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This paper describes a collision avoidance system for a guided public transport vehicle that operates in an unsegregated (or partially segregated) environment. Whereas fully automatic vehicles already operate on totally segregated guided rights-of-way (Metros, “people-movers”, lifts) and the major technical problems associated with driverless road vehicles have been solved, fully automatic road vehicles are not viable at this time. This is mainly for reasons of public acceptance, safety compliance and the associated legal issues. To limit these problems, we are developing a sensor and control system primarily for a light rail vehicle (tram).  As well as using the proven advantages of trams (accessibility, adaptability, comfort, environmental-friendliness), the fixed path involved minimises the complexity of the required control algorithms for interaction with other vehicles, pedestrians and other obstructions.  The initial system could provide emergency warning and braking of the vehicle as a step towards a control system for a completely autonomous tram.

The algorithms developed are designed to use active and/or passive sensors to detect and track the positions of objects in the vicinity of the tram’s path. There are two aspects to collision avoidance. Static or slow moving objects directly in the tram’s path can of course be detected and warning signals and braking applied. In addition, moving objects not currently in the direct path can be assessed as to the likelihood of collision. These moving objects’ positions are tracked and curve fitting used to model each object’s path, velocity, acceleration and rate of change of acceleration. This is used to predict if the object is a collision hazard. The tram’s speed can be automatically controlled to avoid a collision if possible. 

To move towards a reliable system, a series of prototypes have been constructed to evaluate suitable algorithms and sensors. The basic path prediction algorithms were initially developed and tested using simulated data. They were then applied on a bench top electric rail system (10cm gauge) using an ultrasonic scanning sensor. The ultrasound module provides accurate ranging data and the algorithms perform well when tested using the model vehicle on the model track. The speed of the vehicle was automatically controlled by the software and varied to avoid collisions. However, the speed of scanning and processing (several seconds per sweep) and the unreliable data in a noisy environment makes this only suitable for proof of concept. To improve performance a laser ranging scanner was substituted. The system was now capable of a scanning/processing cycle of approximately 0.5s.

By combining these range finding sensors with computer vision it should be possible to recognise the objects (car, pedestrian, etc.) as well as measure their movement. Typically when detecting obstacles in images a high-resolution image depicting a scene of some magnitude is presented to an obstacle detection algorithm. The algorithm then searches or analyses the whole of image space for the given obstacle despite the fact that some image regions are “uninteresting” to that particular algorithm e.g. the image background. A laser range finder is capable of detecting the presence (but not recognising) of obstacles in front of it by computing their three dimensional position. This position can be projected onto a camera image plane to narrow the search space for an obstacle recognition algorithm. This type of sensor fusion is demonstrated with results showing its effectiveness.

It is planned to exhibit the bench-top demonstration system using laser sensors and computer vision to illustrate this paper.

