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Glossary of Terms 

ACARP   Australian Coal Association Research Programme 

A/C    Alternating Current 

ADC    Automatic Distance Control 

A/D    Analogue to Digital 

a.f.    Audio Frequency 

Aliasing The minimum sample frequency that allows 
reconstruction of the original signal, that is 2W samples 
per unit distance, is known as the Nyquist frequency, 
(or Nyquist rate). The time inbetween samples is called 
the Nyquist interval.  

Antennae Device for transmitting and detecting electromagnetic 

radiation 

CAN Bus Controller Area Network Bus, serial communication 

system developed for automotive use 

CAS    Collision Avoidance System 

CAS 1    Radio Frequency tagging collision avoidance system 

CAS 2  Single 10.6 GHz Doppler radar Antennae collision 

avoidance system 

CAS 3  Multiple 10.6 GHz Doppler Radar Antennae collision 

avoidance system   

CCD  Charge Coupled Device: one of the two main types of 

image sensors used in digital cameras 

DC    Direct Current 

Doppler radar  The Doppler effect is the apparent change in frequency 

or wavelength of a wave that is perceived by an observer 

moving relative to the source of the waves. For waves, 

such as sound waves that propagate in a wave medium 

the velocity of the observer and the source are reckoned 

relative to the medium in which the waves are 
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transmitted. The total Doppler Effect may therefore 

result from either motion of the source or motion of the 

observer.  

Doppler Shift  Frequency variation due to reflection from a moving 

objects. 

DSP  digital signal processing, which refers to manipulating 
analogue information, such as sound or photographs that 
has been converted into a digital form. DSP also implies 
the use of a data compression technique. 

EEPROM Electrically Erasable Programmable Read-Only 
Memory. EEPROM is a special type of PROM that can 
be erased by exposing it to an electrical charge. Like 
other types of PROM, EEPROM retains its contents 
even when the power is turned off.  

Ethernet  Method of networking computers in a LAN using 

copper cabling, Ethernet will handle about 100,000,000 

bits-per-second and can be used with almost any kind of 

computer. 

Firmware Software that is embedded in a hardware device that 

allows reading and executing the software, but does not 

allow modification, e.g., writing or deleting data by an 

end user. 

Frequency Sound and electromagnetic radiation measured in cycles 

per second. 

FM Frequency Modulation, A form of modulation in which 

the frequency of the modulated carrier wave is varied in 

proportion to the amplitude of the modulating wave. 

GPS Global Positioning System 

Hz Hertz, frequency 

ID Identification (see RFID) 

Km/h Kilometres per Hour 

GHz    Giga Hertz (thousand million cycles per second) 

 12  



    

LO    Local Oscillator  

MPR    Mono Pulse Radar 

ms    Milliseconds     

Pass Band Frequency Restricted to a Narrow Bandwidth using 

filters  

Radar    Radio Detection and Ranging 

R/F    Radio Frequency 

RFID  Radio Frequency IDentification, a technology similar in 

theory to bar code identification. With RFID, the 

electromagnetic or electrostatic coupling in the RF 

portion of the electromagnetic spectrum is used to 

transmit signals. An RFID system consists of an antenna 

and a transceiver, which read the radio frequency and 

transfer the information to a processing device, and a 

transponder, or tag, which is an integrated circuit 

containing the RF circuitry and information to be 

transmitted. 

Radio Frequency Tagging Device that transmits a unique R/F code for 

identification 

Rugged The ability of a piece of technology to accept water, 

dust, vibration and dropping without effecting its 

performance 

SLR Scanning Laser Radar, rotating LASER source with a 

detector 

TFT Thin-Film Transistor, these transistors are used in high-

quality flat panel liquid-crystal displays (LCD’s). 

UART  Universal Asynchronous Receiver Transmitter. The 

electronic circuit that makes up the serial port. Also 

known as "universal serial asynchronous receiver 

transmitter" (USART), it converts parallel bytes from 
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the CPU into serial bits for transmission, and vice versa. 

It generates and strips the start and stop bits appended to 

each character. 

Ultrasonic Doppler Doppler detection using sound waves 

X Band Radar The X band (3-cm radar spot-band) of the microwave 

band of the Electromagnetic Spectrum roughly ranges 

from 5.2–10.9 GHz. Some communications satellite and 

X-band radar uses it 
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Abstract 

A suite of new collision avoidance systems (CAS) is presented for use in heavy 

vehicles whose structure and size necessarily impede driver visibility is introduced.  

The main goal of the project is to determine the appropriate use of each of the 

commercially available technologies and, where possible, produce a low cost variant 

suitable for use in proximity detection on large mining industry haul trucks.  CAS 

variants produced were subjected to a field demonstration and, linked to the output 

from the earlier CAS 1 project, (a production high-definition in-cabin video monitor 

and r/f tagging system). 

 

The CAS 2 system used low cost Doppler continuous wave radar antennae coupled to 

the CAS 1 monitor to indicate the presence of an object moving at any speed above 3 

Km/h relative to the antennae.  

 

The novelty of the CAS 3 system lies in the design of 3 interconnected, modules.  The 

modules are 8 radar antennae (as used in CAS 2) modules located on the truck, 

software to interface with the end user (i.e. the drivers of the trucks) and a display 

unit.  Modularisation enables the components to be independently tested, evaluated 

and replaced when in use. 

 

The radar antennae modules and the system as a whole are described together with the 

empirical tests conducted and results obtained.  The tests, drawing on Monte-Carlo 

simulation techniques, demonstrate both the ‘correctness’ of the implementations and 

the effectiveness of the system.  The results of the testing of the final prototype unit 

were highly successful both as a computer simulation level and in practical tests on 

light vehicles.  A number of points, (as a consequence of the field test), are reviewed 

and their application to future projects discussed.   

 

 15  



    

Statement of Originality 

This work has not previously been submitted for a degree or diploma in any 

university. To the best of my knowledge and belief, the thesis contains no material 

previously published or written by another person except where due reference is made 

in the thesis itself. 

 

Signed 

 

Patrick Joseph Glynn 

 16  



    

Acknowledgements 

I would like to acknowledge the following for their assistance with this thesis. 

Kate my wife, Patrick and Gerard my sons, for their enthusiasm and support. 

Dr. Louis Sanzogni my PhD supervisor. 

With special thanks to Dr. John Forster, for his patience and good humour and 

assistance as associate supervisor, while supervising the critical formative stages of 

this thesis. 

Dr. Geoff Harris, (Jonyree Research Ltd) for his help on some of the theoretical 

aspects of this thesis.  

CSIRO Exploration and Mining Division and the Australian Coal Association 

Research Program (ACARP) for funding the three-collision avoidance research 

projects. 

 

 17  



    

Chapter 1:  

Introduction 

The Research Problem 

Collisions arising from the use of large mining trucks are a source of concern for both 

human safety and economic reasons.  The thesis presents the results of a study for a 

suite of Collision Avoidance Systems (CAS) (designed and tested using computer 

simulation and practical field-testing) on heavy mining vehicles.   

 

The level of research into collision avoidance systems in general has always been 

significant.  However, research has increased noticeably in the last decade in the 

mining industry, due to the escalating costs of collisions in mines.  This increased cost 

correlates directly to the increased use of the heavy mine haul trucks with greater load 

capabilities.  The anticipated cost savings that would be achieved by decreasing the 

number of these collisions has directly led to the funding of this research area and 

hence the increase in research activity. 

Problem Definition 

¶ Collisions occur in open cut, because there are moving and stationary objects 

other than a given truck. 

¶ Visibility low. 

¶ High momentum Ý damage. 

¶ Wide varieties of different sources of collisions under different environments 

e.g. dust, rain, man walking, parked vehicles. 

¶ Collision detection systems need to be flexible, accurate, reliable and cost-

effective for close and longer distance object detection system or set of 

systems.  
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Research Aims 

The primary aim of the research is to develop, implement and evaluate the 

effectiveness of an automated CAS based upon Doppler shifted radar. 

The purpose of the CAS developed here is: 

 

Determine the relative trajectory of all bodies within a radius of a 

moving object, which has Doppler, shifted radar units mounted in 

known positions around its periphery and evaluate the potential for 

collision. 

 

The research concentrated on large mine haul trucks operating in open cut coalmines.  

While the results are especially applicable to the Queensland and New South Wales 

coal industries (Appendix 1 CAS risk profile) they are also applicable worldwide in 

any open cut operation where drivers operate large haul trucks.  There is some 

potential for use in similar situations outside the mining industry.  

 

Mine Haul Truck Size & Drivers Visibility 

Mine Haul Trucks are big by any standard, the Liebherr haul truck (shown in Figure 

1.1) is an average size used in Australian open cut mines.  The drive systems for these 

trucks are either mechanical or electric drive, with a maximum speed of 50 Km/h.  

The haul truck operations are normally monitored using a programmable logic 

controller (PLC) such as the Tritronics PLC 

(http://www.tbirdpac.com/fleetmgt/index.html) with radio data communication to the 

open cut mine control centre.  Many haul trucks have a Global Positioning System 

(GPS) fitted, to give truck utilisation and production information. 

The cost of an individual haul truck is approximately AUD$2.5M and the cost to a 

mine of a day’s production lost can be as high as AUD$200,000 including insurance 

costs.  (Figures obtained from the maintenance manager Bengalla open Cut Coal 

Mine in the Hunter Valley NSW).  
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Overall length: 14.5 metres 

Overall width: 8.7 metres 

Loading height: 6.5 metres 

Height body up: 13.9 metres 

Empty vehicle weight: 201,000 kg 

Operating weight loaded: 528,590 kg 

The T282 is equipped with:  

Standard Engine: Detroit Diesel 16V4000@ 2750 hp 

 

 

1.8metre 

Figure 1.1:  A 300-Ton Liebherr Mine Haul Truck 
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Notes: The relative size of the driver to the truck, and the restricted view from the cab 

This research project is aimed at both a theoretical and a practical level.  The need to 

produce very practical outcomes, or to at least implement the result of theoretical 

systems, is necessary due to the immeasurable costs on both human lives and health.  

Of the 147 collisions involving large mining equipment, over the last 10 years in 

NSW and Qld open-cut coalmines (Mark et al, 1999) there have been two fatalities 

and significant loss of production.  As a proportion of total mine operation collisions, 

this statistic is significant in both its size and the consequences of such collisions. 

A reason for the disproportionably large number of collisions involving heavy mine 

haul trucks (as opposed to other mining vehicles such as jeeps and land cruisers) is the 

low external visibility afforded to the driver’s cab position (Figure 1.2 & 1.3). 

 

Figure 1.2:  Front View of Side Vision Limitations from the Cab of a 150-Ton Rear 
Dump Truck (graphic from Miller, 1975) 

 

 

 

 

 

 

 

Figure 1.3: Haul Truck Visibility from the Drivers Cab 
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Another reason been attributed to the lack of manoeuvrability and the long response 

time of the truck, due to the sheer momentum of the vehicle.   

 

It is thus not surprising that this poor visibility results in drivers either not being 

aware of impending collisions or having too short a response time (given the 

momentum of their vehicles) to take any action to avoid the collision. 

 

The coalmine haul truck problem is not speed but lack of visibility (Figure   1.2 and 

1.3), when examined the over 200 haul truck incidents in the last 10 years we find 

evidence that the vast majority occurred due to lack of driver visibility (Mark et al, 

1999). 

 

The forward collision incidents in Australian mines are mainly due to drivers parking 

their light vehicles in front of a haul truck, carrying out the pre-checks on the haul 

truck and then driving forward over their light vehicle.  The light vehicle cannot be 

picked up by a conventional mono pulse radar (MPR) collision avoidance systems 

developed for road going trucks (such as the Eaton Vorad system), unless the light 

vehicle is parked directly in front of the radar antennae.  This is due to the narrow 

radar beam about 110. In addition the truck would have to be going fast enough to 

register on the system (below approximately 3 Km/h movement of either radar target 

or radar platform, Doppler shifted frequency is to low for reliable detection).   

 

Another forward movement driving incident occurs when haul trucks are lined up 

waiting for loading, referred to as truck creep is due to either the driver falling asleep 

or losing concentration. This happens at very low speed and again it is probable that 

the Eaton Vorad system would not pick the truck movement. 

Following are a number of photographs of recent collisions involving large mine haul 

trucks (Figures 1.4, 1.5 and 1.6). Any one of the collision avoidance systems outlined 

in this text, if fitted to the haul trucks, would have avoided these accidents. 
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Light Vehicle

Figure 1.4: Haul Truck Driven Over a Light Vehicle  

(Paraburdoo Mining Operations WA 15th October 2004) 

 

 

 

 

 

 

 

 

 

 

 

 

Driver’s side of light vehicle 

Figure 1.5: Looking at Driver’s Side of Light Vehicle  

(Paraburdoo Mining Operations WA 15th October 2004) 

 23  



    

 

WA. Paraburdoo Mining Incident:  

A relief operator in a light vehicle approached the truck and parked the light vehicle 

in front of the truck (Figures 1.4 and 1.5) .The relief operator boarded the truck and 

the haul truck operator dismounted the truck and accessed the light vehicle. Before the 

light vehicle was clear of the area the haul truck driver proceeded forward running 

over the light vehicle. The haul truck stopped with the light vehicle upside down 

between the truck wheels. The mines mayday procedure (major incident response) 

was activated and the emergency response team attended the incident. The driver was 

removed from the vehicle after approximately two hours of extraction and transported 

to the Paraburdoo hospital. The driver was conscious throughout the incident (Light 

Vehicle Haul Truck Collision, Initial Team Briefing, Paraburdoo Mining Operations 

WA 2004) 

 

 

Figure 1.6: Haul Truck, Scraper Collision  

(Unidentified NSW Open Cut Mine 18th October 2004) 
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NSW Incident:  

A large rear dump truck collided with a scraper at a large surface mine (Figure 1.6). 

The scraper cabin was extensively damaged in the collision. Fortunately the scraper 

driver only sustained moderate injuries and the truck driver was uninjured (NSW 

Department of Primary Industries 2004).  

 

Size of the problem 

The largest product line in mining equipment by any measure is the Haul Trucks.  

These mining tools are found in almost all of the major surface mines in the world 

with the number in operation exceeding 7,000 units valued at nearly AUD$13 billion. 

Perhaps the best measure of the trucks haulage capabilities is the aggregated payload 

at any point in time of - 1.2 million metric tons.  Given that most of these units are 

running 24 hours a day, the 330 large mining operations in the world are moving more 

than a million tons of ore and overburden at any given time, and billions of tons on an 

annual basis.  (The Parker Bay Company, 2002)  

 

The light vehicle and personnel collision statistics for large mine haul trucks used 

worldwide are not segregated from all injury and death statistics. The global fatalities 

in this area can only be extrapolated from the Australian figures.  In the last ten years 

there have been two fatalities in Australia due to haul truck to light vehicle collision, 

Australia has approximately 200 mine haul trucks.  As a very rough measure of 

accident potential there are 7000 haul trucks worldwide, if we divide the Australia’s 

200 mine haul trucks into the world total we arrive at a figure of 35, times the two 

fatalities over the last ten years in Australia we get a figure of 70 fatalities worldwide. 

That is 7 deaths per year or 1 in every 1000 drivers per year and whereas a safe 

industry is considered to have 1 fatality in 100,000. Australian coalmining has 1 

fatality in 3500 employees per year (Wishausin, 2000). 
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Other approaches and projects 

The initial interest (via ACARP projects) in collision avoidance was instigated by the 

need for Bengalla (Hunter Valley NSW) open cut coalmine to reduce the noise 

generated by the reversing alarms on their haul trucks.  Another ACARP project 

looked at radar based proximity detection around the back and sides of the haul truck 

to a distance of 25 Metres (Figure 1.2) that were identified by a collision risk analysis 

carried out by Bengalla open cut coalmine in 1998 (Appendix 1). The most likely 

collisions were from a haul truck to a light vehicle during a passing manoeuvre.   

 

The technology developed for the initial ACARP project involved high definition 

video monitoring of the blind areas around the large haul trucks, combined with radio 

frequency tagging for moving and fixed object detection (this technology is explained 

in Chapter 3). 

 

Outline of CAS 1, CAS 2, & CAS 3 

CAS 1 

The CAS 1 project was instigated by the need to reduce the noise generated by open 

cut coalmining, particularly at the Bengalla open cut coalmine in the Hunter Valley 

NSW. The noise of reversing alarms on the mine haul trucks was considered too loud 

for the neighbours (a residential area) to the coalmine. To enable a move away from 

reversing alarms a workshop was held in Singleton in the Hunter Valley NSW and a 

full risk analysis of the move away from reversing alarms was carried out with mining 

industry experts, the results of which; was a specification for the CAS 1 project, the 

resultant document is Appendix 1.  In 1998 the Australian Coal Association Research 

Programme (ACARP), CSIRO and Bengalla open cut coalmine jointly funded a 

research project to safely eliminate reversing alarms on mine haul trucks. 

 

The technology chosen for CAS 1 was a radio frequency tagging system; this 

technology is described in Chapter 3.   
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CAS 2 

During the testing and evaluation phase of CAS 1, it became evident that an open cut 

mine using a radio frequency tagging system required to have a secure boundary with 

manned entrance and exits, to tag all vehicles entering the mine site. As most 

Australian open cut mine sites do not have boundary fencing it became necessary to 

look for another technology to provide collision avoidance capability without the use 

of radio frequency tags. After investigating a number of available and proposed 

collision avoidance systems all designed for freeway driving, the technology chosen 

was constant wave Doppler radar operating in the X band (10.6 GHz) range. In the 

year 2000 a proposal was put to ACARP and a new collision avoidance project (CAS 

2) was undertaken with the same project partners as in the CAS 1 project. The 

technology and its application to collision avoidance are described in Chapter 4. The 

operation and testing of the CAS 2 system was successful with vehicle detection and 

speed monitoring repeatable and accurate. However, the operation of the CAS 2 

system with only one antenna, limited the drivers view to where that radar antennae 

was positioned and what was required was proximity detection 3600 around the haul 

truck, out to the driver’s viewable area. 

 

CAS 3 

To over come the limitations of CAS 2 a proposal was put to ACARP in 2002 for a 

new collision avoidance project (CAS 3), and was undertaken with the same project 

partners as in the CAS 1 project. The proximity detection technology and application 

to collision avoidance is described in Chapter 5. 
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Figure 1.7: Proximity Detection Using Multiple Antennae Array 

 

The first research to use low cost radar antennae is described in Chapter 4, where a 

single antenna was mounted on a haul truck and detected a light vehicle from 75 

metres. During the radar antennae testing, it was discovered that if a number of 

antennae were positioned at known spacing around the periphery of a haul truck the 

location of the detected object could be calculated from the difference in signal 

strength from each antenna. This model is the basis for the multi antennae project. 

Using eight 10.69GHz antennae spaced at known distance (between 3 and 6 Metres) 

around the periphery of the mine haul truck.   

 

The Doppler radar antennae used here has a field of view (polar dispersion) of 1200, 

with overlapping lobes (Figure 1.7) to give object location, relative speed, object size 

and discriminates between a person, light vehicle or another haul truck.  Most of the 

serious incidents concern light vehicle blind side passing (Mark, et al 1999). This 

would pickup the passing vehicle under all conditions.   

While this sounds quite plausible the technical challenge with multiple radar units is 

the amount of data that must be analysed to give an accurate alarm to the driver. 
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The detail of the development of the system is described in Chapter 5, as it was in the 

research prototype. Production prototypes can be much smaller and considerably 

changed to allow for efficient manufacture. 

 

Model Development and Overview 

The Detection of Both Short and Long Range Objects 

The study of collision avoidance to date has concentrated on road going haulage 

trucks, articulated and rigid, travelling on sealed roads with loads of less than 50 

tonnes at speeds in excess of 100 kilometres per hour (Km/h).  Potential collision 

detection is primarily in the area of truck-to-truck and reversing; with a number of 

systems already in use (Woll, 1994).  Collision avoidance (as applied to open cut 

mines) must be capable of detecting haul truck to haul truck, light vehicle to haul 

truck and human to haul truck trajectories.  In view of the above, the safe operation of 

mine haul trucks has the requirement for short-range proximity detection at the sides 

and a long range at the front and rear. 

The safe operation of mine haul trucks requires a collision avoidance system with a 

minimum of 15 metres detection for a human target (30 metres for a light vehicle) at 

the truck sides, 50 metres to the rear and 100 metres to the front.  These figures are 

calculated from the half second average reaction time (Henry-Rogers, 1960) of the 

driver allied to the ability of the mine haul truck to brake and stop within these 

distances.  A mine haul truck driver has the added difficulty of reduced visibility, and 

long hours of driving to cope with, this is a real incentive to develop reliable collision 

avoidance systems. 

The mine haul truck side detection Doppler radar (Figure 1.3) proposed here is a 10.6 

GHz unit with a wide polar dispersion to give overlapping detection when spaced at 3 

metres centres along the haul truck sides.  For the front and back Doppler radar, it is 

proposed to use the same antennae combined with digital filtering to increase the 

range. 
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There are a number of problems when trying to migrate collision avoidance 

technology developed for road going heavy haulage trucks to mine haul-trucks (all of 

the current CAS systems are designed for road going trucks): 

¶ Ultrasonic Doppler systems have too short a range (typically 3 to 5 metres) 

for an adequate stopping time for speeds above 10 Km/h. 

¶ The current Doppler radar collision systems are narrow beam and only 

suited to forward or rear looking systems and would not be capable of the 

wide polar pattern required by this proposed system at any meaningful 

distances. 

¶ High definition video cameras are already in use by mine haul trucks, and 

have limitations when used in the dark or dusty atmospheres. 

 

Sequence of Research 

The first open cut coalmine to investigate the use of collision avoidance systems in 

Australia was Bengalla in the Hunter valley (Appendix 1).  This was a new mine in 

1998 and is a fully fenced mine area. This allowed an economical radio frequency 

tagging collision avoidance system to be used.  In any fully fenced open cut coalmine 

there is control over personnel and vehicles entering the mine, each person or vehicle 

entering the coalmine is required to carry a radio frequency tag that will warn the haul 

truck of their presence. Radio frequency tagging is limited by its reliance on the entire 

fixed and moving objects potentially in the path of a haul truck requiring to be tagged. 

As most of the older open cut mines in Australia are not fenced, this requires a stand 

alone collision avoidance system as described Chapters 5 & 6 of the thesis, mounted 

on the mine haul trucks. 

 

Collision Avoidance System 1 (CAS 1) 

The project consisted of the development and demonstration of a collision prevention 

system prototype that improves safety by increasing the visibility for the haul truck 

driver (Figure 1.2) and eliminates noise problems caused by the current heavy vehicle 

reversing alarm system in the urban areas adjacent to open cut mines. 
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The objectives of first collision avoidance project were met using a mix of Radio 

Frequency Tagging and High Definition CCD Colour Video Camera and a High 

Definition Monitor and achieved the following performance (See Chapter 3): 

¶ Warning to the driver (internal) of the heavy vehicle when a vehicle or 

person is in the path of the heavy vehicle (reverse only). 

¶ Warning to the “at risk” person / equipment in the case of an imminent 

collision. 

¶ Redundant systems for improved reliability.  

¶ Default to existing warning system that notifies of the heavy vehicle if the 

system is not working and automatically activates the traditional back-up 

beeper. 

¶ Rugged construction for reliability in mining environments. 

¶ Reliable operation in adverse environmental conditions (e.g. dust, fog, 

smoke, hot, cold, and darkness. 

¶ Approved by the NSW state Government regulators (Bengalla open cut 

mine objective). 

¶ No audible noise beyond the lease boundaries (subject to turning off 

reversing alarms). 
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Figure 1.8 (a) and (b): Drivers Visibility Improvement and Personnel, Light Vehicle 
and Stationary Object Detection Using R/F Tags. 

In Figure 1.8 (a) the blind spots are due to the protruding parts of the haul truck 

structure, video cameras mounted front and rear give a 900 view 

In Figure 1.8 (b) the shape of the R/F detection zone is due to the propagation of the 

R/F signal Figure’s 4.12 to 4.18 

The main requirement for the safe operation of CAS 1 is the mine must have a 

boundary fence.  All personnel and vehicles entering the mine must be equipped with 

an R/F Tag for the system to operate correctly Figure 1.8 (a) & (b).  In Figure 1.8a, a 

rear and driver offside mounted high definition colour video cameras increase the 

field of view of the haul truck driver.  This leaves open the possibility of missing an 

object due to the video monitor in the driver’s cab not being switched to the 

appropriate camera showing a person or light vehicle.   

The R/F Tags alert the driver to the presence of a person or light vehicle and allow the 

driver to switch to the respective video camera to see a tagged person or object. 

Blind side detection (overtaking) is also not covered by CAS 1. Further, there is still 

the risk of overtaking accidents, although greatly reduced, as the haul truck driver 

would be made aware of the presence of a light vehicle approaching from behind once 

the light vehicle was equipped with an R/F Tag. 

 

The CAS 1 objectives have been met or exceeded (using high resolution video 

cameras) with the introduction of a fully operable CAS manufactured and sold into 

the mining industry by Advanced Mining Technologies, the commercial partner with 

CSIRO and ACARP in the first collision avoidance project. 

 

Collision Avoidance System utilising Doppler radar 

Unfortunately the majority of older open cut mines have no boundary fence. People 

and vehicles routinely drive onto these operations without any controls requiring the 

wearing of an R/F Tag. Thus, this collision avoidance technology is ineffective in 

many cases. Along with the obvious project objectives of minimising collisions on 
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mine sites, the rationale behind using Doppler radar is to overcome this limitation and 

vehicle overtaking accidents (Figure 1.9 a & b), by using Radar proximity detection 

for person and vehicles without the necessity for R/F Tagging. 
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Figure 1.9 (a) and (b): Overtaking accidents (unidentified Australian open cut mines) 
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The radar collision avoidance system involved examining existing proximity 

detection technology developed for automobiles, large highway trucks and buses to 

determine the effectiveness of these technologies when applied to mining.  A list of 

these technologies with comments is as follows (Table 1.1): 

 

Table 1.1: Technology Comparison 

Technology Cost / haul truck Remarks 

Laser Scanning 

Technology 

High >$25,000 Not suitable for haul trucks, 

ineffective in poor visibility 

77GHz Mono Pulse 

Radar (Eaton Vorad 

System) 

Low <$10,000 Narrow beam not suited to 

proximity detection, good for 

front and rear object detection 

at distance >100 Metres 

10.6GHz 

Continuous Wave 

Doppler Radar 

Low <$10,000 Suitable for multiple antennae 

arrays, overlapping lobes give 

good proximity detection out to 

100 Metres. 

Ultrasonic Doppler 

as used on Lexus 

and Mercedes Cars  

Low <$5,000 Short range, affected by rain, 

mud and dust, has application 

for truck to shovel and low cost 

truck creep.   

Radio frequency 

Tagging 

Low <$10,000 All fixed and moving objects 

potentially in the path of a haul 

truck must be tagged; also 

mines must have fenced 

boundaries. 

 

Given the characteristics of the existing proximity detection technologies it was 

decided to pursue the 10.6 GHz Doppler radar (Figure 1.7) and to develop a method 
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of mounting multiple antennae around the periphery of the mine haul truck to cover 

the blind spots.   

 

A low cost 10.67GHz Doppler horn antenna could be sourced locally and was suitable 

for modification to our purposes.  A number of technical problems had to be 

overcome before these units could be used for proximity detection.  These were: 

¶ Antennae are analogue devices; CAS 2 requires digital data. 

¶ Each Radar antenna sample rate necessary of up to 20,000 times/sec, the 

Controller Area Network (CAN) Bus technology as used in the current 

model automobiles and present on the latest haul trucks would not be 

viable due to the data bandwidth being too low for multiple antennae 

arrays. 

¶  Radar antennae signal wiring is very difficult on mine haul trucks 

(wiring tends to be run inside the chassis members during truck 

assembly). 

¶ Attaching antenna modules around the periphery of a mine truck very 

difficult due to lack of vertical or horizontal surfaces. 

¶ A radar based collision avoidance system must be compatible with the 

R/F tagging system and be capable of direct connection to the high 

definition video of the first collision avoidance system to reduce the cost 

of upgrading. 

¶ Antenna process circuit board to large for haul truck mounting 

limitations. 

To overcome the above technical problems the size of the antenna were reduced by 

75%. The Data communications are now over Ethernet links that can either be by 

copper wire (Cat 5 cable) or radio (802.11g, radio Ethernet protocol). Placement of 

the antenna is now less critical due to more sophisticated software allowing better 

configuration for non-aligned antenna.  
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The prototype antenna was tested 9 - 10 of June 2001 at Bengalla mine in the Hunter 

Valley.  The tests were successful (See Chapter 5) and demonstrated that the antennae 

could detect a light vehicle out to 75 metres, give its approach speed and provide 

potential collision data at a fast enough rate to allow the haul truck driver to avoid a 

collision.   

Ultrasonic Doppler Detection 

For object detection over very short distances (<3 metres), ultrasonic Doppler is ideal 

especially given its low cost and reliability. In its simplest form an ultrasonic 

transducer comprises a piezoelectric element made to oscillate at approximately 41 

kHz by the application of an electric current. The transmitted ultrasonic signal is 

subtracted from the signal reflected off a moving object moving relative to the truck 

and the difference in frequency indicates movement towards or away from the 

detected object and also the distance to the detected object.  The application for 

ultrasonic Doppler detection on a mine site would be to warn of all close quarter 

collisions: 

¶ Shovel to Haul Truck Collisions when loading; shovel too close to the haul 

truck body when loading. 

¶ Objects immediately in front of and to the rear of the haul truck (drivers utility 

vehicle), this is a common cause of haul truck incidents. 

¶ Shovel to shear wall, after dropping a load into the haul truck, when returning 

to the shear wall to reload, the shovel strikes the shear wall. 

¶ Haul truck creep when waiting for loading or unloading, drivers falling asleep 

or lack of attention allows the haul truck to creep forward. 

¶ Edge detection for dumping, haul truck dumping requires the driver to guess 

where the edge of a dumping area is while reversing. 

¶ As a low cost proximity detection on any moving equipment, the price of 

ultrasonic Doppler units start at $60 from automobile parts retailers.  

 

Low cost ultrasonic Doppler detection systems are commercially available, but they 

are not rugged enough for use in a coalmine environment but are adequate to trial an 
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ultrasonic system. All of the accidents in Figures 1.10, 1.11 and 1.12 could have been 

avoided with the use of low cost ultrasonic forward and reverse obstacle detection 

devices. A common incident at an open cut mine involves a haul truck driver or 

maintenance technician driving up to a haul truck, parking their utility in front of the 

haul truck, carrying out pre-checks on the haul truck and then driving the haul truck 

over their utility parked in front of the haul truck.  The haul truck maintenance people 

will relay many of these incidents off the record; mine management usually will not 

discuss either the frequency or cost of such incidents.  

 

 

 

 

  Figure 1.10: This Accident Could Have Been Prevented with a $60 Ultrasonic 
Reversing Alarm (Unidentified Australian Open Cut Mine) 
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Figure 1.11:  Driver Runs Over His Own Light Vehicle (Unidentified Australian 
Mine) 

 

Figure 1.12:  Driver Runs Over His Own Light Vehicle (Unidentified Australian 
Mine) 
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Multiple Doppler radar Antennae Collision Avoidance System  

Unambiguous Dynamic Real Time Object Detection 

Although R/F tagging and single Doppler radar and Ultrasonic Collision Avoidance 

systems can aid the haul truck driver to identify possible hazards, there are a number 

of problems evident with the use of these systems and other commercial systems 

developed for highway driving. 

¶ Ultrasonic Doppler systems have too short a range (typically 3 to 5 

metres).  

¶ The Mono-pulse radar collision systems as used by freight trucks mostly 

on freeways are narrow beam width and are only suited to forward or rear 

looking and would not be capable of beam overlap required by this 

proposed system at any meaningful distances. 

¶ High definition video cameras are already in use by mine haul trucks. 

The safe operation of mine haul trucks requires a collision avoidance system with a 

minimum of 10 metres detection for a human-size target (25 metres for a light 

vehicle) at the truck sides, 50 metres to the rear and 100 metres to the front.  These 

figures are calculated from the half to one second reaction time (Henry-Rogers, 1960) 

of the driver allied to the ability of the mine haul truck to brake and stop within these 

distances. 

 

Summary  

The suite of three collision avoidance systems analysed here (Chapters 3, 4 and 5) 

have the ability to and economically reduce or eliminate large haul truck collisions as 

they introduce a technologically feasible answer to the risks identified by the original 

collision avoidance project haul truck risk profile (Appendix 1). 

 

The cost of adoption of CAS 1 is in the order of $250,000 to $500,000 for the average 

5 Million ton per year open cut coalmine, depending on the number and type of 

vehicles in use at the mine. 
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Since the demonstration of the Radio Frequency Tagging System (CAS 1), there has 

been a production system available from Advanced Mining Technologies Ltd. and is 

under assessment by BHP Billiton at the Blackwater open cut coalmine in 

Queensland. 
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Chapter 2:  

Collision Avoidance Systems 

Existing technologies and past research 

A number of technologies exist for collision avoidance on road going vehicles 

including adaptive cruise control on high-end automobiles (Mercedes and Lexus Ulke 

et al, 1994) and a mono pulse based radar system (the Eaton Vorad system Woll, 

1994) for trucks and busses. The issue of collision avoidance on mine haul trucks 

have been slow to develop due to the relatively small number of vehicles in use until 

the late 1990’s when mining output increased due to an increase in world demand for 

coal and other minerals. The amounts of research into collision avoidance on mine 

haul trucks and other large mobile plant has been small and does not relate to the 

potential for serious injury and destruction caused by these vehicles. There has been a 

trend over the last twenty years to move to contract haul truck drivers (Bowden 2003) 

and drivers with no coalmining experience by mine owners in an attempt to minimise 

mine operating costs (Bowden 2000). This has led to inexperienced plant operators 

and increased the necessity for technology such as collision avoidance systems to aid 

inexperienced haul truck drivers. 

 

The Society of Automotive Engineers (SAE) in collections of similar subject papers 

publishes many of the papers referred to. These papers appeared first in diverse 

journals, conferences and workshops and were collected by SAE to aid automotive 

industry research and development.  

 

Collision avoidance systems are there to assist the driver to make an informed 

decision in the event of a potential accident, and to increase the reaction time of the 

driver. It has been known since the 1960’s that human beings are quite slow to react 

to stimulus and with the increasing speed of vehicles there would be a commensurate 

increase in speed related accidents. 
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The seminal prior research is Henry and Rogers (1960) who performed experiments to 

test human reaction time to a constant stimulus. They compared reaction times to 

perform simple tasks to reaction times to perform more complex tasks in order to 

determine whether or not the stress of complexity increased one’s ability to react to 

the stimulus. The key was to keep the same test starting tasks and to keep the stimulus 

constant at all times. They made their subjects believe that all the tasks that they were 

about to perform would be important and that each would be timed. In actuality, the 

only interval of time that mattered was the time to initially react, after which no times 

were recorded. The initial interval of time for the first reaction increased with the 

increased complexity of tasks to follow. They found that on average the time 

increased 31% with the added stress of harder activities to perform. The increased 

reaction time as the movements were increased in complexity suggested that the extra 

complexity required more brain centers to be coordinated, in turn requiring more time 

for all of the complexities to be organized for the subject to have the ability to react.  

The literature on collision avoidance has concentrated almost exclusively on the 

application to commercial vehicles such as heavy haulage trucks (semi-trailer), cars, 

and small trucks such as Fujiwara and Fujita (1993) and Woll (1994).  The literature 

is in chronological order and this gives an approximate rate of developments in 

collision avoidance systems technology.  

 

Much of the research into collision avoidance is commercial in confidence and 

therefore unavailable or cannot be quoted; this thesis is an attempt to make a globally 

public contribution. 

 

The early literature examined predominantly the human factor in collisions avoidance 

(Babarik, 1968; Enke, 1978).  Extensive research since then has examined this human 

factor, (for a good compilation of this segment of the literature, See Koter (1994) 

although most of the research has been directed towards technical solutions for this 

problem. Deviations in human behaviour: eg drug taking, alcohol, fatigue (excessive 

work load) make technological solutions difficult as the technology has to 

accommodate a wide range of deviations from the expected normal reactions of a 

driver to an emergency situation. 
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One of the first published studies into a technological solution discusses the results of 

a preliminary investigations that compared the accident avoidance capability of cars 

equipped with closed and open loop four wheel steering systems, with an otherwise 

identical car having conventional front wheel steering (Xia and Law, 1990).  This 

represents one of the first attempts at microprocessor control of steering and 

suspension components in a vehicle thus attempting to provide automated assistance 

to the driver.  They claim, from simulated results, that the potential benefits to (4WS) 

four-wheel systems would result in faster and more stable vehicle response and 

improved manoeuvrability. 

 

Around this time other research into intervehicular communication was being 

investigated.  Described by Panizza and Levizzari (1990) is a system called Hand 

Shake, which consists of an inter-vehicular short-range radio link that automatically 

creates an interchange of information among vehicles.  Their goal was to achieve a 

one second reduction in response time for multi vehicle accidents.  It has been 

reported that 90% of vehicle accidents could be avoided if drivers could apply the 

brakes one second sooner (Baker and Fricke, 1986).  This cannot be achieved without 

some form of automation that would slow the vehicle to allow for the 0.5-1 second 

reaction time of humans.  The results of their research were reportedly under 

evaluation by Fiat at the time but no further published research can be located.  

 

In another approach, Walsh (1990) considered non-linked inter-vehicular systems.  In 

particular he discussed the development of sensor systems for detecting obstacles 

behind a car before engaging reverse gear, other vehicles in the blind spot, and for 

maintaining a driver-set spacing to the vehicle ahead. 

   

The success of the research by Walsh led to further research intra-vehicular 

communication through the nineties.  Most of this relied on the use of radar reported 

velocities calculated from the well-known Doppler effect.   
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The use of the Ultrasonic Doppler system only provides information on the relative 

speed of close objects.  Using ultrasonics Cartwright and Jindal (1992) were able to 

warn the driver of objects in the path of the vehicle and then use the time delay of the 

ultrasonic signal to also display the distance to each object. 

   

In an attempt to overcome the short distance limitations of ultrasonics, Yanagisawa, 

Yamamoto and Kubota (1992) discuss the development of an automotive warning 

system that uses the time taken for the laser beam used in the system to travel to a 

vehicle ahead and to be reflected back to calculate distances between vehicles.  

Unfortunately the limitations to this work (the lasers would only perform in clean, 

high visibility conditions) demonstrated that such systems could not be used under 

normal operating conditions. 

 

In order to overcome the problems of such a laser system, Kamimura, Nobukazu, 

Fujiwara, and Fujita (1993) considered a millimetre-wave radar system for advanced 

automobile applications that they claim to have developed themselves.  This radar 

system used digital signal processing technology to analyse the returned radar signals 

to determine distance and speed to high precision (+/- 1 metre).  It is also claimed to 

be more stable (due to better S/N ratio from the electronics) than earlier systems as 

well as having the significant advantage of being able to identify multiple targets. 

However their work was in prototype static conditions only and no follow up work 

was found in the literature. 

 

Around this time the divergence in approaches was discussed by Kawai (1994) in an 

overview of vehicle collision avoidance technologies.  He discussed the practical and 

social issues for the practical applications of these technologies.  His attempt to 

integrate the human and automated research into more mainstream information 

systems research was the first in the collision avoidance literature. This was 

complimented by the work of Deering and Viano (1994) who considered the factors 

required improving real world safety.  They introduced the concepts of the ‘science of 

crashworthiness’ and the ‘science of crash avoidance’.  Their results focused on the 

human countermeasures to collision avoidance.  In particular they were attempting to 
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assess the human interface to the newly emerging use of Doppler related technology.  

Their speculative results do not appear to have been taken up in the literature to date. 

 

The results the research by Deering and Viano (1994) has included such practical 

outcomes as the evaluation of the centre mounted rear brake light (Hochnadel and 

Beymer, 1994) and the difficult task of correlating the effectiveness of ABS in 

reducing rear-end collisions (Kawai, 1994; Koter, 1994). 

 

Work, however, was still being carried out in non-radar based technologies.  In 

particular, Hochnadel and Beymer (1994) propose an early warning information 

system, which utilize linear traffic formations to send back brake status through lines 

of traffic.  It is suggested that the effect of the implementation of this system will 

cause a substantial reduction in the number of accidents and a substantial increase in 

the number of lives saved.  Such chained information systems will warn drivers and 

allow them to brake one second earlier as suggested by Faber. Similarly, Koter (1994) 

presents an Advanced Brakelights Warning System (ABWS) device, which improves 

the detection-reaction time for avoidance of rear end collisions.  This system, 

although easy to install and low cost, has to date not found wide spread use.  This has 

been attributed to the litigious nature of the American society 

(http://www.monheit.com/truck/online_Resources.asp) as if there is a collision, and 

the system can be blamed, then the damages claims would be considerable. This 

system has been demonstrated to prevent 80% of all accidents. 

 

Also in 1994, Ulke, Adomat, Butscher and Lauer (1994) reviewed the development 

by the Daimler Benz group of a radar-based system for obstacle detection and 

warning.  This was the first of the low output 77GHz pulse radar systems.  However 

because of its narrow beam width (3o) it is only suitable for highway driving.  

Adaptive cruise control is a direct result of this research.  But the limitations on the 

technology, in the capacity of litigation in the event of failure as in previous research, 

this has limited its adoption by the automotive industry. 
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In a broader based review, Woll (1994) presents a technical discussion of radar based 

automotive collision warning systems.  Also covered is the worldwide radar 

frequency allocation versus technology issues, the legislators want a single frequency 

allocated to automotive use (77GHz) that is useful for mono-pulse radar systems but 

for proximity detection on large mine haul trucks the most applicable technology 

would be 10.7GHz continuous wave Doppler radar.  This was the first attempt at a 

general world standard for radar systems in a number of areas such as frequency, 

communication, network protocols, and driver alarm functions.  Woll is one of the 

chief researchers with Eaton and VORAD Technologies, which have produced a very 

successful radar collision avoidance unit with approximately three hundred million 

kilometres of operation covering two thousand vehicles.  The VORAD system is 

designed principally for large trucks and buses.  The take up of the system has been 

slowed mainly by union problems.  The unions regard this system as having too much 

control over the drivers and leave the drivers liable to legal action in the case of an 

accident. 

 

Following his earlier work in 1994 Woll (1995) evaluated the Eaton VORAD 

Technologies Model EVT-200 vehicle collision warning system and the data 

recording capabilities, components and general operation of that system.  This system 

was highly successful and when used with Greyhound buses in the United States 

experienced a reduction in accidents of approximately 20-25%.  There was positive 

feedback from the drivers who showed a strong preference for the system.  

Greyhound discontinued the use of the system in 1995 mainly on the grounds of 

capital expenditure required to fully implement the adoption of this technology.  This 

highlights the need for these new technologies to go hand in hand with legislative 

change to assist their implementation. 

 

Investigating even newer technologies, Lakshmanan, Meitzler, Sohn, and Gerhart 

(1995) provide a simulation of, and a comparison between, cooled and uncooled infra-

red imaging systems.  This was done using the United States Army’s Tank-

Automotive Command Thermal Image Model.  This system worked very well in 
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providing infrared imaging to the driver but did not increase, to any great degree, the 

ability of the driver to react more quickly in the event of a potential accident. 

   

In an empirical study, Lee (1995) addresses the performance of driver-vehicle systems 

in aborted lane change manoeuvres.  The results obtained can be used to quantify how 

fast collision detection and warning system must work in order to be effective.  The 

results of this work will determine the operational speed necessary of any early 

warning system. 

 

A small literature has evolved concerning the collisions in which heavy vehicles have 

been involved.  For example, Garrott (1995) in one of the first comparative system 

evaluations published considered a number of object detection system technologies in 

a set of objective, discriminatory trials.  His detailed work concluded (from the 

empirical tests the systems were subjected to) that object detection system technology 

is still at the early stages of its development.  Perhaps one of the more important 

results to come from this work was the recommendation that improvements in the 

technology are needed before the full potential of these systems for preventing crashes 

can be realised. 

 

Mazzae, Garrott, and Flick (1995) describe the assessment of driver interfaces of a 

type of electronics-based collision avoidance system that has been developed to assist 

drivers of light vehicles in avoiding certain types of collisions.  This paper looked in 

detail at two collision avoidance technologies – video cameras with audio and ultra 

sonic Doppler object detection.  Vehicles with both video cameras and ultra sonic 

detection equipment greatly increase the driver’s confidence in object detection 

technology and its main applications are in slow reversing accidents.  This technology 

is slowly being taken up by the industry. 

 

Hyland (1995) describes a host of design issues associated with blind spot detection 

systems.  The author concludes that there is a pressing need for additional research in 
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many of the areas discussed within his paper.  The author gives consideration to the 

different areas of research necessary for collision avoidance. 

 

Schenk, Wells and Miller (1995) review two variants of intelligent brake control – a 

four-wheel electro hydraulic apply brake system and a front electro hydraulic apply 

system with electro-mechanical wheel brakes.  This technology is necessary to 

augment collision avoidance sensing.  As collision avoidance technology improves 

there will be a need for the collision avoidance system (CAS) to apply the brakes 

without driver intervention as the reaction time of this electronic mechanical system 

would be much faster than that of the driver’s.  The braking systems available today, 

such as ABS, are perfectly adequate and are capable of operation by CAS. 

 

Jonner, Winner, Dreilich, and Schunck (1996) discuss an electro hydraulic brake 

system (EHB) based on available valve technology.  This paper discusses a BOSCH 

development in brake-by-wire system using electric actuators on the hydraulic 

system.  The main purpose of this research is to produce a braking system, which can 

react faster than existing braking systems and is designed for operation by signals 

from a CAS.  This system has not been widely taken up by the industry due mostly to 

the low take up of CAS. 

 

Eberhard, Moffa and Swihart (1996) describe an approach used to establish the 

benefit of forward collision warning systems and to identify the specific types of 

forward impact crashes that collision avoidance systems would be most effective in 

preventing or mitigating.  The authors use Monte Carlo analyses to assist in reaching 

their conclusions.  This paper is concerned with accident classification and the 

matching of collision avoidance systems to said classifications.  This research is very 

necessary to target the development of CAS in the areas of highest priority (i.e. rear 

end collisions). 

 

Chakraborty, Gee, and Smedley (1996) Demonstrated that a satisfying and beneficial 

collision avoidance system can be fabricated from current electronic components.  
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This paper is a seminal paper in the development of adaptive cruise control, a 

technology that has a very high take-up on prestige cars and fleet vehicles.  It involves 

the integration of collision warning systems built into cruise control with partial 

braking by CAS.  The outcome of this research for the industry has been the 

demonstration of a low-cost CAS, which is easily integrated into existing vehicle 

manufacture. 

   

Jhang, Hyun, Kim, Song, Lee, and Park (1996) present an alternative method for 

measuring distance and relative velocity, to the common trend which uses a pulsed 

laser system combined with a high resolution counter.  The method proposed by the 

author uses the integration of the time delay between transmitted and received pulses 

and its A/D conversion to measure distance and velocity with fairly high accuracy.  

This technology will not have a high take up in the industry due to the use of lasers, 

which, as mentioned previously, have inherent difficulties in practical situations due 

to the constraints on visibility. 

 

Presented in Automotive Engineering (July 1997) was a paper showing the different 

microwave and light based distance detection sensors currently being used or tested? 

The potential errors and limitations they possess were also covered.  The paper offers 

scanning laser radar (SLR), which sends a narrow beam of light on a horizontal line 

and measures distance rapidly.  As this is a laser based technology it is impractical to 

implement in a real life situation.  

 

Jhang (1996) considered a novel method (laser based technology) to measure relative 

vehicle distances, which he attempted to incorporate into a passenger vehicle read-end 

collision warning system.  They propose that their technique can resolve such 

distances down to centimetres, but have not tested their system in a real-world 

vehicle.  However promising this technique it remains problematic when applied on 

large mine trucks.  A basic requirement of using laser technology is the medium 

through which the laser is transmitted must be free of airborne particles.  Mines by 

their nature are dusty places and the risk of false data due to reflections from airborne 

dust would make this technology unusable in a mining environment. 
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Using a five-beam laser sensor, Bastian, Andreas, Holze and Bergholz (1998) discuss 

the benefits for the customer as well as the technical aspects of the system.  This 

system, called Automatic Distance control (ADC), is an autonomous cruise control 

system.  Although a very positive reaction was received from the people involved in 

the field test, this system is still under development. 

 

Kuroda, Kuragaki, Minowa, Nakamura, Takano and Dabkowski (1998) describe an 

Adaptive Cruise Control (ACC) system, which used newly developed millimetre 

wave radar.  Using information output from the radar, the ACC system keeps a 

desired distance from the vehicles in front by controlling the host vehicle throttle, 

transmission and brakes.  This system has been thoroughly tested in an experimental 

vehicle. 

 

Giubbolini (1999) in his paper “A Microwave Imaging Radar in the Near Field for 

Anti-Collision (MIRANDA)” makes the case for 3D radar image in front of the 

vehicle. This approach is novel in the aspect that MIRANDA builds up a three-

dimensional image of the whole scenario in front of the vehicle and was developed for 

road going vehicles; with its use for mine vehicles would be limited.  

 

Bowden (2000) raises the issue of productivity maximisation and workplace 

bargaining in coalmines to highlight the increased pressure on mine employees to 

increase shift hours to reduce costs. This has implications for driver fatigue and 

directly relates to drivers falling asleep at the wheel (Figure 2.1). Two mining 

companies asked me if I could include driver-alerting systems in the collision 

avoidance technology.  

 

Moritz (2000) discusses pre-crash sensing technology, which uses platform radar 

sensors.  The author describes the three functional steps of pre-crash sensing 

technology – PRESET, PREFIRE and PREACT.  As the different systems in the 
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vehicle are networked more tightly together in pre-crash functionality, a new 

understanding of active and passive safety systems can be reached. 

 

Frank-Juergen Stuetzler and Ken Century (2000) in their paper discuss “Advanced 

Frontal Crash Sensing with Peripheral Sensors”, of Robert Bosch Corp. looks at the 

development of peripheral accelerometers to aid air bag triggering, our interest in this 

technology came from the use of advanced accelerometers which could have a use in 

truck automation using Doppler radar, GPS and inertial guidance systems when out of 

satellite coverage. 

Mark, Glynn, et al, (2000) Due to the lack of targeted research in the area of large 

mine haul truck collision avoidance, the research outlined in this thesis into mine haul 

truck collision avoidance has been funded by the coal mining industry through grants 

from the Australian Coal Association Research Programme and funding from CSIRO. 

The research was carried out as three separate projects addressing different areas of 

collision avoidance technology for the coal mining industry. The first CAS project 

covered identifying the risk of substituting radio frequency tagging and high 

definition video cameras for reversing alarms on mine haul trucks. This was to reduce 

the noise problem with open cut mines operating close to urban areas and the CAS 1 

development and results are shown in   ACARP Confidential Report C7012. 

 

Glynn et al, (2001) The Australian coalmining industry requested further research into 

CAS systems due to the perceived weakness in the CAS 1 approach to collision 

avoidance, each person and vehicle on a mine site having to wear a radio frequency 

tag. A project proposal to use low power Doppler radar units mounted on haul trucks 

to switch to a relevant camera on movement detection to warn a driver of the presence 

of another vehicle. This became CAS 2 and the development and results are shown in   

ACARP Confidential Report C8034. 

 

Linda Ng Boyle and Wassim G. Najm (2001) in their paper “Analysis of Off-

Roadway Crashes for Intelligent Commercial Vehicle Applications” from United 

States Department of Transportation – Volpe Center, examine a number of crash 

scenarios. There are seven problem areas under consideration in the including rear-
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end, off-roadway, lane change, crossing paths, driver impairment, reduced visibility, 

and vehicle instability crashes. Although the paper concentrates on road going trucks 

there are similarities in the cause of these accidents with mine site haul truck 

accidents such as lack of vision from the driving cap, drivers falling asleep and rear 

end crashes due to excessive speed. 

 

Bowden (2003) discusses the use of contractors on Queensland coalmines, coalmines 

use contractors as a method of regulating costs but the drawback is in the loss of 

experienced plant operators. There is also a tendency for coalmines to ignore WH&S 

issues when using contractors and this can lead to a less safe mine environment. 

 

McLandress, Spitzer, Hammerl, and Smith (2003) in their paper “Evaluation of a 

Commercial Vehicle Lane Guidance System as Part of the United States Department 

of Transportation’s Intelligent Vehicle Initiative” examine a commercially available 

lane guidance system for road going trucks. Our interest is in the application of this 

technology to mine haul trucks, which also have a problem with crossing truck lanes 

and sometimes running over embankments (Figure 2.1). 

 

Glynn et al, (2003) During the research into CAS 2 ACARP/CSIRO project, it was 

discovered that if two Doppler antennae were at a known distance apart an object 

passing the antennae could be precisely located with speed of and distance to object 

calculated. This allowed proximity detection for mine haul trucks and this became 

CAS 3 and the development and results are shown in   ACARP Confidential Report 

C11049 . 
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Figure 2.1: The Result of a Haul Truck Driver Falling Asleep at the Wheel 

(Peak Downs Mine Qld. Sept. 2004) 

 

Milla and Bowden (2004) in there paper ”Changing work practices and their impact 

on driver fatigue” discuss the issue of twelve hour seven day shifts and the potential 

for fatigue related both on the job and driving home after their shifts.  

 

Masayuki Furutani (2004) in his paper “Obstacle Detection Systems for Vehicle 

Safety” discusses the wide range of collision avoidance technologies. These include 

CCD Video, Adaptive cruise control (using radar), smart systems for detecting lane 

crossover and reversing systems (wide angle mirrors and ultra sonic Doppler). Most 

of these technologies are more suited to road going vehicles but adaptive cruise 

control would integrate well into the collision systems outlined in this document. 

 

Yoshihiko Teguri (2004) in his paper “Laser Sensor for Low-Speed Cruise Control” 

examines the use of lasers in speed detection and vehicle control at low speed and 
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although lasers need a moderately clean environment to operate satisfactorily it is a 

technology that will be used by road going vehicles, due to its low cost and reliability.   

 

Summary 

It has been known since the work of Henry and Rogers (1960) where the problem lay 

with the increasing amount of road accidents. Humans are not suited to making 

accident avoidance decisions faster than the speed of the vehicle in which they are 

traveling.  This is a mismatch of the control function of an automobile (humans) and 

the ability of the automobile to reach speeds that allow this mismatch to occur.  The 

automobile manufacturers have spent many millions of dollars making cars stop faster 

and more safely but the results have been disappointing, if the brakes are not applied 

on time it does not matter how good the braking system is, there is going to be a 

collision. 

 

What we are aiming to achieve is a close to 1 second warning of an accident, this is 

well demonstrated by the 2-second rule when driving behind an automobile.  If we 

maintain a 2-second time lag between the cars in front and us we can avoid most head 

on collisions because we have time to react to sudden braking of the car in front.  This 

would save 80% of head on collisions, and if used as in the radar based (usually 

mono-pulse) adaptive cruise control mode to progressively apply the automobiles 

brakes, this figure would be much higher. 

 

Milla et al (2003) raises the issue of driver fatigue after working a number of twelve-

hour shifts and the author has been asked by mining companies to investigate 

technology to detect if a driver has fallen asleep. This is not very difficult technology 

but surly it is much better if the driver is not so fatigued as to fall asleep while driving 

in the first place. 

 

The answer to the problem of human reaction time has to be technology based and 

integrated in the vehicles.  Modern miniaturized radar systems are readily available 

and are economical and if allied to a progressive braking system would save many 
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thousands of lives every year.  Indeed if this had been put into practice when the 

problem was first discovered many millions of people’s lives would have been saved. 

 

The literature review makes it clear that the technologies investigated in the literature 

is only of limited assistance in the development of a collision avoidance system for 

large mine haul trucks. A characteristic of mine haul truck accidents are the limited 

visibility of the driver and any collision avoidance system designed for use on an open 

cut mine must address the driver visibility problem. Three technologies have been 

developed and will be discussed in Chapters 5, 6 and 7 along with the results of mine 

site testing.     

Little time has been spent examining existing collision avoidance systems such as 

Ultrasonic reversing alarms, Mono Pulse Radar and Laser detection, as these 

technologies are well understood and have been in use in various collision avoidance 

systems for at least 10 years. 
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Chapter 3:  Technology Integration 

Introduction 

As the collision avoidance systems outlined here is designed to be adopted, in the 

mining industry haul trucks, they need to be integrated into the cab in a manner that is 

of use to the driver. This means that the interface of the CAS hardware and software 

will have to be as driver friendly as possible. To this end previous research in the area 

of human machine interface and the general philosophy of technology integration is 

explored. 

 

Later in the thesis (Chapter 9) we look at existing collision avoidance procedures and 

the progress (or lack of it) made to introduce technology to help the haul truck driver 

to avoid accidents. This is not the major purpose of this thesis but an awareness of it is 

required. 

 

Literature Review 

Barthes (1964) drawing on the work of Sausssure (1916) makes the case for using 

human language as the best means of communicating a message. With the invention 

of low cost voice synthesisers this is technically possible, but as Habermas (1981) 

explains the communication (from the CAS system) must be rational and within the 

understanding of the recipient (the truck driver). 

 

Looking at other means of communicating messages from the CAS system, Panettieri 

(1995), comments on Microsoft’s Bob operating system using intuitive symbols and 

text to interact with a human. The cab of a typical mine haul truck is overloaded with 

technology needing attention and the addition of manually interactive devices such as 

touch screen displays would add to the drivers distraction. 

 

Selker (1996) examines the human-computer interaction (HCI) and looks at new ways 

that visual interfaces, physical form, I/O devices, are changing the way people interact 
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with computer systems such as the collision avoidance systems developed here. The 

interaction with a haul truck driver will have to be audible as the truck drivers visual 

attention will always be to the haul roads. 

 

Myers, Holland and Cruz (1996):  also look at HCI with regards to societies but make 

the point that there needs to be much more research into developing uniform 

interfaces for computer/human interaction. This is particularly necessary with regard 

to truck drivers, as most will have little or no experience of dealing with computers. 

 

In terms of the interface itself and subsequent task automation Norman (1997) argues 

that “computers and robots will not mimic or surpass people” people and computers 

work to very different principles and goes on to state that in the future there will still 

be a need for humans or in our case a driver to make the high level decisions with 

regard to truck safety. Anecdotal evidence from the efforts of large haul truck 

manufacturers such as Komatsu to produce automated trucks has been met with low 

acceptance by mining companies tending to support Norman’s hypothesis. 

 

Karat (1997) discusses Electronic Performance Support Systems (EPSS) and User 

Centred Design (UCD) and looks at the “broader use of context in the development of 

usable systems”. The integration of collision avoidance systems into a haul truck 

driver’s normal operating mode, requires an understanding of both their capabilities  

And the context of CAS operation.  

 

Dickson (2001) examines the ability of machines (computers) to have a meaningful 

conversation such as (HAL in the movie 2001 A Space Odyssey), pointing out that we 

are many years away from having that capability. In collision avoidance we are only 

interested in succinct warning messages with maybe a hint of personality in the voice. 

 

Revzin (2001) makes the point that computer are quite complex to use and makes the 

case for distributive computing with new methods of human interaction, this fits in 
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well with having voice synthesis for warning systems on mobile mining machinery. 

Cassell and Bickmore (2000) discuss the cognitive state of trust in users such that they 

will engage in trusting behaviours, thus allowing the human-computer interaction to 

proceed. This is a very important area of research in the mining community as most 

drivers become distrustful of alarms after numerous false alarms. Shneiderman (2000) 

makes the point that speech is slow for presenting information. In the mine site haul 

truck application we can overcome this by limiting the vocabulary of the collision 

warning system, to a few meaningful phrases. 

 

Turk and Robertson (2000) discuss interaction techniques to combine an 

understanding of natural human capabilities with computer I/O. This is an area of 

concern to the mining industry as the mining machines become more complex the 

ability of ordinary miners to operate and control these devices is questionable. In 

order to continue and progress mining the human machine interface will have to be 

pitched at the ability of the miners to control these machines without a technical 

degree. 

 

Summary  

The literature search indicates that the technology already exists to make CAS 

systems more user friendly to the haul truck drivers. The added cost of the voice 

syntheses hardware and software will be more than offset by the willingness of the 

drivers to use the technology. The integration of the voice synthesis technology into 

the proposed CAS 1, 2 and 3 systems will be further examined in this Chapter. 

   

Collision avoidance systems computer to driver interface technology 

 What is the best method of alerting a haul truck driver of the presence of a light 

vehicle or person in the blind zone around the haul truck?  The existing R/F tagging 

system uses a visual display combined with an alarm beeper that alerts the driver to 

the presence of a light vehicle or person when reverse gear is engaged. The haul truck 

driver has to acknowledge the alarm before the truck can move, once the alarm is 
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acknowledged the time and date is recorded for use in the event of something being 

run-over after the alarm was acknowledged.  

 

Discussion with haul truck drivers (at Bengalla NSW and Blair Athol Qld. coal 

mines) indicated that the data logging has a coercive effect on the haul truck driver 

and a feeling of a spy in the cab and consequently a lack of enthusiasm from the 

drivers for collision avoidance technology. The mine haul trucks have Programmable 

Logic Controllers built in to monitor all aspects of the operation of the haul trucks and 

are readily accepted by the drivers as a necessary piece of equipment to keep the truck 

mobile, the goal of this area of research is to get acceptance from both the mining 

companies and their drivers of the need for collision avoidance technology. To help 

overcome this, the next ACARP funded development in the collision avoidance 

technology area, will be a fully integrated collision avoidance system with video 

camera footage, voice and collision alarms constantly monitored and data logged. The 

driver interface will have a voice synthetiser programmed to relay vehicle warnings in 

the accent of the driver with some personality traits to form a bond with the driver i.e. 

calling the driver by name. The driver will not have to acknowledge alarms; rather the 

alarm will be gentile voice reminders that will alert the driver to the presence of a 

detected vehicle on an ongoing basis with a mimic of the haul truck and surrounds 

showing the relative position of the detected object. 

 

Voice synthesis refers to a computer's ability to produce sound that resembles human 

speech. Although they can't imitate the full spectrum of human cadences and 

intonations, many systems allow the user to choose the type of voice -- for example, 

male or female from a definition on Internet webopedia (2005) 

(www.webopedia.com).  
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Figure 3.1  Subtractive Voice Synthesis Block Diagram 

(Graphic from Cook, 2002) 

 

The voice synthesis technology exists in software and hardware on PC’s and will have 

to be developed into a hard coded microprocessor to enable its use in the collision 

avoidance systems developed for mine haul trucks (Figure 3.1). 

Although voice synthesis is well understood, to duplicate the human voice so it 

sounds natural is still some way off (Cook 2002). Another voice synthesis technology 

considered for the CAS driver interface is visual to voice where a face appears on the 

CAS monitor and talks directly to the haul truck driver (Figure 3.2 and 3.3) 
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Figure 3.2: The Animated Talking Head Called Baldi. 

  (Graphic from Massaro, et al 2000) 

 

Figure 3.3: The Model Architecture of Our Parameter Estimator. 

(Graphic from Massaro, et al 2000) 

This technology will have to be adapted to voice warnings, interoperability with the 

CAS systems and trailed in the mining environment. There is also the prospect of 
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integrating driver attention warnings in the case of a driver falling asleep while 

driving. This would have to expand the scope of the CAS technology to driver 

monitoring of repetitive tasks, with driver response time triggering an alarm if outside 

preset limits. 

 

Conclusion 

There is reluctance by the mining industry to adopt more technology as haul trucks 

already have a large amount of technology fitted. Most haul trucks have a computer 

(PLC) looking after the operation and maintenance areas of the haul truck along with 

a GPS and full telemetry back to base for the dispatcher production control systems 

used in the larger mines. In this context to introduce another CAS technology into the 

drivers cab is going to cause concern to the driver. The challenge is to make the 

drivers cab manifestations of the CAS warnings as unthreatening as possible. As is 

known from research (Andrew et al 2001) and the defence aviation industry (voice 

synthesis is widely used in modern jet fighters) voice synthesis is the most promising 

way to integrate CAS into mine haul trucks. 

 

As indicated earlier in this Chapter there is a need for a driver condition monitoring 

during early and late shifts to anticipate the response time of the haul truck driver. 

Measuring the driver’s response time to detected objects, setting a limit for safe 

driving and warning the driver if they are getting close to this limit. If the driver goes 

outside these parameters the haul truck can report the situation to the controllers or 

shut down the haul truck until a supervisor can assess the situation.  
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Chapter 4: Video and Radio Frequency Tagging 

Introduction 

To avoid collisions, the haul truck drivers need to be aware of any and all objects that 

are in close proximity.  In particular the drivers need to be aware of mine personnel, 

light vehicles, fixed plant and equipment. Consequently this chapter investigates and 

develops a system to assist in the detection of objects in close proximity to stationary 

or near stationary large haul trucks. 

 

The crux of the problem, as explained in Chapter 1 and graphically illustrated in 

Figure 1.2 is the limited visibility imposed on the driver of these large haul trucks. To 

a distance of 30 metres the driver has only 20% of visually unobstructed view of his 

surroundings. The only aid that existed for haul truck drivers was a low definition 

black and white camera connected to a low-resolution LCD monitor, showing the rear 

view. The drivers could only use this for reversing due to its low resolution and poor 

positioning on the haul truck. Further investigation determined that less than 10% of 

all haul trucks in Australia had these cameras installed. The camera was deemed (by 

interview with a sample of drivers at both Bengalla coal mine in the Hunter Valley 

NSW and Blair Atholl coal mine in Clermont QLD) to be of little use, for the 

requirements of collision avoidance. There were dual mirrors on both sides of the haul 

trucks, but again, these were of limited use to the drivers as the protrusion of the truck 

body limited the field of view (Figure 1.8 a and b). 

 

The situation for personnel outside of the haul trucks was arguably worse. Although 

they had full visibility there were no aids for collision avoidance; this is exacerbated 

by the requirement that they wear hearing protection (PPE), which necessarily 

reduced their awareness of a change in the state of a haul truck, especially around 

workshops, and maintenance sheds.   

The challenge is to develop a system that provides timely warning to the drivers of 

objects within the various blind spots of their vision. The objectives of this system are 

to be able to: 
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¶ Detect objects within 30metres of the haul truck. 

¶ Discriminate between multiple objects.  

¶ Determine relative distance to each object. 

¶ Produce an audible and visual warning to the driver if an object is deemed 

unacceptably close to the truck, and 

¶ If an object is unacceptably close to a truck and it is a person, or light 

vehicle, then they should also receive a warning similar to above. 

An analysis of the system is now presented. 

 

Radio frequency tagging 

The concept of radio frequency (R/F) tagging had not been used in the open cut 

mining industry to any major degree before 1998 when a project from CSIRO and 

ACARP proposed an R/F based system for new open cut mines with defined and 

fenced boundaries. The R/F tagging system comprised a tag that both transmitted and 

received digitally encoded information to warn the haul truck driver and also send a 

warning from the haul truck to the person or light vehicle within a designated danger 

zone of the presence of a mine haul truck. The operation of the R/F tagging system is 

shown in Figure 4.1. The haul truck unit consists of up to four cameras, a high 

definition monitor with DSP and data-logging capabilities and up to two R/F tags 

transmitting and receiving (front and rear) units with unique identifiers. The personal 

R/F tag consists of a hard-hat mounted- R/F transmitting and receiving tag. With three 

light emitting diodes protruding through the sun visor that blink at an increasing 

frequency the closer the wearer gets to a haul truck. The R/F tag for the light vehicle 

is incorporated into an amber rotating and flashing lamp that is required by all mines 

once the light vehicle is on a mine site. An audio alarm is sounded inside the cab of 

the light vehicle once R/F contact with a haul truck has been made. Stationary plant 

has a transmitting R/F tag only to alert the haul truck driver. 
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Figure 4.1: System Function Diagram 

 

The prototype consists of:  

¶ Radio Frequency (R/F) Tag for each person.  

¶ Haul truck and light vehicle, mobile r/f unit.  

¶ Stationary drilling rigs and other items of value.  

The system on the haul truck for receiving the transmission from the tags, transmitting 

warnings to the other persons and processing incoming data, high quality video 

cameras and high definition TFT / LCD video screen. The video camera is housed in a 

rugged housing and produces full colour vision at 480 lines resolution (standard 

television is 320 lines) during daylight and a monochrome image of reflected infrared 

image during darkness.  The image is displayed on a high definition, 150 mm, colour, 

(TFT) LCD video monitor. (Figures: 4.2, 4.3, 4.4 and 4.5). 
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Figure 4.2: Camera Unit 

The Camera Units are water and dust resistant and designed to withstand the high-

pressure water sprays commonly used to clean the heavy vehicles. 

Figure 4.3: Heavy Vehicle Display Unit 

The Heavy Vehicle Display Unit consists of an active matrix LCD (TFT) screen to 

display images from the camera system, and LED display of number and type of 

detected objects (each R/F tagged object has its own unique number) from the R/F 

system, and driver controls for camera selection adjustment and alarm 

acknowledgement.  
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