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Mathematical models of lunar orbit shadow and
optimization of lunar orbits

QIU Shi, CAO Xibin, ZHANG Jinxiu
(School of Astronautics, Harbin Institute of Technology, Harbin 150001, China)

Abstract; Mathematical models of lunar and Earth shadow were established for lunar orbits. Also, the criterion was proposed to decide
whether the satellite was in the shadow area. Golden section search optimization was used to search out the boundary values of the shadow area. In
combination with specific cases, the optimal targeting lunar orbit was given by the genetic algorithm which was embedded in tabu search. The
mathematical models of lunar orbit shadow given out in this article are simple enough to be used in on-board computer. Meanwhile, they can meet

the engineering accuracy requirements. The embedded genetic algorithm has advantage of fast convergence without trapping in local optimum.
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Fig.6  Flow diagram of golden section search algorithm

AT G o I R v DL A 28 T
EEJ\_'L'HI3 Eﬂ:iﬁﬁﬂ’]ﬂﬁfﬁ Oy < O oLT*ﬂ Oy v <
0E70UT,@*T M Fil E 43 537 H B3R 5 ek BH

o WA, GEH At TLRAE R — & N BT 2 D B
2 Eiﬂﬁﬁﬁﬁ T SRR -

- HEJN ’ HMJ)U'I' < GEJN ﬁ 0E70UT < HMJN

- aE_IN ’ HE_IN < GM_IN < 0E_0UT < HM_O[?T

- 0M71]\' ’ HMJ,‘I < 0E71N < 0M70UT < 6E70L’T ( 18)
GEJ)U'I‘ - OEJ\ ’ GEJN < 0M71N < H\L()U'I' < 6!570U'[‘

- HM_IN ’ HM_IN < 0E_IN < OE_OUT < HM_OUT



- 30- ES R s N S S 5539 %
A S O A T YOG AR — R SERE AL R
_ 1-e 0\ e V1 - e*sing
M, —2arctan( 1 +etan ?) T tecosd + ecosd ( ik ]
(19) v
2 R ) :
Mez,}%(l_ez).?t (20) BRI
AR5 7 T3 ALAE [R)— JE B P i 22 7 B 5% DX 3l g s e
JEEE LN
KH: B i

2arctan I;etan A6\ _ @
U3 . l+e 2 1 +ecosAf

(1-¢)>

(21)
3 ZSRRFERMNEER RS

LG AL e — A W Bt L
Fh T 2R O Dk ) A IO e e R A I e
AT i g — 1) P =2 ) A AR A A 9 B
T i P55 K 40 o 7 ) S [ 7
FERASE S g 127 128 i
S H 25 01111111 F1 10000000 , FHo VX BHBE B N
8., 17— A A #2515 WAL B 3 Sy 1 8% 2) T L
— A AR DR AR SRR S TR L R
555, FNEE RS AR R, MARHR
SRR TR TR R RC LI RE BBy , Tl
VR e o R 2% 3o 0 M Sl 5 Ok, A5 A
PR TR ARIE TR 2R SR, 4%
T R T 0 A 1 ISR BE AR 5, 50 4R
S I ST A s B N 8

A B R L L kg ARk,
JHIAR SR AN T2 1 R R, 3 AT LA e
g s AL D TR L RE 559 TS R AR B e
YRR, A B R R R AR a0 A
7R,

I 7 BT AR B, 3R R A 0 A0 5 v e A
SRR A T 5 AR B Rk
B T s Bk P I 8 SR 1, SR 4 T v 1 I
W 8 2 I AU A2 A7 A, AL 0k 1 2 R 1 R i
S TR Bk M, 7L A BT 58
B SUARAE S5 X — A YR A B — A 0 ~ 1 2]
HREHLEL r, 25 r<P, (P, HAE TR 0 %%
YO AT S AR, T I Bk e (o ik, TR
PEAT 75 S 0 Y (0 1A B Sy A 9 R A 1 i 0 R
i A A AT AR RS SR, B PR IR A
AR WAE B A BBl S A B R IRIE,
E A B R IR A X —
ARG K Y O R AT 1% % B A R AR, SR T

(NG)?

Y

15k

VHEEE B

ZEXRAE

|

XA iR A B
0~1H] W BE LS

AL R ek
Lpi e AR AR AR
< TR
Y T
R SRR A
FERRBNG)? MRS R

K7 i AR AR

Fig.7 Tabu search embedded genetic algorithm
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