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Optimal trajectory design for soft landing on the Moon by using differential
flatness
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, optimal trajectories of soft landing on the Moon are designed based on different landing
Received 09 July 2017 strategies. For this purpose, the problem of soft landing is defined as an optimal control problem to
Accepted 30 August 2017

minimize fuel consumption and is solved by a combinational direct method. The used solution method
in this paper is a combination of direct collocation method, nonlinear programming, differential flatness
and B-spline curves. In this method, by using differential flatness, dynamic equations of landing are
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Keywords: . . . L . N

Tr;}‘gcwry Optimization expressed by the minimum number of state variables in the minimum dimensional space. Also, state
Soft Landing variables are approximated by B-spline curves, and control points of these curves are considered as
Optimal Control optimization variables of the nonlinear programming problem. By simultaneous use of differential

Differential Flatness

B-spline Curves flatness and B-spline curves, the number of variables and constraints of the optimal control problem

decrease significantly and the problem is solved with high accuracy and speed. In the paper, three
different strategies for soft landing on the Moon are investigated. These strategies are defined based on
direct or indirect landing from the parking orbit and separation of horizontal braking and vertical
descent phases. According to achieved optimal trajectories, by indirect landing from an intermediate
orbit, the space vehicle can be landed on the Moon with minimum fuel consumption. Also, by
separation of horizontal braking and vertical descent phases, a more applicable landing trajectory can be
achieved.
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Table 2 Numerical results of optimization for the 1st and 2nd strategies

Moy ol agly by ol ey Olej e Sl glasf
(deg) el k@) (S) 54,8 km) Laolg
122.853 149.932 1036.458 100
127.473 152.384 1012.252 50
130.186 153.395 1001.326 25
130.757 153.575 999.288 20
131.337 153.747 997.303 15
131.927 153.911 995.371 10
133.528 154.053 993.586 5
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Table 3 Numerical results of optimization for the 3rd strategy

Sz dsrols ol kb e okl el
(KQ) alows  (S) (390 (8) I (M/S) acge (Km) 5550s
147.140 83.436 959.520 -109.201 5
148.195 72.497 963.165 -95.115 4
149.130 61.752 967450 -81.685 3
150.376 46.391 974.204 -62.442 2
151.705 27.584 983.827 -39.145 1
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Fig. 3 Optimal trajectories and control for the 3rd strategy
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