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Rapid generation of reentry landing footprint for cross-domain
morphing vehicle based on virtual points

ZHANG Yuanlong™, XIAO Guozheng, XIE Yu, FAN Jinxiu, LIU Hongfu
(College of Intelligence Science and Technology, National University of Defense Technology, Changsha 410073 , China)

Abstract: To address the challenge of rapidly generating the multi-constrained reentry landing footprint for multi-dimensional
trans-atmospheric morphing vehicles, a rapid generation method was proposed by integrating virtual point approximation with an
hp-adaptive Gauss pseudospectral method. The method first decomposed the complex problem of footprint boundary
determination into a series of optimal trajectory generation subproblems targeting virtual points, which effectively reduced the
solution's dimensionality and computational complexity. Subsequently, a segmented Gauss pseudospectral method was employed
to transcribe each multi-constrained optimal control problem into a nonlinear programming problem, efficiently solving for reentry
trajectories of vehicles with simultaneous span-extension and sweep-angle morphing capabilities. Furthermore, high-quality initial
guesses were generated by leveraging the distribution of these virtual points, which significantly enhanced the algorithm's
convergence speed. Simulation results demonstrate that the proposed method significantly improves both the generation efficiency
and convergence for the reachable footprint, providing an efficient analysis tool for the mission planning and performance
evaluation of morphing vehicles.

Keywords: multi-dimensional trans-atmospheric morphing vehicle; landing footprint; virtual point; segmented Gauss

pseudospectral method; continuous multi-dimensional control
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Fig. 1 Schematic diagram of landing footprint

boundary generation based on virtual points
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Fig. 3 Cross-domain morphing vehicle
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Fig. 4 Simulation results of cross-domain morphing vehicle approaching virtual points
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