Journal of Aerospace Science and Technology & Brfii =i RAlZ, 2017, 5(3), 151-162 Hans iXh
Published Online September 2017 in Hans. http://www.hanspub.org/journal/jast
https://doi.org/10.12677/jast.2017.53017

A Hybrid Optimization Method for
Interplanetary Transition
Trajectory Optimization

Mingying Huo, Naiming Qi, Shilei Cao, Yanmao Ye

Department of Aerospace and Mechanics Engineering, Harbin Institute of Technology, Harbin Heilongjiang
Email: huomingying123@163.com

Received: Sep. 7th, 2017; accepted: Sep. 21%, 2017; published: Sep. 28th, 2017

Abstract

In this paper, a hybrid genetic algorithm Gauss pseudospectral method is proposed for the inter-
planetary transition trajectory optimization. The initial guesses for the state and control histories
used in the Gauss pseudospectral method are interpolated from the best solution of a genetic al-
gorithm. The minimum-time low-thrust transfer trajectory from a geocentric circular orbit to an
areocentric circular orbit was computed to verify the proposed hybrid optimization method. The
numerical results show that the proposed hybrid approach effectively includes global search abil-
ity of genetic algorithm and the high convergence rate of sequential quadratic programming, and
has the capability to search the feasible and global optimal solution without any initial value
guess.
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Figure 3. Coordinate system transformation. (a) Transformation from Geocentric to Heliocentric coordinate; (b) Transfor-
mation from Heliocentric to Mars coordinate
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Figure 4. Trajectory optimization process based on hybrid optimization method
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Figure 6. Curve of time-state variables in the geocentric section. (a) Curve of time-radius; (b) Curve of time-Polar; (c) Curve of
time-Radial velocity; (d) Curve of time-Tangential velocity
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Figure 7. Optimal trajectory in central section of mars
7. KEFLERRMHNIE

4.3. KFHFILE

LER A O B A B, WA EREL LG SN 14, MEEECE N 100, | AIEAREL
200, AR B LG SN 80, LR iR 2 A 1x107° (TolCon), ABH O B e A s fn 1]
8 F7Ro

4.4, R

M7 ELAE R AT A T AL S BT A MR T 7 91 — R e D10 Ak 50 RE AR 27 M it /2 3 57 44
W, HRMRESYIGMRN A B R—S. FHik, BEEEH T Gauss Pk o AR L AR 1] @i
WA, P R S A L2 A HR .

it 5 Sean Tang $E i) HLGL BCRARALE RBEAT X LE, ASCr R IR G HAR i s R 5 3
T EHEGE, HA AT AN T Sean Tang AR %, W 1 fios. HUkw WL, ARt itk
THER RGBSR 2 R BENUE R B 7 AP 51 ORI SR R R R B 41, RENSAETCAEAT
FIEAT IS DL 5€ BN I AL 42 R AR A A 2R

5. &g

AR AT R IR RO R, S — P a8 % A Gauss Dh AR ST 2. JFEL
SCHR[4] 80 ) M R 22 KR e RS BB A iR R B, FH BT R KR S DA T o Lt AT A . D ai R
RY, WALSIEIENT Gauss Dhitid AL PRSI R R BB F s HL RAT IR [B) /N SCHR[4] 4 (1% AT
. 35N, BRI Gauss Dbk M 4 Rt 2 Wit AT B Ak, AR LE TSR [4]H B id i BT — e
PUBETE . 7 A RIGIE 1 i th TR & U T i RENE A8 T AR AT ELA U (K75 0 T 58 Ot I 1ok 42 J& e e
MR . A LI TR G D T VE IR 228 S A2 ) A2 B (A 0 R S R I A 1o AL 3t 17— o R e
TR o A ST B HA 075 VA0 BU T SCR (4185 5% HY D0 52 REMS 78 AR T E A I A 15 0 58 IR o

DOI: 10.12677/jast.2017.53017 160 B Rt N


https://doi.org/10.12677/jast.2017.53017

i

=
o

48

or [— ETSQPRERGE
------ T GARBIEAR
60°

120°

------------

150°

180° 0
210° S RS
270°
Figure 8. Optimal trajectory in the Heliocentric section
8. KPR L ER AL AN
Table 1. Performance indicators for each stage
%= 1. SMMEMEEiatRE
TEREFR bR ER )
BB
SCHR[4177% AL Ti
HLER A0 B 33.08 32.32
KRH AL B 169.78 169.64
KRB 19.28 19.25
RRATI ] 222.14 221.21
ELWH

o R R R 4 BT R(2017M611372), FE VT A BUM 1+ J5 244 %5 Bl (NO.LBH-Z16082), fifi/N
HL R 28 A [ B 5 2 R 92 56 5 T i 4 8 B (HIT.KLOF.MST.201607), L3 i < R 6137 3k 4 % B

(NO.SAST2016039).

SEV#Ek (References)

[1] EEE, Zh, EEK SRS MRAE R, FERMAM] Jb5T Bz, 2011
[2] RZh, fd3m, s84rié. RATSSPUBMRAL T IRSRIR[I]. TRAT J1%%, 2011, 29(4): 1-5.

[3] Benson, D. (2005) A Gauss Pseudospectral Transcription for Optimal Control. Massachusetts Institute of Technology,

Cambridge.

[4] Tang, S. and Conway, B.A. (1995) Optimization of Low-Thrust Interplanetary Trajectories Using Collocation and

Nonlinear Programming. Journal of Guidance, Control, and Dynamics, 18, 599-604.
[5] i, Togrie, 2540 BT 2 BIAH 0 2 W as YUl i (3], 65 3R, 2011, 26(6): 873-878.

DOI: 10.12677/jast.2017.53017

161 B Rt N


https://doi.org/10.12677/jast.2017.53017

farey
=¥

i
=
b

(6]
(7]
(8]

[9]

TR, B E, & BT OIS gh A TR I BB RS AG[I]. 5 ik, 2012, 27(4): 551-556
MR, REY, K. £ UCAV (L5 0 ECHR A B EE S AR A T[], 6] 5 U3k, 2006, 21(7): 781-786

Subbarao, K. and Shippey, B.M. (2009) Hybrid Genetic Algorithm Collocation Method for Trajectory Optimization.
Journal of Guidance, Control, and Dynamics, 32, 1396-1403.

g, EUIRE, VS, BB A IR R LU AL [I]. 1S kIR, 2012, 27(2): 247-251.

[10] far-Kd, FAEF], FEE. BEEL MR ) A ook a4 A D], #8453k, 2006, 21(4): 396-399

Hans i

BTIBEE R E W T RS

BRHTE RS (QQ~ TfE . HIEH B )
S UL B 38 H T

24 /N DL SR IS O BT S il

AT BITE L AR

K AT

IR 2R

G R 244 7 56 U IS RO A

Noga~whRE

¥efEiE b hitp://www.hanspub.org/Submission.aspx
HATIMEAE: jast@hanspub.org

DOI: 10.12677/jast.2017.53017 162 B Rt N


https://doi.org/10.12677/jast.2017.53017
http://www.hanspub.org/Submission.aspx
mailto:jast@hanspub.org

	A Hybrid Optimization Method for Interplanetary Transition Trajectory Optimization
	Abstract
	Keywords
	一种用于行星间转移轨迹优化的混合优化方法
	摘  要
	关键词
	1. 引言
	2. 问题描述
	2.1. 性能指标
	2.2. 动力学方程
	2.3. 边界约束

	3. 混合优化方法
	3.1. 基于Gauss伪谱法的离散化
	3.2. 基于遗传算法的初值估计
	3.3. 基于序列二次规划的最优解计算

	4. 仿真计算及结果分析
	4.1. 地球中心段
	4.2. 火星中心段
	4.3. 太阳中心段
	4.4. 结果分析

	5. 结论
	基金项目
	参考文献 (References)

