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Figure 1 (Color online) Sketch map of debris distribution”
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Figure 2 (Color online) Origin of cataloged objects in space and
source
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Figure 3 (Color online) The proportion of total debris weigth by the
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Figure 4 (Color online) The distribution of the cataloged debris, LEO-to-GEO. (a) The quantity distribution of the cataloged debris vs. orbit altitude;

(b) the spatial density distribution of the cataloged debris vs. orbit altitude
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Figure 5 (Color online) The distribution of debris in LEO
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Figure 6 (Color online) The orbital eccentricity distribution of debris
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Figure 7 (Color online) The orbital inclination angle distribution of
debris
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Table 1 Harm and countermeasures of debris large than 1 mm

W S0 B S0 A 147 R s [ A i o
1.31 T E

20164 )i, H PR A 2 FF el i g A 4 o
7 45 28k Bl S i) 1L R I 15 . [ B b b ke
i MR AT B R AL SR £ IR AR 304K, 19964F
7H24H, ¥ [ECERISSEH, T fii%< TV & 5 ArianeV16
KYOCK Fiok g, 4 S E0xpE U AR E M
JEREFT IR, A TR

Jb 5 [R] 20094E2 A 11 H O 5543 59 %, £ [
19974F9 A 14 H & S i 15 RS2 33 (L3R4 A
A% 524946) 5 B W 19934E6 H 16 H & S0 E )
JB 224 1 7 225175 (AL 92 B 2 /] AR 5 22675)
S D REAEVARW 2 & A S EE,
HREIR11.6 km/s. filfi 48 A& A= Hi p5 o 97.88°E, 72.50°N,
1= BE788.57 kmfgZS . R AR B RS
KW TR TR Z MRS R, BT
SRU6T S5t R Rl XS I 7242 10 em A b A 4 H
44004~ 1 emPh b A9H% F# 22500004 . 1 mmb
[ AYRE R 2x 1004 (B HE BE T NASA T3 2 fff A 458 70 -
B, B AT EREE g B 6% 22000

200243 H 16 H, JEKRZLHE 5 5E T Jason- 1 B BR
VR TR AR R 1 22 O PR LA R A i o, AE T
BB ERE, ARG R Rish. 2013
FS5H24H, JBJREZ/RCCE T RERERE S
—HMCHh D5 198 54F & 5 T 25 19 i BRBHAR A % kB
“DmE S, SR AL, 20164:8H23H, KR
WL K J& (European Space Agency, ESA)“IH T
-1A”(Sentinel-1A) 2 KA (SAW+Y)i#H i T REH
Lem, FH0.2 gfREF LU B 11 km/sP T, 10
EHGAEFAET0.7 mm/s, B AILE AL, —M
f) A BH 3 A L 32 4515%, I 7748 T 84 ml R BE A o A,
W QBT /R Al PR - Ji o 5 3 TR R R Al
A 3 A IR 3 R .

R B gEEs B
(mm) i) (%) =

&% X}k

GURMUR AR | > RGeS B TOdE I L o R nleE By I 2

Ll

SURMUR ASARALIE . 2 RGE, BaBREHUR, IR HATM AR . 4 HE M AR

TRMSE. A TIRRR
PR K AR . A B R L

1~10 13500 99.62 (YN N
KA

10~100 50 0.37 BN

1002 | 1.7 0.01 %N

W7 474 it
TSI, 2 FAT; S

2573



a4 % B & 2018498 $£63% F25H

B8 (PIZERRE ()2 K g s [l i LR Sy s 1
Figure 8 (Color online) Vulnerable components under the impact of
debris of 1-10 mm
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Figure 9 (Color online) ESA Sentinel-1A satellite impacted by debris
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Table 2 Damage effect of satellite subsystem under the impact of

debris of 1-10 mm
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Table 3 Failure or anormality of foreign satellites caused by the debris impact
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Figure 10 (Color online) Impact craters on LDEF
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Figure 11 (Color online) Impact case of space shuttle
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Figure 12 (Color online) Impact case of ISS
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Figure 13 (Color online) Impact case of Hubble space telescope
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Figure 14 (Color online) Debris larger than 10 cm in the coming 200
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Figure 18 (Color online) Effect of collision avoidance (COLA)®"
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Figure 19 (Color online) Effect of active debris removal (ADR)™"!
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Table 4 Small satellite constellation programs
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Figure 20 (Color online) Influence of small satellite constellation on
the impact number'”!
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Figure 21 (Color online) The monitoring means of debris
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Table 7 The existing space-based debris surveillance capability of
USA
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Figure 22 (Color online) Classification of different means of ADR
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Figure 23 (Color online) Concept of towboat to capture debris
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Figure 24 (Color online) Principle of electro-dynamic tether for ADR

Figure 25 Schematic diagram of ion beam shepherd satellite deorbiting space debris
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Figure 26 (Color online) Schematic diagram of removing orbital de-
bris with lasers
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Figure 27 (Color online) Capture systems for Envisat
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Figure 28 (Color online) Robotic tentacles with belts



IR

B 29 (MZRUR () K= AT A S X R 4

Figure 29 (Color online) Space tug and autonomous docking system
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Frontier technology and system development of space debris
surveillance and active removal

Ming Li', Zizheng Gong®” & Guoging Liu®
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% Beijing Institute of Spacecraft Environment Engineering, China Academy of Space Technology, Beijing 100094, China
* Corresponding author, E-mail: gongzz@263.net

Space debris is space junk of human space activities. With space activities becoming more frequent, the number of space
debris is rapidly increasing, and have formed actual serious threat to human space assets security. It was the consensus of
the international community that space debris is one of the major challenges to all human beings, space debris environ-
ment remediation is the only choice and only way out. It has important strategic significance to carry out space debris
environment remediation for ensureing the space assets safety, maintaining national security and interests, ensureing the
international outer space affairs leading position and discourse power, standing the space powers responsibility and im-
age, leading the high and new science and technology innovation and development, promoting the growth of emerging
space economy and new industrial patterns. However, the active debris removal is one of the major technical challenge
for the entire international space industry.

The current situation and the evolution trend of space debris environment, and its harms are analyzed in detail. The
present technique status, research frontier and development trends about space debris surveillance and active debris re-
moval are deeply reviewed. Analysis indicates that the existing ground-based space object monitoring method cannot
cover the whole sky seamless all the time, and can not work all-weather. Space-based monitoring techniques is an irre-
sistible trend of space object tracking and monitoring, and the final solution of space object surveillance is the integration
of space-based and ground-based means. A series active debris removal techniques and plans have been developed, some
key techniques have been demonstrated on orbit. However, there is still a distance for active debris removal on-orbit ap-
plication.

The key technique and scientific problems related to space debris surveillance and active debris removal are ad-
dressed. The gaps between China and the world level on space debris surveillance and active debris removal are ana-
lyzed. Around China national great strategic requirements for security and long-term sustainability of space career, the
existing problems about space debris surveillance and active debris removal are pointed out. The connotation of the con-
cept or space debris environment remediation is proposed and is further defined. The corresponding technical system are
constructed.

Finally, the development suggestions and roadmap of China space debris environment remediation project until 2030
is proposed. Its technical core is forming the ability of space debris precise surveillance, efficient removal, and effective
protection. The mission and vision for China is to gradually possess the service capability for space debris environment
remediation with characteristics of all functions, advanced performances, high efficiency, lowcost, routinization, com-
mercialization and internationalization.

space debris, space assets safety, long-term sustainability of space, space debris surveillance, active debris removal,
space debris environment remediation
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