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Table 1  Space missions that visited multiple targets (sorted by launch date)

Probe Nation and Launch Date Target

Pioneer 10 USA, 1972 Jupiter and Jovian moons (flyby)

Pioneer 11 USA,1973 Jupiter and Saturn (flyby)

Mariner 10 USA,1973 Venus and Mercury (3 times) (flyby)
Voyager 2 USA, 1977 Jupiter, Saturn, Uranus and Neptune (flyby)
Voyager 1 USA, 1977 Jupiter and Saturn (flyby)

ISEE-3 USA,1978 Sun-Earth 1.1, Comet Giacobini-Zinner (flyby)

Vega 1 USSR, 1984 Venus (orbit) , Comet Halley (flyby)

Giotto ESA,1985 Comet Halley and 26P/Grigg-Skjellerup (flyby)

Galileo USA,1989 Venus, Asteroids 951 Gaspra and 243 Ida (flyby), Jupiter Corbit)
NEAR Shoemaker USA,1996 Asteroid 253 Mathilde (flyby) and 433 Eros (orbit)
Cassini-Huygens USA and ESA,1997 Venus, Asteroid 2685 Masursky and Jupiter (flyby),Saturn (orbit)

Deep Space 1 USA, 1998, Asteroids 9660 Braille and Comet 19P/Borrelly (flyby)
Stardust USA,1999 Asteroid 5535 Annefrank,Conmet Wild 2 and 9P/Tempel (flyby)
. Mars, Asteroid 2867 Steins and 21 Lutetia (flyby), Comet 67P/Churyumov-
Rosetta and Philae ESA.,2004 )
Gerasimenko (land)
MESSAGE USA, 2004 Venus (flyby) , Mercyru (orbit)
Deep Impact USA.,2005 Comet 9P/Tempel (impact) and 103P/Hartley (flyby)
New Horizons USA, 2006 Jupiter, Pluto and 2014 MU69 (flyby)
Dawn USA, 2007 Mars (flyby), Asteroid Vesta and Ceres (orbit)

Chang’e 2 China, 2010

Moon (orbit) , Earth-Moon L2, Asteroid 4179 Toutatis (flyby)
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Fig. 1 Scores of global trajectory optimization competition of various nations

LR AW TS L BAAE 52 3% R ISR AR O 1ok L
AE 77 12 R 8 22 3t g 1o i L B Y B R
FRAFE . RGE M T GTOC HhfE 2 i = 1 1 BA 2
R TR LT A W RE U A £ H AR 2 ]
PRI U IE A rhofs 23 Bof b 3 2L

e B R AT DK A% s T AN R 57
DLACHER 73 (¥ RE DT L EAT 2504

2 HBHTERAEHALTERZ

Fe R Bk 9 TE 2K — B Bk o L i S 4 T 51
i By CRT LA A — b A2 (T 20 2. 25 1 B i K 445 P
AR AT BR HL A 5t AT 55 A FR AR TR Y 1
2 BE RS LI B I A A% O ) B A A0 1k 1) AL ARG Ak
bR 38 5 O ORI AR 808 AT 55 . e B Bl 1 £k
I L B2 24 W) G A R 77 7 36 VF 22 Ja ¥ e 1L 1.
I T JE R bV 2 0 A0 72 8 B8R B OF A B 5 il
B ARG B0 AN 25 L 8 T 10 B R LA 07 3k A DR i 26
[F) A 45 1 22 TR ME 5 LU 20 X 0 0 1 S SR A v B
A W B 2 Y SR A RIS s AR B0 2
Oy REAE R LA S AN B AR R B HL
G SRy VERCG T 2 1o 2 5 B B e Ae v
2.1 BTN

Cage S5 f FL7E 1994 AP0 33t 1% 00 1 21
RS kb U A A O HLAR s L 58k W A T
it Y R AR 4 R k. e, Kim fll Spen-

cer " FIBRAE S IA ST T Bk vh 32 23 1) AL, O R 2
5 7% 155 DU B % 7 95 I 1 3545 B 1 i DR k. Ab-
delkhalik F1 Mortari"" gt 7 Kim 8 3C H i) 3R fi#
BERL, s A Sk i T R B IRAE ) T RAL
HIZE R, Vasile 206 73 SCHOR N AL R B 4R
WY IR SO WESE T b KR RS 22 K o I
Pl 0 R T — R R T AT O Y T S R Sk
o7 FH 38t 2R /N R 1 B ol 7 % i A Ak
Radice il Olmo'"™ JISCHE SR IE BT 52 T UK o % B
[ ANAAT B T 2 A0S R S AR s R BT
A TR R TR AR 2 et e g A R R AT
LR K LAl S5 T YR T 5T T A3 ) e G 52 2 TR A
Zhang S5 RIS 0F 98 1 S IR R 25 1F F i 58
e L K 22 FAR AR ) . Yao S0 4R
T N2 Sy EA S ST TR e IR) L Sen-
tinella Fl Casalino™ ¥ 22 43 HE Ak, | 38t £ 5 1 5 L
FEOLALIEAT IS 16 2 ik o 8] J. Pontani 465"
KL RO SE T 2 Bk b 58 23 Rt L 5 1 3800 T 58
2 [a) g n] LA 5 22 3l DKL 7 HE 0 1L Bessette Al
Spencer ™ W3¢ 1 22 43 HE A R BE 4G Ak L R gk
PSR s I AL 22 ik b e 3% 0 2R AT HO B S UKL 5 REAR
RRCR 4. T LK AT 5 5 iy 2 R e ik 5
AR L P I K] 45 S A R 0 10 JR A e I PR A R
oK A P AT 5 O Al 2k R B vk SR AL (L B
05 Vo R Sk Jok i e B LR G A ) AL



LR

ZEUETEAF - 22 B e S (8] SR I RE S0 10 AL Oy v 2 ok 5

2.2 IMEABTMRA

AINHE 1 B0 ARG A ST BE O 1 R AR A R B %
i i . Rauwolf #1 Coverstone-Carroll™ ZE 1996
AR AL SR oAl 1 IR A ANHE D B Skl
I Bk o3 i 2 B A BON ) 5 1) O [ E L 1
A5 BT AL LA A S T7 18] #1 . B 18 /N ) il
HEAT 23 B, 0 T LLKE HE 3 75 1) R P ek RO AT A
M Ak o5 8 1 2 8. Dewell F1 Menon™" 4 4 /1
Ji ) R VTS R 2 0 A B 2, s A B ik
AL Y) HE Rk 2 W0 R4 BF5E 1 s BR [R) 20 BaE
/N g 5 B 1) fE. Wall F1 Conway™™ /N F1 5
] =k 2 A0 G s L s Al =ik 2 3
X FAHL. Ghosh FI Conway' " ] B # 2% i £k 40 & /)
HE 777 100 fR L FDRL - HEAR AR X B A Z5 i 4k R BT
Ttk Lee 5577 il I 22 k3% 35 0% Q sRBCEAT /M
JIGBARAL 8L B ik Q eREU 250 B 5T
TR B AR AR S AT RS [ 8 2 B AR Ak )
L LR AT S DT VA AR R N HE T R E AT T —
SE AR, CLE Qe 4 7 5 1] i & 2 500 o6 B0
MR X TR i A SRS R B X e R R
e IR G & .

bR 1 R /INE T T SCHL 5 J7 0] f3 Z 5k ik
A VF 25350 TR AR J7 1 Sy HC A B0 A 12 4 1k )
{B.. Coverstone-Carroll 2558 | i 46 2 v Ak th &5
ARSI, Oy SEPTOP (€ [ W4 i 52 56
IR/ 3 SR St A $E AR, BF 5T T [R) I
LB WA R IH A 5 B B i) 1) i 2 B bR A Ak R) L
Wuerl 267 Sentinella 1 Casalino®™* b B 5% 1 {
FH 38 A% 5318 SRy /N HE ) 1) 2 32 5K Sk 52 AL ) {EL. Pon-
tani I Conway"*" B 5% TR F #E H A6 76 Bk oh LA K
ANHE B AC A i I S B 22— B A /N4 g TR]
ek R f B A p {E. W) #f L Jiang 265 o fifi R T
FEAG AL S /N #HE 1) 2 125 5K figk 32 fiE 9] {EL. Shan F0
Ren it AL 1 A0 A6 42 41 DRS00 4L 74 20500 5
UG AR WA B 42 23647 5K % . Chilan #l Conw-
ay LR K w34 S ) B RNV AT BB R E AT AR
b FLBh 26 AL AR S Ak i 25 51 L e st (L 3 1
e SRR Bt R 8. AT LUE B 58 s D
I 7 03I A A MBLSK i v A B B 2 0 L RE A FE )
BAR AT B T3 1k 4 R 1 G i 1
2.3 Sl hHEBBEMRK

Z U D1 B i) B O BB 2% B 2 B R

HAb et B &V 2 B8, 3 F 4 2 105 014 B ¥
B n e e B g i B st 22 LA R e it Jan 1 2 AL 3
Je— NN E Z AR T 8L, P 228 35 1 S RE
AT, Vasile 253531 T AL B L 15 45 325wk
S5 WA 2 SR BRI T ko R INHE T 0 5 TR
S HLBH I £ 51 97 B B O Ak e, AR T
Z ERUMER RA LD I RZ R kAT T kit
Wh9E 2 BAn Ak Ia) 8, Vasile 25 38 ol gk 1 22
Sy UEACSE I T B IR A OB ) 2 5] B 1) g H
PERE DL FAr o 14 22 43 E 4L 57 . Olds 2V Fll Qiao
U 224y AR ST IR T SRS ML sh i £ 5]
T 5 B I A A 1) R 2 BBk O M R R 1 S 8
Ve R H UK. Tzzo S5 AE B9 R TLHI Y )
K 2 B0 38 I 24 SR A B S R R 0 P A a0 Ak B i
F e T A TR ERILE S Tzzo F 0T
25 (8] BY AL i F 98 2 51 1 Bh a8, 5 25 43 ik 4k
WD LRSS & R T Rkt RE. Va-
sile 1R W ELRE BRI T SIS WS £ 5] )
BB AL Schiitze 250 25 ) 8T RLRIFSE T /NfE
2| 156 B £ B AR k. Schiitze 25 (i FHHE 3 e HE
¥ 8L B NSGA-TT %51 38 BBk 2 A br i1k
HEAT TGS R B NSGA-TT 132 H % Deb 2507 iy
G VRIS E S DIEER

Depart,8034

f il $2027/09/11
i g Flend,8034
: i ”’—S-‘ 3
0.10 i o e 20241228
~ 005 ; e
2 4 : TN o) ;
< o0 (Y £ o oo Launch Earth
A i ; | :
N 0,05 201807725 ,
-0.10. - B % ¢%«__ Return Earth:
2.5 : S 7N 20290717
20 - % L 2 Swingby .- i
15758, &2 Flyby 4660 20200704 .. 5
1.0~ Flyby 3908 SRR, e 10
5 0520240206 : el -
@ 0778 g™ o S 05
W, 05 e i N )
1% LS g (B
10 D0 d
-15 25

& 2 Z5] J1H B ER L (8 Rk A SCiEkl41 D

Fig.2  Trajectory of multiple gravity-assist mission
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REVIEW ON MULTI-TARGET SPACE TRAJECTORY OPTIMIZATION
VIA INTELLIGENT METHODS*

Li Haiyang!" Zhou Xiaodong? Zhang Xuguang' Baoyin Hexi’
(1. Shanghai Institute of Satellite Engineering » Shanghai 201109,China )
(2. Shanghai Academy of Spaceflight Technology ,Shanghai 201109,China)

(3. School of Aerospace Engineering , Tsinghua University ,Beijing 100084 ,China)

Abstract  Multi-target space exploration is one of the options for economic, rational and sustainable
space exploration, and it can achieve huge benefits at a low cost. Due to the huge and complicated opti-
mization space and difficulties of optimization, multi-target space trajectory optimization is a topic that
attracts lots of research. Intelligent methods are suitable for solving these problems. In this paper,
multi-target space trajectory optimization is discussed by introducing trajectory optimization competitions
in which intelligent methods are playing more and more important roles. Then this paper reviews trans-
fer trajectory intelligent optimization methods and sequence intelligent optimization, and the conclusion is

drawn at last.

Key words multi-target space mission, global optimization, real-time optimization, evolutionary

computing, neural network
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