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wind fields
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Fig. 11 Random wind field model control group 1
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Longitudinal autonomous separation control of aircraft in
random wind fields based on MPC

TANG Xinmin" %", LU Xiaona'

(1. College of Aerospace Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China;
2. College of Transportation Science and Engineering, Civil Aviation University of China, Tianjin 300300, China)

Abstract: In view of the fact that the high altitude wind, a random factor, often leads to poor robustness of the
longitudinal separation between two aircraft in the longitudinal autonomous separation maintenance problem under
the random disturbance of track, this paper proposed a longitudinal autonomous separation control method based on
model predictive control (MPC). Firstly, the linear time-varying prediction model was developed by establishing the
nonlinear kinematics differential equation of the longitudinal separation and the wind field difference between the two
aircraft. The longitudinal separation and route deviation distance of the two aircraft was selected as the optimization
objectives, the vacuum speed and yaw angle of the front aircraft were taken as the measurable disturbances, and the
high-altitude wind was the random disturbance. Terminal equality constraints were added to the air safety and aircraft
performance constraints to maintain the stability of the system. To verify the effectiveness of the proposed method,
within the specified 120-second simulation time, this article set three sets of different expected separations of 12 km,
13 km, and 14 km. Through the design of an MPC controller, the vacuum speed and yaw angle of the following
aircraft were controlled during the rolling time domain cycle. The separation curve between the two aircraft is
relatively smooth and always not less than the minimum safety separation of 10 km. It stabilized at the expected target
separation in the 74th second, 90th second, and 118th second, and returned to the route starting from the 58th second,
74th second, and 95th second. Two sets of wind field control groups were set up. Two times as much wind was
forecast in one group, while eight times as much turbulent wind was disturbed in the other. Both groups were able to
establish the expected interval of 12 km smoothly and stably in the 61th second and 72th second, respectively.

Keywords: air traffic management; flight following model; autonomous separation control; model predictive

control; random disturbance

Received: 2023-06-28; Accepted: 2023-10-08; Published Online: 2023-10-24 10:23
URL: link.cnki.net/urlid/11.2625.V.20231023.1041.003
Foundation items: National Natural Science Foundation of China (61773202,52072174)

* Corresponding author. E-mail: tangxinmin@nuaa.edu.cn


link.cnki.net/urlid/11.2625.V.20231023.1041.003
mailto:tangxinmin@nuaa.edu.cn

	1 航空器纵向间隔模型
	1.1 航空器纵向间隔跟随规则
	1.2 随机风场下的航空器纵向间隔模型
	1.3 随机风场模型
	1.4 纵向间隔非线性运动学模型的线性化离散化

	2 模型预测控制纵向间隔控制设计
	2.1 模型预测控制问题描述
	2.2 系统控制目标与约束
	2.3 目标函数的建立

	3 仿真验证及结果分析
	3.1 仿真场景建立和参数设置
	3.2 基于MPC的纵向间隔仿真结果验证与分析
	3.2.1 不同期望纵向间隔下的方法验证
	3.2.2 不同随机风场条件下的方法验证


	4 结　论
	参考文献

