clarity, the invention is shown simplified in
the figures. Similar parts are denoted with the same reference
numerals.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows an unmanned mine vehicle 1, in this case a
loading vehicle 1a, which is a kind of wheel loader, there
being a bucket 2 in its front part, with which crushed material
can be transported from one place to another and loaded to
other transport means, such as conveyors and transport
vehicles 15. The mine vehicle 1 comprises a first control unit
3, which is in connection with an outside second control unit
4 by means of a data transmission connection 5. The second
control unit 4 may be arranged for instance in a monitoring
room 6 outside the mine. Both the first control unit 3 and the
second control unit 4 may be computers, in which computer
programs intended for controlling the mine vehicle can be
run. The data transmission connection 5 between the control
units 3 and 4 may be either wired or wireless.

In FIG. 1, the loading vehicle 1a is stopped against an
obstacle 7, at an appropriate distance from a pass chute 8, in
which the bucket 2 of the loading vehicle 1a is intended to be
emptied. The obstacle 7 is positioned at a distance | from the
chute 8, whereby the rock material 9 can be dropped from the
bucket 2 directly into the chute 8 or, for instance, to a con-
veyor. The distance L, is mainly affected by the dimension of
the loading vehicle 1a itself. The height H of the obstacle 7 is
dimensioned in such a way that the bucket 2 can be guided
over it without difficulties. When the vehicle 1a has collided
with the obstacle 7 in the driving direction A, its speed is
substantially zero. The traction wheels 10 of the vehicle 1aq,
by contrast, continue to roll at the original speed at least for a
moment. Subsequently, either power transmission 20 com-
pensates for the generated speed difference or the wheels
begin to slip on a surface 11 where the vehicle is driven. The
stopping system according to the invention detects that the
speed difference generated between the vehicle frame 12 and
the wheels 10 has exceeded a predetermined limit value, and
it stops the vehicle. The system may also automatically put
the driving gear into neutral gear and engage the brakes. The
mine vehicle 1 exits this position only after it has received
instructions for it from the control unit 3.

A limit value for the allowed speed difference may be set in
the control system of the mine vehicle 1. The allowed speed
difference of the speed of the driving power transmission 20,
such as a gear system, traction wheels 10 and other compo-
nents to be monitored, in relation to the speed of the vehicle
may be determined in such a way that changes in speed due to
the quality ofthe surface 11 or steering of the vehicle 1 are not
interpreted as stopping against the obstacle 7. It is possible
that the speed monitoring is not switched on before the mine
vehicle 1 begins to approach the obstacle.

Further, the control system may be arranged to monitor the
rotation speed of the motor 30 ofthe vehicle 1. When the mine
vehicle 1 is driven at a particular gear, usually at the lowest
gear, against the obstacle 7, the tractive resistance grows, due
to which the anti-slip regulation of the power transmission 20
of the mine vehicle 1 begins to limit the torque to be trans-
mitted to the wheels. For example a torque converter, a clutch
or a corresponding component belonging to the power trans-
mission may be arranged to slip. When the loading thus
decreases, the rotation speed of the motor 30 may increase.
The control system detects the increase in the rotation speed
and stops the mine vehicle 1.

The stopping system according to the invention may be a
computer program that can be executed in a computer belong-
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ing to the control system of the mine vehicle. The computer
program may be stored in the memory of the control system or
it may be loaded there from a memory device or a data
network.

FIG. 2 shows a loading site 13, where the transport vehicle
15, i.e. what is called a dumper, is stopped according to the
invention in a predetermined position to wait for loading. The
loading site 13 has a first obstacle 7a, against which the
transport vehicle 15 has been driven in direction A'. Further, a
second obstacle 75 has been arranged on the loading site 13,
towards which the loading vehicle 1a is driven in direction
A", i.e. in the transverse direction relative to the transport
vehicle 15. In this way, the loading vehicle 1a and the trans-
port vehicle 15 can be stopped accurately in a predetermined
position relative to each other, whereby the bucket 2 of the
loading vehicle 1a can be emptied accurately to the platform
14 of the transport vehicle 15. An advantage of the system is
that it does not require complex means for determining the
locations of the vehicles. The mine vehicles 1 are stopped in
their longitudinal directions, either by driving forwards or
alternatively by backing up. The control system attends to the
vehicles being stopped correctly in the lateral direction.

InFIG. 3, the wheel 10 of the mine vehicle 1 is driven in the
way shown by a broken line against the physical obstacle 7. In
this case, the obstacle 7 is dimensioned so low that the plat-
form 14, the bucket 2 or the frame 12 of the mine vehicle 1
does not hit it. On the other hand, the height of the obstacle 7
must be such that the wheel 10 cannot rise over it. The solid-
rubber or inflated wheel 10 may yield somewhat when it hits
the obstacle 7, and the wheel 10 may thus dampen the colli-
sion forces to some extent. Further, since the location of the
obstacle is known to the control system of the mine vehicle 1,
the vehicle 1 can approach the obstacle 7 at a decelerating
speed. The closer to the obstacle 7 the vehicle 1 is, the lower
the speed of the vehicle 1. The speed can be lowered continu-
ously or, alternatively, step by step.

FIG. 3 further shows an arrangement where a member 15
monitoring the speed of the mine vehicle 1 and, correspond-
ingly, one or more members 16 monitoring the speed of the
traction wheels 10 of the vehicle transmit measurement data
to the first control unit 3, which calculates, on the basis of the
measurement data, the speed differences between the vehicle
1 and the wheels 10 and compares them to the limit values that
have been given to the control unit 3 beforehand. Alterna-
tively, the speed of the vehicle and the speed transmitted via
components of the driving power transmission 20, such as the
gear system, may be monitored. Further, the rotation speed of
the vehicle motor may be measured, and the speed of the
driving power transmission 20 may be found out on the basis
of the driving gear used. The speed of the vehicle 1 can be
determined for instance by measuring the speed of the wheels
rolling freely. Further, suitable measuring devices, such as
laser and radar, may be used. It is also possible to determine
the speed ofthe vehicle 1 by comparing the video image of the
shape of the mine surface, transmitted from the vehicle 1,
with another video image that is stored in the memory of the
control system. It can be mentioned that the stopping system
may utilize sensors of the anti-slip regulation and other pos-
sible devices related to measuring the speed.

In FIG. 4, the frame 12 of the mine vehicle has been driven
against the obstacle 7. As seen from FIG. 4, the obstacle 7 may
be a fixed wall or border arranged on the floor 11 of the mine
and encased in concrete, for example. As seen from the figure,
the mine vehicle 1 may comprise a bumper 17 provided with
adamper 18. Owing to the damper 18, the contact between the
mine vehicle 1 and the obstacle 7 may be softer. Alternatively,
the obstacle 7 may be provided with an appropriate damper.
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The obstacle 7 may be formed fixedly in a desired place, for
instance by encasing in concrete, or alternatively, the obstacle
may be a movable structure which remains in place due to its
own mass, or the obstacle 7 may be provided with suitable
fixing members that stand the collision forces generated in the
stopping and prevent the obstacle 7 from moving in the driv-
ing direction A of the mine vehicle 1. It is also possible to
arrange the obstacle 7 in such a way that it can be moved by
remote control. Thus, the obstacle 7 may be lowered with a
hydraulic cylinder so that it is not in the way of the transport
vehicle 15 when the loading is completed. Thus, the vehicle
can be driven from the loading site to the discharge site
without having to back up.

Further, the system according to the invention can be used
for driving an unmanned mine vehicle to a reference point.
Obstacles of the type described above may be formed for an
unmanned mine, the locations of which are known to the
control system. When the mine vehicle is driven against an
obstacle, the accurate location of the mine vehicle can be
updated for the control system. Further, the method according
to the invention can be utilized for stopping a mine vehicle in
a predetermined position in a mine for maintenance and bat-
tery charge.

The tractive resistance of a mine vehicle can also be mea-
sured in ways other than the ones described above. One option
is to measure the torque transmitted by the power transmis-
sion. A second option is to monitor clutches belonging to the
anti-slip regulation and other components of the power trans-
mission. Yet a third option is to provide the bumper of a mine
vehicle or the like with force sensors which, when approach-
ing the obstacle, detect that the tractive resistance has
increased.

The drawings and the related description are only intended
to illustrate the idea of the invention. The details of the inven-
tion may vary within the claims.

The invention claimed is:

1. A method of stopping an unmanned mine vehicle in a
predetermined position, the mine vehicle being controlled by
means of a control system comprising at least a first control
unit in the mine vehicle, a second control unit outside the
mine vehicle and a data transmission connection between
said control units,

and the method comprising:

driving the mine vehicle, controlled by said control system,

towards a predetermined position;
monitoring at least a speed of the mine vehicle and a speed
of the driving power transmission of the mine vehicle,

driving the mine vehicle at a speed significantly lower than
anormal driving speed and driving intentionally against
at least one physical stationary obstacle that is arranged
in a predetermined position wherein the mine vehicle
collides with the obstacle;

and stopping the driving power of the mine vehicle when a

ratio of the speed of the driving power transmission to
the speed of the mine vehicle exceeds a predetermined
limit value as a result of a tractive resistance caused by
the obstacle resisting the proceeding of the mine vehicle
after collision.

2. A method according to claim 1, comprising

monitoring the speed of traction wheels;

and stopping the mine vehicle when the ratio of the speed

of at least one traction wheel to the speed of the mine
vehicle exceeds a predetermined limit value.

3. A method according to claim 1, comprising

monitoring a rotation speed of a motor of the mine vehicle

when the vehicle is driven at a given gear of a driving
power transmission against the obstacle;
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and stopping the mine vehicle when the ratio of the rotation
speed of the motor to the speed of the mine vehicle
exceeds a limit value defined according to a gear used.

4. A method according to claim 1, comprising

driving the mine vehicle at a decelerating speed against the
obstacle.

5. A method according to claim 1, comprising

driving at least one wheel of the mine vehicle against the
obstacle.

6. A method according to claim 1, comprising

driving the frame of the mine vehicle against the obstacle.

7. A system for stopping an unmanned mine vehicle in a

predetermined position, the system comprising:

a control unit including at least a first control unit in the
mine vehicle;

a second control unit outside the mine vehicle;

a data transmission connection between said control units;

means for monitoring a speed of the mine vehicle and a
speed of a driving power transmission of the mine
vehicle,

at least one physical stationary obstacle arranged in a pre-
determined position, against which the mine vehicle is
arranged to be driven intentionally and to collide with
the obstacle;

and means for stopping a driving power of the mine vehicle
when a ratio of the speed of the driving power transmis-
sion of the mine vehicle to a speed of the vehicle exceeds
a predetermined limit value as a result of a tractive
resistance caused by the obstacle resisting the proceed-
ing of the mine vehicle after the collision.

8. A system according to claim 7, wherein

the system comprises members for monitoring speed of the
traction wheels of the vehicle and for determining a
speed of the driving power transmission.

9. A system according to claim 7, wherein

the system comprises means for monitoring a rotation
speed of the motor of the mine vehicle;

and the system is arranged to stop the mine vehicle when a
ratio of the rotation speed of the motor to the speed of the
mine vehicle exceeds a limit value defined according to
a gear used.

10. A system for stopping an unmanned mine vehicle in a

predetermined position, the system comprising:

a control system including at least a control unit in the mine
vehicle;

at least one physical stationary obstacle arranged in a pre-
determined position, against which the mine vehicle is
arranged to be driven intentionally and to collide with
the obstacle;

means for determining tractive resistance of the mine
vehicle when said obstacle is approached;

and means for stopping a driving power of the mine vehicle
when the tractive resistance exceeds a predetermined
limit value after the collision against the obstacle.

11. A system according to claim 10, wherein

the system comprises means for determining a speed of the
mine vehicle;

the system comprises means for monitoring a rotation
speed of a motor of the mine vehicle;

and the system is arranged to stop the mine vehicle when a
ratio of the rotation speed of the motor to the speed of the
mine vehicle exceeds a limit value defined according to
a gear used.

12. A system according to claim 10, wherein

the system comprises members for monitoring speed of the
traction wheels of the vehicle and for determining a
speed of the driving power transmission.
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13. A system according to claim 7 wherein

the system comprises at least one physical stationary ref-
erence obstacle arranged in a location known to the
control system,

and when the mine vehicle is driven against the reference
obstacle in the known location, the location of the mine
vehicle is updated for the control system.

14. A system according to claim 7 wherein

the mine vehicle is a wheel loader comprising a bucket for
transporting broken rock material from a loading place
to an unloading place,

the physical stationary obstacle is arranged in a predeter-
mined distance from the unloading place,

and the wheel loader is driven against the physical station-
ary obstacle and bucket of the wheel loader is emptied.
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15. A system according to claim 7, wherein

the system comprises at least one loading vehicle provided
with a bucket and at least one transport vehicle provided
with a platform,

the system comprises a loading site wherein the loading
vehicle is arranged to load broken rock material to the
transport vehicle,

the loading site comprises a first physical stationary
obstacle against which the transport vehicle is driven
and a second physical obstacle against which the loading
vehicle is driven,

and the positions of the transport vehicle and the loading
vehicle relative to each other is determined by the rela-
tive positions of the first and second physical stationary
obstacles.



