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Abstract In this paper, ant colony optimization algorithm is used to study the path optimization
in the removal progress of multi-debris. The modified steepest descent method is used to optimize the
time of removing each piece of debris reasonably which further reduces the aggregate requirements
of velocity increment. The comparisons with the order of orbit height, inclination or RAAN (Right
Ascension of the Ascending Node) indicate that using the order after the optimization of the ant
colony algorithm can greatly save the velocity increment. Three groups of debris produced in Chinese
activities are chosen for optimization. Results show that the optimized order may be different from
three kinds of order mentioned above, and the optimized order can save more velocity increment in
the same task time. In addition, the task time also has an impact on the best removal order of debris.

Key words Space debris, Removal, Path optimization, Ant colony algorithm

2016-11-21 KB ERK, 2017-04-23 YRS ER

E-mail: parsleyzhou@163.com



80
0 5%

W& == [P AN & R LA SGRAE . K, SHF T
H TR TR, ARZEMFESH 5%, SR
Fritp B H i3 2, W 1 R AR Y XU ok B .
o PR S ATaEEEE S 15kns™,
Bt — B Ay, s AT AR R B PR ROV
40, 2009 4RI TLRARRE, A TR, W™
HE 2000 BB, ZSTEIRE RO Z A I, A
T RE R A AR A LT O e Rl e s (M. g
Ryt 5 A SR SRR,
MGG, ZAE A B2 KT 1E
WAEPUZLT, s AR MG 24 P

B[R] 22 () B B & 4 (TADC) mifFoeas
B, ERFIRA T RSB BT, BFFER
B 510 BRI Fr A REAERR 2 [ Fr R AR R
AAE Bl FRERES A SRR SR E AR =,
PRI G R, BIRAE S T REB R .
DRI R A 5 B i 8 B M+ 20 S .

BERF BAE 55 22 R i BB IBE 7 1), B
L EHEHEPFSE. Flin, Wadsley % 4 BFR T iR
Vil — 5k S TLRB M, U 20 B TE R, R
MBHASIRIRIE, 251 T POBHERE SRR e Rk 5515
J¥. Stodgell % Pl DLSBRBLEFER BAT 55 51 A0
B IR, Xt 24/ LR STIBH#T TR, KA
Z BArstE R0 6 HARMBIES 1 T AR
A4S, Murakami %5 6 #3346 T LEO #1E B#Y 3
A BARZ AL R T, R 2 AR o
B BRIRR R W BRI B T FEAL . Madakat
45 DY RS B A2 B S AR R T R S 2 s
[ B9 X H BRARAT PR I B4 TR 5. Braun %5 18 4
X BRAT 55 T 2T Fr B R ISR M B HEA TR 5, &
R A E ST BRI Zenit-2 MK A% H
B 5 PR, REEMER R R D T B
BH 1.2kms™. FHEBHFBIMEHSE. Yu 55 0
KR & e P il SR B F 2 288 Fr BB R i
RACAC IR, A% e B BT T, — SR Oy
Fr B BRI 5 SR R LT B 2538, Liu &5 10
FRBAARPOREL B iR sy A, 205
TR BERSR R, RERTHAE RN, BERETEL
AR B BRI

*www.space-track.org

Chin. J. Space Sci. =RAF %4/ 2018, 38(1)

R FIA TR I P RS AT e B 1) T BE 3 1 AN,
VBRI E X L2 7 g R, #R H N TEL
B SEAMARNARZAATET, X RS EE SR
FEESS I P4 B AR, SRR S AN S T R
TEAACHE Fr B RS BRIBUF, XA R S B3 5 BE 3
LER AT e AT, RN R R BRI 5 S0 e 1
ZEFHY IR R, JE EL AL 55 W RIZERE Fr i BRI
A I A TR

1 FALA

TERE B BRAE S5 P, B A PLEL ) 51
Ko, KB BRE 2B BR, ST —IKBLE
Hemplsl. LR, BRESRIHA T2
LAYIHPUES R E R, MR SR B s Ry —
MR FEL TR AL HIR A (1) 52
TR R A H AR B D5 HLAL T B 11 L P4
(2) JHFERYAE S5 ] A WL A2 AR S5 It ). X AT LA
WA —AFET R B 1A Z AL H AR IR TR ] L.
X HIEREUIE TR =, B E BRI R A THUER
M AERSE. o TR R Bk, R AR
IR, X PR HSE AL T X TR Sh AR S B in
L5 BURER) X — ARSI MR AR 5 B A
PR Z AT A R AR R 22, 15 BE R (LR

2 Hbpikst

HABERRER. XEEHEXHAZHE L
W, FEHEBILLNF TS, B—, KHA
LPE LW AER £, WA KRS HLER L
B AL R 98°, HLiEEE A 500~1200km. & 1 &
MIEAC BT =5 7] 28 (NORAD) T 2015 4F 4
H 1 HRAAHPITHIERE (TLEs) 2l AR &,
B o, R R KB R 2P HE ERE B E. 56
= KHAIPHERTEE. A28 TE. WETR
B P TR TEX —HUE, 2015 FREA MR
YR LEVIK 2016 47 8 H i) kGt & T LERL
TR HE b N2 ERTE B A R ks
E == EiES - AR, JFid® 2015 £ 4 A1 HZ
JE—MANEFEEER ZSER/N 5km BY3E2R
£, Al 2 B



B A S 3R B4 P B MAL ™
500 1000
400 F 3 soof ]
§ 300F E
g [
=}
5 200F 3 400
: [
Z 100 I 200}
ol

0 En R
65 67 69 71 73 75 77 79 8l

Semi-major axis/ km

B 1

83 85

(X10®

Inclination/ (°)

ZE TRV RE A 4 Rl LI (8T A 07 1 g 0 A

Fig.1 Distribution of space debris in the direction of semi-major axis and orbit inclination

®1 HiEBRAFOHRESHK
Table 1 Orbit parameters of target debris
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Table 2 Orbit parameters of three sets of debris

il e %' BB R/ km B/ (°) THae m A/ (°)

1A 1 20876 798.45 98.737 119.172

2 20883 802.65 98.652 120.274

3 20878 736.078 98.438 123.071

4 20870 859.938 98.871 123.804

5 20798 836.51 98.774 124.013

6 20793 840.28 98.803 124.665

E2H 1 20876 798.45 98.737 119.172

2 20883 802.65 98.652 120.274

3 20881 794.564 98.6 121.4668

4 20878 736.078 98.438 123.071

5 20793 840.28 98.803 124.665

6 20798 836.51 98.774 124.013

E3IH 1 20887 773.45 98.51 118.0709

2 20969 782.73 98.56 120.344

3 20870 859.938 98.871 123.804

4 20793 840.28 98.803 124.665

5 20797 846.79 98.76 130.8964

6 20852 830.288 98.7 131.6222

® 3 BRSEABERAERFAEE S S0 EHFE
Table 3 Velocity increment and time-consuming for
multi-debris with different removing order
HeF o7 AR/ (kmes ™) HEER R/ (%) if1E] /d BERINFHES 75

R R 0.3091 0.00 360 6,4,5, 3,21
RETHF 0.3165 2.39 360 1,2,3,4,56
IREWEF 0.3176 2.75 360 6,5,4,3,2,1
il fa 77 0.3558 15.11 360 3,2,1,5,6,4
o f ke 0.3532 14.27 360 4,6,5,1,2,3
EETF 0.3739 20.96 360 1,2,4,3,6,5
BT 0.3746 21.19 360 4,6,5,2,1,3
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Table 4 Effect of task time on the order of

multi-debris removal

fE4ME/d  BEBRIF RN E/ (kms!)
540 6,4,51,2,3 0.2484
450 1,2,3,5,4,6 0.2751
360 6,4,5,3,2,1 0.3091
270 6,4,5, 3,21 0.3688
180 1,2,3,4,5,6 0.4782
90 1,2,3,4,5,6 0.7953
45 1,2,3,4,5,6 1.4032
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x5 RMAFRFMRHZEHBRINFFNESH

Table 5 Removing order and orbit parameters of two sets of optimized debris

A5 F5 %5 BaE = B /km Busfsisa/(°) Th3e s/ (°)
E2H 5 20793 840.28 98.803 124.665
6 20798 836.51 98.774 124.013
1 20876 798.45 98.737 119.172
2 20883 802.65 98.652 120.274
3 20881 794.564 98.6 121.4668
4 20878 736.078 98.438 123.071
E3H 1 20887 773.45 98.51 118.0709
2 20969 782.73 98.56 120.344
3 20870 859.938 98.871 123.804
4 20793 840.28 98.803 124.665
5 20797 846.79 98.76 130.8964
6 20852 830.288 98.7 131.6222
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