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Abstract

When you blast in the mountain, some of the rocks turn out to be to large for transport. To
deal with this, rockbreakers are placed at the top of the mine shafts to crush these before
transport.
The reasons for having a rock breaker is to prevent large boulders to block the ore shafts,
crushes or the filling station. This also gives a opportunity to discover unwanted objects such
as rock bolts and other metal objects. Today it takes quite a lot of time to steer the rockbreaker
arm into the right position. The operator also has to check every bucket emptied by the loader,
on the grizzly. If the grizzly is empty, the operator gives a clear signal.
There is not a range camera on the market today that can meet the requirement that are needed
for scanning such a large area in such environment. The project consists of constructing a
range camera, made of a CCD camera and a light projector, in order to get a 3D image over
the rock. The report is describing the range camera and the possible setups and alterations for
it. The image quality will vary a lot, so a discussion  on how to filter the images in the most
effective way is presented. Methods of visualization is also included. A complication is that
some times the rock is not with the optimal position upwards. So finding the right angle of
attack is important.
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Chapter 2.

2.1 Introduction to mining

In this chapter will the basics in underground mining be described and why a rock breaker is
necessary. First are tunnels drilled and blasted along the ore-body. These are the different
sublevels in the mine. Then, development drifts are made. A drift is a dead-end tunnel that
goes straight into the ore-body, figure 2.1

Figure 2.1, Development drift being made

Rounds of up to 60 holes, each five meters deep, are drilled. These holes are then charged
with explosive and blasted. Ore from these blasts is loaded out with the electric wheeled
loaders (LHD). Each loader can carry  a payload of about 20 tones. Then, the next round is
drilled, etc., until the entire development drift is ready.
The next step is to drill vertical holes in the sealing in the shape of fans, figure 2.2

Figure 2.2, Vertical holes in the shape of a fan  are drilled in the roof.

 These fans are up to 54 meters in height today and these fans are drilled every 3 meters in the
drift. There is also a 70 cm wide shaft drilled at the end of the drift, this is so the rock can
expand when blasting the first fan. Then the most inner of these fans are loaded with
explosives and blasted, figure 2.3
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Figure 2.3, Blasting of the fans

Then the loaders (LHD’s) start loading out the ore. Then, the next fan is charged, etc. The
procedure is repeated until the entire ore pass has been mined out. When the loaders reach the
shafts is a rockbreaker waiting to take care of the boulders that are to big to fall trough the
steel grid, called a “grizzly”, at the top of each shaft. The ore is held in bins at the end of each
shaft, figure 2.4

Figure 2.4, The train being loaded.

Ore is tapped via remote control from the bins into railway cars. A driver less train, consisting
of an engine and 24 cars, carries the ore to one of four discharge stations. When the train
passes the station, the bottoms of the cars open and the ore falls down into a crusher bin from
which it’s fed to one of four crushers.
After the ore has been crushed a conveyor belt carries the ore to the elevators (skips). The ore
is loaded to the skip automatically and hoisted to the surface.
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2.2 The rockbreaker

The rockbreaker itself is produced by BTI with main office in the Canada. It's a robotic arm
with 4 degrees of freedom. It’s powered by hydraulics and it’s bolted to a concrete fundament.
Angular sensors need to be mounted on it. The rockbreakers are maneuvered from a control
room by an operator, who has two cameras and two joysticks to maneuver it.
In the future the stationary rockbreakers will be replaced by semi-mobile rockbreakers or even
mobile rockbreakers.

Figure 2.5, Sketch over the area where the rockbreaker works

Figure 2.6, Sketch of the “grizzly”
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Figure 2.7, Perspective view over the grizzly, captured with the operators camera, with some
boulders on top of the shaft. The numbers at the bottom left is a identifier for the shaft.
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Chapter 3.

3.1 Entire system

The present system is displayed in Figure 3.1. For easy comparison our part of the new
system is shown in Figure 3.2.

Figure 3.1, The current system schematics. Two cameras are overlooking the rockbreaker.
The images goes to the VideoJets and converted into digital images. The images are then
transferred of the local Ethernet and converted back to analog signals to be displayed on

videomonitors for the operator.
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Figure 3.2, Schematic over our part of the system. The camera is a digital one that does not
require VideoJets. Profibus connects every part of the local system, like PLC, angular sensors

and the Drive inverter. The Drive inverter only needs a start signal and then the PC can
capture images in a pre-determined sequence.

The actual system, like the old one also, can be divided in two distinctive areas:

Production area
• Motor system (motor, drive inverter, Profibus interface)
• Light projector
• CCD camera
• Local PLC

Control room area
• PC
• Operator table

To be able to cover the entire area, a motor system to move the projector. Chapter 4.2,
describes the motor system.
When a loader come and leave a bucket of rocks, the local PLC will receive a signal, via the
network,  to start the image analyzing procedure. First the local PLC will send a signal to the
Drive Inverter to move the projector to the starting position. When the projector it’s there the
drive inverter will send a signal to the local PLC and that one will send it to the CCD camera
to capture a picture. The images starts to be processed immediately. After the image was
captured, the local PLC send another signal to the drive inverter for another step of the
projector and another picture will be capture by the CCD camera and processed in the PC.
Chapter 5.1 supplies a description of the range camera and what it does at each step.
The period of this cycle – one camera image capture at every step of the projector – depends
of how many steps the projector will take. The number of the steps can decrease or increase,
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depends of accuracy you want for the final 3D image. After the cycle it’s complete, the entire
area is covered, the PC will process all the images captured and create a 3D image.
In this point the operator will receive a 3D image and he/she will decide if there are some
rocks on the shaft or if it’s clear. If the shaft is clear a signal will be send to the main PLC and
that one will send a signal to the loader that it can come with another bucket. From this point
the cycle starting again.  If there are rocks left in the work area, the operator will click on the
screen in the point where the operator wants to position the rockbreaker. Now the PC sends a
point with 3 coordinates – x,y,z to the rockbreaker system. With this point the system will
calculate and position the rockbreaker in that point. After the rockbreaker finish it’s job, it
will go from the camera view in the semi-parking position and the image analysis cycle start
again and the operator will receive another 3D image. He/she will then decide if the grizzly is
cleared. If  that’s the case, the operator will chose another point where the rockbreaker should
move to. All these are repeated until the shaft will be cleared.
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3.2 Physical setup

Since the camera and projector must overlook the object we placed them 4-5 meters above the
it on a steel construction. We have chosen to place the lightprojector straight over the camera.
The angle between the camera and the projector should be around 10 degrees. With this angle
known, it’s easy to calculate the distance to the object via triangulation.
We positioned the camera and the projector on the long side of the scanning area. It would
have been desirable to put the camera and projector directly over the scanning area but we
didn’t have this possibility. The projector is enclosed in a protective case. The protective case
is also connected to a motor. The camera has a protective case but it doesn’t have to move.
The Profibus card for the drive inverter will be mounted in the drive inverter case and that one
will be fixed in the same case like the PLC. The Profibus, drive inverter and videojet case is
dust- and blast proof.
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Chapter 4.

4.1 Projector and camera

In order to have a range camera system you need a passive CCD camera and a active light
source that must project light planes on the object.  Because of the rough environment and the
price, the choice of light source became a normal light projector with the ability to produce a
grid (or pattern, template or gobo).
In the beginning we considered a system based on the Fresnel spotlight, but the choice fell on
a ellipsoidal reflector spotlight. Even if the Fresnels are considerably less expensive than
comparable ellipsoidal reflector fixture, they do not have the possibility to produce a sharp
beam cut-off edge and the most important thing, they do not have the ability to project a
pattern. The ellipsoidal reflector spotlight provides a narrow directional beam with a hard
edge. It’s also able to provide a sharp focus of integral shutters and metal projection template.
The possibility to project a metal pattern makes this fixture particularly useful for our needs.
The tested projector was the ETC Source Four – ellipsoidal reflector spotlight, with 036  field
angle, and this one we adapted for our needs by taking out the shutters. The shutters are metal
plates with witch you can cover part of the pattern. Because of the work environment the
projector was fitted with a protective case.

Figure 4.1, Schematic of a ellipsoidal reflector spotlight. This one contains two lenses. They
can contain up to five or six lenses to make the projection better.

The patterns we tested where made in steel, with 90-mm diameter and different slit thickness.
Pattern is holding in a pattern holder A size, provided also by ETC.  We tested different slit
thickness – 0.1mm, 0.25mm, 0.50mm, 0.75mm and 1mm.



14

Figure 4.2, Sketch of the pattern holder A size

The patterns can be made in a special glass, resistant to heat, that are even more durable. The
resistance to heat it’s a very important, because the projector temperature is around 200 0 C in
normal working conditions and the pattern is placed in the front of the lamp. The resolution
on the glass gobos can be better than with a metal patterns. The process to manufacture these
is chemical etching.
The camera is an ordinary CCD camera with mono focal lenses, A = 4.8 mm and F = 1.4 The
camera will be connected to the PC via VideoJets and TCP/IP network. Because of the tough
environment a metal case made in aluminium will protect the camera.
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4.2 Motor system

Because the entire area must be covered – approximately 10 2m , we chose to move the
projector. The solution was a ordinary AC motor with an encoder system controlled by a drive
inverter. The motor was controlled with drive inverter connected to a PC. After this, in the
production, all programming of the drive inverter will be done via PLC.

Figure 4.3, Schematic of the motor system in our test setup, including the connectors on the
drive inveter.
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Figure 4.4, Schematic of the motor system in the way it has to be connected if it’s
implemented, including the connectors on the Drive inveter.

As it’s showed in Figure 4.3 and Figure 4.4, the test system is composed by:

• Drive inverter: Movidrive MDV 60A0015-5A3-4, three-phase AC drive with 1.5 kW
power and digital inverter technology.

• Motor: AC motor – DT90S4 ES1S – foot-mounted with 1.5 kW power. Because
electronically drive systems require actual value sensing and speed feedback, the motor
have an incremental encoder with spread shaft and high-resolution sin/cos signals. This
encoder is suitable for drives that are operated with requirement to move smoothly at low
speed.

• Fieldbus Interface: PROFIBUS DFP11A – even if the system is not connected to the PLC
system via PROFIBUS, the connection and imputes from the PLC system will be
simulated with a application existed in an software called MOVITOOLS provided also by
SEW Eurodrive.

• Serial interface: USS21A – that will allow us to connect drive system to the PC
• Brake resistor: BW100-005 – flat-pack design with an internal thermal overload

protection

For parameter setting the drive inverter, Movidrive, have an integrated position control
software called IPOS plus also with PLC-functionality. For the PC parameter setting and
control an operating software, MOVITOOLS, was installed on a PC. This is a program
package containing:
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• SHELL: makes for convenient start-up and parameter setting of drive
• SCOPE: offers expansive oscilloscope functions for drive diagnosis
• IPOS plus -compiler: for conveniently generating application programs in a high language

To simulate connection to the PLC system via Profibus it’s an application available as
IPOS plus  program in MOVITOOLS called Bus Positioning. With this application the
complicated programming will be avoided, both in test system and real life system, because
with this application to set and enter parameter required for bus positioning (ratios, speeds,
diameters) the rest of setting will be done by an PLC program.
The real life working systems, as it easy to see in the Figure 4.4, it’s the same like testing
system, but without serial interface because now drive inverter it’s connected to the PLC
system via Profibus board.
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4.3 Rockbreaker

The rockbreaker is produced by BTI. It’s actually a robotic arm with 4 degrees of freedom.

Figure 4.5, The rockbreaker from BTi, from the 4th joint to the tip of the hammer it’s almost 3
meters.

The rockbreaker system (SX22) has a vertical reach of 6.7 m and 10512 kg weight (excluding
hydraulic pumps etc.). The hydraulic system built for LKAB is a TB2080X with 140-190 bar
pressure range, 3360 kg operating weight, 370-510 bmp frequency range and 160 mm tool
diameter.



19

Chapter 5.

5.1 The function of the range camera

A range camera consists of an illuminating light plane and a camera, Figure 5.1. The sheet of
light is usually generated by a laser and a cylindrical lens that illuminates a part of the
workspace. A laser in our case would need to be quite powerful and thereby expensive. A
theater light projector would be the best alternative.

Figure 5.1, Schematic over the basic function of a range camera.

The position and orientation of the camera with respect to the light projector is known.
Basically you need the distance between the camera and the projector and the two angles of
the camera and projector. Then the location of a object is calculated by triangulation.
In this thesis only one lightplane is used per image in order to make it easy to understand.
In our setup we also require the following parameters.

• f  = the focal distance of the camera.
• α = The angle of the light projector, where 0° is horizontal.
• β  = The angle of the camera, where 0° is horizontal.
• c1 = The height of the camera above the ground.
• c2 = The horizontal distance between camera and projector.
• d = The height of the projector above the ground (d1 = d – c1).

These parameters are determined by a calibration procedure and are assumed to be known,
Figure 5.2, Figure 5.3 and Figure 5.4.
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Figure 5.2, Pinhole model of a range camera, perspective view. The image plane is the CCD
sensor in the camera that captures the image. The lightplane is a “sheet” of light from a
projector. The location of the focal point is dependent of the lenses in the camera, but is

usually just in front of the camera lens.

In order to measure θ, we decided to measure α and β  and from these calculate θ. The
orthogonal distance from focal point to the light plane, h, varies with the angle α, so for each
new image taken, h need to be recalculated.

Figure 5.3, Variables and constants in range camera setup, side view. The optical axis is the
perpendicular line to the center of the image plane.
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Figure 5.4, Variables and constants in range camera setup, top view.

Figure 5.2 shows a pinhole model of a range camera. The image plane is the sensor in the
camera that captures the image. The lightplane is a “sheet” of light from a projector. The
location of the focal point is dependent of the lenses in the camera, but is usually just in front
of the camera lens.
The reflected light on a object is detected in the image plane of the camera. The range to the
object is found by triangulation, shown in Figure 5.3 and Figure 5.4. (p,q) denotes the
coordinates of the detected light on the image plane. The focal distance (f) has to be
recalculated into pixels (fpix). Where (total_no_pixels) is the resolution of the camera (usually
480*640 pixels) and η is the angle of view of the camera. You get two different values for the
p and q, if the image has different resolution on the p-axis and q-axis.
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Thus we get h:

( ) 







−⋅+= 232 2
sin α

π
cch (5.6)

To be able to calculate the Cartesian coordinates we calculate rx.

( )ϕsin
h

rx = (5.7)

Now can the coordinates with respect to the camera (focal point), be calculated.

( )fprx xt cos⋅= (5.8)

( ) ( )fqfpry xt tancos ⋅⋅= (5.9)

( )fprz xt sin⋅= (5.10)

If the focal distance is not given in the data sheet, it can be calculated. On front of the lens are
usually two values given: The lens effective diameter = aperture = A and the brightness = F.
The focal distance or focal length can be calculated with formula (5.11)

AFf ⋅= (5.11)
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5.2 The filtering of the image

Due to the environment in a mine, filtering of the image is essential. The grayscale levels in
the images can change rapidly because of dust on the protection glass in front of the camera or
because changing light conditions. Construction of a special filter that can extract the data was
made according to the steps below.
Step 1.The first thing the filter do is transforming a jpeg image into a binary image. A binary
image is easier to process and smaller in size, because every value in the image can only have
two different values, 0 or 1. It converts the intensity image to a binary image by comparing
every pixel with a threshold value, that can be set when calibrating the camera.
Step 2. After transforming the image into a binary image, the filter perform erosion, a number
of times, to take away unwanted noise. The structuring element used is shown below.
















=

010
111

010

ES (5.12)

Step 3. After erosion, the filter perform column vise filtering. This filter extracts vertical lines
from the image. It takes every column of pixels and finds the first white pixel and checks if
it’s a single or double point, if that’s the case the program deletes it. If there is more than one
white pixel, it counts the number of white pixels until it finds a black pixel. Then it takes the
center pixel and deletes the rest.

Figure 5.6, Explanation of the column vise filtering. Single and double points are deleted. If
there is three or more white pixels together, the program deletes all except the middle pixel

(mp=i).

Figure 5.7 show a typical image that is captured with the camera. The image is then filtered
and the result is shown in Figure 5.8. When the object is not exposed to major error sources
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the filter works very well. It would have big problems in any other environment than
underground, where the light easily can be controlled.

Figure 5.7a, Typical image to be filtered. It’s a big boulder with two wooden boards  standing
in front of the boulder. 1. Shows the light on one board. 2. Shows occlusion, it's a short board
so that the lightplane passes over the board and the camera can’t see the lightplane in those

points because it’s behind the board.

Figure 5.7b, Typical image to be filtered. It’s the same image as in Figure 5.7a, except it’s
inverted. In the rest of the report the images will be displayed like this. It’s a big boulder with

two wooden boards  standing in front of the boulder. 1. Shows the light on one board. 2.
Shows occlusion, it's a short board so that the lightplane passes over the board and the

camera can’t see the lightplane in those points because it’s behind the board.
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Figure 5.8, The resulting filtered image of Figure 5.7 (inverted).
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5.3 Visualization of measured data

There are plenty of different methods to visualize scattered data. Most of them use some sort
of triangles to illustrate a volume or a body. The major advantage of the unorganized points
algorithms is the fact that they do not make any prior assumptions about the connectivity of
points. The Delaunay triangulation method is the most common for surface reconstruction.
The main disadvantage of Delaunay triangulation is large computation time required to obtain
the triangulation on an input points set. This time can be reduced by using more than one
processor, and several parallel algorithms for Delaunay triangulation.
Other methods are for example to generalize the notion of a convex hull to create surfaces
called alpha-shapes or to generate a signed distance function followed by an isosurface
extraction. For large data sets, existing methods of isosurface extraction do not allow
interactive investigation of the data set, especially for unstructured grids. Many objects of
interest are piecewise smooth, including the rocks we are gonna apply this system on. Their
surfaces consist of smoothly curved regions that meet along sharp curves and sharp corners.
Modeling such objects as piecewise linear surfaces requires a large number of triangles.
Curved surface models can provide a more accurate and compact representation of the true
surface. It’s critical that the surface representation also is capable of very exact modeling of
sharp features.
The Delaunay triangulation method can be described in the following way. Given a set of
points, the plane can be split in domains for which the first point is closest, the second point is
closest, etc. Such a partition is called a Voronoi diagram.  If one draws a line between any two
points whose Voronoi domains touch, a set of triangles is obtained, known as the Delaunay
triangulation. Generally, this triangulation is unique. One of its properties is that the out circle
of every triangle does not contain any other data point. In this thesis we will only present the
Delaunay method. Figure 5.9 shows the Delaunay triangulation for our test object, front view.
Figure 5.10 shows the side view and Figure 5.11 shows a perspective view, of the same data.
This data has been acquired from 7 different images. This means that the distance between the
lines on a horizontal floor where 30-50 cm. For the future this distance should be 10-20 cm in
order to get more measurements. More images gives more data, thus smaller triangles in the
mesh plot.

Figure 5.9, Front view of reconstructed rock (camera view), using Delaunay triangulation.
This data has been acquired from 7 different images. The lines on a horizontal floor would be

30-50 cm apart
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.

Figure 5.10, Side view of reconstruction of rock, using Delaunay triangulation. Same data as
in Figure 5.9.

Figure 5.11, Perspective view of reconstructed rock, using Delaunay triangulation. Same data
as in Figure 5.9.

This reconstruction was made from a single view source. As obtained from the side view, you
can’t see what’s under or behind the object. In order to improve this, it’s necessary to use
more images from other angles. It’s necessary to use 2 light projectors to obtain information
from the other side of the object. Further more, several cameras per projector is also possible
to implement. But even if more data is obtained from other sources we can’t see how the
object looks underneath. A solution to this problem would be by duplicating the extracted
points and put the z-values equal to 0. This creates a simulated floor and can then be included
in the mesh plot. The following images are transformed above the floor to make the mesh plot
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clearer. Figure 5.12 show the front view, Figure 5.13 shows the side view and figure 5.14
shows the perspective view.

Figure 5.12, Front view of reconstructed rock with simulated floor (camera view) , using
Delaunay triangulation. The same data as in Figure 5.9. The simulated floor is lowered to

show it more clearly

Figure 5.13, Side view of reconstructed rock with simulated floor, using Delaunay
triangulation. The same data as Figure 5.12. The simulated floor is lowered to show it more

clearly

When the operator clicks on the 3D mesh plot the PC finds the nearest triangle and calculates
the normal to that surface and gets the angle of attack for the tip of the rockbreaker arm.
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Figure 5.14, Perspective view of reconstructed rock with simulated floor, using Delaunay
triangulation. . The same data as Figure 5.12. The simulated floor is lowered to show it more

clearly
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5.4 Error analysis

In [2] an error analysis is given and it concludes that along the x-axis the standard deviation of
the noise is proportional to the range squared. This means that long distances (along the x-
axis) produces inaccurate data and that we need to get the camera as close to the scanning area
as possible. But if the measured point is 1 pixel wrong, then the error from a object 10 meters
away is 2.5 cm. Clearly the resolution is more then acceptable in our case when you consider
that the tip of the rockbreaker arm is 16 cm in diameter.
The size of the angle θ decides the resolution, the bigger the angle, the better resolution. But if
the angle gets to big you get problems with the lens distortion. If θ ≈ 30°, it’s to big to get
accurate reconstruction of the rock. θ should be in the range of 5 - 15°.

Some common error sources are:

• Inaccurate calibration
• Lens distortion
• Low resolution in the image

Some error sources specific to our case is:

• Other light sources as head lamps, torches and car lights
• Reflexes due to water or shiny metal objects in the scanning area.
• Camera and/or light projector is out of focus.
• Dust in the air or on the objects.

Figure 5.15 shows some of these error sources. (1) is the light from a head lamp, (2) is the
reflexes in a water puddle and (3) shows the projector out of focus. The image also show
some indirect light in the background. The advantage of a mine is that light conditions can be
controlled. This eliminates some possible error sources.
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Figure 5.15, Image of the same boulder as in Figure 5.9 (inverted),  with some possible noise
sources. (1) is the light from a head lamp, (2) is the reflexes in a water puddle and (3) shows
the projector out of focus. It also show some indirect light in the background.

Different light sources can appear and disappear all the time so adjusting the filter in that case
is problematic and not always trivial. To eliminate some error sources a signal/noise plot is
made by taking out round 20 pixel columns from the raw data and plotting intensity vs. pixel
number, Figure 5.16. From that the active area can be determined.

Figure 5.16, Signal/Noise ratio, from the noisy image in 5.15,
by plotting intensity vs. pixel number. From this plot the active area is determined
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Figure 5.17, Signal/Noise ratio plot (intensity vs. pixel number) from a image without
significant noise.

For each angle, θ, the measurements will be in a certain area of the screen. If there are pixels
found outside this area, the program can ignore them. But if the error light source is in the
active area, there will be errors. Figure 5.18 show the active area in the image.

Figure 5.18, Active area where possible pixels can be found. This is the same image as 5.15.
All data points found outside the active area will be due to error sources (inverted).

Figure 5.19 shows the image after filtering. The water reflexes can also be taken away if you
adjust the filter, if you know that it’s going to work in a wet environment. If the projector is
out of focus, it’s not that hard to fix. Figure 5.19, also shows that indirect light does not affect
the filtering. Note that the projector is still out of focus in this image.
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Figure 5.19, The filtered noisy image, (inverted). To get a even better image, more binary
operations can be preformed.

Figure 5.20 shows how the image would have looked without Signal/Noise ratio reduction
(without a active area).

Figure 5.20, The filtered image without S/N ratio and active area reduction. (inverted)

The biggest problem we have encountered is lens distortion. This is shown in Figure 5.21.
The 2 bottommost lines are both  supposed to be on the floor. The conclusion is that they
should be seen  as one line and this shows that measuring values at the close to the edge of the
screen has a tendency to spread out towards the edges. The conclusion is that lens distortion is
the main problem here.
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Figure 5.21, Scatter plot as seen from the camera. The two bottom lines are supposed to be on
the floor and should in that case be seen as one line. This is because of lens distortion
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Chapter 6.

6.1 Conclusions

The patterns work without any problem in the test environment and in the short time of use.
The best thickness for the slits is smaller then 0.10mm. The material for the actual patterns
does not have a good heat resistance. They start to be quite deformed after a short period of
use. The new patterns need to be made in a really heat resistant material. The heat resistance
must be around 250-300 0 C. There are glass gobos that are very heat resistant.
The ellipsoidal reflector spotlight work perfectly. It’s ability to project metal/glass patterns
was the best solution for our problem. Because of the heat released by the projector (200 0 C
normal work temperature) the protective case could be overheated. The recommendation is to
have a cooling system either passive or active. The problem with the active one will be dust
from the working area. A dust filter can maybe resolve this problem. Considering the
environment, a passive cooling system with an external fan that cools the box is the best
solution.
The motor system is working but for smooth movement and for exact positioning of the
projector it will need a reductive gearbox. The recommendation for the actual motor is 100
times reductive gearbox. It’s also possible with a smaller one and with helical-worm, helical
or with cone wheels mechanical connection between motor and projector case. For
computational reasons the connection point between motor and projector case must be the
same with the connection point between projector and case. For more easy movement
transmission the projector case must be fixed on the both sides on bearings. In one of these
sides the case will be connected with the motor.
The PLC and drive inverter case must be dust proof and be able to resist the effects of blasting
in the mountain.
Because the projector must start every time from the same position (angle with the ground)
the motor must have a static brake with possibility to be released with a drive inverter
command. It’s possible to make the motor system more simple and compact with a smaller
engine with a reductive gearbox and with an lighter projector case. Siemens have a
servomotor, called Simodrive Posmo A, with an integrated drive inverter and the possibility to
be connected with a PLC via profibus.
Another important aspect to speed up the system would be to make more effective patterns.
So it would be possible to get more lines in one image. See Figure 6.1 for example of patterns
that we have considered. With a pattern like the one in figure 6.1a it would be possible to
construct a range camera using maybe 2-5 stationary projectors. This would take away the
motors and this is desirable since the working environment is dusty and dust comes into the
motor and causes disruptions. This would be the best solution for use in mines according to
our conclusions. The pattern in Figure 6.1a would need some kind of coding of the lines. In
Figure 6.2 the pattern is divided into areas of nine points there the lines cross each other. Each
of these points can be “connected” or “not connected”, in other words, like a binary image
they have a value of “0” or “1”. This would result in 512 combinations. If these combinations
are repeated four times, we would still be able to separate them and the pattern would be
about 200 times 200 lines. The result is that one single image can result in 2000 points in a 3D
image.
If you want to implement more complex patterns you need to keep the lines separated
somehow. The most simple way would be to keep the lines so far apart so you can’t mix them
together. Other vise you can do this by coding the lines in different ways. The coding of the
lines can be made in different ways, here is a few examples.
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• Different grayscales, see figure 6.3, may be used, but this is only possible during excellent
conditions like a laboratory.

• Color codes dots or circles see figure 6.4. A ordinary color camera, a so called RGB
camera can only differ three colors, red, green and blue. But if you consider the
neighborhood of each colored dot, it has 8 neighbors and if they can be in three colors you
would get almost 20000 unique combinations. Further on you could use the Hough
transform to evaluate the shape of the circles. This is not practical for use in a mine, since
the objects are dark and the different colors wouldn’t be possible to detect.

• Different thickness of the lines. This would probably mean that you need to change the
patterns in some way, either with a LCD display or with a video projector or mechanically
change the patterns.

6.1a 6.1b

6.1c 6.1d

6.1e 6.1f

Figure 6.1, Different patterns that might be possible to implement.
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The camera we used for the testing was not calibrated in any way. This caused some troubles
before we realized that the camera needed some kind of calibration, see Figure 5.21. Camera
lenses are far away from perfect. There are plenty of ways to calibrate camera and one thing
to remember is that circles are only circles if they are perpendicular to the optical axis.

Figure 6.2, The pattern is divided into areas of nine points where the lines cross each other.
Each of these points can be “connected” or “not connected”, in other words, like a binary

image they have a value of “0” or “1”. This would result in 512 combinations.

Figure 6.3, Grayscale patterns. This is only possible during excellent conditions like a
laboratory.
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Figure 6.4, Colored dots with 8-nieghborhood, each different letter represents a color.
Neither this is a good solution for use in mines.
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6.2 Future work

Other mesh representation methods can be investigated (for example isosurfaces and alpha-
shapes). This might give a better way of getting the angle of attack. But once you have the x,y
and z coordinate it’s simple to get the normal to the surface.
More light projectors must be implemented, to be able to see how the back side of the rock
looks like. To use a ordinary light projector with visible light and one with UV-light or IR-
light could result in that it’s possible to do both scans in the same time. Otherwise you have to
do one scan before the other. Another possible solution is to place the projector on a sliding
rail in the roof over the rockbreaker and use multiple cameras to record data. Several cameras
per projector is also possible.
When this was written, LKAB was implementing a solution, using the pattern in Figure 6.2.
This solution has no moving parts by using multiple projectors and cameras. A software that’s
normally used to make 3D images for computer games, is evaluated. With only 4-8 jpeg
images, a complete 3D model could be generated. A powerful computer is needed, since the
image processing becomes more complicated.
There is no moving parts that can brake. There is no need for expensive control units in the
mining environment. There is a minimal network load due to the low number of images
transferred. The cost for this system is lower then for one with moving parts and control units.
This should be the optimal solution for a mining application.
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 Appendix A: Symbol list

f = Focal distance of the camera.
fpixp = Focal distance in pixels along the p-axis.
fpixq = Focal distance in pixels along the q-axis.
p = The pixels coordinate (along the p-axis).
q = The pixels coordinate (along the q-axis).
α = The angle of the light projector, where 0° is horizontal.
α2 = 90° - α.
β  = The angle of the camera, where 0° is horizontal.
c1 = The height of the camera above the ground.
c2 = The horizontal distance between camera and projector.
c3 = The horizontal distance between the light plane and vertical line d
d = The height of the projector above the ground
d1 = d – c1, the vertical distance between camera and projector
θ = The angle between the light plane and the optical axis.
h = The orthogonal distance between focal point and light plane.
ϕ = The angle between the light plane and rx.
r x = the line from the focal point to the object.
xt = The distance to the object along the x-axis.
yt = The distance to the object along the y-axis.
zt = The distance to the object along the z-axis.
fp = The angle between optical axis and rx.
fq = The angle between optical axis and ry.
η = The angle of view in the camera.
A = Aperture of camera.
F = Brightness of camera.
SE = Structuring element for the erosion filter.
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Appendix B: Acronyms

AC Alternating Current.
BTi Breaker Technology inc., constructs rockbreakers.
Drive inverter Control unit for the motor.
ETC Electronic Theater Controls.
IPOS plus  Compiler for generating application programs in a high language.
LHD Electric Wheeled Loader.
LKAB Luossavaara-Kiirunavaara AB, a mining industry.
MOVITOOLS  Operating software for the Movidrive.
PLC Programmable Logic Controller.
Profibus Serial fieldbuses that  act as the communication system,

exchanging information between automation systems.
RGB Red Green Blue, a RGB camera is a color camera.
SCOPE Program for expansive oscilloscope functions for drive diagnosis.
SEW Suddeutsche Elektromotoren Werke.
SHELL Program for convenient start-up and parameter setting of drive.
VideoJet Converts a analogue image to a digital image.


