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Abstract: To improve the real-time performance and positioning accuracy of space object surveillance
using an optoelectronic telescope, a fast recognition and precise orientation system for space objects
was established. The algorithms for the motion characteristics, fast recognition, star centroid compu-
ting, and the astronomical orientation of space objects were investigated. The system constitution and
working principle of the opto-electric observing system for space objects were introduced, the motion
characteristics of space objects in a visible field of the CCD chip were analyzed and a fast recognition
algorithm was presented firstly. Then the fast recognition for space objects was implemented by using

the frame subtraction and the mathematical morphology. Finally, the astronomical orientation method
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was investigated and the precise orientation of space objects was realized in the usage of Tycho-2 cata-

logue. Experimental results indicate that the average processing time of fast recognition and real-time

astronomical orientation for space objects is respectively 10 ms and 25 ms, and the precision of real-

time astronomical orientation is less than 4”. It concludes that the results obtained satisfy the require-

ments of space object surveillance for high real-time, high precision, good stability and reliability.
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Fig.1 Framework of space object surveillance system
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Fig. 2 Motion characteristics of space object
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Fig. 3 The maximum and minimum of angular velocity
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Fig. 4 The maximum of angular acceleration
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tan 0,— -
CcOSs 8()_7755111 8()

3.4.5 SERRXEALF &%

25 (] b 9 52 B R SC R v S AR A 3R

(1) A% Z 48 WL I 514 i3 O G 35 L il A B
A A BN K ' H SR B AR ) 5 R Ol B
IE AR 7] 0 R BR AR bR R B (IR EE o FIARER O ;

(2) FEOLH BRI B 4E 17 (IR & o MR &) Fff
UL PSR Tycho-2 B2 3. & CCD #ilig b i)
EEE (0,080,i=1,2,, 0, T E L HBA;

(3) M4 as 0 Fla,d 125, LI CCD MIHLEL
B R, A AS 2 bR E 2 A RIS CCD A 5 Ca s
Visi=1,2, =, n);

(41 £ CCD K& A E AR fE 2 (s yis i =
1,2, ) B S48 AR L 38 5 B R AL 1 5 145 3
ERME R IRARFR (X LY i=1,2,0m) 5

(5) it CCD EME AL FE L 45 3 25 6] H b5 (1 &
FEARR(X,Y);
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6) FIFHEFTEEMN (XY a,d,i=1,2,
s ) HEST RS R

(7 FIHIE R B S 500 25 18] H AR 09 I 42 A b
(XL Y) 2 B BAR B AR ZE o FIRE O,

4 MEEhhH54R

T B R AR SCRE Y A3 1R] H A PR TR 5ok
B E ARG A M AR R AR A R IR, X A
[ [ s R s 2 0 A O 00 3 565 Ol H B 0 B Y
RAEEBGHHARSEIE 1 R, TR BR
il FUBCES A g5 o LR B CCD EIR 0 47 &5 OR e
NI 8 s . E A IR ESE 3 i CCD K&
HEAT ZAF Ak A B 5 0 4T o ) 2 43 b B IR 8K
SO A 2 DR, DA R I 2 ) H b B e L AR
Pt A SCHR 1 R T 2 AR 1 1 5 1) H A PR R
SVETE T 58 B2 8] H A B PR U . AR T R T
T Z SRR S AL R R A TS, B
BEPR AR T 25 6] 5 BR300 52 e e 4k 2, © AE 52
I AR R A5 20 36 . o A b B {E H 5L C=3,

Ca) 55 — i Jt s [T 4

(a)The 1 st frame original image

(b) 55 W 4R KR
(b)The 2 nd frame original image

AR P EE TR I AR N 3 1Y Bl B AU 554,
8(a),8(b) Ml (c) RiELE 3 Wi CCD J bk E% . K
8(d), (e) FICH M AR L Ab BEE5 S, K] 8(g) s
Ch) TG Ry i i) 25 43 kb BEEE S, B 8 () s (k) AT (D
AH R T 285 27 08 ok 445 S L B s [8) A PR 1500 45 2R

x1 RXBEZBERZEHNELSH

Tab.1 Parameters of photoelectric telescope system

S8 BE

M 4% /mm 400

M/ mm 600
Y61 /nm 500~800
s MY/ () 46.9X46.9
CCD E{% R T/ pixel 512512

8 5 4 Intel (R) Core (TM) 2 Duo
E6550 4b B 4%, 2G AT, M F 5 08 Windows
XP ¥:4E &40, Visual C++6.0 ZiiE4s. =50 H
P bR R 1) R0 456 PR A4 i ] 22 3 U 28 27
UEUE A5 (- FERT 290 10 ms, — MR Uk, 25 (1]
H bR 52 B R SCE o7 A BB B 7E 25 ms A2 A, BCH:
Al DA A2 ' H WL 2R S 1 S I PR K

Co) 26 = Mot I 4y 4%

(c)The 3 rd frame original image

(B 8Ca) X N7 1 — B Ak A P45 1
(d)Binary image of Fig. 8(a)

() 8l 8Ch) X 1 1y — (A AL Ak ¥R 45
(e)Binary image of Fig. 8(b)

(D &l 8Ce) Xt hj i B T Ak B 25 5
() Binary image of Fig. 8(c)
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(g)d & (d—e) M ] 2 43 b 3 45 1
(g)Processing result of d & (d—e)

(hye & Ce—D My Mila] 2 43 ib HE 2% 5
(h)Processing result of e & (e—1)

(Df & Ce—) MY M) 22 43 b B E5 SR
(1) Processing result of { & (e—1)

) & 8 () Ay AH N I 25 4 8 U 245
(j) Morphological filtering of Fig. 8(g)

(k) Bl 8 Cho) (4 AH I T 265 2 8 Ok 45
(k) Morphological filtering of Fig. 8(h)

(D B 8 f4 FH WP 245 2 8 Ik 45 51
(DMorphological filtering result of Fig. 8(1)

B8 s F AR DO 4

Fig. 8 Fast recognition results of space objects
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Fig. 9 Position residual distributions of space objects

T T AS 28 00 I e R 1 E RS L R
FHANF 5 05 B 05 T3 vk o B . e RS e A, SE
FEREAT 25 8] A bR R3] 5 T B 2 18 2 LLSE
Jit A7 VT B A9 R b A8 A2 5 R A A 8 o K, i T

iz 2 B AR T8 A AR (J2000. 0 SE 00D . IS
ZfH B 7E Tycho-2 B F IS & (B IE A 1T
JE O M HL BT AS B8R 22, K 9 BTN . AR & FI IR A
KA A AR iR 22 B AR .
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an (a,— a)? X cos &
=
" n! (30)
. n—1
FENL RGN B AR .
o=V .1+ . 3D

AT o, BIAEEE (RMS) N 3. 16" A&y
] o, K5 BE(RMS) i 1. 74", MUK EE R 3. 60", 584
T A2 O L B B LI R G RS SR . AR R
WA RIETE R IR AL AR & ) R & MR 4 115 3
(8 B AT K 000 3l ARUR £74) AN (] B [, 347 )8
— AR R RS AR R A I A R A2 O
H, B 570 5l R 158 2 RN R AR AT S AE T 1R 25 10 B2
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