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Fig. 13 Distance and angular velocity distribution of

GEO objects detected by the SBO sensor

—+—14.0 mag
12 o 14.5 mag
- +--15.0 mag p T
Z [l 15.5 mag /,4/
g% 8 ——16.0 mag A e
P < I O
:é ..// e P
B A W I
=, T e et
> e:é—*’ p EC R e g
/,f; ol 9t i ® o i o]
Peuaadiiesie un il
0
17 18 19 20 21 22

HIRR A/ (mag - ()7?)
Kl 14 ARESE GEO HARMR SNR Fi KL 5 2
FAA
Fig. 14 SNR of GEO object with different visual magni-

tude as function of sky background brightness



434

P IROR A« [ SN B R AP LS F AR KOG AR 317

fEE F bR o B8 22800 0.2 /9 WA 18U Bk
A, 24 H bR AR FRERIN A2 450 15. 5 mag i, AR K
PHAHALAA A54F T SBO B A #0 GEO HARK) HAE
W L 5 1) A2 AR S DL AN 15 B R o AN HpoaT
VA H , RIVEETE B0 47 19 R BH AR 37 2% 1 R e Jze 11
WL AT E R, SBO 28 £ 4K 48 BE 06 ¥R B A2 /N T
0.9 m ) GEO B#r.,

3.8 39 40 4.1 42 43 44
ML P /km x10
FI1S  AFEKFHARAL A SBO #R H A5 B A BEUL
e
Fig. 15  Diamater of spherical object detected by the

SBO sensor under different phase angle as

function of distance

FEE ATE - BT AR R vl PR A IR
%R 2 7R 3U CubeSat 328 5 cm 1142 30° 55 41
e gs , A 1 m BAR R R ECH 0.2 i BIA
OR300 B 8 034 5 000 km'™ - 437 18
H AR 2 S AR AT LIHESR ) 3U CubeSat 75 H:
BRI EE BT 0 H AR BRI EE 7, W&l 16 Fs .

HFR A /m
[5°)

0.0 0.5 1.0 1.5 2.0 25 3.0
MR PR /km x10°
E 16 ARV T 3U CubeSat T2 Z M4 B
bREAR
Fig. 16 ~ Diamater of spherical object detected by the 3U

CubeSat as function of distance

4.2 BEE5RNEBHFEE

YRS NI B 55 GEO H AR 2 LT 24
FARME R P S B G R e A JE 5K B ARt 3R
TEEE T T HORNREN, T Hu X 3, i —2045
B AR I LSRN AE 1, o] LAk 11 SBO 284t
F13U CubeSat £ JEXT GEO HFrpRME R, 21
25 T B SBO # {1 Fl 27 & 3U CubeSat 2 JETE
For &Rk A U A i R s a) BE Y X
GEO HAwi 8 55 FIEMN G O, N vl LU
SBO #faftEREME B, HUJ& A2 FR T 2 55 i ML 3 il
ik, % GEO B bR 1 8 35 A I A7 7 2340 i
fRo HCESTH CubeSat S JEREE 2 Z 1 % GEO
Hpw, {5 T xE DA I 2 B A2 4E 60em LR 1) H
b, PR R0 Ao L A a5 R T2 6. 5%

%1 SBO #755 CubeSat EFEE ZF1#77 GEO HIiFHHE
Tab.1 Numbers of GEO objects covered and detected by the SBO payload and the CubeSat constellation

GEO HAr i SR KR o H

ES NG

‘kor 1 H

ZZE1H

SBO #fiif i 1128(98.1%)
R 1 023(89.0% )

CubeSat A2 i bk 1118(97.2%)
R 1 045(90.9% )

1 142(99.3% )
1037(90.2% )
1118(97.2% )
1.038(90.3% )

1 130(98.3% )
1029(89.5% )
1118(97.2%)
1 045(90.9% )

674(58.6% )
587(51.0% )
1118(97.2% )
1044 (90.8% )

4.3 EiFEABHSHNEMK

K 17 78 T SBO 2% faf 5 CubeSat £ Ji& %} 4&F
A~ GEO H A5 Ay - 24 U0 I 94 i = 7 Jo] 0, oo
SBO # fay X GEO H #r 19 W8 I 5K 4 v 7 A1 7

0. 8°% 1. 6° 2 [] , E A E/N T 1.5 K, %)
GBRZBAMETT AP AL 2 K BT
CubeSat JLIE T GEO #UIE, [ %t H A5 B A 1
T i R 18], 7 2 R 23 st B AR 249 L0 5



318

Hh DG

%10 %%

KA1 68. 2°1 67. 1°, 5 & fI& Z it B B AR F
LT U] 43 30 35 F 115, 7°H1 114,00, [ i
thF CubeSat 2 A0, & 1) TR S B K, % GEO
b T LA S R 7, 45 B 1) B - 34 S D i

B2/ T 0.4 Ko CubeSat i ¥ 58 48 B 45 19 KK
Bl At J 39 = D e v X TS B GEO H Ak i
I 755 2 18] SR R 2 8 BRG] 1o A AR R A4 o

2 T 2 i - 2 2
16 e g e ;. = o 16 Syt 16
™ s o ‘?“ > * i ‘% > 3 ¢ > 3 ‘ *
;{]2!...‘. o &\&|2 't o A J QI.Z 4 ; 54[2 7 ¥
k 5 : ¥ 3 Lo Sy
go,s; ﬁ‘ k: go.s i O s go.s’ A R1 go.s 4551
S| S S ¢ B4 . : o4l o R4
0 i ok 0 0
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
A/ day #iji A/ day i/ day A/ day
(a) SBOB/MFL45 R (b) SBOS =i B 1 (c) SBORKAHIiTL4 (d) SBOA = 1Jj 2145 1
(a) Result of the SBO sensor (b) Result of the SBO sensor (c) Result of the SBO sensor (d) Result of the SBO sensor
at the vernal equinox at the summer solstice at the autumnal equinox at the winter solstice
300 300 300§
g 200 gzoo gzoo = I
Z ot Eioof:d §100¥ -fon
S 3 A A % pa s
B R I G N R o&" S
0 1 2 3 4 2 3 4 0 1 2 3 4 0 1 2 3 4
Hijj A 1/ day A/ day i/ day HjJE 1/ day
(e) CubeSat43{j FLL5H () CubeSat & Z{jj 245 (g) CubeSatFk 31 TL45 R (h) CubeSat4 % {jj FL45
(e) Result of the CubeSat at () Result of the CubeSat at (2) Result of the CubeSat at (h) Result of the CubeSat at
the vernal equinox the summer solstice the autumnal equinox the winter solstice
& 17  SBO #fif 5 CubeSat £ HaXT GEO H A WL 5T 1 5 175 J8]
Fig.17  Covered arc length and reacquisition period of GEO objects detected by the SBO payload and the CubeSat
constellation
PTGl MELL ST GEO HApRM 221y
5 %RiE oo BT CubeSat Wi LA JE 743 F1 I T 41

D RExE H i 08 14 25 (6] % 230858, GEO H R
RIS ANEOART 2SR K J , I Aok M 1
B ARG DL AR A /N R B 3 AR A R Bh
] o ZETFHASCEICEEL - GEO HARKIE 7
WA TR K JEBDL . SR 508 T GEO HARM
BBz shfet: , XA 1 GEO H A i ML m ik
1172k e prat i b ikl B sl
TREAZN H s RINEREIETT T 05 HiEA
LELG R, SBO 2 15 3U CubeSat /2 JE#FAE
SEHAT 1 m FAZ GEO H AR A FER I, HH
SBO #ifi C 2 B ARl WAy H AR AL RE 7, (H 2

TER S RN AR RO 34, T S s K 9 O
S A bR B, (H GEO T3 AL A 38 S 150 M 3 4
Ko

P23 (8] H AR K 2 W 4k, 3% 1 5 7
RIRE RN, X 51 T B N 245 1 &
Mo AR, BHIFHLAL #E 25 (8] H bR K 3 W 0o s
B AT T BRAR R RS b LA
T B KR i e B 2E RO SCH AL D)
FE S {5 JE A B A AH B AR 1A W 58 38 kR, 1
il F 3 AR A K 3 6 27 W /N T3 58 A ]
Al , XA TR 2 (8] H An g B B i1 T &
o= BRI HE SR



553 4] AR HRAR 45 E AMER [R5 B1GE B AR K I WAL TR ms 319

S Lk
(1] skra. EAMHEH R G 0] HARRI e ]. + B 56 45,2009,2(1) :10-16.

(2]

(3]

[4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

ZHANG J X. Progress in foreign ground-based optoelectronic detecting system for space target detection[ J]. Chinese Op-
tis,2009,2(1) :10-16. (in Chinese)
NASA Orbital Debris Program Office. Satellite collision leaves significant debris clouds[ EB/OL]. [ 2016-10-15]. ht-
tps ://orbitaldebris. jsc. nasa. gov/quarterly-news/newsletter. html.
E AL, B, EF R RAEIEAIAL I 23 (6] F bR E B7 i BORSBEAr e [T]. 5 # %5 £42,2013,21(6) :1394-
1403.
WANG X H,LI J F,WANG Y R. Orbit determination and precision analysis of space object with space-based camera[ J].
Opt. Precision Eng. ,2013,21(6) :1394-1403. (in Chinese)
FiER. AT E LR RA R GHE A [ M]. IR o ERRERR W R, 2011
WU L D. Orbit and Observation of Artificial Satellite and Space Debris| M]. Beijing : China Science and Technology Press
2011. (in Chinese)
HUEBSCHMAN R K. The MSX spacecraft system design[J]. Johns Hopkins APL Technical Digest,1996,17(1) :41-48.
DAVID C H,JOSEPH C C. The space-based visible sensor[ J]. Johns Hopkins APL Technical Digest,1996,17(2) :226-
236.
GRANT H S,CURT V B, RAMASWAMY S, et al.. The space-based visible program[ J]. Lincoln Laboratory Journal,
1998,11(2) :205-238.
JAYANT S,GRANT H S,CURT V B, et al.. Toward operational space-based space surveillance[ J]. Lincoln Laboratory
Journal ,2002,13(2) :309-334.
The Boeing Company. Space based space surveillance revolutionizing space awareness[ EB/OL]. [2016.08.20]. http.//
www. boeing. com/ assets/ pdf/ defense-space/space/satellite/MissionBook. pdf.
Defence Research and Development Canada. Space-based observations of satellites from the MOST microsatellite[ R ].
Ottawa ; DRDC,2006.
PAUL M,LORNE O. Sapphire. Canada’s answer to space-based surveillance of orbital objects[ C]. Advanced Maui Opti-
cal and Space Surveillance Conference , Hawaii, USA ;2008 .1-8.
HACKETT J,BRISBY R,SMITH K. Overview of the Sapphire payload for space surveillance[ J]. SPIE,2012,8385;
83850W-11.
SCOTT A,HACKETT J,MAN K. On-orbit results for Canada$ Sapphire optical payload[ C]. Advanced Maui Optical and
Space Surveillance Conference , Hawaii, USA ,2013.1-7.
WALLACE B,PINKNEY F,SCOTT R,et al.. The near earth object surveillance satellite( NEOSSat) [ J]. SPIE,2004,
5578 .1-7.
WALLACE B,SCOTT R,BEDARD D, et al.. The near-earth orbit surveillance satellite[ J]. SPIE,2006,6265 :626526-
10.
SCOTT R,WALLACE B,SALE M,et al.. Toward microsatellite based space situational awareness[ C]. Advanced Maui
Optical and Space Surveillance Conference , Hawaii, USA,2013.:1-10.
KRUTZ U,JAHN H,K HRT E, et al. . Radiometric considerations for the detection of space debris with an optical sensor
in LEO as a secondary goal of the Asteroid Finder mission[ J]. Acta Astronautica,2011,69:297-306.
FINDLAY R,E MANN O,GRUNDMANN J T,et al.. A space-based mission to characterize the IEO population[ J]. Ac-
ta Astronautica ,2013,90.33-40.
United States Naval Observatory. Joint Milli-Arcsecond Pathfinder Survey (J-MAPS) Mission:the application of high met-
ric accuracy astrometry to space situational awareness[ R]. Washington: USNO,2006.
United States Naval Observatory. The Joint Milli-Arcsecond Pathfinder Survey (J-MAPS) Mission; Application for Space
Situational Awareness[ R]. Washington; USNO,2008.



20 o 105

[21] FLOHRER T,PELTONEN J,KRAMER A et al.. Space-based optical observations of space debris[ C]. Proceedings of
the Fourth European Conference on Space Debris, Darmstadt , Germany ; ECSD ,2005 :165-170.

[22] FLOHRER T,KRAG H,KLINKRAD H,et al.. Feasibility of performing space surveillance tasks with a proposed space-
based optical architecture[ J]. Advances in Space Research,2011,47:1029-1042.

[23] MORRIS K,RICE C,WOLFSON M. CubeSat integration into the space situational awareness architecture[ C]. Advanced
Maui Optical and Space Surveillance Conference ,Hawaii, USA : AMOS,2013 .1-11.

[24] MORRIS K,RICE C,LITTLE E. Relative cost and performance comparison of GEO space situational awareness architec-
tures[ C]. Advanced Maui Optical and Space Surveillance Conference , Hawaii, USA ;: AMOS,2014;1-11.

[25] FLOHRER T,SCHILDKNECHT T,MUSCI R. Proposed strategies for optical observations in a future European space sur-
veillance network[ J]. Advances in Space Research,2008,41:1010-1021.

[26] R £z, R&KA MK, F. REDGERDH HAR I BRERCLT]. F B2 A 3K ,2015,32(3) :3543.
ZHOU M J,ZHU Z C,YANG G Q,et al.. GEO objects surveillance and tracking mode of space-based optical system
[J]. Chinese Space Science and Technology,2015,32(3) :35-43. (in Chinese)

[27]  FRoOU, g 7. AR R RIOEA I SB[ T]. R U54R,2016,57(2) :228-240.
CHEN B E,XIONG J N. The platform design of space-based optical observations of space debris[ J]. Acta Astronomica
Sinica,2016,57(2) :228-240. (in Chinese)

[28] HUY P,LI K B,XU W. A novel space-based observation strategy for GEO objects based on daily pointing adjustment of
multi-sensors[ J |. Advances in Space Research,2016,58:505-513.

EE T :

LA (1982—) B3 I ZRARSN , Tl , I ST 51, 2004 4F 2010 4FF [ piRHE 2= o Bl A a1 |
2, FENFCFEIE H 3 B AR A2 (8] B PR RN B AL 5 T 5% . E-mail : niuzd @ nudt.

; edu. cn
:

28 a =i 8By
i i wn o

253 3w 2wy =




