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A rapid trajectory optimization method based on parallel computing

WANG Tianyi, ZHAO Jisong

(School of Astronautics, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract; The direct collocation method transforms a trajectory optimization problem into a nonlinear programming
(NLP) problem by discretizing both control and state variables. During the NLP solution process, repeated calcula-
tions of the first and second derivatives of the NLP and the values of the dynamic system at each discrete point are
required, leading to great computational complexities. Therefore, this paper proposes the following method; First,
the hyper-dual number method is introduced to accurately identify the sparsity of the second-derivative matrix of the
NLP and to determine the locations of the non-zero elements. Then, a multi-core parallel approach is used to rapid-
ly compute the non-zero elements of the first and second derivatives of the NLP as well as the values of the dynamic
system at each discrete point. Finally, OpenMP is employed for programming calculation in the C++ environment to
further enhance computational efficiency from the perspective of programming language. Simulation results demon-
strate that the proposed method effectively improves the efficiency of trajectory optimization and its computational

efficiency without compromising accuracy.
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SIBE: TX—, B EH. BFHTHFEHHTRFL T EFTE]]. BATRAFFR, 2025, 43(4) : 659-667

WANG Tianyi, ZHAO Jisong. A rapid trajectory optimization method based on parallel computing/J]. Journal of Northwest-
ern Polytechnical University, 2025, 43(4) : 659-667 (in Chinese)

© 2025 Journal of Northwestern Polytechnical University.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) , which

permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



