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Fig. 1  Flight control process of Tianwen-1 first Mars exploration mission
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Fig. 2 Illustration of the distance between Tianwen-1 Mars probe and the ground as well as transmission time delay variation
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Fig. 3 Probe-ground collaboration during switch between high and medium-low gain TT&C modes in Mars exploration with large time delay
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Fig. 6 Illustration of Mars exploration TT & C communication link flight control mission planning practice of Mars exploration
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Mission Planning Technology for Flight Control of Mars Exploration

JIN Wenma, CHEN Jungang, RUN Dong, CHENG Yanhe, ZHAO Xingqgian
(Beijing Aerospace Control Center, Beijing 100094, China)

Abstract: To tackle flight control difficulties in Mars exploration under the conditions of remote TT&C distance and large
time delay, the mission planning technology for flight control of Mars exploration was investigated systematically. A flight control
system for deep space exploration with large time delay was constructed. A predictive and iterative flight control methodology was
proposed, based on the interplanetary large time delay model. The open-loop control mode for deep space exploration was designed,
in which the states of TT&C uplink and downlink were decoupled appropriately. The automatic scheduling of complex TT&C mode
switching and the adaptive correction of telecommunication time delay for telecommand were also realized, while important
functions such as optimal allocation of TT&C resources, reasonable arrangement of flight control events and automatic conflict
resolution were implemented. The difficulties encountered in flight control of Mars exploration, including TT&C with large time
delay, innovative flight control mode, difficult state coordination between the probe and ground, and high requirements in emergency
response, have been resolved effectively. This research guarantees the safe and reliable implementation of China’s first Mars orbiting

exploration and the critical Entry, Descent and Landing (EDL) process.
Keywords: Mars exploration; large time delay; flight control; mission planning; TT & C resources

Highlights:

o The flight control systerm for Mars exploration with large time delay was constructed, and universal key technologies for flight

control with large time delay in deep space exploration were summarized.

e The flight control mission planning methodology was introduced systematically, including optimal allocation of TT&C resources,

reasonable arrangement of flight control events and automatic conflict resolution.

e The difficulties encountered in Mars exploration flight control, including TT&C with large time delay, innovative flight control

mode, difficult state coordination between the probe and ground, and high requirements in emergency response, have been resolved effectively.

[T 5T, EXLFR: RAE]


https://doi.org/10.1360/N112018-00273
https://doi.org/10.1360/N112018-00273
https://doi.org/10.1360/N112018-00273
mailto:wenmajin@sina.com

	引　言
	1 火星探测飞行控制任务特点难点
	1.1 飞行控制过程概述
	1.2 飞控特点难点分析

	2 火星探测大时延飞控主要应对策略
	2.1 测控数传链路上下行分离模式设计
	2.2 上行遥控发令自适应动态修正技术
	2.3 测控数传模式切换天地协同自动化
	2.4 火面段器间中继通信服务模式设计
	2.5 火星时预报计算及其任务规划应用

	3 火星探测飞行控制任务规划方法
	3.1 分层规划理念
	3.2 测控资源调配
	3.3 飞控事件安排

	4 结　论
	参考文献

