H 4% B2 W *® TR

2017 £ 4 A

Journal of Deep Space Exploration

mFE IR

Vol.4 No.?2
April 2017

i B AL L&) S HE K T IR

RABR,
L AEEMR AT R O,

Jo) L8,

JE5T 100094 2. AL HTZ ] WAT SRR B THES, JE3T 100094)

Rz, WER

& T AT RL2 T3 AL A F EE——lhalo¥UE AlLissajouslid, WFT T HUBKIALFL . KA %
iz Y [ B P A BT o R, A2 ) A P WA AT S AR 2 BEEh B /1 S T %) W halo $U3E M Lissajous il

SEASYERE T ) — ST R 2 AT T 07 AL,
WATROR ST R A TS
KHEERE: WA RL2THIRG
FESES: V412.4+1, V448232

DOI:10.15982/.i55n.2095-7777.2017.02.010
SIRE:
4 (2) : 166-170

B9

R, FCH, s, % A RV s KR e 7

SR 7R Lissajous PUE IIAERFHZ HIACH T T halofuill,  APUE M
B LR T7 T P 45 SR BEAT AR, R XS LE BRI DABRHIE . BT ALE5 10 X0 ) RL2F 2 s ik £

YEFFEs SN vt K

KIIERF; Mhalo$iE; Lissajous$iE
SCERFRIRAS: A

NEHS: 2095-77772017)02-0166-05

[J]. R =4, 2017,

Reference format: Liang W G, Zhou W'Y, ZhouJL, etal. Earth-Moon L2 libation point orbit long term station

keeping [J]. Journal of Deep Space Exploration, 2017, 4 (2) :

0 51l B

HH RL2F3) R IR W B B2 &
A RAME SRR H ERTS T FER DU A b 4k 2R K isAT
HUIE, WRTRUAE R BB . IR B A R
SGRRALIESN ISR . T L2°P 3 fUR = A4 i) i (1)
AR P AL AT L2°F 3 5 ML B IE AR A X $IE
WA 73U, T B A RL2-F-3) b ik A7 £ 2 Fh
TR =, AT R 8 AEH H RL2F 30 /Ui« AT
I, 255 E A Fe e RO W L2 Fah s, Wik
BRFF IR AT, T S 0 B P B R E 4
Rzl

A5 NIk, NRILSEBL 7 Wk H RL2 P8 5K
1RSS4 B NSEE i ARTEMISAT 45 A3k [H 148 A 1
FE =N R B CAT RIS 38 IR 55 i 4 e i E 55 .
UAT S5 #0521 i Lissajous i g¢ Chb H RL2°F-3 i
Z W, HIRM T idxz Vi g s BB R RO . 2RI
X IRAT S5 CATI (358 (3l o129 RMRI3R KD
LissajousfliE ¥R LM 2 AU E 5. H ATk T i
B RZL2V3) o 4EFr it 7 2 S p T BRAR I = 4Kk )
R R EAT , R L SEE) ) 5 BT PUIE 4 1B A
AEF X ARTEMISAT 55 K AT J 391 A A o e e I

BB 2015-11-10  &EIHHH: 2015-12-08

166-170.

A M A R L2 3l f OB T i #h halo % Al
Lissajous U 347 7 KB ®AT H BT, &1t T 5
AP TR ) PP s o SR, AE B R = AR ] 1R Eh B )
SRR X PR AR EUE AT T 4R RN K AT R
FIMFE, ST 23 I LissajousHLiE 4 £ 4% H 040 5
NG, MFHFN R TT THREAT T A, JR R R
SIS N CASRAIE . B A4 R A RL2°F 3l B IE B
BRETHEZHEE N

1 EuIEie

11 [EBPRHIME =& E)E

X T Bk BRI R 28 BOK FH- i BRI R A5 12 2K
AW KRB DR ASARI RS, BREAUR S
XERAISEIIFEM, FROABRHE = (A . % 1wl

R A KRGS R AR B R 18 30, RO 15 A fR
i G N LT} T

DEMIRR OIRBLLIEFE AR 22D T2t =

A i RS A kR P AR AR R o 2 B AR AR R O-xyz 5
H: AR RBEPI A BRI RS LOTERS, xy e brT
T AP R AR I (-1, il 5 17 B KRR AR
INRAR S yRHTT TR 9N RARGRITL Tie s O VT2 07 140 o

WRAEF WU AT 51 S, MURASAE YA R



2 W

RusE: M RL2 T3 si PUE KRR R 7T 167

SR TR 23 IR

— GM]M3 R]
FPI = — R ) R_
vt (1)
_ GM,M; R,
FPZ = — R 3 R_
2 2

He, GNITHESII1E S

NSRRI BT, SRR (D R
AT CEN M ER T — L, TUSERSSE
AR 22 1 52 R PR Al 4 = Ak 1] BB 7 AR R R

Q
§4+ 2= — )

1 KM
Q= §(x2+y2)+ " +E (3)
N RARE BLEE & H
— M2
k= M + M, “)

1.2 L2EFIRHE

AR A TR (2) fFLESARRE, SN
(&R AL BN T3, T IX SANRRAA A ¢ B i s B
HoRM, B -Fa fl X AR H A, H
LI~L5%mxm. Hi, L2 Pahbf T RRMEE /N KRR
FUOHERIEKL b, BT &P, &= Ak
(ARG e A o, WK AR FEL2 P 3 s BHE K AT B
23 /RN R 2 BT AR EOR I B L2 P 3l A

FEL2V-5)) i B A7 AE 22 Fh S (1) A A0 & S 30
T, HrpDUR =R PuB R FORI N A T TR

1) halofli. MG R NREH (xpF
D) RAFLEE () RSPIRIER, =1k
WGP i 2 g i & 0, #R halofllid,
NARFZHIE . halo¥iE & HHIE . BT SEPR1E HLR
HMET 2 P TH AR B R 5 R H RS AR AR SE T, Rt
halo$LIE I8 H (A N B PUE I LLA AT

2) Lissajous#lii. ox& 4405 R N UIE P 1HIRS)
A 5 I FARZN A A AT GRS, 5 =R RSB mi )
MIEAE 2 & FR R T ELissajous 2RI, ol
Lissajous¥LiE . P53 m A 58 F Lissajous il &5

3) #lhalo#i&. #lhalofLid A — 45k X
Lissajous#lifi, XK IEEhaloPLiBE ML, HImE

halo#LiE [ IR BN IR (B /N o #lhaloLis & — 40l
A, RIS TR R A, (B R 0 I 22 fe VT
BRI, R B HE B ARL D S

WL =R R T2 B 2 PR, AAEAE™
% JE 3P ¥ B A halo$UiE ,  {H /& halo#UiE Fr FL AT 1) H. el
JAAPE. BUEE I EITE e R, 3h )
R B B A RAFHRRAE, (615 34K ShalofUiE L4
halo LI 14 i N3l siAT 55 I SE 7 3K o

2 WARLFHRHUBYES

AN LR 2R AE L H RL2°F3) sl K AT
G HL,  XT s H L2V 3 5 (1 il halo%/LiE Fll LissajousLiE
KR B ORFFE R AT T Bk 507 5 .

2.1 HUBHRHHE

X () P REQE =4 0] R PE R IR
I, BIGEN AT I R A A E Q. B ]
RS BRI B S AR Q. R, ERLIE K
TR RAE R B, AT HBQMIE, Eait
80 1R AR — B Bl R A

BT HEBAGRMBERM S, FEaE MR Rxz P
B IE BA MBS HEUD R ™ BRI, EXPE) S
S RBE St AL B ORI I AT SR DA 45 SR

D Az R T % .

2) PRy RE AL S Sk,

FH Tt hal ofJUIE R PRAF7S i) 38 5 308 B 2 iz~ 1T
B3 24T, 1 LALissajous i A AR 0L I EIE R
AR R ER €. 2% E A5 SL i) 730 5
B 55 BN TE 4E RS mE ™", [RIB (R F R R R 4 — L
BT, AU LissajousHUIE 4% il I %1 1%
7 oz 11

SIS AL DA 2 P8 5 ez V- T O A, ELFE
AT EASEPRAESS b, REFIEZE S K — B -
B RUEX WA R IFAFZ] . Do H R A H R
R, AL E RN km, EHEEERERHE R
1%, RIATSEELSE K P23 m2fE . Bk, ~F3) g
B P T LA B B, gRAT RRRE —4%, By
Rl —45.

(5] 75 B o) 1 = A R BB T SRR, WA
A G AT LSS 2 B SR, 2SS I E R R
(10 55 38 B A LG A7 E S B I B R BRI (1/10BLF)D &
AT (] 25 R o) 1 = Ak i 0 A EL SRR, AL E P35l
R TR E YEXT G R E S ] AR R K. R,
AR B8 Y A3 4 ) o ) S IR i A TN
TR 3 1) 5 5T Rk AT .



168 TR S R 2 3 ¥4k

i T3 L2123 M R AR e v, Pal s
B PR AR P DO B AN 1R BE R Al UK, el
Z IR, BATVKIL, R TREZRT, BX-Fa)
PUBER R HIERE, Ball (h=1) KEEHIRZE, X
Fin + 1 I HI BRI, WX + 208l 1
BARZ MG R, WP LZ R R )
BAE G B, AT D S A 4 6l AR D
fabReR g, LD PR ) iR o H AR, 0 kR
PR EEAT IR . D TNz I RE a1 1
B

TR Bt e

B+ 1K

P L i o

T s 5 50

Bl 1 sopmiiE s E
Fig. | Single step prediction control flow chart

2.2 #lhaloFLEKHEA 1T

halo$/LiE 4 {8 =B el g s 54T, 3
BRI ES Gd R fEIR R R 2 50T 30 S s
AT S5 B Bl ) A, AL T hal oL H R 2 1 XL
Fo VRHUT L R AINBNEE H " B /NhalofliE . %
r5s: 0= B PN AR (ST 55 22 M-I TF: VS Y EP)
K BH B3z 47 3 BLAE Dy B A, i 7 AT AR R )
haloBUE CRIFIEHIZOCR DT R, % W 257

s ERISEINER 1R

V-

e
L]
FER
xyl 5% 3D
HEk
xz 5 vz

B2 K AT MhaloBlid
Fig.2 Long term quasi-halo orbit

i 1 32 P W hal o FUIE K KAT B0 AR /T LU
the

1) F R 4% 1) 75 95 T AL R 25 il haloBLTE <
WG RL2F3h .

2) FERIRATIERR T, AT I ORI o 5 Y R 14 AR
Az

3) BT K R PR S SR FEE AN I R ) 4 o i
T AT S PR FF o

F1 lhaloBRIFERISH

Table 1 Quasi-halo orbit station keeping control parameters

i RATHT K/ ik BE R R (mes™)
1 14.76 0.63
2 14.75 1.27
3 15.21 1.23
4 14.33 1.22
5 15.57 475
6 14.05 2.50
7 15.78 3.99
8 13.95 0.88
9 15.79 3.62
10 14.05 3.72
11 15.56 2.70
12 14.34 0.34
13 15.18 2.33
14 14.77 5.50
15 14.75 222
16 15.25 3.90
17 14.32 2.76
18 15.65 3.50
19 14.02 1.69
20 15.86 5.71
21 13.94 1.98
22 15.86 7.83
23 14.10 2.92
24 15.63 6.59
25 7.54 —
Hit 365.00 73.76
H-F 0.202 1

2.3 Lissajous#liEKEA%IT

% R A TAR = B F R 3] /AT 50 2% R 25 At ¢
b A RL2°T 8] A R Lissajous LB AE NHIGEHIE, X
Z ¥ ] LissajousHiE 14FE SR SRR/ H, W 3
Fias, AN 283 2R .

3DHK

xzIH 5 vzl

B3 KW 4T LissajousHLiE

Fig. 3 Long term Lissajous orbit



%2 W

RusE: M RL2 T3 si PUE KRR R 7T 169

#+ 2 LissajousfliBRIFITHSH

Table 2 Lissajous orbit station keeping control parameters

i AT/ Jikh I R/ (mes™)
1 15.00 241
2 13.38 0.40
3 15.10 228
4 13.86 1.31
5 15.52 3.64
6 14.39 4.09
7 15.50 3.53
8 14.92 0.41
9 14.99 1.69
10 15.17 1.63
11 14.29 0.51
12 15.05 1.19
13 13.50 1.20
14 14.90 3.32
15 13.66 2.83
16 15.56 1.79
17 14.08 3.37
18 15.84 4.90
19 14.38 4.00
20 15.61 1.72
21 14.64 0.51
22 14.85 2.86
23 14.45 2.19
24 14.13 2.94
25 12.25 /

&t 365.00 54.72

H-F 0.149 9

Bt %2 % LissajousHUIE & H ©AT I AR AT LA
il

1) % fixz - THI P ol 428 1) D7 v ] DA SR 383
LissajousfLiE KIHEE K L2 F3) i o

2) FERKW AT R, B R AT I RN R ]
TR B AR

3) LissajousfLIE M B ALFE AR, AT LASE
A IIREE
24 HIEFEHIRN S

FIRERE (B 2~3) FIARAEL2 T8 S
PTG REARAL (I 4D, SRS RERR L X &3 m] Ay
FiE S5 s R QAR . [k, PR 3E B AW
ot

HHE DRI 200 B R AERF 48 i BOR A G v 45 R n] DA
FH: Lissajous#LiE [ 4E RE3% H AN T Hhhalo i .
XFTUEZER, AR R R

1) fhhaloiE A B 4% 4G, B 4t
FF IS O 3 ORI RS BE AT o TE AT BURG FEME DUIA 31| 7™
& (R Ar B IR FFAG FE I, 4% )5 UTE A4 R AP R R B TE A P
MBS, RRBGEEEHIELE RN, FEEFECR

F 2 1 R LR BT R B el Stk hal o FUTE,  MAT R 1554 0
kAT

£
=z 1
S [WVWVWVVWVWW\NWV
N 0
e
-1
0 50 100 150 200 250 300 350
4
£ 2
B 0
S
-4
0 50 100 150 200 250 300 350
5.0 i )
5 33
&, [HUHHHHHHHEHUTHHTHHY
> _5:0.‘._.1,"‘[; 'SIRIBIRIRIRIN! SRR ij“i" AT
-75 . v
0 50 100 150 200 250 300 350

PHBIL245/10% km
—_— N W A W

0 50 100 150 200 250 300 350
i) /d
(a) ftlhalo#LiE

y/10*km x/10°km
£ I\‘-) SN A =T ]

0 50 100 150 200 250 300 350
5.0 —
! A& A - {l A
:_5 2'(5) Y ‘.,‘ ’H{ ARRATAR lr AN
< _ \/ \ 111 \/ ! ! ;‘
\>,—§(5) Jau~""]" «»‘«u!.:‘»"rj:.;‘) v 4»-J<1'|
-75
0 50 100 150 200 250 300 350
£ 5
s 4
=3
3 2
B
]
= 0 50 100 150 200 250 300 350
I 1) /d

(b) Lissajous’/Li&

B4 P S IE R
Fig.4 Libration point orbits characteristics
2) Lissajous#LIE i) ¥ FhF B AH #cfh halo LiE B
T, AN TR ST TH R 3l 49 2 A R PR 3l A0 2 AN A S5 B
Al BB YRR S R A P e, A2 T A RL2
Pl T, HA T RE i AN HA ¥ LissajousLiE",
XA ZE R AT AT, R TRAT TR UABLE A Y
WL BRI, 4 i 1 29 A B Bl halo % 852 /)
(R B KIALEFFEL2 P 3) s BRI e, TR BE



170 R

4

PRAUEK A AT B4 0 T 0 45 i) Bk AT S AF ik e, BA
SEI AR RN .

9 7 B8 iE LissajousUiE K K A7 1] 7] DAk A8 44
RGO, & E 3A FE IR, 75 AT H D
BHAE RO, PUESRWE SR, AT BaRPIER
R, 3D ELEE 1 #ix H BRI A . T UUE
HRATPUIE BT P R Lissajous 8 2 [al )it 9%, H
Phae R FEAEL2 T3 MU KA’ AT T2 hidkT
Lissajous /i 45 il 5 249 A X /N 1 73 1 45 1815 A
ISk .

HER

. A Bk
FER

xzIH 5

5 g R I Y LissajousHUiE
Fig. 5 Lissajous orbtit with control value tuning halfway

3 ZEFRIE

ASCWEFE T H R L2V 30 kB I i W -1 50 s
TE——HhaloHLi& Fl Lissajous il » WL HE 4 FF 4T
K RAT R IR, 72 5 BBl I 4 5 4 ) SE LRI /AT
(BRIl b, @I 7 HAR T Lissajous8UIE Y 4E Rr 42
AN T HhhaloBLiE 25 F, I 18 i P #4) 5L 5 A f
Xf e SEB AT TR

J& SRR FAR SR (1) 3 UELE  (WiLyapunov
HOBE. ol EEPES MK R
R, BT 5 AN B R 215 DL T 1K
YERFRUR

(1

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

2 £ x ®W

Sweetser T H,Broschart S B, Angelopoulos V,et al. ARTEMIS
mission design [J]. Space Sci. Rev. 2011, 165(1-4): 27-57.

Folta D, Woodard M, Cosgrove D. Station keeping of the first Earth-
Moon libration orbiters: the ARTEMIS mission [C]//AAS/AIAA
Astrodynamics Specialist Conference. AAS11-515, Girdwood ,
Alaska, USA: AAS,2011:1-20.

Pavlak T, Howell K C. Evolution of the out-of-plane amplitude for
quasi-periodic trajectories in the Earth-Moon system [J]. Acta
Astronautica, 2012, 81(2) : 456-465.

Folta D C, Pavlak T A, Haapala A F, et al. Earth-Moon libration point
orbit station keeping: theory, modeling, and operations [J]. Acta
Astronautica, 2014, 94(1): 421-433.

Szebehely V. Theory of orbits: the restricted problem of three bodies
[M]. New York and London: Academic Press, 1967.

Mcinnes A. An introduction to libration point orbits [EB/OL].
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.516.7677&re
p=repl &typepdf.

Rend F, Landgraf M. Sun-Earth libration point transfer options with
intermediate HEO [J]. Acta Astronautica,2012,74(3):1-19.

Pavlak T, Howell K C. Strategy for long-term libration point orbit
station keeping in the Earth-Moon system [C]//AAS/AIAA
Astrodynamics Specialist Conference. AAS11-516, Girdwood, Alaska,
USA:AAS,2011:1-18.

Canalias E, Gomez G. Marcote M, et al. Assessment of mission design
including utilization of libration points and weak stability boundaries
[R]. ACT net(www.esa.int/act) , 2004.

Richardson D L. Analytic construction of periodic orbits about the
collinear points [J]. Celestial Mechanics, 1980, 22: 241-253.

Farquhar R W. The control and use of libration-point satellites [R].
USA:NASA Technical Report. R-346, Glddard Space Flight Center,
1970.

Canalias E, Cobos J, Masdemont J J. Impulsive transfers between
Lissajous libration point orbits [J]. Journal of the Astronautical

Sciences, 2003,51(4) : 361-390.

YEZ TR

BAIE1982-), 5, TAREIT, FEERFFLI7 18] =4 B, T3 sl
RECREHH

35 Hhhk - AL 5T 13005 46 1124344 (100094)

i (010)66360291

E-mail: lwgustc@163.com

CRE58183 1)


http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.516.7677&amp;rep=rep1&amp;type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.516.7677&amp;rep=rep1&amp;type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.516.7677&amp;rep=rep1&amp;type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.516.7677&amp;rep=rep1&amp;type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.516.7677&amp;rep=rep1&amp;type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.516.7677&amp;rep=rep1&amp;type=pdf

%2 W FRtALAE: BT UKFSb iR A B B R0E it 183

Design of Lunar Free-Return Trajectories Based on UKF Parameter Estimation

ZHANG Hongli"?, HAN Chao"", HU Wenting’

(1. School of Astronautics, Beihang University, Beijing 100191, China;
2. Beijing Institute of Mechanical and Electrical Engineering, Beijing 100074, China)

Abstract: A fast and convenient design-method based on UKF parameter estimation is proposed for lunar free-return
trajectories. The method proposed avoids calculating the Jacobian matrix and obtains large convergence ability compared with the
common differential-correction method. Given that the initial estimate of the free-return trajectory is generated under the two-body
Earth-spacecraft model, the difficulty of guessing a good initial estimate is greatly reduced. Through solving the converted parameter
estimation problem using the method proposed, the converged final solution can be found under a high-fidelity gravitational model
by a few iterations. Despite its simplicity, the method is proves to be quite effective in finding the solution of lunar free-return
trajectories with great numerical accuracy.

Key words: lunar free-return trajectories; differential-correction method; unscented Kalman filter; parameter estimation
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Earth-Moon L2 Libation Point Orbit Long Term Station Keeping

s

LIANG Weiguang"®, ZHOU Wenyan’, ZHOU Jianliang', YANG Weilian’

(1. Beijing Aerospace Control Center, Beijing 100094, China; 2. Beijing Institute of Spacecraft System Engineering, Beijing 100094, China)

Abstract: Earth-Moon L2 libration point is unstable. The necessary orbit station keeping operations are required for spacecraft
in order to maintain around Earth-Moon L2 libration point for a long time. Long term station keeping operations fortwo types of
orbits, quasi-Halo orbit and Lissajous orbit, are studied. Control once per cycle when crossing the xz plane is used as the control
strategy. Control values are chosen by single step prediction. One year trajectories of quasi-Halo orbit and Lissajous orbit with station
keeping are simulated in the real celestial mechanics model respectively. Comparison of simulation results shows that the cost of
station keeping for Lissajous orbit is lower than that of the quasi-Halo orbit. This can be explained from orbit topological
configuration. Corresponding contrast experiment is designed to verify the inference. Research results have engineering reference for
Earth-Moon L2 libration point selection, station keeping control strategy design, long term trajectory and effect analysis.

Key words: Earth-Moon L2 libration point; long term station keeping: quasi-halo orbit; Lissajous orbit
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