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Simultaneous dynamic optimization for autonomous parking

CHEN Rong-hua, WANG Ke-xin, SHAO Zhi-jiang’
(College of Control Science and Engineering, Zhejiang University, Hangzhou Zhejiang 310027, China)

Abstract: A simultaneous framework is put forward for dynamic optimization for autonomous parking. In contrast to
geometric methods, models of the vehicle as well as environment with obstacles are handled all together in this approach.
Mathematical programs with complementarity constraints (MPCC) and R-functions methods are proposed to describe the
conditional constraints relating to obstacle avoidance. Combined with the vehicles’ kinematic and physical constraints,
a driving system model is established. Based on this model, a dynamic trajectory optimization problem is formulated
with a kinematics related objective, the minimum operating time. Discretization based on orthogonal collocation over
finite elements is applied to obtain accurate numerical solution of the dynamic problem. The resulting trajectory with
time information can be employed directly to vehicle operation. Performance of the proposed method is demonstrated by
numerical experiments of various parking cases.
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2 VHZE RGHR (Parking system model)
2.1 HEIRiz5h A (Kinematic model)
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Fig. 1 Car parameters

2.2 P2 (Physical constraints)
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2.3 BRI (Obstacle avoidance model)
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Fig. 3 Corner collision
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2.4 AZEIHFMAL A B (Dynamic optimization for-
mulation for parking system)
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Table 1 Car parameters
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Table 2 Simulation cases
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the geometric method)
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5 45iE(Conclusions)
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