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In Great Britain there are 25 fatal injuries each year on
average, and hundreds of non-fatal injuries to workers as a
result of being struck by moving vehicles in the
workplace. Restricted operator visibility is often identified
as a contributing factor in these accidents.
HSE researchers developed a risk-based method to
determine ‘visibility risk zones’ for earth-moving machinery
such as dumper trucks and excavators. The field of view
from larger dumper trucks is of particular concern following
the death of two workers at a surface mine in 2011 in a
collision between a large rigid frame dumper truck and a
stationary vehicle located within its blind spot.
This report describes the application of a risk-based method
to evaluate the operator’s field of view from a large rigid
frame dumper truck. The evaluation demonstrated that
with visual aids fitted, including a rear view and right side
camera, the masking areas (‘blind spots’) can be largely
eliminated for this type and size of dumper
truck. However, there may be residual risks of an operator
not detecting a worker on foot. The work demonstrates the
application of the risk-based method to determine visibility
risk zones.
Two related reports describe the development of the riskbased visibility risk zones method (RR1156) and its
application to an hydraulic excavator (RR1157).
).

This report and the work it describes were funded by the Health and
Safety Executive (HSE). Its contents, including any opinions and/or
conclusions expressed, are those of the authors alone and do not
necessarily reflect HSE policy.
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KEY MESSAGES
In Great Britain, there are 25 fatal injuries each year on average, and hundreds of non-fatal injuries,
to workers as a result of being struck by moving vehicles at the workplace.
This report is one of two supplementary reports to a main report on the topic of evaluating visibility
around earth moving machinery (see Research Reports RR1156 and RR1157).
This report describes the application of the risk-based approach described in RR1156 to the
evaluation of the operator’s field of view from a large rigid frame dumper truck. This involves the
identification and evaluation of visibility risk zones, taking account of the collision risk areas where
the machine could manoeuvre into directly. Compared to the method currently specified in
International Standards (ISO 5006), this approach has been shown to be more suitable for recording
and prioritising the areas of restricted operator visibility (‘maskings’ or ‘blind spots’) around the
machine, and for better informing the selection and positioning of visual aids to address residual
risks.
This evaluation has also demonstrated that with the visual aids fitted, including a rear view and right
side camera, the masking areas around the machine can be largely eliminated for this type and size
of dumper truck. However, there may be residual risks of an operator not detecting a worker on
foot owing to other factors such as:
•

The high number (9) of visual aids that the operator may need to view in order to check for
the presence of people or other objects around the machine;

•

The potential for the performance of visual aids to degrade in poor weather conditions, or
as a result of improper adjustment, cleaning and maintenance; and

•

The apparent small size of the pedestrian image within some visual aids, particularly the
front corner, right side mirrors, and rear view camera.
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EXECUTIVE SUMMARY
In Great Britain, there are 25 fatal injuries each year on average, and hundreds of non-fatal injuries,
to workers as a result of being struck by moving vehicles at the workplace. Restricted operator
visibility is often identified as a contributing factor in these accidents.
This report describes the application of a risk-based approach for evaluating the operator’s field of
view from a large rigid frame dumper used in surface mining. This was undertaken as part of a larger
project to develop a method for identifying and evaluating visibility risk zones for earth-moving
machinery.
Aims
The purpose of this work was to undertake a trial of the method, consider its validity and usability
for large trucks, and inform further development of the method.
Main findings
The identification and evaluation of visibility risk zones was a useful concept to apply when
evaluating the operator’s field of view from a large rigid frame dumper. The method defined the
test locations according to the manoeuvrability of the machine. The inner tyre turning circles,
measured at full steering lock, were used to define the collision risk areas into which the dumper
truck could travel.
This worked example also demonstrated the limitations of the current approach in ISO 5006. This
only considers maskings along a visibility test circle, 12 or 24 m away from the operator’s position,
and a rectangular boundary, 1 m away from the machine. The visibility risk zones method recorded
large maskings to the front right side of the machine (sector C); however, applying the ISO 5006
approach at a distance of 24 m from the operator’s position would allow the recording of no
maskings in this area. Where maskings are caused by structures located below the operator’s eye
position, such as the front body of the dumper truck, evaluating the operator’s field of view over the
whole area of the test surface is necessary to record the true shape and size of the areas of
restricted visibility (or ‘maskings’ or blind spots’). This approach would then better inform the
selection and positioning of visual aids and record any residual risks.
This evaluation has also demonstrated that with the visual aids fitted, including a rear view and right
side camera, the maskings within 24 m of the operator can be largely eliminated for a dumper truck
of this type and size. However, there may be residual risks of an operator not detecting a worker on
foot owing to other factors such as:
•

The high number (9) of visual aids that the operator may need to attend to in order to check
for the presence of people or other objects around the machine;

•

The potential for the performance of visual aids to degrade in poor weather conditions, or
as a result of improper adjustment, cleaning and maintenance; and
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•

The apparent small size of the pedestrian image within some visual aids, particularly the
front corner, right side mirrors, and rear view camera.

The visibility risk zones method has suggested that repositioning some visual aids slightly may result
in improved coverage of areas around the machine. This may include:
•

Slight outward adjustment of the left rear view mirrors (while keeping the left side of the
machine in view) to avoid the edges of the mirrors coinciding so closely with the boundary of
direct visibility.

•

Increasing the area covered by the right side camera monitoring system. This could possibly
be achieved by selecting a wider-angle camera lens, ensuring that the camera view was not
obstructed by other machine components, and considering how to mount the camera
further forward on the cab access system.
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1 INTRODUCTION
This report describes the application of a risk-based approach during the evaluation of the
operator’s field of view from a large rigid frame dumper truck. This was undertaken as part of a
larger project to develop a method for identifying and evaluating visibility risk zones for earth-moving machinery..

1.1

BACKGROUND

Within the construction industry in Great Britain, approximately ten people die each year as a result
of being struck by moving plant in the workplace [1], with dumper trucks being a common type of
moving plant on these sites. Hinze and Teizer [2] examined the details surrounding 594 fatal accidents
involving machinery and vehicles that the Occupational Safety and Health Agency (OSHA)
investigated in the North American construction industry between 1990 and 2007. They found that
dump trucks and other trucks (type unspecified) were the most common types of machinery
involved in these accidents, accounting for 41% (246) of the cases investigated. The dump trucks
were reversing in more than 90% of those accidents, a finding which the researchers attributed to
the large blind spot to the rear of the vehicle.
Within the quarries sector in Great Britain, the field of view from larger dumper trucks is also of
particular interest to the Health and Safety Executive (HSE), following the death of two workers at a
surface mine, which occurred when a large rigid frame dumper truck turned right from a parked
position and collided with a Land Rover that was located within its blind spot [3]. This accident raised
questions about the suitability of the International Standard, ISO 5006, specifying the method and
criteria for evaluating the operator’s field of view from large earth moving machinery, as well as
whether improvements in the Standard would have led to the fitting of an additional camera
monitoring system (CMS) to improve the operator’s indirect vision to the right side of the dumper
truck.
1.1.1

ISO 5006

ISO 5006 “Earth moving machinery – Operator’s field of view – Test method and performance
criteria” specifies a static test method for determining the operator’s visibility from earth moving
machinery (EMM) [4] [5]. Briefly, the test method involves placing a rotating light source apparatus at
the operator’s position, and measuring the width of shadows cast onto the ground along the
circumference of a 12 m radius visibility test circle (VTC) around the machine (Figure 1). The
standard specifies the maximum width of the spacing between two light sources (65 mm, 205 mm or
405 mm to represent varying degrees of operator head and upper body movement) as well as the
number and length of maskings that are permitted at the VTC, for different sectors of vision (Table
1). Where no specific criteria are specified (e.g. sector E for large rigid frame dumpers), the standard
suggests that no significant hazard exists for the sector of vision, for example due to machine speed,
distance to the test circle or machine manoeuvrability..
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Forward direction of motion
24 m radius visibility test circle
(24 m VTC)

12 m radius visibility test circle
(12 m VTC)

Rectangular 1 m
boundary (RB)

Seat index point (SIP)
45°

45°

Machine boundary (MB)

Figure 1 ISO 5006 test visibility test locations for a large rigid frame dumper. The sectors of vision (A,
B, C, D, E and F) are also shown.
Table 1 Summary of ISO 5006 visibility performance criteria for rigid frame dumpers, including
maximum permitted light spacing (top row, mm) and permitted number and width of maskings
(bottom row, mm). [4]
Sectors of vision
Empty
operating
A
B
C
D
E
F
RB
mass (m, t)
205
205
65
405
m ≤ 10
65
205
205
-------------------- ------------ ------------------------------- ----------0
0
0
0
0
0
300
205
205
205
205
65
405
10 ≤ m ≤ 20
65
-------------------- ------------ ------------------------------- ----------0
1 x 700
1 x 700
0
1 x 700
0
300
and 1 x
and 1 x
and 1 x
1300
1300
1300
205
205
205
65
405
20 ≤ m ≤ 50
65
-------------------- ------------ ------------------------------- ----------0
1 x 700
1 x 700
0
No
3 x 1300
300
and 1 x
and 1 x
specific
1300
1300
criteria
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ISO 5006 was revised in 2006 to include more onerous performance criteria, as well as a test of the
near field of view. This test involves moving a vertical test object along a rectangular boundary (RB),
typically 1 m away from the machine. The height of the vertical test object is specified as 1.5 m,
representative of a small standing pedestrian. The test object is considered to be ‘masked’ at
locations where neither the top, nor any 200 mm section of it, is visible. Any maskings of the test
object exceeding 300 mm in width along the RB are not permitted. However, the approach
described in ISO 5006 is increasingly viewed as unsuitable, especially for large machines. It does not
consider visibility between the rectangular boundary and the visibility test circle, the working
positions of the machines, or dynamic factors, such as the turning circle and manoeuvrability, speed,
and stopping performance, which are considered as being relevant to the risks posed by these large
machines in their working environments.
The Health and Safety Executive (HSE) in Great Britain wish to explore the concept of establishing a
‘manoeuvrability-based risk zone’ around earth moving machinery. This is seen as being a more
appropriate risk-based approach to evaluating operator visibility and its related risks, the principles
of which may be useful in setting field of view performance criteria for earth moving machinery.
These should provide advantages over the current approach and performance criteria in ISO 5006,
such that machines designed to meet the criteria would allow the more reliable identification of
hazards using either direct vision from the operator’s position or indirect vision (i.e. vision with the
aid of mirrors or cameras). This concept is in-line with the approach that the latest 2017 revision of
ISO 5006 [5] describes for larger and derivative machines, that being to evaluate visibility with a risk
assessment process to define where the operator needs to see to safely operate the machine.
However, the method for doing this has not been described in detail.
1.2

AIMS AND OBJECTIVES

The aim of this project is to develop a method for evaluating the operator’s field of view from earth
moving machinery, which is based on risk and machine characteristics.
This report describes the application of a manoeuvrability-based risk zone approach when evaluating
the operator’s field of view from a large rigid frame dumper used in surface mining. The purpose of
this evaluation was to test the method in practice, consider its validity and usability for large trucks,
and inform further development of the method.
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2 METHODS
2.1

TEST LOCATION

The test was carried out over the course of two days, on 18th and 19th May 2016, during a site visit to
Kier Mining, Greenburn Surface Mine, Auchincross Farm, New Cumnock, Ayrshire, Scotland.
The tests were performed outside, during daylight hours, in an area of the surface mine that was
cordoned off from the mining operations. The area was approximately 100 m x 75 m. While the test
location had been levelled and compacted in preparation for the evaluation, the poor weather
conditions had softened the ground and made the surface fairly slippery under foot and tyre.

2.2

TEST MACHINE

The dumper truck provided for this study was manufactured in 2008 and had a reported operating
mass (empty) of 64 000 kg. The machine was 10.5 m in length and 5.45 m in width. The width
between the outside edge of the tyres was 5.2 m.

Photograph 1 The rigid frame dumper. The machine boundary is marked on the ground. (1605033_006)
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2.2.1

The view from the operator’s position

Photograph 2 and Photograph 3 show the forward field of view and right side field of view, including
the positon of the visual aids relative to the operator’s position. They were obtained from a
panoramic photograph taken at the operator’s position.
2.2.2 Mirrors
The machine was fitted with seven mirrors. The Operation and Maintenance Manual provided
diagrams and information on the adjustment of six of the mirrors: the upper and lower rear view
mirrors on each side of the machine (4) and the left and right front corner mirrors (2). A mirror was
also fitted to the underside of the bucket canopy towards the right side of the machine; however, its
intended purpose could not be established through either discussion with end users nor review of
the user manual. The evaluation was carried out with the mirrors as found.

Photograph 2 The forward field of view from the operator’s position. The left side rear view mirrors,
front left corner mirror, and camera monitors are shown. (L1605033 IStar Pano 1)
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Photograph 3 The right field of view from the operator’s position. The right side rear view mirrors
and front right corner mirror are shown. (L1605033 IStar Pano 2)
Table 2 describes the position of the mirrors fitted. The measurements were obtained from the
laser scan of the dumper truck, and taken from the centre of the mirror surfaces and camera
screens.
Table 2 Description of the size and position of the mirrors fitted to the dumper.
Mirrors
Lower
Upper
Lower
Left
Upper
right
right
left rear left rear front
Dimensions (mm)
rear
rear
view
view
corner
view
view
mirror
mirror
mirror
mirror
mirror
Distance to front of
1255
1280
-125
2135
2135
machine boundary a
Distance to left side of
-850
-880
-285
5500
5570
b
machine boundary
Height above ground
4150
3600
3835
3800
3290
Size of viewing surface
320 x
320 x
320 x
320 x
450
450
450
450
Distance from operator 2240
2350
2855
4475
4535
position
ISO 5006 (2017)
13
14
17
26
26
minimum test object
height c

Right
front
corner
mirror

Under
bucket
canopy

165

1290

5020

5170

3355

4390

4545

4180

27

24

Negative value indicates that the mirror is to the front of the front machine boundary
Negative value indicates that the mirror is to the left of the left side machine boundary
c ISO 5006 (2017) states that the height of the reflection of a 1.5 m test object in the mirror shall be at least 7 mm for every 1.2 m that the
mirror is positioned away from the operator’s eye point, with performance evaluated at the longest distance that the mirror is intended to
be used.
a

b
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2.2.3 Description of the camera monitoring systems
The machine was fitted with a rear view camera monitoring system (CMS) as well as a right side
CMS, which the end user had fitted on top of the upper right side rear view mirror. These had
separate monitors installed to the right of the steering wheel (Photograph 2). Table 3 describes the
camera monitoring systems (CMS) fitted to the dumper. Photograph 9 and Photograph 10
(appended) show the image of a pedestrian standing within view of the camera monitoring systems.
Table 3 Description of the camera monitoring systems (CMS) fitted to the dumper.
Dimensions (mm)
Rear view CMS
Right side CMS
Distance of camera to front of machine boundary
7635
2110
Distance of camera to left side of machine
2615
5640
boundary
Height of camera above ground
1865
4085
Size of display screen
150 x 85
115 x 85
Distance of display screen from operator position
1045
1045
2.3

APPROACH TO THE WORK

The evaluation involved recording where the machine could move when travelling and turning,
recording the maskings to direct visibility, recording the area covered by the visual aids, observing
the performance of the visual aids, and subsequent assimilation and analysis of the data collected.
2.3.1 Scope of the evaluation
The scope of the evaluation was limited to evaluating the operator’s field of view to the ground
plane and to pedestrians standing on the ground plane. The evaluation was limited to a
consideration of the machine in its travelling position, with the bucket lowered. It did not consider
changes to the operator’s field of view with the bucket raised during tipping..
2.3.2

Recording where the machine could move

During the manoeuvrability tests, the machine was driven by a trained operator, experienced in
operating the machine in the work environment. The position of the dumper was tracked using a
global navigation and satellite system: a Leica GNSS GS08 receiver (S/N 1732081) with CS10
controller (S/N 2523913). The receiver was mounted on a pole above the left side rear view mirrors,
so that the machine did not shield the GNSS signal. It was set to record positions at 1 second
intervals.
Determining the turning circles
With the dumper’s steering wheel at full lock, the operator was instructed to turn the dumper in a
full circle to the left and right, at slow speed. Full 360° turns were performed in both the forward
and reverse directions. The paths that the tyres followed were visible in the ground surface, and
allowed the inner tyre clearance diameters to be recorded. ISO 7457 [6] describes a test method for
determining the turning dimensions of wheeled machines.
Acceleration from rest
With the dumper’s wheels positioned straight, the operator was instructed to accelerate the dumper
from rest, reach a top speeds as appropriate for local site conditions and then brake to a full stop.
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This was performed over a distance of about 80 m. The test was repeated four times in the forward
direction and twice in the reverse direction. The test area had a gradient of 1:80 in the direction of
travel. The machine was did not carry a payload during these tests.
The wet and rainy weather conditions had softened the test surface, and this caused the dumper,
under sudden braking, to slide some distance across the test surface before coming to a rest. This
made it difficult to reproduce any consistent results that could be considered representative of the
dumper truck’s braking performance on firmer ground. It would also not be considered
representative of a ‘worst case scenario’ for braking distance as the machine was not able to travel
at top speed (about 40 mph) and was not carrying a payload when the brakes were applied.
2.3.3 Recording the maskings to direct visibility
To examine the field of view from the operator’s position, a target evaluation method was applied
that was developed for the Health and Safety Executive. The approach is similar to the National
Institute of Occupational Safety and Health (NIOSH) Manual Method for determining blind areas
around construction equipment [7]. In this case, the approach used an observer sat in the operator’s
position, and a recorder, marking out with cones and paint around the dumper where the observer
had line of sight to a test object that was 1500 mm in height and 150 mm in diameter. This approach
recorded the limit of the line of sight from the operator’s position to the top or any 200 mm section
of the test object. The test was then repeated to record the operator’s line of sight to the bottom of
the test object where it was in contact with the ground.
Seat adjustment
The evaluation was conducted with the seat as it had been adjusted by the operator. The seat index
point (SIP) was measured to be 2655 mm from the front machine boundary and 850 mm from the
left side machine boundary.
The observer
The observer, sitting in the operator’s position in a relaxed working position had a sitting eye height
of 750 mm above the sitting surface, and 1290 mm above the cab floor. Amongst the British male
working age (18 – 64 years old) population, the observer was 86th percentile (1835 mm) for stature
and 75th percentile (830 mm) for sitting eye height (as measured above the seat surface) [8].
The observer was permitted to move their head and torso to the same degree as the operator would
be able to do whilst operating the machine, and while maintaining hand and foot contact with the
controls at all times. Head and torso movement was restricted to within the confines of the cab.
2.3.4 Recording the area of indirect visibility
The boundaries of where the test object was in view within the mirrors and cameras were marked
on the test surface. The test object was considered within the view where any part of the test
object was shown in the mirror or monitor.
2.3.5 Measurement and recording the markings on the test surface
Once the maskings to direct visibility and the areas of indirect visibility were marked on the test
surface, the ground markings were recorded with the GPS recorder, as well as a laser scan of the
machine and test location.
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2.3.6 Analysis of the visibility risk zones
A scaled drawing of the test surface was created showing the maskings to direct visibility. This was
overlaid onto a scaled diagram showing the collision risk areas into which the dumper truck could
travel, and allowed the identification of the risk zones for direct visibility:
1. Masking in a collision risk zone
2. Masking outside a collision risk zone, but the masking may reduce the operator’s situational
awareness
3. Area of direct visibility (no masking)
The areas of indirect visibility were then incorporated into the scaled drawing. This was to identify
any residual maskings, as well as the areas where the operator can only view through the use of
visual aids and therefore, where the operator is reliant on the adjustment, performance, and
maintenance of the visual aids. Taking into account direct and indirect visibility produced five
visibility risk zones:
1. Masking in a collision risk zone
2. Masking outside a collision risk zone, but the masking may reduce the operator’s situational
awareness
3. Collision risk zone only visible through the use of visual aids
4. Area outside a collision risk zone, only visible through the use of visual aids
5. Area of direct visibility
The maximum width of maskings was recorded, as measured perpendicular to the operator’s
position.
2.3.7 Evaluating the size of the pedestrian image in the camera monitors
Photographs of the camera monitors were taken when a pedestrian was standing at the 12 m and
24 m visibility test circles, at positions where their image appeared near to the left edge, centre, and
right edge of the monitor screens. Wearing work boots, high visibility coat and helmet, the
pedestrian had a stature of 1900 mm (1820 mm or 75th percentile for British males unclothed) and a
standing shoulder height of 1570 mm. They had a shoulder breadth of 470 mm (70th percentile for
British males) and a body weight of 75 kg (40th percentile for British males). Their shoulder height
was roughly equivalent to 5th percentile pedestrian stature.
The photographs of the monitor were scaled using the dimensions of the monitor display as a
reference. The height of the image of the pedestrian was measured, from the ground to the top of
shoulders. The pedestrian image heights were evaluated against the following performance criteria
for CMS monitors positioned closer than 1.2 m from the operator’s eye point:
•

ISO 16001 (2017), which proposes that a test body (400 mm wide x 1600 mm high) should
have a minimum screen height of 7.0 mm [9].

•

Jegen-Perrin et al. (2016), which recommends that, when defining the range of a cameradisplay system, the height of a 5th percentile pedestrian (1550 mm in stature) on a display
should be a minimum of 10 mm [10].

The clarity of the image was also evaluated.
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3 EVALUATION OF THE VISIBILITY RISK ZONES
3.1

THE TEST SURFACE

3.1.1 Description of where the machine can move
Figure 2 shows the turning circles of the dumper truck, relevant to describing the risk zones around
the machine. The area inside the turning circles is where the machine cannot immediately turn into
when starting from a position of rest. Figure 2 also shows the ISO 5006 test locations and sectors of
vision for comparison.
ISO 5006 rectangular 1 m
boundary (RB)

Machine boundary (MB)
Inner tyre turning circle
for forward full lock right
turn (15 m diameter)

Inner tyre turning circle
for reverse full lock right
turn (14 m diameter)

Test surface boundary.
ISO 5006 24 m radius
visibility test circle (VTC)

ISO 5006 12 m radius
visibility test circle (VTC)

Figure 2 The test surface, showing the turning circles in forward and reverse directions, as well as
the ISO 5006 test locations for comparison.
The machine boundary was defined as the edge of the machine, along the outside edge of the tyres
from the front bumper to the rear of the bucket. The machine boundary was 10.5 m in length and
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5.2 m in width. While it would be possible to walk behind the rear tyres and underneath the
bucket, the clumps of mud clinging to the underside of the bucket made it unsafe to evaluate the
field of view in this area on the day of the tests.
The turning diameter was 15 m when travelling in the forward direction and 14 m when travelling in
the reverse direction.
3.1.2 Acceleration from rest
Table 4 shows the distance that the dumper travelled each second as it accelerated straight ahead
from a parked position. The tests were performed on a 1:80 gradient. This likely accounted for the
slightly slower acceleration during Trials 1 and 3 which were performed in the uphill direction. The
results represent the performance of the dumper under the control of one operator. The tests were
performed without a payload in the dumper truck.
Table 4 Distance (m) that the machine travelled each second, when accelerating forward from a
parked position.
Time(s)
1
2
3
4
5
6
7
8
9
10
11
12

Trial 1
0.39
1.3
2.03
2.63
3.14
3.4
4.17
4.74
5.01
5.49
6.14
6.6

Distance (m) travelled forwards each second
Trial 2
Trial 3
Trial 4
0.34
0.18
0.75
1.02
1.27
1.72
1.96
2.03
2.44
2.78
2.71
3.14
3.57
3.22
3.42
4.29
3.48
4.22
5.08
4.28
4.79
5.71
4.79
5.06
6.21
5
5.62
6.73
5.51
6.19
6.2
6.57

Average
0.42
1.33
2.12
2.82
3.34
3.85
4.58
5.08
5.46
5.98
6.17
6.59

In the forward direction, the dumper accelerated to a speed of about 15 miles per hour (mph)
before braking. The dumper reached the 12 m visibility test circle (VTC) in about 5 seconds and the
24 m VTC in about 8 seconds.
In the reverse direction, the dumper was able to reach a maximum speed of about 5 - 6 mph, which
it maintained before braking. The dumper reached the 12 m visibility test circle (VTC) in about 2 - 3
seconds and the 24 m VTC in about 8 seconds (Table 5).
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Table 5 Distance (m) that the machine travelled each second, when accelerating in reverse from a
parked position.
Time(s)
1
2
3
4
5
6
7

3.2

Distance (m) travelled in reverse each second
Average
Trial 1
Trial 2
0.66
0.25
0.46
1.49
1.01
1.25
2.07
1.88
1.98
2.17
2.79
2.48
2.44
3.25
2.85
2.56
2.92
2.74
2.55
2.62
2.59

VISIBILITY RISK ZONES FOR DIRECT VISIBILITY

3.2.1 Maskings of the 1.5 m test object
Figure 3 shows the visibility risk zones for direct visibility to the top, or any 200 mm part, of the
1.5 m test object. The ISO 5006 rectangular 1 m boundary is also shown. The red areas show where
the test object was masked with the collision risk areas (i.e. those areas into which the machine
could travel). The pink area shows the presence of maskings that may be considered of lower
priority because the dumper cannot turn directly into this area. Nonetheless, it would be helpful to
provide indirect visibility in these areas in order to improve the operator’s situational awareness; for
example, to allow the operator the opportunity to detect a pedestrian or other vehicle that is
approaching an area where the machine can move.
For such large machines, it may also be prudent to increase the width of the collision risk zone to
either side of the machine boundary, for example, by half of the machine width (or 2.6 m). This
should take account of any swing of the front end of the dumper truck, as it is reversed around a
corner, and otherwise provide an added margin of safety near to the machine boundary, even if the
machine cannot travel directly into the area. This is shown in Figure 4.
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2m

Red = masking in a collision risk zone
Pink = masking outside a collision risk zone
Yellow = area of direct visibility (no masking)

Figure 3 Visibility risk zones for direct visibility of the 1.5 m test object. The ISO 5006 rectangular 1
m boundary is also shown. (Direct_Visibility_1.5m_Test_Object)
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2m
Red = masking in a collision risk zone
Pink = masking outside of a collision risk zone
Yellow = area of direct visibility (no masking)

Figure 4 Visibility risk zones for direct visibility of the 1.5 m test object, incorporating a further
margin of safety around the machine equivalent to half the width of the machine boundary.
(Direct_Visibility_1.5m_Test_Object_Safety_Margin)

3.2.2 Maskings at ground level
Figure 5 shows the visibility risk zones for the operator’s direct visibility of the ground. The ISO
5006 sectors of vision are also shown on the plot for comparison to the risk zones.
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Red = masking in a collision risk zone
Pink = masking outside a collision risk zone
Yellow = area of direct visibility (no masking)

Figure 5 Visibility risk zones for direct visibility at ground level (Direct_Visibility_Ground_ISO).
ISO 5006 (section 10.4.4) states that “for the assessment of larger, derivative and other types of
EMM, the VTC radius may be larger (preferably 24 m) and the maskings width can be increased in
proportion to the ratio of the radius”. However, for this machine type and size, if the test was
performed at the 24 m radius VTC, then no maskings in sector C would be recorded. However, if the
test was performed at the 12 m radius VTC, a masking width of about 6.8 m would be recorded,
which would not meet the performance criteria for the largest machine mass category. There are
also differences in the size and shape of maskings in Sector E at the 12 m and 24 m VTC.
Performing the test along a 24 m radius VTC may have been suggested because for large machines,
the 12 m radius can be situated too close to the rear of the machine to evaluate the visibility to the
far field of view (or underneath machine bucket). However, this example demonstrates the
limitations of an approach that only considers maskings along the visibility test circle, rather than
maskings over the entire test surface area, there is a possibility that significant maskings may not be
recorded. An approach that allows the radius of the VTC and acceptable masking widths to be
increased in proportion is only valid where the maskings are caused by obstructions such as cab
pillars, which extend above the position of the operator’s eye point (or light source), and are
geometrically simple. Where maskings are caused by structures located below the operator’s eye
position, such as the front body of the machine, it is important to record the true shape and size of
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the maskings from the machine boundary out to where the shape of the maskings can be
extrapolated with certainty.

3.3

AREAS OF INDIRECT VISIBILITY

Figure 6 to Figure 8 show the area of indirect visibility to the 1.5 m test object provided by the side
mirrors, front corner mirrors, and camera monitoring systems respectively. The areas that the
mirrors covered were evaluated as found on the machine. Figure 6 shows that there was a slight gap
in the area that the right side rear view mirrors covered along the right machine boundary, although
a view of this area could still be achieved using the front right corner mirror and the right side
camera. The area that the right side camera covered near to the machine boundary was also
reduced slightly as the view of the camera was obstructed by part of the mirror on which it was
mounted (see Figure 8 and Photograph 10).
While the front corner mirrors, convex in shape, also covered an area out to the boundary of the test
surface, the small size of the vertical test object at this distance made it difficult for the observer to
detect in these mirrors. The primary purpose of the front corner mirrors was to provide a view near
to the front corners and front bumper of the dumper truck.

Mirror under bucket
canopy

Upper (green) and lower
(red) left rear view
mirrors

Upper (green) and lower
(red) right rear view
mirrors

Figure 6 The area of indirect visibility to the 1.5 m test object provided by the side mirrors.
(Side_Mirror_Coverage)
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Figure 7 The area of indirect visibility to the 1.5 m test object provided by the front corner mirrors
(Front_Mirror_Coverage).

Right side CMS
Rear view CMS
Figure 8 The area of indirect visibility to the 1.5 m test object provided by the camera monitoring
systems (CMS) (Camera_Coverage)
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Altogether, the mirrors and camera monitoring systems provided extensive coverage of the area all
around the dumper truck, although the operator would have to view a number of different visual
aids in order to check all around the machine.

3.4

VISIBILITY RISK ZONES FOR DIRECT AND INDIRECT VISIBILITY

Figure 9 shows the visibility risk zones for the dumper truck taking account of the indirect visibility
provided to the operator through their use mirrors and camera monitoring systems. The ISO 5006
1.5 m rectangular boundary is also displayed. With the visibility aids fitted, maskings within 24 m of
the operator were largely eliminated.

Red = masking in a collision risk zone
Amber = collision risk zone only visible with the use of visual aids
Beige = area outside a collision risk zone, only visible with the use of visual aids
Yellow = direct visibility (no masking)

Figure 9 Visibility risk zones for the 1.5 m test object, with the use of mirrors and cameras.
(Indirect_Visibility_1.5m_Test_Object)
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Figure 10 shows the visibility risk zones for indirect visibility, incorporating the additional margin of
safety (half of the machine width) around the machine boundary.

Red = masking in a collision risk zone
Amber = collision risk zone only visible with the use of visual aids
Beige = area outside a collision risk zone, only visible with the use of visual aids
Yellow = direct visibility (no masking)

Figure 10 Visibility risk zones for direct and indirect visibility of the 1.5 m test object, incorporating a
further margin of safety around the machine equivalent to half the width of the machine boundary.
(Indirect_Visibility_1.5m_Test_Object_Safety_Margin)

There were a couple of locations toward the boundary of the test area where the vertical test object
could only be viewed within the front corner mirrors. These are shown in Figure 11. It is possible
that an operator may not detect a pedestrian standing in these locations before driving off, due to
the small size of the image reflected in the front corner mirrors. Some of these areas would come
into direct view of the operator during a turning manoeuvre. While these areas may come into the
view of other visual aids during a turning manoeuvre, once the machine is moving, the operator will
rely primarily on direct visibility, and only the occasional check of those visual aids relevant to the
manoeuvring task.
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The visibility risk zones method also brings attention to the possibility that slight repositioning of
some visual aids may result in improved coverage of these areas. This may include:
•

Slight outward adjustment of the left rear view mirrors (while keeping the left side of the
machine in view) to avoid the edges of the mirrors coinciding so closely with the boundary of
direct visibility.

•

Increasing the area covered by the right side camera monitoring system. This could possibly
be achieved by selecting a wider-angle camera lens, ensuring that the camera view was not
obstructed by other machine components, and considering how to mount the camera
further forward on the cab access system.

Red = masking in a collision risk zone
Amber = collision risk zone only visible with the use of the front corner mirrors
Beige = area outside a collision risk zone, only visible with the use of the front corner mirrors
Yellow = area of direct visibility (no masking)
White = area visible with

Figure 11 The areas where the 1.5 m test object is directly visibility or only visible with the front
corner mirrors. (Front_Mirror_Only_Coverage_2)
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3.5

OBSERVATIONS ON THE PERFORMANCE OF THE VISUAL AIDS

Several observations were made about the performance of the mirrors and camera monitoring
systems fitted to this machine.
3.5.1 Mirrors
The heavy rain experienced led to rainwater collecting on the surface of the mirrors and cab side
windows. The scattering of light on the water droplets reduced the clarity of the vertical test
object/pedestrian image and made it more difficult for the observer to detect the pedestrian within
the mirrors, than might have been possible on a dry day (for example, see Photograph 5 appended).
The apparent image size of the target/pedestrian was small in the right side and front corner mirrors
(for example, see Photograph 6 and Photograph 7 appended). This was particularly the case for the
front corner mirrors, which were convex in shape. While the primary purpose of the front corner
mirrors was to provide a view near to the front corners and front bumper of the dumper truck, they
also covered a much greater area out to the boundary of the test surface. ISO 5006 (2017) provides
requirements for mirrors fitted on machines to meet the visibility criteria [5]. This includes a
requirement for the height of the reflection of a 1.5 m test object in the mirror to be at least 7 mm
for every 1.2 m that the mirror is positioned away from the operator’s eye point. The front left and
right corner mirrors were measured to be about 2.85 m and 4.55 m away from the operator’s eye
point. Thus, for the range of these mirrors would be limited to where the reflection of the vertical
test exceeded a height of 17 mm in the left front corner mirror and 27 mm in the right front corner
mirror. During the time available, the boundary at the edge of the mirrors could be recorded;
however, it was not possible to evaluate the size of the image in these mirrors across such a large
test area.
3.5.2 Camera monitoring systems
The right side camera monitoring system (CMS) was observed to provide a clearer view of a
pedestrian compared to the rear view CMS (see Photograph 9 and Photograph 10). In particular, the
rear view camera monitoring system, as found, provided very low contrast between the background
and a pedestrian wearing hi-visibility clothing standing behind the machine. This appeared to be due
to contamination of the camera lens, leading to a scattering of the light, and the pedestrian image
being 'washed out' by the sky. The screen adjustment settings were locked, so it was not possible to
explore whether these could be used to improve the conspicuity of a standing pedestrian.
The image of a pedestrian was also observed to be smaller in height within the rear view camera. For
example, when standing at the 12 m visibility test circle (and a position corresponding to the vertical
centreline of the monitor) the image of the pedestrian was 15 mm in height in the right side camera
monitor, and 10 mm in height in the rear view monitor. At the 24 m VTC, the image of the
pedestrian was 8 mm in height in the right side camera monitor and 4 mm in height in the rear view
monitor. With a pedestrian standing at this distance, approximately 15 m from the rear of the
machine, the height of their image in the rear view camera was less than the 7.0 mm minimum
height recommended in ISO 16001 [9].
These observations bring attention to the need for the test method to be able to distinguish
between those areas where there is direct visibility, and those collision risk areas that are only
visible with the use of visual aids.
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4 DISCUSSION
4.1

APPLICATION OF THE VISIBILITY RISK ZONES METHOD

The identification and evaluation of visibility risk zones was a useful concept to apply when
evaluating the operator’s field of view from a large rigid frame dumper. The method defined the
test locations according to the manoeuvrability of the machine. The inner tyre turning circles,
measured at full steering lock, were used to define the collision risk zone, made up of those areas
into which the machine could travel. For such large machines, it may also be prudent to expand the
collision risk zone to either side of the machine, for example, by half of the machine width, which
would provide an additional margin of safety and highlight the importance of operator visibility all
around the machine boundary even if the machine cannot travel directly into the area adjacent to
the rear tyres.
The evaluation was first performed considering direct visibility of the 1 .5 m test object and ground
level. This not only informs the selection and positioning of visual aids, but also provides a more
realistic record the operator’s field of view around the machine during machine travel, when the
operator will rely primarily upon direct visibility with only the occasional check of those visual aids
relevant to the driving task.
4.1.1 Determining the size of the test area
The initial concept of the risk zones method was that it should also take account of machine travel
speed and braking performance when determining where the operator needed to see. However,
this proved complicated, as it required taking account of variation in factors such as the payload,
terrain, surface conditions, and local site procedures that would influence maximum travel speed
and braking performance. These factors were also not considered to be of central importance in
deciding where the operator needed to see before driving off from a parked position. Instead, it was
the size and manoeuvrability of the machine (i.e. diameter of the turning circles) that influenced the
size of the test area and the distance over which the evaluation should be carried out. The test area
needed to be large enough to record the turning movements of the machine, as well as the true size
and shape of the maskings that were caused by obstructions that were lower than the operator’s
eye point, for example, the front of the machine body. In the case of this machine type and size, a
test area of about 50 m by 50 m in area was appropriate, and the ISO5006 24 m visibility test circle
served as a useful indicator for the size of the area needed. During machine travel, the operator
would need to see out to the far field of view ahead and towards the horizon. In this case, cab pillars
and the rear body of the machine would be of most relevant structures with the potential to
obstruct the operator’s view to the far field. However, any maskings caused by these structures
would be revealed as part of considering where the machine could move from a parked position.
4.1.2 Taking account of indirect visibility
Several observations were made about the performance of the mirrors and camera monitoring
systems fitted to this machine. These observations bring attention to the need for the test method
to be able to distinguish between those areas where there is direct vision, and those collision risk
areas where there is indirect visibility only. In these areas, operator visibility is reliant on upon the
performance of visual aids and measures such as proper adjustment, cleaning and maintenance that
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the end-user needs to ensure are in place so that their performance does not degrade. Thus, it is
considered important that the end user is made aware of those collision risk areas covered by each
visual aid.
The number of visual aids (9) that the operator may need to view in order to check for the presence
of people or other objects around the machine was also noted. It may be considered unreasonable
to expect an operator to spend the time checking each visual aid before setting off. It is more likely
that an operator may give more attention to those visual aids which provide the best coverage of
collision risk area most relevant to their manoeuvre.
The surface mine attempted to address this with a trial of 360° camera monitoring systems, which
provided a ‘birds eye view’ all around the dumper truck on a single monitor. However, it is
understood that these were rejected for this machine type and operation. Operators expressed a
preference for a more conventional camera monitoring system on the right side which provided
greater range (to the horizon) directed to the area where direct visibility and mirror coverage was
lacking..
4.1.3 Selecting representative observers
The observer available for this evaluation had a greater than average (75th percentile) sitting eye
height, approximately 50 mm higher than a medium sized operator and 140 mm higher than a small
operator in an upright posture (Table 6). Additional ‘slump’ in their relaxed sitting posture
attempted to bring their sitting eye height to a value that approached a medium sized operator in a
working position. For dumper trucks, where the operator is positioned to the left side of the
machine, the size of the maskings that are recorded on the right side of the machine are highly
sensitive to sitting eye height of the operator. Selecting observers with a sitting eye height
representative of smaller operators would have been preferred, as this would have been more
protective, and possibly led to the recording of larger maskings on the right side of the machine.
Table 6 ISO 3411 dimensions (mm) for sitting eye height [11]
Dimension (mm)

Small operator

Medium operator

Large operator

Sitting eye height, upright posture

690

780

858

Sitting eye height, working posture

665

755

833

Seat index point height

80

88

97

4.2

LIMITATIONS IN THE CURRENT ISO 5006 APPROACH

This example also demonstrated the limitations of the ISO 5006 approach, which only considers
maskings along the visibility test circle, when applied to this type of machine. The visibility risk zones
method recorded large maskings to the front right side of the machine (sector C) which was part of
the collision risk area. However, applying the ISO 5006 approach at a distance of 24 m from the
operator’s position would allow the recording of no maskings for this sector. Where maskings are
caused by structures located below the operator’s eye position, such as the front body of the
dumper truck, evaluating the operator’s field of view over the entire test surface area is necessary to
record the true shape and size of the maskings. This approach would then better inform the
selection and positioning of visual aids to address residual risks.
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For large rigid frame dumper trucks, with operating masses between 20 and 50 tonnes, ISO 5006
also does not include performance criteria in sector E, along the visibility test circle. The document
suggests that this is because no significant hazard exists for the sector of vision, for example due to
machine speed, distance to the test circle or machine manoeuvrability. In contrast, applying the
visibility risk zones method shows that collision risk areas are located in parts of sector E, along the
right side of the dumper truck and approaching the 24 m VTC. This approach identifies that
maskings in some parts of sector E might not be of highest priority to address when compared to
maskings in other sectors. However, providing indirect visibility to the area with a right side camera
monitoring system was still seen as important, as it allowed operators to achieve better situational
awareness to the right side of the dumper truck and the opportunity to check for the presence of
other machines, smaller vehicles or pedestrians who might approach from the right side.
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5 CONCLUSIONS
The identification and evaluation of visibility risk zones was a useful concept to apply when
evaluating the operator’s field of view from a large rigid frame dumper truck. The method defined
the test locations according to the manoeuvrability of the machine. The inner tyre turning circles,
measured at full steering lock, were used to define the collision risk areas into which the machine
could travel.
This example also demonstrated the limitations of the current approach in ISO 5006, which only
considers maskings along the visibility test circle and the rectangular 1 m boundary. The visibility
risk zones method recorded large maskings to the front right side of the machine (sector C) which
was part of the collision risk area. However, applying the ISO 5006 approach at a distance of 24 m
from the operator’s position would allow the recording of no maskings in this area. Where maskings
are caused by structures located below the operator’s eye position, such as the front body of the
dumper truck, evaluating the operator’s field of view over the entire test surface area is necessary to
record the true shape and size of the maskings. This approach would then better inform the
selection and positioning of visual aids to address residual risks.
This evaluation has also demonstrated that with the visual aids fitted, including a rear view and right
side camera, the maskings within 24 m of the operator can be largely eliminated for a dumper truck
of this type and size. However, there may be residual risks of an operator not detecting a worker on
foot owing to other factors such as:
•

The high number (9) of visual aids that the operator may need to attend to in order to check
for the presence of people or other objects around the machine;

•

The potential for the performance of visual aids to degrade in poor weather conditions, or
as a result of improper adjustment, cleaning and maintenance; and

•

The apparent small size of the pedestrian image within some visual aids, particularly the
front corner, right side mirrors, and rear view camera.

Applying the visibility risk zones method has also suggested that repositioning some visual aids fitted
to the machine evaluated may result in improved coverage of areas where direct visibility is lacking.
This may include:
•

Slight outward adjustment of the left rear view mirrors (while keeping the left side of the
machine in view) to avoid the edges of the mirrors coinciding so closely with the boundary of
direct visibility.

•

Increasing the area covered by the right side camera monitoring system. This could possibly
be achieved by selecting a wider-angle camera lens, ensuring that the camera view was not
obstructed by other machine components, and considering how to mount the camera
further forward on the cab access system.
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7 APPENDIX A – PHOTOGRAPHS

Photograph 4 The rigid frame dumper. (1605033_005_anonymysed)

Photograph 5 The left side rear view mirrors. Rain droplets on the cab window and mirror surface
make it difficult to detect image of the pedestrian within the mirrors. (IMGP0694)
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Photograph 6 The left front corner mirror showing a pedestrian on the left side of the machine.
(IMGP0690)

Photograph 7 The view to the four mirrors on the right side of the machine. A person holding the
1.5 m vertical test object is reflected in the right side rear view mirrors. (IMGP0696)
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Photograph 8 The rear view and right side camera monitors positioned in the cab. (DSC01920)

Photograph 9 The rear view camera monitoring system provided very low contrast between the
background and a pedestrian wearing hi-vis clothing standing 8 m behind the machine. The image of
the pedestrian is about 7 mm in height. (DSC01943)
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Photograph 10 The right side camera monitoring system view. The image of the pedestrian is 8 mm
in height, standing on the 24 m visibility test circle. (DSC01929)
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8 APPENDIX B – GLOSSARY
Collision risk zone
Area around the machine where the machine can move into directly during operation or travel, and
which presents a risk of collision with a pedestrian or other object
Direct visibility
Visibility by direct line of sight.
Indirect visibility
Visibility with the aid of mirrors or camera monitoring systems.
Maskings
The areas around the machine where the specified test object (e.g. a pole 1 m or 1.5 m in height),
when held vertically and with its base touching the ground, cannot be viewed by the observer sitting
in the operator’s position.
Seat index point (SIP)
The point on the central vertical plane of the seat as determined by the design and installation of
device specified in BS EN ISO 5353 [12]. For the purposes of machine design, the SIP may be
considered to be equivalent to the intersection on the central vertical plane through the seat
centreline of the theoretical pivot axis between a human torso and thighs.
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Application of a risk-based method to
evaluate operator visibility from a large
rigid frame dumper truck
In Great Britain there are 25 fatal injuries each year on
average, and hundreds of non-fatal injuries to workers as a
result of being struck by moving vehicles in the
workplace. Restricted operator visibility is often identified
as a contributing factor in these accidents.
HSE researchers developed a risk-based method to
determine ‘visibility risk zones’ for earth-moving machinery
such as dumper trucks and excavators. The field of view
from larger dumper trucks is of particular concern following
the death of two workers at a surface mine in 2011 in a
collision between a large rigid frame dumper truck and a
stationary vehicle located within its blind spot.
This report describes the application of a risk-based method
to evaluate the operator’s field of view from a large rigid
frame dumper truck. The evaluation demonstrated that
with visual aids fitted, including a rear view and right side
camera, the masking areas (‘blind spots’) can be largely
eliminated for this type and size of dumper
truck. However, there may be residual risks of an operator
not detecting a worker on foot. The work demonstrates the
application of the risk-based method to determine visibility
risk zones.

Two related reports describe the development of the riskbased visibility risk zones method (RR1156) and its
application to an hydraulic excavator (RR1157).
This report and the work it describes were funded by the
Health and Safety Executive (HSE). Its contents, including
any opinions and/or conclusions expressed, are those of
the authors alone and do not necessarily reflect HSE policy.
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