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Abstract With the explosive development of aerospace technology and the rapid advancement in space power, space

activities have become increasingly frequent. As a result, a huge amount of space debris is generated, which seriously

threatens the safety of on-orbit spacecraft and astronauts. Considering the potential danger brought by space debris, it is

particularly important to quickly observe the state of space debris and obtain characteristic information such as size, shape,

and motion states. This paper summarizes the existing space-based space-debris observation systems and their technical

means and puts forward some development suggestions to explore the development trends of space-based space-debris

observation means and provide a reference for the construction of future space-based space-debris observation systems.

Key words measurement; space debris; space-based observation; development trends

12 - E R B A e AN BT B R X fR e s ] 22 4 R
H TR SCo HETRE I AR T R e b

Wi 21 HE2ZE R BOR 9 2ol K B, 2 (A W R i 2 ) N 2 8 2 R T 2 sh 48300 3 38 A 2 B e

55 H ARG MR A s AT R AR LA SR B Bo S T B AT MR I, o H A 5% [ 4 R K K
g4t o HATR ST 10 em M 25 MRSy fE BRI T . 2 BROR A ORI R AUAT S A0 R A i T AL
Mt 3 T35 B, RF oA 1~10 em BB R 2 90 T3 e, R f“)E’J?ZW,i&%y‘I’:%M{EH‘—& PSP/ VRN

SUNT L em YRR R RS 1ACHT 0 AR R I 2R A A L

(Kessler Syndrome) it 52 X, ﬁ:ﬁﬁ@iﬁmﬁ‘f el ki 5 I RGAR L, R FEZS MR B LI AS &2 bk S
BN 7 A R BN D R A R 0N Y 2 ) R AR BE B BRI, AL 3l R 3, BRI R R L, 2 R ok
RS A TR R R A R O R A A S T R UL A 2R K i ) — S EE ) ZIKYXTfJuﬁ@
R A B R R I R g M B R T B i AT i S e

25 (B RAE O ) 2 i 6 25 ) i e B A & B R DR Y, IF R R ok 1 R HE A lﬂﬁ%ﬁiﬂ@ﬂ%hﬂ’]ﬁ@%ﬁbﬂﬁ

B SR SEE BT R, R A A R BUE L T

KR EH: 2022-05-31; {EEIBAH: 2022-06-13; FAHBAH. 2022-07-11
E%Iﬁﬁ 2021 SFEH R B AA R (29Y1ZKRCYGO1)

1E ﬂsﬁ : ZhUZC(Uv,T‘IllCr‘ObﬂTG. com

1712002-1


https://dx.doi.org/10.3788/AOS202242.1712002
mailto:E-mail:zhuzc@microsate.com

2 [EHAN IR

2.1 EEEZRIR

5 [E I B R It &R G WE 5T 10 s TR) e B, R R A A
RGO e Har i A, 1996 FEEE LM T
W B R 2 S B TR (MSX) , I F i s 36 3iF o 2 K 3k
ML AE 710, 2000410 H , MSX 1E 2 A b 36 [ 25 Ja]
L0 ) %) — 5 43 o 36 [ K L2 ) W AR 48 (SBSS) 1Y
AV S G Ay I b BR P T8 ' A R TR R R, B RGTE L
192 2010 4 & 5F i SBSS-1 & ] #AE ks 1k & 1
FREEEH (STARE)Y A STARE-1 1 STARE-
2H AR TR A F 20122013 4F % §17, 2017 4F
FE LS T — PR AR E 25 U T2 ORS-5",
T2 18] H AR K BE R LI . 2014 4F | 55 [ T 4R 350 5 Bk
Ii] A 1 18 53 (6] 5 U (GSSAP) I H |, 43 51 F 2014
2016.2022 4F & 5t GSSAP-1/2 2 .GSSAP-3/4 & L)}
GSSAP-5/6 8,5 N B A M, FAk, 5 EIF &
BT E B KA R B (NDSA) KL BAS 7 "R 1
R VETRR], it — 2 81T 6 2s 6] B b KR A B9
[E157 R

1) SBSS

SBSS F 4t & 55 [ &8 19 25 [ H AR W & 48, A
TR T 5 BR 0 25 (R H s S i i TR B R 4
H R B %60 76 B0 — 151 SBSS T {37 A BH [R] 25 3 #b L
L AIXE R T 5 em AR H AR LA K T 50 em #Y = 3L
Hbs AT 4 B o TR B & 0075 005 BB R
FE AR U AR, o el o 2 3 e RSO AT LG R
# (SBV) 343 H br R A5 B ML 42 R 30 em, 344
EME A5 B k1% 3] 2 305 B AL PR &8 R AT A0 3R, 5 BUKS 8
k500 m; BR 5K A I B ) 4R AE A5 SR & B M i Ab B
H (A PRl AT 55 BRI RE ) | Ml i A0 X B AR A7 &

FE 4% FE17H/2022 F£ 9 B/HFER
PEATRE B A

2) STARE# V&

2012 4E 12013 4F ,STARE-1 #l STARE-2 /2 #H 4k
RSB . 1% F GEAE UL 5 AL ) LA T MR A R
SE 1 O8I K A BT H AR BILGE S 80, 1 B bR B D RS
e, B fE BB, B bS5 [ 42 () WA (SSN)
RS A Y B A 2 PR AR EE A T Al T (R S
Fr 3R ARG AY 25 0] B bR S 08 R BlE 98 7002 1 6 2 MR
R STARE-A AR HISL B W 3U 254, H k48
PRl 1 s .

3) GSSAPTi H

£ MIiTEx D EME R L, REHET
GSSAPIi H , HAjE 58N 241 . GSSAP LUK
WXy 3, % GEOStar-1F &, B F #4257
AL CEMG 43 B R0k em B 90) 5 =5 1 6E L 1 Tl ik
B W AR B A M BR R 20 BT B, OF SRk — U |
TR, LIS EL AR X . GEOStar-1 11L&
5 R OOUHE E R R g AR AL B) ) PR R R G R
R 2 A AL s FVELE TR, R SRR AR RN B IR £ T
P&, GPS $2 L 8 8 w5 F#2 0], SA& GEOStar-1 19
P& R 28 F 0. 4 mrad , % 7 K5 BE A 50 m™, GSSAP
TR HZ ST WG E BRI AR 5 B A AR
DL BB LSRR 1, BB R ) H Ar o 0 H B, 32 2
P AT 55 42 il E b T 35 S0 B, HOBCMRE ) E B T8
(B B R 4 H 0 38 a2 9, 1) RS BE S B
RIES

4) NDSA

FE KA KRR (SDA) 42 H #) 8 NDSA, DL R
it —Fp 4 B 36 L mHE B REURGE (F R A il ad ik
F AL B R g B, S B0 ) A FE 28 (] H AR KRR R B )
MAZENNRIERGEWFRLE MR 2SI

#1 STARE-A R84
Table 1 STARE-A satellite indicators

Item Parameter
Weight 15 kg
Size 9.75ecmX9.75cm X 30 cm
Orbit determination accuracy 100 m
Satellite structure 3U CubeSat
Platform Colony 1l
Optical payload Cassegrain structure, CMOS detector
Output data rate <50 kbit/s
Track height 700 km

Orbital inclination

Orbit determination time

98"

Orbit set 1 day before collision

Observation distance
Target size
Observation target characteristics Relative velocity
Observation spectrum

Target SNR

<2100 km
<1m’
<3 km/s
Visible light
>2.5

False alarm rate

About 0. 1 times to 10 times a day
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Table 2 Main tasks of the Black Jack project™

Mission

Task content

Autonomous on-

Develop payload and mission-level autonomous software (including on-orbit distributed decision processors) and

demonstrate autonomous orbital operations. The payload can operate autonomously through on-orbit data

orbit decision-

processing, and the system will autonomously perform on-orbit sharing tasks according to high-level system

making . .
instructions
Advanced . . . . .
ol Develop and implement advanced commercial manufacturing of military payloads and spacecraft platforms, with
commercia
facturi plans to use commercial off-the-shelf (COTS)-type components to develop high-speed manufacturing processes and
manufacturin
& reduce screening and acceptance testing of spacecraft, thereby enabling low-cost spacecraft manufacturing
technology
LEO . . . . e
cellat: Low earth orbit (LEO) demonstration validates satellite payloads. Its capabilities are comparable to current
constellation
geostationary (GEQ) orbit systems, enabling a combined cost of less than $6 million per satellite platform,
performance
. payload, and launch
demonstration

Develop a constellation of 60 to 200 satellites operating at an altitude of 500 to 1300 km. Data processing for the

Ultimate goal

"Black Jack" payload will be done on-orbit without the support of ground segment. Constellation is able to operate

without an operations center for 30 days
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Fig. 1 Target detection result
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