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Abstract

A collision avoidance decision support system for drivers of heavy vehicles in the mining industry is proposed.  The novelty of the system is in the original design of three (3) separate, though interconnected, modules.  The modules are a radar antennae module, a smart micro-controlled front-end, and a PC based information system to interface with the end user (in this case, the drivers of the trucks).  The modularization was used to enable the components to be independently tested and evaluated. This relatively low cost system owes its success to the high signal sampling rate and filtering of spurious signals thanks to a high-speed front end. The resulting integration is thus able to supply a real time picture of the proximity of other vehicles. The progress of the construction of the hardware module is reported.  It is surmised that the system will be ready for field testing within 3 months.
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1. Introduction

The paper presents the results of a preliminary study for a collision avoidance DSS (designed and tested using computer simulation) in heavy mining vehicles.  Collisions arising from the use of large mining trucks have been a source of ongoing concern.  Indeed, the level of research into collision avoidance systems has always been significant.  However, research has increased noticeably in the last 8 years, 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 increased load capabilities.  The anticipated cost savings that would be achieved by decreasing the number of these collisions has directly lead to the funding of this research area and hence the increase in research activity.

The very practical need to implement the result of theoretical systems is evident in the unmeasured costs (both human lives, health and dollar value).  Some 147 collisions involving large mining equipment, over the last 10 years, were reported in NSW and Qld (Australia) open-cut coal mines (Mark and Verhof, 1999).  As a proportion of total mine operation collisions, this statistic is alarming in both its size and the consequences of such collisions.  

A reason for the proportionally large number of collisions involving heavy mine haul trucks (as opposed to other mining vehicles such as jeeps and land-cruisers) has been the low external visibility afforded to the drivers cab position. Another reason has been attributed to the lack of maneuverability, in short response time, 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 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.  For example, Jhang (1996) considered a novel method (laser based technology) to measure relative vehicle distances which they 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 may sound, we find it 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.

A small literature, however, 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.  Their seminal 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 their work was the recommendation that improvements in the technology are needed before the full potential of these systems for preventing crashes can be realised.

Although the research is principally interested in mine site accidents, there are similar accident types in open cut mines.  To this end, the paper also looks at the effectiveness of a number of different technologies in collision avoidance DSS. These range from ultrasonic Doppler, Doppler Radar to black and white video systems with microphone. Each system performs well but has a limited capacity to eliminate reversing collisions; the following are the principal limitations of each system when compared to the ideal collision avoidance system.

	System Type
	Limitations
	Remarks

	Ultrasonic
	Short Range less than 5Mtrs.
	Inconsistent over 3Mtrs. 

	Doppler Radar
	Narrow Beam
	Blind spots at short range

	Video & Sound
	Blind in low light 
	Monochrome 


These systems are designed for use on road going long haul trucks and their application to open cut mining is questionable. While accidents occur when large mine vehicles are reversing, the damage is generally minimal. While accidents moving forward are usually devastating for the other vehicle (if it is a light vehicle) or fatal for a pedestrian.

The first system is based on ultrasonic Doppler shift detection , of the five ultrasonic Doppler shift systems looked at in the paper only two performed close to specification eg., detected a pedestrian walking slowly through the detection zone. 

Ultrasonic detection systems have a very limited range of detection from 3 to 5 metres and are only useful for reversing at slow speed, less than 5 kilometres per hour. As the blind zone around a mine haul truck extends for 30 metres the ultrasonic system would only be useful in detecting truck creep when trucks are queuing waiting to be loaded or haul truck to shovel collisions during the loading process.

Side and rear looking video systems have a much better application in mine haul truck collision avoidance. This is due to the longer range of the video cameras and the increased ability of the truck driver to evaluate the possibility of and take corrective action in the event of a possible collision. There are two types of video systems worth noting. Type 1 is video only and type two has a microphone attached to the video camera. Both systems operated well, but monochrome systems operate with reduced effectiveness when compared with high definition colour video.

The Doppler radar RODS and SODS were only prototypes and were not integrated into a smart front end. This limited their ability to make maximum use of the detection data.

Thus although there are technologies that could be modified for use in collision avoidance systems in heavy mining trucks, a more comprehensive and real-time solution is urgently required.  The work presented here represents the design and simulated testing of such a system.

2. 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 tons at speeds in excess of 100 Km per hour. Collision detection is primarily in the area of truck to truck and reversing, with a number of systems already in use (ref. Radar Based Vehicle Collision Warning System J.D. Woll Eaton VORAD Technologies Inc.). 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. In view of this 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 10 metres detection for a man 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 of the driver allied to the ability of the mine haul truck to brake and stop within these distances. The mine haul truck side detection Doppler radar (see figure 1) proposed here is a 10.6 Ghz. Unit (see figure 1 ) with a wide polar dispersion to give overlapping detection when spaced at 3 metre centres along the haul truck sides. For the front and back Doppler radar it is proposed to use 77 Ghz. narrow beam antennae 20 degrees for rear antennae and 11 degrees for front antennae.  

There are a number of problems when trying to migrate collision avoidance technology developed for road going heavy haulage trucks to mine haul trucks.

· Ultrasonic Doppler systems have too short a range (typically 3 to 5 metres) for speeds above 10 kilometres per hour.

· The Doppler radar collision systems are narrow beam and 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.








Figure 1.
 Smart Doppler Radar Antennae
Long Range Doppler Radar Antennae 

The long Range Doppler radar antennae will use a flat planar antennae construction with a single transmitter and multiple receivers arrayed around the transmitter. The detection area of the antennae will be 11 degrees at 100 metres for the front mounted antennae, and 20 degrees at 50 metres for the rear mounted antennae.

The operation of the antennae will be different from the side mounted close proximity antennae described earlier, in the way the distance to object is detected. However, the long range antennae will use standard Doppler techniques for velocity measurement as outlined earlier. 

Range Detection Using Single Transmitter and Multiple Receiver Arrays

If we use a fast micro-controller to pulse the transmitter and switch between multiple receivers we can measure the distance a signal has travelled and the number of signals returned will give us multiple object detection.

Construction

This module comprises an aluminium horn antennae transmitting at microwave frequency of 10.6Ghz, and 77 Ghz.a printed circuit board with an analogue to digital converter(ADC) feeding data to a micro-controller.(see figure 1) The micro-controller has a built in synchronous communication device that allows the micro-controller to communicate with the front end module using wired controller area network protocols (CAN) or hybrid wireless radio transmitters using specially written protocols. The antennae with the printed circuit board are mounted inside a stainless steel enclosure with an aperture for the horn antennae opening. This opening will be covered with five millimetre thick poly-carbonate to protect the horn and electronics from the ingress of moisture or dust.

Operation
The operation of the microwave Doppler shift radar antennae is (scan in antennae operation from manufacturers data sheet) operation as a multiple array antennae mounted around the periphery of the mine haul truck. The antennae gives two parameters of the detected object:

1. The gain of the reflected radar signal is measured from –30db to –5db to give distance to object after system configuration.

2. Signal Doppler shift is measured that will give the speed of the object relative to the speed of the truck on which the antennae is mounted.

A PIC micro-controller will take the raw signal data converted to 12 bit binary number through A/D converter and a frequency to voltage converter, this data is stored in buffer memory and transmitted to the front end either by a controller area network (CAN) or radio frequency (RF) transmission. 

The transmitted data will consist of the serial number of the smart antennae, followed by two 12 bit binary numbers that represent the distance to an object and the speed of the object relative to the speed of the antennae.

 Each antennae will transmit all raw data to the front end as soon as the data has been given binary values. To ensure that the antennae is operating correctly, every 10 milliseconds a data packet will be sent to the front end with the serial number of the antennae and a diagnostic report on the operation of the antennae.

3. Computerised Front End 

By utilising a high-end Pentium III processor the front end of the proximity detection system (see Figure 2)  will in near real time scan each of the smart antennae in turn mounted around the periphery of the mine vehicle.  By correlating the received signals for both distance and rate of movement using software algorithms can calculate the precise location and speed of the object detected relative to the truck the system is mounted on.

The computer will comprise of a motherboard with CD ROM writer (burner) for loading programs into flash memory 256 M/Byte. A high-end graphics accelerator will supply pictures to a high definition active TFT LCD display to mimic the haul truck and the obstacles detected around the periphery of the truck. This will be at whatever distance to those objects we have calibrated the system to report, eg. 30 Metres left and right hand sides, 100 Metres front and 50 Metres rear. 









Figure 2. Smart Front End
The front-end computer will be housed in a die cast instrument case with the mimic display mounted on the dashboard of the haul truck close to the driver. If the proximity detection system is wireless an antennae will be mounted external to the cab of the haul truck and connected to the front-end computer by Co-axial cable.

Audible alarms will be integrated into the mimic display to warn of a potential collision. The mimic display will be of a high enough quality that it can also be used to display video signals from cameras mounted behind the haul truck for reversing, this mode of operation can be instigated when the driver engages reverse gear. 

By incorporating a large hard drive into the front-end computer it will be possible to record the last 30 minutes of data from the radar system, this will make accident analysis much easier in the event of a collision. A provision can also be made for measuring the drivers response to detected objects and have the truck notify base in case of a driver having response outside of an accepted norm.

4. Conclusion

The use of a PIC or similar micro-controllers will allow the option of either processing the data received from the Doppler radar at the antennae or transmitting the raw data back to the front end for processing.  This method makes the proposed collision avoidance system flexible enough to permit high-speed detection processing, which due to the large sampling rate that may cause a bottleneck at the front-end data processing function. The bottlenecks can occur if the haul-truck is very large (necessitating large number of antennae’s reporting to the front end), or if the speed of operation of the haul trucks increases due, for example, to the use of collision avoidance systems.    

Locating the smart antennae on the haul trucks may cause some problems, as the amount of room available is quite restricted. It is important that the antennae are as flexible as possible with regard to power supply and communication.  It may also be necessary to stagger the location of the antennae relative to the mounting plane that could cause a differential distance to an object detected by successive antennae.  We believe it should be possible to correct this problem when calibrating the system before initial use.     
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