
0254-6124/2018/38(1)-079–09 Chin. J. Space Sci. ������

ZHOU Xiuhua, YU Xizheng, WANG Ronglan, ZHOU Binghong. Path optimization in the removal progress of multi-debris (in

Chinese). Chin. J. Space Sci., 2017, 38(1): 79-87. DOI:10.11728/cjss2018.01.079

��������	
��


��� 1,2 	
� 1 �
� 1 ��� 1

1(���Æ������Æ�� �� 100190)

2(���Æ��Æ �� 101408)

� � ���������������������������	, ����������
�����
��������	
��, �	�
����

���. �	�
�
��
��
����
���
��
	, ������������
���������	�
��
����

�. �
����������
���������, ���
��
������, �����
���
��
�
����
���
, �
����
���	����

�. ��, ���������������
����.

��� ����, ��, ����, ����
����� V412

Path Optimization in the Removal

Progress of Multi-debris

ZHOU Xiuhua1,2 YU Xizheng1

WANG Ronglan1 ZHOU Binghong1

1(National Space Science Center, Chinese Academy of Sciences, Beijing 100190)

2(University of Chinese Academy of Sciences, Beijing 101408)

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.
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N 1 �����UV.��
��NO�OW
Fig. 1 Distribution of space debris in the direction of semi-major axis and orbit inclination

/ 1 012345678
Table 1 Orbit parameters of target debris

XP ��SY ��ZÆ �
�
/km ��/(◦) ���
�/(◦) �
PT/a UX	/(m2·kg−1)

20887 CZ-4 DEB 150 773.45 98.51 118.0709 57.8 0.010 82

20798 CZ-4 DEB 148 836.51 98.774 124.013 100.1 0.007 033

20793 CZ-4 DEB 134 840.28 98.803 124.665 100.2 0.006 867

20969 CZ-4 DEB 130 782.73 98.56 120.344 58 0.011 368

20797 CZ-4 DEB 128 846.79 98.76 130.8964 100.3 0.005 294

20852 CZ-4 DEB 126 830.288 98.7 131.6222 100.1 0.004 68

20870 CZ-4 DEB 113 859.938 98.871 123.804 100.3 0.005 47

20876 CZ-4 DEB 110 798.45 98.737 119.172 85.1 0.010 207

20881 CZ-4 DEB 106 794.564 98.6 121.4668 63.2 0.014 09

20883 CZ-4 DEB 104 802.65 98.652 120.274 100.1 0.008 806

20878 CZ-4 DEB 84 736.078 98.438 123.071 27.2 0.019 045

N 2 30 Q�Y������WXR� 5 km �
��ZÆS� (V 50 Q)

Fig. 2 Statistics of the number (the first 50) of

rendezvous as the distance between the debris of China

and others is less than 5 km within 30 days
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N 3 [_����
OW
Fig. 3 Orbit distribution of target debris

N 4 ������
Fig. 4 Sketch of debris removal progress
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μ

(1 + ei) + 2Δki
ai(1 − ei)(1 + Δki)

−

√
μ

(1 + ei)

ai(1 − ei)
.

=#: μ = GM , G �bJ#�, M �GHB�; ei �
N i %���,9OQ; ai �N i %���,9 
#; Δki = Δhi/(2ai); Δhi �%c�,9 #. XH,

H45(�,9�[GK, &],9�-��#, �

���#"�
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ai(1 + ei)
−
√
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(1 − ei)− 2Δki
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.
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√
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2
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di

dt
=

1
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a
cos(θ + ω)fh,

Δvh = fhΔt,
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=&<��H�K8KL/BlpE4)5�cf.
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{
Δti = f(ai, ei, Ii, ai+1, ei+1, Ii+1,Δhi),
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2
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�%�,9'5)E;GHI�Jbp�,9
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9'5)�&/;��#"��4,. =I 5 #!
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�#"��)��.*\0. /1Dp#, [ZK8
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Fig. 5 Relation between transfer time and

velocity increment
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)/;��#"�=�, E;,9 #�.*V
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- 0.021km·s−1. (()�f�FJ=9, /�#"
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5.1 LMNOPQ
& 3 $24,9'5)�� 360 %)E;-=

��5(N)=������#"�. />I?.
:8*C���W9,�h[K8KL/)9���
W9, �#"�NL> 2.5%; �h,9OQ)9, �
#"�NL> 15%; �h,9 #)9, �#"�N
L> 21%. �L/H9�#, 8*C�W9hL/K
91�#"��Æ8*4 2.75%. �=G(!��
:, P;5(��# 4 i��0 5 i���5()

/ 2 R!2345678
Table 2 Orbit parameters of three sets of debris

�v 
P XP �
�
/km �
��/(◦) ���
�/(◦)

w 1 � 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

w 2 � 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

w 3 � 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 STU23VWXYZ[4\]^_`abcd
Table 3 Velocity increment and time-consuming for

multi-debris with different removing order

t
Nu �

�/(km·s−1) �

��	/(%) ��/d ���
ts
P

���� 0.3091 0.00 360 6, 4, 5, 3, 2, 1


��
 0.3165 2.39 360 1, 2, 3, 4, 5, 6


�

 0.3176 2.75 360 6, 5, 4, 3, 2, 1

���
 0.3558 15.11 360 3, 2, 1, 5, 6, 4

��

 0.3532 14.27 360 4, 6, 5, 1, 2, 3

�
�
 0.3739 20.96 360 1, 2, 4, 3, 6, 5

�


 0.3746 21.19 360 4, 6, 5, 2, 1, 3



86 Chin. J. Space Sci. ������ 2018, 38(1)

9-=. [ZL/)9 6, 5, 4, 3, ,9 #V.�
� 151.058km, ,9OQV.�� 0.559◦, K8KL
/V.�� 1.594◦; [Z8*�)9 6, 4, 5, 3, ,9
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 #0,9OQ�Æ-)E�8*,=FH44�#
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?>8*HC���5()9C,3;V-�"
�&H:/5('%���,9'5)�-'8*.

1Æ''5)� (360 d) -"&�&1&, /;�$
�#"�!�H4> 0.3013km·s−1.

5.2 ef
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lab YYG? 6 %��M-!��W5==, g 720

;.N 679<95C�#"�/;"7���5()
9, &I?.:?>�DW)!. `;W9����
��#"��I 6 M<.

5.3 ghIJPLMNOijk
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Fig. 6 Velocity increment needed by different removing

order of multi-debris
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Table 4 Effect of task time on the order of

multi-debris removal

����/d �����
 
��

�/(km·s−1)

540 6, 4, 5, 1, 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, 2, 1 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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Table 5 Removing order and orbit parameters of two sets of optimized debris

�v 
P XP �
�
/km �
��/(◦) ���
�/(◦)

w 2 � 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

w 3 � 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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