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Introduction

Mining, by nature, is a hazardous occupation
and the issue of safety is of utmost importance
to the industry. Over the last three decades,
mobile underground equipment in mining has
increased as the industry moves, and
continues to move, towards increased
mechanization and automation. Both workers

and mining companies have benefited from
mobile equipment technology through
increased productivity and significantly lower
total physical demand on workers. However,
use of load haul dump (LHD) vehicles
underground has introduced a new type of
safety hazard. Mines and Aggregates Safety
and Health Association (MASHA) reported
that, on average, over the period 1986–2002,
the Ontario mining industry had approximately
117 accidents annually involving LHDs, as
shown in Table I. A significant contributing
factor for many of these accidents and injuries
is the restricted visibility from the operator’s
position. Tyson1 analysed statistics for LHD
related injuries and accidents in Ontario mines
spanning ten years from 1986 to 1996. During
this time, LHDs were involved in 1559
reported accidents, including 10 fatalities.
One-half of these fatalities and 25 lost time
accidents were found to be directly related to
poor operator visibility. In addition, coroner
inquests into two of these fatalities found
impaired visibility to be a factor in the death of
the worker and issued recommendations
highlighting the need to investigate visibility
issues during LHD operation2,3.  

From Table I it is observed that during the
period 1997–2002 there has been a reduction
in the number of accident claims associated
with LHD equipment. Despite the different
time periods for the claims recorded, the
continued research into operator visibility,
equipment modifications for the LHD manufac-
turers and increased awareness of the LHD
visibility issues by the mining industry has
resulted in fewer accidents and fatalities. As
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with any continuous improvement process, the continued
reduction of LHD accident claims will be more difficult to
achieve and is the basis for the research described here.

The underground mining environment presents many
environmental and machine factors that can impair driver
sight lines from mobile machinery. LHD vehicle designers are
required to deal with the physical constraints of the
underground mining environment imposed on them such as
low vertical and horizontal clearances. The driver sits
sideways to the direction of travel on the left side of the
vehicle, at the articulation, which further complicates the
visibility profile. Different machine parts also result in
restricted sight lines and blind spots from the operator’s
position. Researchers have identified the bucket and cab
supports of mining vehicles as primary causes of blocked
operator sight lines4–6. 

Discussion on visibility assessment methods

A variety of visibility tests are conducted to identify which
equipment components obstruct the operator's eyesight. Most
researchers have used a variation of three techniques to
assess the visibility of mobile mining equipment: line-of-
sight, shadowgraph and panorama photograph7. Computer
simulation programs such as Classic JACK8 and SAMMIE4,9

have also been used to evaluate operator visibility. This
approach is fast but requires a 3D CAD model of the machine
to perform the analyses. It should also be noted that existing
LHD machines underground may have different attachments
(e.g. light brackets, wheel chocks, etc.) or configurations
depending on site requirements and personal preference,
which may differ from the 3D equipment model prepared.
Thus the analysis of an LHD 3D equipment model may not
necessarily result in an accurate portrayal of actual operator
visibility. 

Shadowgraph techniques require one or more light
sources to be positioned in the cab of the vehicle being
studied. A version of this technique is recommended by the
international standard ISO 5006-18. Besides being labour
intensive, Hella10 et al. argued that a single length couldn’t
define that field of vision as the standard proposes.
Panorama photograph techniques involve placing a camera at
the operator’s eye position and taking a series of overlapping
pictures, as the camera is rotated 360°. Pasting the pictures
together provides the analyst with a panoramic composite of
what an operator would see. This method involves manually
interpreting photographs, which has the potential for errors.

The Forest Engineering Research Institute of Canada
(FERIC) developed a standardized method of assessing
visibility of forestry equipment11. A modified version of this
method (see below) has been used in the past for visibility
assessment of LHDs in the underground mines of Ontario12.
The light filament method using line-of-sight technique is
simple but takes almost three hours of measuring time, in
addition to data compilation, to produce the visibility chart8.
Since this method involves manual measurements of points,
it is susceptible to errors. A repeat light filament test
conducted on the same machine would be useful to quantify
errors.

From the above discussion it can be seen that there is a
need to evolve a rapid and consistent method of visibility
assessment for existing mobile equipment. This article will
provide details about a new visibility assessment technique
using a laser scanner and will also compare results of repeat
tests for both light filament and laser scanning methods. 

Description of apparatus and procedure used 

Light filament method

The light filament method (Figure 1) uses a seat index point
locator, which is secured to the operator’s seat, with a light
filament (at 0.77 m from the seat) attached to represent the
eye position of a 65 kg and 170 cm tall operator. Sight lines
are evaluated at predetermined locations using a measuring
rod with a mirror at 45° mounted on it. The detailed
description of this method can be found in Eger12 et al. A
computer program was developed in this research using
Java3D to generate the visibility charts quickly from the field
data13. The Java program takes the basic measurements
taken in the field data collection work and creates the shadow
diagrams automatically.

Laser scanner method

A Mensi GS100 laser scanner was used for collection of
visibility information. It works on the principle of time-of-
flight. The scanner’s pulsed visible green beam is moved
across the target in a raster scan. The horizontal and vertical
angles of the beam and the return time of flight of the
reflected pulses are measured for each point. From the time of
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Table I

Accidents involving LHD equipment in Ontario 
Mines (1986–2002)

Type of accident Number of claims

1986–1996 1997–2002

Medical aid 1331 293
Lost time 218 29
Fatalities 10 2
Total 1559 324

Figure 1—Schematic diagram of light filament method
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flight a measurement of distance is generated. Together,
these measurements produce an impact location, which in
aggregate displays a cloud of points. Each point has
embedded x, y, z data. The field of view of the scanner is
360° in the horizontal plane and 60° in the vertical plane.
Figure 2 shows the laser scanner mounted on LHD
equipment.

The visibility testing using a laser scanner requires the
following equipment:

➤ Tripod mounted GS100 laser scanner
➤ Laptop computer (Pentium III 600 MHz or equivalent)

with Pointscape software
➤ Power supply with battery back-up.

The total procedure consists of object scanning and post-
processing of scanned data using modelling software. A
laptop computer with commercially available laser scanner
software was used to generate the 3D point cloud. 

Scanning procedure

The scanner is mounted on a tripod stand and is placed
inside the driver’s cab. The height of the laser scanner on the

driver’s seat is kept exactly the same as the height (at 0.77 m
from the seat) used in the light filament method. Care must
be taken to keep the scanner level. When in position, a 360°
scan is performed with the GS100. More scans from different
locations can be completed to generate multiple data sets of
the same object from different viewpoints. In situations
where multiple scans are available, they will help in creating
a combined 3D point cloud. The scan from the operator
position is the one used to develop the visibility profile.

Processing of point cloud data

After scanning, data processing was performed using
commercially available modelling software. A floor plane was
created using the scanned floor points. A reference point is
created for the origin at the 0, 0, 0 coordinate, which denotes
the origin of the laser beam. New 3D points are then created
along the lower extent of the obstructed zone. This is
performed taking one side of the scan at a time. Figure 3
shows a set of points created on the right of the LHD.

From each of the points created, a line is constructed
joining it to the scanner origin position. The intersection of
these lines with the floor plane generates another set of
points. Figure 4 shows the wall points and the corresponding
lines with the intersection points (30_1, 31_1, 32_1 and
33_1). 

A text file is generated containing the x, y and z
coordinates of these points. These then serve as input to the
specifically developed Java 3D program, which generates the
line of sight diagrams presented in the results. All specifically
developed computer programs developed within this research
are presented in Bhattcherya13.

Results

Tests were performed on four separate LHD models; both
manual light filament and laser scanner methods were
employed. The line of sight diagrams were generated for all
tests using a Java3D computer program, which also calculates
the area of the occluded operator visibility zone at ground
level, or at any required level13. To test the repeatability of
the methods, duplicate tests were conducted on the same
vehicle. Diagrams resulting from the two consecutive tests
were plotted together to arrive at the percentage visibility
profile overlap between them. While generating the overlap
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Figure 2—GS100 laser scanner mounted on LHD

Figure 3—Creation of 3D points within 3D point cloud
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diagrams, it was decided to confine the area of analysis to
within 25 m of the operator’s position towards the front and
rear of the machine. Similarly, distances of 5 m and 15 m
from this position were marked off for the left and right
directions respectively (Figures 5a and 5b). Confining the
area of interest helped avoid any unwanted visibility zones. 

Line of sight diagrams were created from the laser
scanned data sets. Data was processed using 3Dipsos
software. Since the modelling procedure involves human
judgement in creating 3D points within the point cloud data,
a modelling error is expected. To determine the magnitude of
this error, data for the same test was twice repeated and
processed independently by the same person. The resulting

▲
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Figure 4—Extrapolation of line of sight data points on floor plane

Figure 5a—A line of sight diagram for Model C Figure 5b—Overlapping line of sight diagram for Model D



line of sight diagrams were superimposed to calculate the
percentage overlap and indicate the efficiency of the
modelling process (Table II).

Figure 5a shows a typical line of sight diagram generated
by the light filament experiment on Model C LHD. An
overlapping line of sight of diagram for Model D is presented
in Figure 5b. 

From the four LHD models (A, B, C and D) tested, only
Models C and D could be analysed completely with light
filament and laser scanned visibility data. The best
performance achieved with repeat visibility testing for both
techniques was with the Model D data. The light filament
method produced an overlap of 92.5 per cent while the laser
scanned data produced an overlap of 96.4 per cent.

Further investigation with Model C data revealed that the
laser origin location was different for the two consecutive
experiments. By merging the two data sets with the help of
common reference points, the approximate magnitude of this
deviation was found to be 37 mm, 52 mm and 25 mm in x, y
and z directions, respectively. The location of the laser
scanner position is of utmost importance for determining
absolute visibility profiles or repeat tests if they are to be
performed on the same vehicle. A survey instrument could be
used to locate the laser scanner origin more accurately. 

An unambiguous comparison of the reproducibility of
visibility diagrams from the two methods can be obtained
from the results on Model D. Despite the encouraging results
with the Model D laser scan data, there was still a percentage
overlap error of 3.6 per cent. By referring to Table II it can be
seen that the magnitude of this error (modelling error ranges
from 1.7 per cent to 5.2 per cent in Table II) is more likely to
be a result from modelling the 3D data points. It is
anticipated that, in the future, automatic processing of the
modelled 3D data will further reduce the errors and produce
more consistent and accurate results.

Polar visibility diagram

Another type of visibility diagram has been created from the
manual and laser scanned LOS data, which will hereby be
referred to as a polar visibility diagram (PVD). This diagram
helps assess the visible angle from the operator’s position for
a given operator height. Figure 6 illustrates how angles A1
and A2 are calculated from the data. 

Angle A1 is defined as the angle between the operator
sight line (LG in Figure 6) and the perpendicular line
representing operator position (LO in Figure 6). Angle A2
represents the angle between the projection of operator sight
line (OG in Figure 6) and the horizontal axis of the line of
sight diagram (OQ in Figure 6). Totally obstructed zones are
considered to be at A1 equal to 90° (LM in Figure 6).
Consequently, the extent of the diagram only extends to the
90° circle. The advantage of the PVD is that the visibility
profile can be presented in its entirety within the standard
plotting limits, irrespective of the machine. This means that
an arbitrary cut-off boundary for the line of sight diagrams
(i.e. as used in Figure 5b) does not have to be incorporated.

Development of a new operator visibility assessment technique for mobile equipment
J
o
u
r
n
a
l

P
a
p
e
r

The Journal of The South African Institute of Mining and Metallurgy VOLUME 106       NON-REFEREED PAPER FEBRUARY  2006 91 ▲

Table II

Modelling error for processing laser scanned data

LHD Percentage overlap Percentage overlap
First test Second test

Model C 94.8 95.2
Model D 98.3 97.7

Figure 6—Parameters for polar visibility diagram shown on a conventional line of sight chart

Figure 7—Polar visibility diagram for Model C
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It accounts for total blockage areas more readily, and these
can be observed easily around the 90-degree visibility limit.
Figure 7 illustrates an example of a PVD for LHD Model C
from the laser scanner test data with the visible areas around
the LHD marked as A, B and C. 

Discussion and conclusions

Operator visibility with respect to mobile machinery is one of
the most important safety issues within the mining industry
today. Accident statistics indicate that poor visibility has a
major impact on the number of accidents in underground
mines. Thus there is a need for routine assessments of
underground mobile machinery to find out where operator
visibility is adversely affected and how equipment can be
redesigned to account for this. Since the LHD will remain idle
during testing, the line of sight data collection time should be
as rapid as possible in order to limit the impact on mine
productivity. If the tests are to be performed during different
stages of a machine’s life, the visibility assessment procedure
must have a high accuracy in repeat testing. The repeat test
results conducted in this study indicate an accuracy of 93 per
cent for the manual line of sight technique and 96 per cent
for the laser scanning method. The results of this research
suggest that laser scanners fulfil both the criteria of a rapid
and accurate line of sight data collection technique. With
future developments in the modelling of the laser scanner
data, the accuracy for this new method may increase further.
The time required for the laser scanning data to be collected
was found to be about thirty minutes (significantly shorter
than the hours of data collection time required for other
techniques).

LHD vehicles are generally supplied according to mining
clients’ specific requirements and, on many occasions,
different machine parts (e.g. light bracket, radio remote box,
wheel chocks) are fitted according to the preferences of the
mine. External machine parts (e.g. wheel chocks, fire
extinguishers, etc.) often have an impact on the visibility of
the mobile equipment operator. Laser scanners provide a
technique to collect line of sight data for mobile equipment
within 30 minutes and with high levels of accuracy compared
to other existing methods.
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