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Summary
A review of the Australian Constructers Association (ACA) vehicle collision avoidance (CAS) technologies matrix is examined with reference to relevant standards. There are over 100 standards listed in appendix 1 which concern vehicle interaction with persons, other vehicles, stationary objects and injury mitigation technologies, the matrix by necessity is a broad approach to CAS technologies. The ACA matrix is assessed first with the two most relevant ISO Standards ISO 5006 / 16001 and then against all the other standards.
The ACA matrix comprehensibly covers device controls for construction site vehicles and as such should be used as part of a risk assessment on construction sites.
My thanks to Peter Woodford, CEO of LSM Ltd. for the use of safety reference data and graphics and to Dr Chris Doran, Technical Director AMT Ltd for use of the RFID/ high definition video systems reference data, jointly developed by CSIRO and AMT Ltd. (1998 to 2001).
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Introduction
This report looks at a number of collision avoidance technologies as outlines in the collision matrix (Table 1) supplied by the Australian Constructors Association, to examine how they address the potential for construction site vehicle collision.

We look at the causes and contribution to accidents, risk analysis and then what are the most appropriate accident mitigation technologies.
The problem of construction site vehicle collisions is closely related to general road accidents which in 2008 worldwide claimed the lives of 1.2 million people, with 50 million injured at a cost of approximately US$3 Trillion. This is a technology problem and requires a technological solution, such as initially, improved vision for the vehicle driver and ultimately with adaptive cruise control, vehicle location in real time and automated vehicle proximity awareness.

Causes and Contributors. 

· At low speeds of 0- 10 kilometres / hour.
· Reduced visibility.
· In situations where there is close proximity. 

· Primarily rearward travel. 

Initial Action- Risk Analysis. 

When considering technology to mitigate Fatalities, Injury and HPI's, associated with V2V, V2P and V2I interactions, the matrix is a very place to start which indicates what technology should be implemented. 

The first step is to complete a thorough and detailed RA (Risk Analysis- Assessment) in providing a solution that can meet ALARA (As Low As Reasonably Achievable) / Zero Harm objectives. 

Whilst many aspects of safety involving machines and human interaction are common, there are some different requirements when dealing with under- ground and above- ground Mining / Earthmoving Operations. 

What is the most relevant technology? 

There should be a series of steps we follow that should be considered when endeavouring to mitigate Fatalities, Injuries and HPI's involving associated V2V, V2P and V2I interactions: 

Step 1: Operator Visibility: 

• Implement the ISO 5006 / 16001 (shown below) to eliminate "blind spots" with the use of "Visual Aids" such as Mirrors and CCTV Systems. 

• This should mitigate more than 90% of such incidents
INTERNATIONAL STANDARD ISO 5006 (First edition 1 November 2006)
Earth-moving machinery - Operator's field of view - Test method and performance criteria

Engins de terrassement - Visibilite du conducteur - Methode d'essai

et criteres de performance

--- ~--- - -

~:-..I S,~ ';O..' ~ .: .-. --

Reference number

ISO 5006:2006(E)

© ISO

Introduction

The purpose of this International Standard is to address operator's visibility in such a manner that the operator can see around the machine to enable proper, effective and safe operation that can be quantified in objective engineering terms. This International Standard includes a test method that uses two lights placed at the

location of the operator's eyes. The masking’s due to the machine, its components and attachments are determined around the machine, on a boundary line 1 m away from the smallest rectangle that encompasses the machine and on the visibility test circle. The radius of the circle is 12 m. The method used doesn't capture all of the aspects of operator's visibility, but provides information to assist in determining the acceptability of visibility from the machines. Criteria are included in this International Standard to provide guidance for designers as to the extent of visibility masking’s that are acceptable. Because of the operator's capability and the operation mode of the machines, the test method divides the area around the machine into six sectors: the front (sector A), to the front sides (sectors B and C), to the rear sides (sectors ° and E), and to the rear (sector F). For each of the sectors, the operator has physical characteristics that are considered. Besides the eye spacing of 65 mm (the nominal binocular eye spacing of the 50th percentile operator), additional adjustments can be made considering that the operator has the capability to turn the head and move the body torso side to side. This allows the range of eye spacing to be enlarged up to 405 mm for the sectors A, Band C. For the sectors 0, E and F, the turning of the operator's head and the rotation of the body torso are restricted by the physical aspects for seated operator. Thus, the maximum achievable eye spacing is 205 mm for sectors 0, E, and F. For certain machine types, the eye spacing’s used are less than the maximum permitted values based on the ergonomics of the operator. This is done to maintain the current state-of-the-art of machines. The established visibility performance criteria are based on the physical aspects of the human operators and ground personnel using various representative dimensions and the design of machines that have provided acceptable visibility. To establish the visibility criteria, a combination of the eye spacing’s and masking widths are used. Multiple masking’s in sectors are acceptable where there is adequate spacing between the individual masking’s. Where the direct visibility is considered inadequate, additional devices for indirect visibility [mirrors or closed circuit television cameras (CCTV)]. can be used to achieve acceptable visibility. For the rectangular 1 m boundary (RB) additional devices for indirect visibility (mirrors or CCTV) are preferred. Other aids (see ISO 16001) can be used exceptionally. Jobsite organization can be an additional effective measure to compensate for remaining visibility maskings.
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Figure 1:  Operators Visibility

(Graphic courtesy of LSM Ltd.)
The ISO 5006 clearly states: "The purpose of this International Standard is to address operator's visibility in such a manner that the operator can see around the machine (360 deg) to enable proper, effective and safe operation that can be quantified in objective engineering terms. 

Fig 1: ISO 5006 specifies that Visibility be provided on a Boundary line of 1.0 metre / 1.5 metre height from the smallest rectangle that encompasses the machine and on a circle of a 12.0 metre radius. 
Like PPE- there is no “legislation” that requires the implementation of ISO 5006 / 16001. However, PPE is an accepted “Industry Control Measure” and if an incident occurs in a workplace then duty- of- care and regulative accountability ramifications will occur. 

The ISO 5006 / 16001 for Operator Visibility is also an accepted and recommended industry control measure to eliminate fatalities, injuries and HPI's, associated with Vehicle to Vehicle (V2V), Vehicle to Person (V2P) and Vehicle to Infrastructure (V2I) interactions.
INTERNATIONAL STANDARD ISO 16001 (First edition
2008-02-15)
Earth-moving machinery – Hazard detection systems and visual aids - Performance requirements and tests

Engins de terrassement - Oispositifs de detection des risques et d'aide

visuelle - Exigences de performances et essais

~~ISiO':"J :~.. ,~ ;.. ,~ .-. .-:-
~~~

Reference number

ISO 16001:2008(E)

© ISO

Introduction

This International Standard outlines test procedures and sets criteria for the development of hazard detection systems (HDS) and visual aids (VA) for detecting people. Proper job-site organization, operator training and the application of relevant vision standards (ISO 5006 and ISO 14401) address the safety of people on job sites. In some cases, vision of the working area cannot be achieved either by the operator's direct view or indirect view using mirrors. In such cases, operator awareness

can be improved by the use of HDS and VA. HDS and VA provide information to the operator as to whether a person or object is in the path of the machine,

primarily during rearward movement. It is essential to note that HDS and VA have both advantages and disadvantages. There is no device that

works perfectly in all situations. It is especially important that the shortcomings of HDS and VA be recognised and known to system users. The advantages and disadvantages of selected devices are summarized in Annex A.

©
Mirrors and Reversing Cameras 

• Are stand- alone systems, require little maintenance and no separate infrastructure to support them. 

• Investment is minimal. 
Step 2: Proximity Warning / Detection Systems: 

• Short and Long Range Radar (RF Tagging for personnel / equipment- underground (RFID)) as developed by CSIRO and AMT Ltd.. 

• These devices however, augment Step 1 and as stipulated by the ISO 5006 (16001) are a "Hazard Detection" device and can only be used in "exceptional" circumstance in place of CCTV / "Visual Aids". 

• The ISO 5006 (16001) is clear- a "blind technology" should not be utilised to mitigate a "blind spot" Operator Visibility issues. 

• Hazard Detection (HD) are a good secondary devices to complement Step 1 so as reduce Operator interaction (changing camera views) and to "prompt / warn" the Operator or to automatically initiate a camera view should an object be detected. 

• One also needs to consider the risk in using such devices as a primary Safety defence, as they are not a safety device on their own and are classed as a "backup up assist" (HD) devices only. 

• Hazard Detection / Proximity devices are stand- alone systems, require little maintenance and no separate infrastructure to support them. 

• Investment is minimal. 

Step 3: Collision Avoidance / Awareness Systems: 

• Are usually RF and / or GPS communication / positioning systems. 

• These systems are primarily utilised for Fleet Management information on positioning of plant. 

• Will provide management information for vehicle congestion, dedicating no- go zones (eg blast areas, overhead power lines, etc.), non- compliance (contravening speed, intersection stops), mapping of haul roads, etc. 

• May provide some degree of safety but only for less than 2-5% of incidents and these situations can be mitigated better by other methods and procedures (eg high speeds / intersections- removal of light vehicles on haul roads, etc). 

Matrix
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Table 1

ROPS/FOPS and Rollover Bars 

Are covered by AS 1636.1 Tractors – Roll-over protective structures - Criteria and tests - Conventional tractors

Reverse Alarm

Two International Standards may be relevant to audible movement alarms. One is “Ergonomics— Danger signals for public and work areas— Auditory danger signals” [ISO 7731, 2003] and the other is “Earth-moving machinery — Machine-mounted audible travel alarms — Test methods and performance criteria” [ISO 9533, 1989]. Australian Standard 4742 – 2003 was identical with ISO 9533, 1989 but is currently listed by Standards Australia as ‘withdrawn’ in December 2008. Each of these two ISO standards is discussed in the following sections.

Seat Belt/Harness
AS 2664 Earthmoving machinery - Seat belts and seat belt anchorages
AS 2953.3 Earth-moving machinery - Human dimensions - Seat index point

Strobe Lights
ANSI B56.1 says:

4.1.2. Unusual operating conditions may require additional safety precautions and operating instructions.

4.15.2. The user shall determine if operating conditions require the truck to be equipped with additional sound-producing or visual (such as lights or blinkers) devices, and be responsible for providing and maintaining such devices.

Proximity Alarms/GPS
 See Compliance / Control Measures- ISO 5006 / 16001. 
Collision Avoidance Systems
See Compliance / Control Measures- ISO 5006 / 16001. 
Handbrake on Blade/Bucket Down Warning
No Specific Standard, Risk Assessment, Risk Management.
Tilt Meter

No Specific Standard, Risk Assessment, Risk Management.
Reverse Camera

See Compliance / Control Measures- ISO 5006 / 16001.
Hitch on/off Indicator

No Specific Standard, Risk Assessment, Risk Management.
Reverse Control

No Specific Standard, Risk Assessment, Risk Management.
Swivel/Side seat

No Specific Standard, Risk Assessment, Risk Management.
Baffleballs

No Specific Standard, Risk Assessment, Risk Management.
Mirrors

See Compliance / Control Measures- ISO 5006 / 16001. 
Vehicle Monitoring System

See Compliance / Control Measures- ISO 5006 / 16001. 
Lockout Valves

No Specific Standard, Risk Assessment, Risk Management.
Zero Swing

No Specific Standard, Risk Assessment, Risk Management.
Human Factors
Before we can address vision and proximity detection systems for mine sites we should examine the human causes of vehicle collisions at construction sites which come under broad headings:

Driver Error
The first thing to be aware of in apportioning blame to drivers for accident is the fact that very few if any drivers get into a vehicle with the intent of injuring or killing themselves or anybody else for that matter. In many cases, the speed with which a person can respond, "reaction time," is the key to assigning liability. It is common practice for accident reconstructionists simply to use a standard reaction time number, such as 1.5 seconds, when analyzing a case. In fact, reaction time is a complicated behavior and is affected by a large number of variables. There can be no single number that applies universally. 

Reaction time is a surprisingly complex topic. Unfortunately, most "experts" used canned numbers without a good appreciation for where the numbers originate, how they were obtained or the variables than affect them. Moreover, there are several distinct classes of reaction time, each with somewhat different properties. In this article, I briefly describe some keys issues. The discussion focuses primarily on driver reaction time. 

Fatigue
There is a need for a driver condition monitoring during early and late shifts to anticipate the response time which mostly applies to haul truck drivers. 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. 

Driver Slow Reaction Times
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. 

Driver Alarm Interface 
What is the best method of alerting a construction vehicle driver of the presence of a light vehicle or person in the blind zone around the vehicle?  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 and was developed for large haul trucks used in the mining industry. The haul truck driver has to acknowledge the alarm before the truck can move, once the alarm is 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.

Technology Clutter in the Drivers Cab.
There is reluctance by the mining industry to adopt more technology as haul trucks already have a large amount of technology fitted and this must also be of concern to the construction industry. 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.
Conclusion

All accidents are avoidable; we must introduce a culture of safety in the workplace with risk assessment as a matter of course before undertaking any task. A good example of a safety culture is the aviation industry which in 2008 was responsible for less than six hundred deaths in spite of the number of aircraft and passengers carried. The aviation industry has made flying probably the safest method of transport, we can learn from their experience.
The ACA matrix is a good tool when investigating the best collision avoidance technology for any given construction site vehicle. 
Appendix 1

Cranes, Lifting & Towing

MDG 8 Requirements for Man Lift Box Suspended from a Crane for Use in Coal Mines (Revised

1996)

AS 1394 Round steel wire for ropes

AS 1418.1 Cranes, hoists and winches - General requirements

AS 1418.10 Cranes (including hoists and winches) - Elevating work platforms

AS 1418.17 Cranes (including hoists and winches) - Design and construction of workboxes

AS 1418.18 Cranes, hoists and winches - Crane runways and monorails

AS 1418.2 Cranes (including hoists and winches) - Serial hoists and winches

AS 1418.3 Cranes, hoists and winches - Bridge, gantry, portal (including container cranes) and jib

cranes

AS 1418.5 Cranes, hoists and winches - Mobile cranes

AS 1418.7 Cranes (including hoists and winches) - Builders hoists and associated equipment

AS 1418.9 Cranes (including hoists and winches) - Vehicle hoists

AS 1735.1 Lifts, escalators and moving walks - General requirements

AS 2317 Collared eyebolts

AS 2318 Swivels for hoists

AS 2321 Short-link chain for lifting purposes

AS 2550.1 Cranes, hoists and winches - Safe use - General requirements

AS 2550.10 Cranes - Safe use - Elevating work platforms

AS 2550.3 Cranes, hoists and winches - Safe use - Bridge, gantry, portal (including container

cranes), jib and monorail cranes

AS 2550.5 Cranes, hoists and winches - Safe use - Mobile cranes

AS 2550.9 Cranes - Safe use - Vehicle hoists

AS 2740 Wedge-type sockets

AS 2741 Shackles

AS 2759 Steel wire rope - Application guide

AS 3569 Steel wire ropes

AS 3776 Lifting components for Grade T chain slings

ISO 4309 Cranes; wire ropes; code of practice for examination and discard

Mobile Plant Surface

MDG 15 Guideline for mobile and transportable equipment for use in mines

AS 1636.1 Tractors – Roll-over protective structures - Criteria and tests - Conventional tractors

AS 2080 Safety glass for land vehicles

AS 2012.1 Acoustics - Measurement of airborne noise emitted by earth-moving machinery and

agricultural tractors - Stationary test condition - Determination of compliance with

limits for exterior noise

AS 2012.2 Acoustics - Measurement of airborne noise emitted by earth-moving machinery and

agricultural tractors - Stationary test condition - Operator's position

AS 2294.1 Earth-moving machinery - Protective structures - General

AS 2294.2 Earth-moving machinery - Protective structures - Laboratory tests and performance

requirements for roll-over protective structures

Mech Eng Standards 23 December 2003

AS 2294.3 Earth-moving machinery - Protective structures - Laboratory tests and performance

requirements for falling-object protective structures

AS 2294.4 Earth-moving machinery - Protective structures - Specifications for deflection-limiting

volume

AS 2359.1 Powered industrial trucks - General requirements

AS 2359.12 Powered industrial trucks - Hazardous areas

AS 2359.6 Powered industrial trucks - Safety code

AS 2664 Earthmoving machinery - Seat belts and seat belt anchorages

AS 2868 Classification of machinery for earthmoving, construction, surface mining and

agricultural purposes

AS 2951 Earth-moving machinery—Nomenclature

AS 2952 Earth-moving machinery—Basic shapes and dimensions

AS 2953.0 Earth-moving machinery - Human dimensions - General introduction and listing

AS 2953.1 Earth-moving machinery - Human dimensions - Minimum access

AS 2953.2 Earth-moving machinery - Human dimensions - Physical dimensions of operators and

minimum operator space envelope

AS 2953.3 Earth-moving machinery - Human dimensions - Seat index point

AS 2954 Earth-moving machinery—rated loads and volumetric ratings

AS 2954.0 General introduction and listing

AS 2954.1 Rated operating loads for crawler and wheel loaders

AS 2954.2 Dumper bodies—volumetric rating

AS 2954.3 Elevating scrapers—Volumetric ratings

AS 2954.4 Tractor scraper—volumetric rating

AS 2954.5 Loader and front loading excavator buckets—volumetric rating

AS 2954.6 Hydraulic excavators—Hoe type buckets—volumetric ratings

AS 2955.0 Earth-moving machinery - Tests and measurements - General introduction and listing

AS 2955 Earth-moving machinery—Tests and measurements

AS 2955.0 General introduction and listing

AS 2955.1 Measurement of tool movement time

AS 2955.2 Method for locating the centre of gravity

AS 2955.3 Determination of ground speed

AS 2955.4 Hydraulic excavators—measurement of tool forces

AS 2955.5 Measurement of the masses of whole machines, their equipment and components

AS 2955.6 Operators seat—Transmitted vibration

AS 2955.7 Measurement of the dimensions of whole machines with their equipment

AS 2955.8 Measurement of turning dimensions of wheeled machines

AS 2955.9 Measurement of drawbar pull

AS 2955.10 Loaders—Measurement of tool forces and tipping loads

AS 2956 Earth-moving machinery—instrumentation and operators controls

AS 2956.0 General introduction and listing

AS 2956.1 Excavators—Operator’s controls

AS 2956.2 Operating instrumentation

AS 2956.3 Service instrumentation

AS 2956.4 Symbols

AS 2956.5 Zones of comfort and reach for controls

AS 2956.6 Crawler tractors and crawler loaders—Operator’s controls

AS 2957 Earth-moving machinery—Operation and maintenance

AS 2957.0 General introduction and listing

AS 2957.1 Common maintenance and adjustment tools

AS 2957.2 Common repair tools—Mechanical pullers and pushers

AS 2957.3 Preservation and storage

AS 2957.4 Format and content of manuals

AS 2957.5 Guide to procedure for operator training

AS 2957.6 Training of mechanics

AS 2958.0 Earth-moving machinery - Safety - General introduction and listing

AS 2958.1 Earth-moving machinery - Safety - Wheeled machines – Brakes

AS 2958.2 Earth-moving machinery - Safety - Guards and shields - Definitions and specifications

AS 2958.3 Earth-moving machinery - Safety - Roller compactors—Brake systems

AS 3868 Earth-moving machinery—Design guide for access systems

AS 4242 Earth-moving machinery and ancillary equipment for use in mines - Electrical wiring

systems at extra-low voltage

AS 4457 Earth-moving machinery - Off-highway rims and wheels - Maintenance and repair

AS 4987 Earth-moving machinery - Tip-over protection structure (TOPS) for compact excavators

- Laboratory tests and performance requirements

AS 4988 Earth-moving machinery - Hydraulic excavators - Laboratory tests and performance

requirements for operator protective guards

ISO 5006-1 Earth-moving machinery; operator's field of view; part 1: test method

ISO 5006-2 Earth-moving machinery; operator's field of view; part 2: evaluation method

ISO 5006-3 Earth-moving machinery; operator's field of view; part 3: criteria

Mobile Plant - Underground Coal

MDG 1 Guideline for free steered vehicles

MDG 2 Design guidelines for the construction of locomotives for use in coal mines

MDG 9 Design Guidelines for the Construction of Electrical Powered Shuttle Cars for Use in

Coal Mines (Reprinted 1994)

MDG 29 Guidelines for Diesel and Operator Environment Testing in Underground Coal Mines

MDG 32 Guideline for the Maintenance of Diesel Engine Systems in Underground Coal Mines

MDG 36 Design Guidelines for the Construction of Fuel Containers for Use in Underground Coal

Mines

MDG 39 Handbook for Approval Assessment of Transport Braking System on Free Steered

vehicles in Underground Coal Mines

MDG 1009 Guidelines for the Operational Use of Free Steered Vehicles in Underground Coal

Mines

MDG 1018 A review of Diesel Fuel quality for the New South Wales Underground Coal Mine

Industry

AS 3584.2 Diesel engine systems for underground coal mines - Explosion protected
(From the mineral resources website)
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