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Recently in Japan, the number of traffic fatalities and number of traffic
accidents in automobiles are decreasing, however, the number of fatal
accidents remains high and society-wide efforts to reduce traffic accidents in
society are necessary. Until now, the spread of passive safety technology and
vehicle motion stabilization control technology have greatly contributed to the
reduction of traffic fatalities and traffic accidents. In recent years, from the
expectation of the effect of reducing traffic accidents, the research and
development of the driver assistance systems concerning the normal driving
and the collision avoidance has been increasing, and installation of those
systems in commercial vehicles is also carried out sequentially. However, the
driver assistance systems installed in a commercial vehicle currently is just a
gathering of multiple systems, and it is expected that the system will become
.| further diversified and complicated hereafter, and there are problems such as
interference between systems and discontinuous control intervention due to
taking over between systems. Therefore, this research aims to realize a
seamless integrated driver assistance system two-dimensionally from the
normal driving to the critical driving. Among them, it is proposed an integrated
control method in the collision avoidance in this paper.

This paper proposes the Virtual Repulsive Force Field (VRFF) method
as an integrated collision avoidance control concept. The VRFF gives the vehicle
a constant control force that takes into consideration the limit of the force that
the vehicle can generate, and the control force acts in a direction perpendicular
to the avoidance object (repulsive force direction). In addition, the VRFF
method is comprehensible control theory based on the particle dynamics law,
and enables seamless collision avoidance control with integrated deceleration
and turning. _

Firstly, the algebraic formulae of collision avoidance control against
straight roadway, curved roadway, and multiple obstacles are derived by using
particle mass model. In single straight and curved condition, the virtual
repulsive force field is divided into two types of sections, which consists of
constant jerk section and constant acceleration section. The feedforward and
feedback controllers based on a two-wheel vehicle dynamics model are also
designed to verify the effectiveness and feasibility of the proposed control
method. Secondly, the simulation with particle mass model shows that the
path geometry, the activation point and the vehicle dynamics value can be
calculated when the control acceleration input, the initial velocity, approach
angel, and the lateral offset are given. Consequently, the calculation result
reveals that avoidance performance of the proposed method is superior to the
lateral force avoidance or the longitudinal force avoidance. By comparing the
control activation distance between the complex vehicle dynamics model and
the particle model, the feasibility of controller implementation for actual vehicle
is verified. :
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