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Space debris active removal mission planning: A review

XU Ying-jie, LIU Xiao-lu', HE Ren-jie, ZUO Ya-hui, SONG Yan-jie
(College of System Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract: Space debris generated by human space exploration activities has become a major pollutant in space, and also
an obstacle and a threat to the development of human space industry. Active space debris removal problem has attracted
widespread attention from the international community. Based on the systematic analysis of related domestic and
international literature, we briefly introduce the current status of active space debris removal; describe the low earth
orbit (LEO) and geosynchronous orbit(GEO) space debris active removal mission planning problem; introduce the
planning model from three levels: target selecting and grouping, visiting sequence planning and transfer trajectory
planning; categorize and summarize the current literature by explicit enumeration, implicit enumeration, and
meta-heuristic methods and analyze the current drawbacks; and finally address the perspective of the space debris active
removal planning problem.

Keywords: space debris; servicing spacecraft; active removal; mission planning; model establishment; planning
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enabling near-term demonstration) i 71~ 11 ¥I1'81 25, @
T A0S B R AT 4 BRUO20L VS BE A GMV A
A §2 tH () PATENDER 1+ R1I21 ., Bk 93 28 - AE 42 14l
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I8 T 2 MRS MR &8 BIAE 55 4 B 1a) R, (5 B T T
R A AN (A v B A (0 HE BD, il HE A1 4H A 1
77 2UAH AT 1 58 Al 55 K 2% 1 ADR AR 5546 &, T AR
% H bR A 3 26 1) AT BAR R g A L Bt
Federici S510 44 JIk 55 W1 R 28 40 8 2240, 4 L2 15 0y
RIS A2 LRI A R (vehicle routing problem, VRP), Jf:
TE R Al 1 2% R8s (AL B 3 B UL 2, e Il R e
VRPP [11] i (vehicle routing problem with profits) Jf
3L 1 VRPP AL A ) 5K 138 2 R 20 g0 75 6, [v) REUM 2B 4
v RS, o} A1 2% H bR 8 5 3 2 Tn) R AT 1 A

2) Vg Ie] e F1 R i et A

B0 BLAN IR 25 K 25 ) ADR AT 25 F1L-&l Ir) 2, )
150 AR HE 42 i o 2 U7 18] P 81 R K ) R 2 2 I A
AT FT ) R AR ) URE I, S AT R R
JE EL T TSP i) @ Jf 2 47 2 A5, Federici 2510 4K 45 15
et 3 71 AR Kl i) R BT ) 6% ) Jg M, 51 N IS T A4 3
HJi 47 7 (time-dependent traveling salesman problem,
TDTSP) i) @5 Y, UL A KA I8 Bk 25 TR A H AR 4
s MEEE HLBAFE N H AR T AR A IS 2. Bérend
LG BT Ry JE IR BIUTE B A SRR A TR AL 1
V) PR AR A Ay [ AL, A B 7 2% U1 1) £ J R X U,
¥ 3 A ADRAE 55 B FE A g &S, T $ th 1 7 A i
IB] 29 3R (1) PR A & TSP #5728 (limited length TSP with
time constraint, LLTC-TSP). Cerfl*>*3! D) £ /N b 4 i2F
T FEFN I (8] B FE 9 004k B A5, it 7 2 BisRA
IR PR AR 6 45 P 1 R AT R Il REASE 2R (bi-objective time
dependent traveling salesman problem, Bi-TDTSP), Jf
FE PP B AR B CT BUE 1 B AL 1) A S ME. 1zzo
S LALLE 28 18 A5 (B IR A B R 75 2 4 Bl 82 e 1) A 0
PR T ERAS B A R AT 2, 70 A 2 T ik
P TSP B A (TSP city selection, TSP-CS) A5 2 36, i
1% TSP #%7 (dynamic TSP city selection, TSP-DCS).
Zhang %% DL Iridium-33 14 1 i B AT 45 A 3R 9 Jm A 3K
A AL 5 #E (the 9th global trajectory optimization
competition, GTOCY) A5 3 5%, 4 A g 1 BAKMY
TDTSP AL, Bk 7 bR TSP A% Y, Stuart 5146 £ 7]
1 ADRAE S5 UKL —ANE— @ BABHA B A T A
K55 2 A3 (A Fi 525 ) VRP [l L.

3) R R BN R ) A

RS IR i) 2 7 )R 2 B A% B AT 55 R0
Sl i @ R P 2 ), VR D E Eert SO0 U 42 0
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TE T FEAT AR AR 55 WK 2 L3l 77 AN ], % 17
FEAT 3 R Ik Bt e A 2 R K T A /)N (A2 41 70 %

FE NI AAL 0] R A2 3T Hh 72 () 5 78 B8 R K e R,
JIR 25 WL OR: 94 22 SR FH AT AT AL DAy R Ik e 1 25 T ok e )
KA A2 0 77 200 J5 T kol 1 0 A% 00328 RO R A R
BT 3 Ry AR o A R ATS0) [ B A o g Y1520,
AR AR BAR R L (H R #8 s AT 2 B
SR J7 550, e e R R ) A2 12 35 5555

4 SRS ESIBBRAES IR TTE

H A, 2 Ay 2 BN RS BR AT 55 K U7 v 32 0] 4y
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1) BPEMETTIE.

SRS T VR B T B B 26 T A AT RE ) 4H
R TR 10 4 JR S A A, X b 07 v IR A A A 2 [
AEF /NS LT A IE F. Zuiani Z5E06 3@ i A4 42 15 10
() ADRAE S5 MR BB 5T 1 A2/ (G 22) HHE 1 Btk %
B SR AF NI SR TR Fr RS PR AT 55, R R 2518 120
FhaT B ARE B A% BRI B AT . Braun S8 057 ARSE AR 45
o B HEE RGN AR B T 4 T2 B By 3 R AL
3, I 5 3 R 0 07 R4 ~ 6 N v R de
TEBLR A, SR 418 B KT 10 I8, 21 2% W T B ]
TG T7 ST (R A v 8252 1),

2) BRI .

o AR 28 0 R — il i T I8 8 A R
F A9 f A0 A TR P 1), 9 58 Al 210 3k AT BY A R A
KAR B A A IR B 7 2. BT 48 & B2 (tree search
algorithm) AR 2y — i e 58 ) 3 20 25, 1 115 R AR
FE R AN TE Fa e v ORI 1) 22 (R e, T B S s
X R TR A8 2R 02 2 o¢ H ) Li SRS 3 th ) AR
5% (beam search algorithm) H1, R A 5 1 05 fiwT
DAY R 1] N — 2, HAm B 5 R3S A AT R, 73 38
(branch & bound) 72 7 — 47 R BT S 0E . Olympio
SEVHIEST T 2 R 02 15 30 B K BH [R] 25 B 2 1A R
T B i) R R BT AR T T o SUIE B BR
(branch & prune algorithm) A T~ s i /8 % /7 %71
LRI % 22 1 F2. Barea S0 f2 7 — M EET 0 X
& FH AR 50, F ADRAT 5 Fk )t ki 43 AW 2,
L ER R, N B AR R A A
BT CovelloB¥ SR HI 73 3 i€ S R ARAL B v #2
B 7 510 K1) 5 2 % 308 KK, 45 380 S 3 7 9 R
INHIRE B % B 5 5. Madakat 2500 3F— 35 % (B T AT
55 11 56 RGN Th], K o R A5 DA B /NG S AT 55 1 ()
AL AR RV FE MO0 A H A5 1 2 B #5 TDTSP [ 742,
FH 7 32 58 FE 5L SR A3 LEO 25 (A1 7% o 1a) L 1)
M. Wilson 5503 75 JLEE A 13k — D48 7 DLy
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W5E B N R 0 I TOPAS *F- 4 (tool for optimal
planning of ADR sequence), i& H T+ 2 15 10 M2 [A] 7%
Jr 152 % ADR 7 5.

3) o K ATk,

TG JA R 7 VEAE T HE 52 N TR N RE A 4K B I AR
fitk, R SR il 7 1) P 2 B A% R AR 45 R ) R AR 1 T
Ty — Mg A, AE H AT R 7T R, 18 4% 2 (genetic
algorithm, GA). & 4LLiB ‘K 5 7% (simulated annealing,
SA)- % # 5% (physarum algorithm) F; 7 BEAL AL Bk
(particle swarm optimization, PSO) PA Az ISR 572 (ant
colony optimization, ACO) )i ] K 4F.

BE X A% 505 (GA)®, Kanazaki 5519%1 DL KAk
T % o 250 R s /N A S HE JE TRV R E bR i
T 2 HEr TSP, I H GA HEM4L TiER2~5
P AT 25 B0 77 €. Murakami 2564 $2 1 7 2%
e g o0 D e A3 O R T A0 P 7% R AR AR T R IR
T4 4 I Ly AR 20 38 2 A B 1) — (7] G i JF % €60 44
WA GA VSR AR, Liu S5 52 1 T 2 2 H s
TSP g, B R 34 HFr: HR#E f B BRI 2
BT B B AKE LA IR 55 W R 45 0, LA 1R 9 I [A]
BOHOR FE, F GA AL T 18 v % B e 41 R a2 3 #
B[] 79 > OB 4% . Chen S5 1561 UG T K FH )P L TE
(sun-synchronous orbit, SSO) I~ E. 4 #H [Fl §/L1E = FE Al
B () — AL A TR v T TR B, SR FH GA B2k AR
R B P 31, K F PSO Sk TR B fE i 6 i
Missel &7 3£ T GA FLiLBF 78 1 2% (035 49 4% 48
(space sweeper with sling-sat) 1T 5537 5 1 [ #E A 7%
B e @, JREGAIE T 4S 82T B B8 BR AR 25 AT AR
FRAFAA 2501 . Zhao SISV AfF F 1 GEO #1325 (Al Fr
TE B A, R PR TS ) R AR AE 4L, H e iR R
LR 2 BTN A Tr) R, >R FH sk 7 3 00 A B0
(accelerated particle swarm optimization, APSO) 3K
filts A0 2 AT 55 R 20 B Kl ) R, R FH A 2 a5t A% B2
(immune genetic algorithm, IGA) =K fi#.

B o A5 40LIR K BV (SA), Luo 258 5 11 7 %%
1) & R A% X AN AR e B3, (B I AL AR v B A 7 41 A
ADR T 55 58 23 B[], 12 503 0] SEEIL S 20 #02s [a)
H bR B8 B AT 55 K.

B35 80 A S99 70) D Carlo S5 HY 1 A AT
3 ISR TSP [ R VRP (] 8 ) LEO 25 [ 74E 15 #%
W S, Ry S IR DA i /INAGHE HE 77T #E 1K 2R R #2 B H
[, 75 7% 18 J2 555 A1 RSB 0 P8 A5 100, 4 FH 2
T Physarum 5035 (139 & B 2 BRI B B AG B2k
W € AR B H AR P71,

B b T R B (PSO), Jing 251731 T 1] %
JIR 55 Wi K #5 1 GEO 1 v % B A1 45 B0 K 1l i, i 58 1
1155 HAR e 7 ZHRI S BUIE 6 F% 3 /> S8+ 1n) i,
DLVR B e P04 i) 5 0 A, 38 3t 503 19 2 H A% PSO
B SR AR, LU T AR R AR R I O R 2 i
2 LR 28 FH AN AR 55 T R 48 AT AR 55 IR S 58
K, ZMENRBNS 5B TIREATS 22
A . Daneshjou 250391 DL e /My HE 3 7] A 7 FE AN
1155 5¢ B TR A B b, B 1 7 2 B F5 PSO 5%,
F8 I S 3R B AR 55 TR 28 DI WD aR BUIE A B
FEBR BRI 7] R (1) R FE N B [0) Y1 FE A RO RE N, 5 2 A
JIR 55 FL R 285 1 O 28 5 AR R 22 80K, WK B AIRAT 55
RN BRI H B,

IR B35 (ACO)™ PR B A S B b 8 e
g SR A XFAT MR S5 5 5 HAh BE 4
AL AU B AT C R Sh S B T TSP ] @ 76771
T ADR AT: 2% #i &Il 0] & 55 TSP o] @ A5 — € 1 30l
£, Stuart %5146 R ] ACO 534 w0 e v % B
J7 50 - 7 i B A e 2 TR R B BT e B2 1 AR 25 K
A A, SR 5 I 40 S P O I EE TR ACO Bk
HE BT D T7 2, DL R RIE 48 2 v R R R AR T N
SOl 7555 8 12 3 s 1) 2 Al b, Shen 251781 3R
F ACO B4k 5 25 ADRAT 55 8 il i 5 o 11 ) %)
FURIRE R, e Th 18 20 T 10 MO B I i AR A2 1 7 5. Li
U GE G A SR S PR e SRVE AL 2, BLACO
VR AMER RN GA BEH 7, 52 8 T s e
% (evolving elitist club algorithm, EECA) KA1k £ 1
R BRAT 5. A R BRPS B RAHELL N it 1 3)
BT IR R, 5INE BRI R SRR AE
TP H bR 18] () BN A 3 7% A 407, 5 25 T I ] b 2 #5011
TPk T ADRAESS 73 0 F K S w58 ok i [)
B EU 7 AP O i [R) 4 B S ik ACO {5 B &R
B R 7], Zhang 251451 78 ACO SR HE 28 1 4 I 1) 2%

—Fh 44 IR ] 22 554 (timeline club) F 38T 45 #6) S fifE v
ADR {55 F1 K1) i 258 A7 Ak [ 4 At A

ZE LRI, 2 (R £ BB BRAT 55 LRI ) j L 42
BT T2, AT 4T BCR T & Rk
AR R AR 2 ] R AR T — 58 BRI LR, H H R
(RIRIE FEAT AT AE — LR .

T 2, TEEEXT ADRAT 45 FKI 7] 858 1 AH SCHF 9 o,
VM RN BR A SRR BRI, 1 54 T 7 8
23 (R 308 BRAT 55 BRI 7 72 AR ANl
{100 235 R, AE K 22 SO R A 9 1) 2 TR B A A2,
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TRy 17 B3 AT SR AT AE — 58 1R R, S DA% p A
J SR B TN | RGP AR 2 (R AR L, A R T i) PR A
PRI A B I B R R T &R, X IR T ADRAE
25 K 1e) R 1 52 2% A B R TN SRR F L A
W7 e J S SR A IR T IR S A, R SRR BE N 7 L R
% = A R O RSS2 (IR 35 AT 55 P K 7 v

FLUR, & ADRAT 55 BRI vl /8 ) A8 40 A, 24 BT
Eﬂ: 7_3 j( g U\ HEi/J\ 1{ﬁ3§%§%ﬁ[38,42,45,48, 56-61, 64, 66, 68]
N A B AR, B P AT 55 I 18] DL R 7 R A
DT AR B AR, AR RRAS T R ) A (AR
R REBR T R, % e 2 H AR A i 2 A Fr BN RE PR AT
Z5 FURIBHE FC BA — 58 10 B

B HuT 28R FEER T “—XWL7 1
ADR T 55 52 7 [40:42.61.65-66] R[1 fgft Fj — Al 55 i R # 4K
FPRE R — R PIZS [ERE s i “ 20 27 BETR B LR
[F fLI3945-46.T3 44 J% 22 [ 55 P R 4 B8 I 43 . ) R,
7 I 7 e AR T 22 1 AR R, AT RN A%, 24 Y
W T A AR B ¥ T, Rk 22 IR 55 il R 2% A A 58
7 (R B BR AT 55 LRI 35, 2 MR AR AT 55 K 7]
B AEAF 3 — DR AT I

G, T2 A B S A BR AT 55 AR e 2 B
A I B ARG I 1) 2 2 2EL A0 A I S, ) AT 9
A4y J2 AR AR 1 FE AR SR T8 44, Il AR 2R K ADR AT 45 30
Kl i) R S B AR IR 7 AR S R R Pz R 3
JE AR RIS 5 7 51 R K 5 7 78 B ds LR A 2 A
A ABERIT00.8] SRR R Ak 77 2 B AR BRAIR T Il A A2 2
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G, A DAAE R T 8] Py 2B ehde B g Bk 5 6. B bA, 24T
AT 55 FLKI 7 V280 = Re i A 20T i) i B AR AR
PERR ARIE AT 240 B A R PR B (R 0 A SR R ATL A
5 Mg5REY

7 (A (B Bl A N RR R K S B ARE A
g hn, % B AR TR SRR SR I IR F IS AT AR R
)5 L 2, 0.0 52 i 5 6] RSk () 2 b K, TR
U, 23 IR 3 3 A2 B (ADR) HY 5221 N 2% e,
BN E A A T AR ST IR S, AR
A7 [BRE  FE 3hA BR AT 25 B0 32, BAR A48 7
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FAI AR R 3 AN T A 28 1 il 3 A A L,
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RN FATT A 1R K I & e 73 18], 456 % T ADRAE 55
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