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Abstract: In order to carry out the monitoring experiment of Geo-synchronous orbit (GEO) targets, Shanghai As-
tronomical Observatory developed an equipment with 100-square-degree field of view, called “optical prototype of
Geo-synchronous orbit dynamic monitoring system”. There are a large number of targets in the field of view, how to
recognize the GEO targets effectively from the complex observation images is the focus of this paper. GEO targets
appear motionless, at a fixed position in the sky, to ground observers. Due to the earth rotation, stars move at a
speed of 15 "/s relative to the ground observers. We propose the combination of frame difference method and track
correlation method. Frame difference method is used to remove a large number of stars from the images, and track
correlation method is used to confirm the GEO targets and connect them from different images. The feasibility and
accuracy of the method are verified by the analyses of the observation data. The method can recognize more than
50 GEO targets in the field of view at the same time, and the recognition accuracy exceeds 95%.
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Fig. 1 Photo of the prototype.
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Fig. 4 Sketch map of frame difference method.
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Fig. 5 Observation images before and after using frame difference method to remove the stars. (a) Original observation
image (binarized). (b) The image processed by the frame difference method.

—
[
-

1.5

—
£o
c S

3
52

z i L
8= e eninat e
235 A 3'3?.”: tor
SE L RN N

®© -

0 4 8 12 16 20 24
UTC

Acceleration in

(b)

altitude/(10™."/s?)

uTcC

B 6 Htitifh 0°4) GEO B ARMAE ik & . (a) f7 577 & 49ALE Shheik . (b) AEMFP 64

MAE F) ik

Fig. 6 Acceleration of a GEO target with an inclination angle of 0 degree. (a) Acceleration in azimuth. (b) Acceleration in

altitude.

422



DOI: 10.3969/j.issn.1003-501X.2017.04.006

(a)

Acceleration in
azimuth/(10™ -/s?)

OEE | Advances

—~
(=]
-~

4
3
o2
£%
§+ !
= O
ST o
5=
2%
g2
T -2
-3
4t

uTC

B 7 3hEMAAH 1589 GEO B ARMALE Shinik . () EFALH @B Fhheik E. (b) EARIPF &

BB F) Am ik S

Fig. 7 Acceleration of a GEO target with an inclination angle of 15 degrees. (a) Acceleration in azimuth. (b) Acceleration

in altitude.

BRI B GEO ML Ak s AN it 0.12 /s, B
/NT0.01 pixel/s, AT ZLNEIZ S, W%k
fiE, XTSI AR, R LM SR EER
GEO Hw, HAREHE H o Ak 1 s A RERRIA
GEO Htr. %t TP KA BB A R 3 B A WL e b
0L, I BRIl 2 I IBOR A ik, G ST R FHER
PESMEE, AT RES S AR R R 22 , H2 TR E Bz,
H AL PRI 2, R I W 2 iR s 6 (AR 3C
10 ROV EIRLAEIZ S IR, SRR IME R Pl
W2, SEATAMEEE 5 S8 S A Y SCIBR DL S . d i A
PRI AT LA —25 LBk, i) k] LUK s
T4~ GEO HARRWLIN s AR E E ok , AT T )
LR SCENAFIE T

T4 Z A o B AR 02 30 AR AN vk
AT G, WK 8 IR, BALIRA
W
3.3.1 BAREBMSEAIIRL

1) BEER] GEO HAr%ud, I A 4m Wi i %)
TUMEEEADR XU )M Y, Hef 7 IR, /
ZWIEME - RBERL GEO HARIT .

2) & XA RKMESE, BT .

ntrack: YHTCHS LT EE ;

track_id(4 )): GEO BRI ;

(Lxs Ly), (Vx, Vi): WUIEBHE s 7 RN 5

nmiss: HTE KA EAEL, MMTEKER, ZE
wE;

attribute: AUBEME, HE: 0—AULIER, 1—/l
ST S, 2— MR W, 3— W T Y
[RTI R

423

3.3.2 fililEr

MiRFET 30, FIBEE ~2 F -1 RER 0
DRI B 70-1)— TU-2) e A5 /N T3 MU (AR SCHL
300 s, 7EIG T BENIAH S GEO fSAifEA)HE ki sh );
WUNF, W2 WA I R S48 track_id 0 1
BAXY )i} FILXLY) Ly} Z IR ES B /N T

Read N observation images,
Initialize the track correlation parameter,
Initialize the loop counter: i=0

Y
i=i+1

No

Ol

Yes

Build new track

Track correlation

i

| Abnormal situation judgment |

No

ee

Yes

End

B8 Ak XFEE R AL

Fig. 8 Flow chart track correlation method.



OEE | Advances

RS E B WV, NGB — Ak, Anid
IR AL E SR, TE ST R S
B (Lo LYFIHEE(Vy Vo
3.3.3 ALEEICHC

1) FIREES 1 WEAEE 7 e R A WL s [ 6] B
(- T2/ NTBOE B WVINT, PR Y wi il
HRAE FLHTHE s T B (L L) FIERE (Vi V), SRS
& TN, AFE TN AR B AU Hs ] R B
FREBIME, R YA TG dE LM 2wt
PEATAMEE, AR SR

2) B WA SELl GEO H bR s AT
PCRC, XFF/NFiE BIE R S, BT AHR A0 )3 s
SR, TR E MBS, A 2 bR/
THIE, WIARYE AR R A0, il %
Ko MERSHOTEE BUERS, WA AT T,
WA AFAE LR PRI O -

() WLl e — S Zkat, WHAH B s
WY, PRERZ BARINGE, FriclilEdE R o;

(b) il fe 5 — A s AE MG AR D AL, ) —
AHNWHZ MR S BOR R TR BE, kT, Wy
FLzE TP S s /N, A AT S F DR, HBR
FITE
3.3.4 FHEEFB

1) FLlEsSr S8 IEEIEOLT , W ES
HIHH AT 10 WEULI FEE) o X7 00 S0 1] 2 57 (4 A
W, TEERIWE bR EAOE , IR B 2%
WIS BARIEA; AW, FRidh 14555

2) Wl AGBTEAE M A £,
333ty 2) TR, fRidh 2 557

3) LI R AR 52K - S AH S i 5
SR s} ] P B A 35 BRI, R 24 Wi itads b A
AT R G AR Z I (A STR ), RIEIMER
BT AR 20 T A DR RS, QNDCEC SIS, MlARiC R

3SR,

I IR G, WU B BEL GEO H
B S TR U B 240 track_id, HAMEAE 0 2
B 5 78 T IR — H AR

Ph2016 4F 1 1 1 H 2 S5 o0l i, Bk
I 1245 BEOMENS, ARSI 22
A BFr, WM 13:15:56.913(UTC) H1 i, Hr il K
757.45 so FFZM Nz ITE Y GEO Hirns
hn, e 9 s, Hoh B — k&g iR —1> GEO H

424

20175 , 55446 , 54

PRAEIZUIN BN Bis S . B 21 60 5 63 e )
Je [l — FARABILIE , ERDULI v Wy JC vk i e R
LRPESMIEIEATICIR, FRicoh 3 554, SS AT AREE,

N

o d

S| )
.

1500 f

NV}

/
I

7
Y
K /
,,sxitg
R

1000 1§
>
500 |
0 . A .
0 500 1000 1500
X
B9 GEO AAr&EMmA.
Fig. 9 GEO target overlay graph.
4 SENBHRERRME T

POV G g 2, SRR S, HAEME G
IR FAA AT, Ab R RR iR R Z R 2 A T B e A
I, AR R P AR T, DA R
WEHIIE S, 0 T ITAS GEO BAR R B HERRE , 341
R U Y GEO H bR s Bl 42 il >k , A4 H
VRSB FIIRE, FHATIE— 1A

e 150 50 09 18] e DRI £ 19 GEO B ARl 5
PIERYESE T, RETATAVECT I HARE, AU
B i HARECFENLAY GEO H bR B AR ER R
#it 95%.

MWFE 1A 1, 2. 3 ST RN,
WA FEENTE GEO Hiri £ M 4 50 X THUE
AR GEO HAR, 12 sl BEAHXTRC, 2 SRk
B, PR S Hp AR A ] X T
ARG GEO B, B THJLP#EAS), 12 3IRHE
ANBH S, 0 & A A3 A8 SV 3 3 A G U e (L (Flux) RIS
M LU (SNR)R X 43, 3k IS H X AN S i, D)%%
Sy BB, i 10 FiR.

[ 10(a)~10(H)FAFEES BE 20 2 h, IZIERIN IS 3
Wi GEO Hbr,%E F Y 2 i HFr7EE] 10(a)~10(c) M &L
HZB ST, ZE I 10(d) P B RS  HEE] 10(e)~(f)
TSI . H AT SR T B LN T A F B,
el EAER . A Sk b0 GEO HARKS 2S£ TAER)
Gy



DOI: 10.3969/j.issn.1003-501X.2017.04.006 OEE | Advances

A1 GEO B 475 E A H LT

Table 1 Statistics of GEO target recognition accuracy.

FURIUNSE:E] 1585 2 55850 3580 4 S HIG B RHEL RPN %
2015-12-11 16/0 23/1 17/0 23/1 79 2 253
2015-12-12 14/0 19/0 12/0 2412 69 2 290
2015-12-13 11/0 180 20/1 3312 82 3 366
2015-12-15 150 22/0 16/0 30/0 83 0 0.00
2015-12-16 120 16/0 11/0 140 53 0 0.00
2015-12-17 12/0 180 17/0 19/2 66 2 303
2015-12-18 15/0 19/0 180 26/2 78 2 256
2015-12-19 20/0 2410 22/0 2312 89 2 295
2015-12-20 1410 14/0 15/0 20/1 63 1 1.59
2015-12-21 20/0 25/0 19/0 35/5 99 5 5.05
2015-12-22 150 21/0 1310 2312 72 2 278
2015-12-23 22/0 22/0 20/0 2712 91 2 220
2015-12-24 16/0 20/0 16/0 2012 81 2 247
2015-12-25 7/0 9/0 710 1310 36 0 0.00
2015-12-26 1310 16/0 15/0 24/0 68 0 0.00
2015-12-27 15/0 16/0 12/0 26/0 69 0 0.00
2015-12-31 12/0 12/0 9/0 180 51 0 0.00
2016-01-01 25/1 180 180 29/4 2 4 4.44
2016-01-02 180 17/0 180 3212 85 2 235
2016-01-03 17/0 2410 19/0 31/0 91 0 0.00
2016-01-04 19/0 2172 23/0 34/3 97 5 515
2016-01-05 17/0 15/0 180 26/3 76 3 305
2016-01-06 180 16/0 14/0 23/4 71 4 563
2016-01-07 15/0 13/0 1310 23/4 64 4 6.25
2016-01-08 18/0 13/0 17/0 28/3 76 3 3905
2016-01-09 10/0 10/0 3/0 13/1 36 1 278
2016-01-10 21/0 19/0 23/0 30/3 93 3 3923
2016-01-11 20/0 180 20/0 28/4 86 4 4.65
2016-01-12 19/0 16/0 1310 25/3 73 3 411
2016-01-13 17/0 14/0 19/0 26/5 76 5 6.58
2016-01-14 19/0 19/0 1710 25/4 80 4 5.00
2016-01-15 180 1710 14/0 32/6 81 6 7.41
2016-01-16 180 15/0 21/0 19/0 73 0 0.00
2016-01-17 28/0 20/0 21/0 32/0 101 0 0.00
2016-01-18 19/0 14/0 10/0 23/1 66 1 1.5
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Fig. 10 Sketch map of the targets with slow track intersection.
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