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In the overall framework, different vehicle models are considered in the FRS and BRS. In this appendix, the transfer of the vehicle dynamics between the FRS and BRS is detailed, which is used to map the range of state-action space (i.e., the control input) between the two reachable sets. Note that in this appendix, we use more common notations to redefine the system dynamics and coordinates for an easier understanding of the equivalent transformation.
According to Section 4.2, the point mass vehicle model is applied to describe the motion of the vehicle in the FRS.




where and are two-dimensional velocities in the global coordinate system, and∈ (0, 2π) is the yaw angle corresponding to the global coordinates. and are longitude and lateral speed in vehicle coordinates. and  are longitudinal and lateral accelerations. For the transformation of control input from the point mass model in the FRS to the ego vehicle’s bicycle model in the BRS, we add the influence of angular velocity by

Take the derivative of and  to obtain  and :




Finally, the acceleration and velocity in the longitudinal and lateral are formulated by  and :




Meanwhile, considering the ego vehicle model in the BRS:





where  = 1.738 m and  = 1.058 m are rear and front wheelbase.  and  is the synthesis velocity and acceleration, respectively. β is the slip angle and is the steering angle. For the ego vehicle model (bicycle model) in the BRS, the range of vehicle control input β and  can be calculated by the scale of ,   and  based on (28), (31a), (31b) and (32e). In this work, the range of   and are (-5,3) m/s2 and (-1.5,1.5) m/s2. And the range of and are (20,40) m/s and (-1.5,1.5) m/s, respectively. Considering that the surrounding vehicle model in the BRS is the simplified unicycle model, the range of disturbance  is the same as  in the ego vehicle model. Meanwhile, the range of disturbance angular acceleration  = can be calculated by (28), (31a) and (31b). Finally, we can obtain the equivalent range of control input  and disturbance .
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