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Figure 1 (Color online) Schematic of coordinate system and landing
scenario for powered descent phase.
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Figure 2 (Color online) Schematic diagram of obstacle avoidance and
cone constraint for powered descent phase.
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Figure 3 (Color online) Position measurement with errors and
corresponding modified slope constraint.
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Figure 7 (Color online) Simulation results of thrust between conven-
tional convex optimization and sequential convex optimization.
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Figure 16 (Color online) Velocity measurement with spherical error:
Monte Carlo simulation of slope angle.
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Robust trajectory optimization for Mars lander powered
descent considering navigation errors
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* School of Mechatronics Engineering and Automation, Harbin Institute of Technology (Shenzhen), Shenzhen 518055, China
*Corresponding author (email: guoyn@hit.edu.cn)

To address the issue of bounded measurement errors in autonomous navigation devices used during the descent phase of
Mars lander, this study proposes a robust trajectory optimization algorithm based on convex optimization. First, the
traditional convex optimization-based trajectory optimization method is improved and modified, and a fast and accurate
solution method based on sequential convex optimization is established. Then, models and analyses are conducted for
navigation errors in altitude, position, and velocity, and modified slope constraints corresponding to different scenarios
are provided. Subsequently, robust trajectory-solving algorithms targeting position and velocity errors are proposed.
Finally, the proposed improved convex optimization algorithm and robust trajectory optimization algorithm are validated
through simulation cases, and the results demonstrate the accuracy and robustness of the solutions obtained.
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