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Refinement of Obstacle Constraints in Trajectory
Planning Using Super Ellipses for Narrow Passage
Navigation with Model Predictive Control

TONOGAI Norikazu, MUKAI Shigeharu and SAITOH Yumi

This paper presents a refinement of obstacle constraints in trajectory planning for autonomous mobile robots
using Model Predictive Control (MPC). MPC generates velocity commands that guide the robot to achieve a
given goal by adjusting its position and orientation overtime. In MPC formulations, obstacle constraints require
differentiable representations of the robot’s shape, making it difficult to directly incorporate polygonal shapes
such as squares. As a result, robots are typically approximated using primitive shapes like circles or ellipses,
which introduce excessive clearance and reduce flexibility in narrow environments. To address this limitation, we
adopt a shape approximation method based on super ellipses. However, high-order super ellipses often lead to
instability in numerical optimization. To overcome this, we introduce a refined constraints formulation that stabi-
lizes the optimization process. The effectiveness of this method is evaluated through simulations, demonstrating
that it is more suitable for narrow passage navigation compared to conventional methods. Furthermore, the aver-
age processing time of the proposed method is equivalent to that of conventional methods, ensuring real-time

performance.
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