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Study on Trajectory Optimization of Long-Range Proximity for Geosynchronous
Earth Orbit Satellites
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Abstract: To optimize the maneuvering strategy of long-range transfer and proximity for geosynchronous earth
orbit (GEO) satellites, the single pulse Lambert transfer within time limit is analyzed with contour plots of Pork-chop.
A mathematical model of multiple-pulse transfer and proximity is built to find the global optimal solution with the
differential evolution (DE) algorithm, taking the minimum fuel as the optimization goal. The trajectory proximity is
calculated under different pulse numbers and different time constraints through simulation. The results show that the
results of triple-pulse transfer and proximity are relatively optimal.
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Key words:

multipulse transfer

7 = KT TP 5B T %5 205 F 40
AR B T SO F g gk PR IEARILT Lambert B £ S AT R

25 7 AR YE AR 1 0 L5 ?EEJ&'?ABJ&?%M"E(RE)H- TR FERR BT 2 . BRI, B0 HR T A R Y Ll

dezvous and Proximity Operations, RPO) 1E 7£ 4 1

ok A %, RPO {0 & L i ?&ﬂ%ﬂ@ﬁa&ﬁd’ﬁﬂﬁiﬁ
gy o Horh BUIE RGO T S ) 2 AL S S B, DR
5 H AR TR I IE R PO T DL B AR
w LR AL T b Bk E] AP B e
Earth Orbit, GEO)# B A [ A 2 b, 5 fdf I 9 AH AL
Sy Jr ROk BT 0 H Ao 8 AH B # R I — R
LI SR A TR RO Xl A R A AR A AR A

(Geosynchronous

s B HE:2021-11-12; & [E B #] : 2022-03-06

EBEE A A € (1984—) I 14 By BTS¢ B3, TS 07 1] g i

AV R AOEE S A A EEE L T
PG AT i BUAR A A5 B AR I 7 1 T 2 R e R
R R, — R A 2 BB AG BK ph AR o ik AR B
4 T B R R R BIE S TE AR SRR 21T AR
I HLIE = H bR PUE R R L R ﬁﬁ%%ﬁﬁﬁﬁuﬂﬂ(‘/ﬂlﬂ
F% BN BIL K K A % Jok e O R 4 7 1) ORI R —
A AR LAk dw DR ey TR] AL

Xk oh BUE e B IR Ah R B B2 R T
WZRCR . RS2 RET A FIERS)

LBt 5 LAk



AR (R e 30)

16 AEROSPACE SHANGHAT (CHINESE &. ENGLISH)

539 % 2022 4EH 2 1

) s 2y B L M8 R R R H bR A A T
] 290 36 W), 5 6 2 A% W) T8) W AT 24 B, UL ST T DY 1) e
A os WPk o e 2 5 7% . BE2HBIUSIR T
1w 5 B B 5 | i Lambert 5 # ) 7] DL 3& T
TR 80, IR I Lambert 5 8 J7 ¥ 9% 12 0 A F
i S5, 1963 4F , LAWDEN "/ 2t F
TRBIR G T Bk b AR B R RS T
1 2 Jk VR R SR R B B8 U TE Y 6 B 5 . 1968
4, LION %" LAWDEN "' #F 5% () K aily |, $2 1
— ol e A TE S Ak K ek B B bR TR R
SRl /D ik U B S B X A SR O A R 4 AR
b o 7 B R BRI S Al b, AN 2% 35 5 B A Bk b 52
AT T IRAWEIE , — 2835 (9 f Ak 3Lie N 32 T AR,
PUEIS USSR NG (R AN ' RPN ) BiES
ORI ORLF B SR 2% 4 i 4K B39k (Differential
Evolution, DE) "4 Sk [ 10 128 A A e M B &0 ok
fiff [ 7 BT 0] P T S T 0 ) 10 J9KOR) i 48 109 22 ok ot
28 23 [a) @, I % = Jik w0 g ik e = AT 0 AR
A58 SCHR L 11 ] R 30 4 #1400 55 35 5K i 2 ik o
T Ml 58 23 1) A5 SCHk [ 12 5% F oAb 3803, AR R AN
N RE SRRy o = A O = |8 v el [T WSS 2 2
FIE AR ) 8 HE A7 Ak 5 STk [ 13 ] 2R FH AIE 4 1 )
AR 3 X6 A ) 422 A8 s T T Jok v % 50 0 I A 156 150 A7
T BT .

ADON =L MEN S vy = E IS RER S 7 A P21
A S Pork-chop 3 J3 38 5 45 155 28 18] % B ] £ 5
N ERL K ol Lambert 7 8 #E 47 40 87, 10 5 42 5 —F il
S B 22 ik o HGOE pE A s RS AL fi ] DE X
Z A AT 4R T

1 BB ¥R

1.1 DEERSZ AN

XFREBL DS, PO RIS B8 i
FERYI ITIE BR 2 AP T RS R Al O 1 5
TN EER AT VA S N i (1

F=—"rt P (1)
=

Ko oy HA £ G50 T3 51k (9 5% 2l i i
wREI T REGE R BRI o TR A E R
o RSO E

AT IO 0w B DR 7R X A 28 )50 [

N, Bk O ORI 7 A B g AT 2 AN i
FRH BRI AR B 5230 1 KB . B, A SCH
ST A0 B0 BT A HE A R AP R T2 30T R
BRIE £5 2l i o L

F:_ﬁgr—i—Fjg (2)
=

3 pI2RE| g2t
:E e 5 - —y (3)

12

s Fy B J2 50 Bk A BROE B S 0
(2 y =9 TR 7E o0 BEPE AL bR R R A9 L8 A
b s Re W HLER A2

1.2 Lambert& B 5KMEE %

Lambert 5 88 i & 1 2 4> 5 4k il 2k %018 = 18] 119
[ 22 55823, 48 1z I T 28 TA) 08 B T S, il
FF W58 R AURIE AT 45 . Lambert J& ¢ F [A #LiH
F AT 5 2 0 B 20 B A6 5 A A (] B[R] A9 O 22 B, 45
FE 2L S R RE AT Z 8] TRA T[] £ e H
KATHUGE . Lambert & B Boe 2k Ny

Ju dt=F(a,ri+ ryc) (4)

s a S B RS HUE 1Y 2 K c RS I IR R
Z BB s A RS BT .

Wi A A% B9 H T A 2 UE W] T Lambert &
B ISR A T ARBERR Lambert [w) B3 fgg M7 f
V2

3[5‘2 sgn(sin Af)( 5s— C)§:|

ﬁ(12*11): a%[(afsina)*<ﬁisinﬂ)j| )

(—a)ﬁ(sina—a)—(sin,@—ﬂ)}
W a M HAFERSE (a, ri 4 roy ) RSE L E X
W

Sina:(.s‘)z (6)

2 2a

smﬂ(s_cy (7)
2 2a

KAtk s=(ri+roto)/2, FR ZMBIAK,
Lambert # % £ T Lambert E M2 8, & 501 24



9539 %% 2022 4E45 2

A5,

o L T 2 0 AR AT L I AL B 17

7 B A by R B B ) e RATLE I LR
CAMLEh DRBIG S ERE R HER R0, H
B R A B R R R oy, SR B 0, B IR Ry 1 =
ty— 1o W4 Lambert EH, v] LIsKf# a.

u
B 1 Lambert##%

Fig.1 Schematic diagram of the Lambert transfer

E— W A5 B G R B R E AR p, B R E
7 p BB PEWIR 2 5 Py P, W JE o) vl
WG 5 A B i i 1 R I
Av, = v — v,
{szvzvé (8)
KA, B LS R AE £ B 20 i R ELE UE AR RS B
T Y R B A Ao, I HL BN TR TE £, B 2 B S B
T HE A H b BT Y R
R B Se &, #37 Lambert 58 2 7 f&

Av, =L, (r,r,v,t)

(9)

Av,=L,(r, ry, v, 1;)

SR i Lamber [a] #8095 K 8k oy #2 , 2 A% ARk
RAE . Lambert 5% 58 1 SR i 5 KO B # L Bk
i 3 kAT AOR R B R kAT AT Gauss 248
P E LA VE . Gauss B0 L& Gauss 127 /& 43
it B0 TE T Ao AR R Ok B e MLy i O R AR
J& Battin 48 H 19 — R 3 28 4 f £ 09 ik, 4
R -t NI A RN - RU W I = N TR RS B TE R
7 A IR 228K o T LA Y Gauss #% UL [ Battin
J7 158 HORR MR e AR BT R (% Lambert [A] 81, Jg %
Aib PR Z T T 1) Lambert 28 235K fig

A SC LA J2 T 5% Bl B Y Sy f51] |, fift FH 32 45 Lambert
[) A0 g o ARSR R A R AR i 2 o . Bk
LR

TBL [T  , hRLLE B A
HUGOLE Ry HERLE Ry e, WA 2 AL H bR A7 B

TF 46

N IR

'

‘ R11 leea]y 1, Rz ‘

!

“4ALambert i £

Vi
DEURFRRS |
{

A

R=R,—AR ‘
A

AR:RE_RZ‘rea] ‘

N g
Y
BV, 1,
v
&R
B2 ZIEHEH Lambert i3 3k i# &%
Fig.2 Lambert solving algorithm for the perturbed model

R, VWA R, = R reus

$ 2 ) Battin 77 3R i 4K Lambert o] 35 ,
15 20 W5 7 BB Vs

HB3 KRG E R, A 2145 B AW IR 7
BV AR T2 BRI R R ] 22 )R T
B E RS

HWA T I2WE SR, i 2] TR S bR
L85 HARLE Ry o A 7E IR 25, 5K H 2 3 I 40 5
AR=R},— R, a3

WIS N TEIEM 2, T X 4K Lambert [7]
R H AR BB IE AR, =R, — ARTENF
— PR i AR Lambert [o] B8 A9 H AR L E .

BEE AR 1~5, B8 |AR| < e i}, i i B HLE
b 7 B B RO E R EE VL Ve

2 % T Pork-chop H #y & Jik ¢ %% # #
i

2.1 Pork-chop

Pork-chop [&lJ&—F8 R PIEFE R % 1 22 iy
BB N TR S AR 55 0B S e eT Bk
I = 1 T & S (R 7/ A TRl -3 1 £



IRGIIPN G S'S)

18 AEROSPACE SHANGHATI (CHINESE & ENGLISH)

539 % 2022 4EH 2 1

SERGEYEVSKY 454 i Pork-chop &l , i 1 45 &
T 4 AL S B ) R 28 B ), Xof B i) 4 1R 7 T )
Ak, THEF 6B A — 4 18] 5 R A% Lambert [ 3545 2]
XoF I 4 328 R 484 R AL, B AT 223 4 Pork-chop 48 = [l
Pork-chop & AT DL 50 M (2 7R 45 7 B a] Bz N
JE i /N B A8 AR R R AN [ R G B ]
XF 7 Z la] [ BE R X LG, W AT S O Rt 2 R S %
R B Av g SO AL BN S R R 25 A

x10*
5

x10*

=5 0 5

Av=1|V,— V|| (10)

22 EREEBEEEESN

XAk T 3AE b K R BTE Y 2 0 TR R
AT R AL, HAE X B AR AN AR L B BR AL
£ H b AL A R B R ON P R R R s A, BT
B B 22 M 25 2071 2 A R LT AR KGR Y Pork-
chop El AL 3 7w o

Av/(m-s™)

2 000

1500

1 000

500

05 10 L5
HEIRI 1] / d

E3 #ifEE GEO I E#iE E %= Pork-chop &
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Fig.4 Pork-chop diagram of velocity increment when the eccentricity of the target satellite is 0.01
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Fig.5 Pork-chop diagram of velocity increment when the eccentricity of the target satellite is 0.05
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Fig.6 Pork-chop diagram of velocity increment when the orbit inclination of the target satellite is 1°
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Fig.7 Pork-chop diagram of velocity increment when the orbit inclination of the target satellite is 10°
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Tab.1 Simulation data under the 12 h constraint
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1 128.661 4 128.661 4 129.390 0
2 128.661 3 128.662 1 129.899 7
3 128.661 3 128.661 5 130.228 4
4 128.661 4 128.661 4 129.116 4
5 128.661 3 128.661 6 129.371 5
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Tab.2 Simulation data under the 24 h constraint
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1 29.799 2 28.782 3 29.2919
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4 29.799 2 29.220 7 28.808 6
5 29.799 2 28.782 4 28.879 6
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Tab.3 Simulation data under the 48 h constraint
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Fig.10 Schematic diagram of the dual-pulse proximity
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