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Abstract: In ground-based optical detection systems for mid-high orbit targets during daytime, the ex-

tremely low SNR (Signal-to-Noise Ratio) of mid-high orbit imaging necessitates the use of multi-frame
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joint correlation detection techniques for target extraction. To address the challenge of target extraction
caused by stellar paths, this paper introduces a stars removal algorithm for single-frame images. The pro-
cess involves generating a background image with replaceable stars from the original image, identifying
suspected targets in a single frame based on stellar imaging characteristics, detecting real stellar targets
through single-frame and multi-frame association methods, and replacing stellar targets in the original im~-
age with corresponding background pixels. Experimental results show the algorithm effectively removes
stars with apparent magnitudes of 4 to 9, achieving an average removal success rate of 98%. After multi-
frame joint correlation detection, target intensity remains unchanged, while stellar paths are significantly
reduced. The algorithm processes a full-frame image in under 12ms, meeting the real-time requirements
of a 25 Hz camera frame rate. This approach significantly enhances the extraction of mid-high orbit targets
using multi-frame joint correlation detection.
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TH R R bR 2 3 25 B a5l , o 5k
CCD ElIM& , & st EG mE B 15 2. .

2.1.1 CCDB1#

B it ] 5 R L B O B () AE R [E) /N T 30
ms, [ R/NT 20 ms, BME7E 1K, BHR A 21
Flo TE MR SCEE R AHPLAL B X AL AR AE 9 45 LA
T Y S [A] H AR AT I W6 R 5 10 55 B Bk AT LA
BB ARAE MR LA B S T 11 AR R 25 18] B pr
15 W LU AR AR, JC v A FH B T 11450580 1 % B A 4
B mEhEI BRI ESER TS,
U b R A — B 14~1555 2Z ]

i GRAIE AR R A B s B B AR S BA
Fo IR R AT R Hh R 0% T BT 15 A e IX SR
HEAT AL B R B AP HA AR R S8 CCD
PG
2.1.2 HxRBAK

R EMR 5 CCD EIHME Y R Fg 2 TR FE A
A, H#E 5 EEg B - MR R E S CCD A
AR R . 5 SRR B AT, Bkt A
CCD EIM& Hh J— DX 3l oy 1 B I, DU S5 4 JBOx)
N AR ZE B 55 B CCD BI& v, 38 2 1E 2 R B

ALY S EMR R

T(x,y)Zi[I(x*n,y>+l<x,y*n)+
I<x+n,y)+1(x,y+n>:|, (D

AP T HRHEFEG 18 CCD EME , n g K TH &
FEEG R AR AR R RT3 75 S bR
AR EE  n 15,

J5 4 PR RS S R e 2 TR . TR
WEG R EEENE ERRGPE LR
BHmsamt e, REETRE G, 55
‘TEETIEEI’JJ—JEEHEATAV\&WE’/JEIE BT
5 JF AR G f L 3 4 4 s 07 B AR B R e
BT LATE R B B o B P R 23 7= A R

() [FaEB (b) HRER
(a) Original image (b) Background image

K2 sl P55 T S RGO T

Fig.2 Comparison between original and background image

2.1.3 BERE
THEIE R B R S b AT LR R &

G AL B, B bR ORI TE
2.2 EEEFEEHE
TE W AN AL EE ST GEO H An A 8L R, —

B e 34~ 0B



%5 23 ]

KI5 5 2 RKa &0 H AR R e E 2 B B 3439

JRE A T A 3k 30 mus Y B D' BoF [i] E A7 3% 28 [R5k
£, R ZER W s [ B 4, 25 25 i A HILAE
[ 5 WA 25 Hzo 25 J8 5 2L 2 WA A DG H0 I 55
Pl &7 A — R AR IS, T DR PR [ (1 4
SR B b B TR T 20 ms., A SCHEHAYE AR
e B AN AN B8 SR R v I v G R T LR B
o RIS RE B, 5 T iE T GPU B4 .
2.2.1 BHma

PG Ak Bk E B 5 IBORR 55, 1 A 48 Y
) AT A R T AR 1 53 1 T 4 A 1
HRARRE 0N, R SCEMR R 563450, BOH AR K E
HRFTEHSKEM, XHENEBGAERTHE
oy

B T CCD A & , 5l B2 i 5% ' B% 55 Ji 4,
CCD 15 F X6 S I e 17 8 R — 30, 3% Fh
G2 A B WA AR AR T . SF AR I R T BR A
G R A — R RE Zad IR TS i
B, RIS B 5] B by fE RS s, B
o B 1 1 BE AR e T A A RS S 1 K BE A, A

TG R A7 #
2.2.2 BAFRIR

T B A R H AR 4 BGE AL 5 B fE 23 F)
I3 T DX SR 35 P 1 22 R

I {43 Bk A R A Ak, AR TR SR A
P | FCORTT 5 DXCAr I o B AE 43 0 AR
LR E — AN K E BE TR R R — MR R
A R BEAE/N TIZ BE N & 05 ez, W8 O 255,
B LA, B8 53 30 5512 1 OC B 7 T 199 (B A 1B B, 1
(BB £EI /D, 7T RE 5 BOH 5 MR R Bl 24 A AR 2 R
HH Ok 5 19 (R E 0 O, D 2 5 B — SR A 1 H AR
B R SR TE s BRI O .

15 L 1 B3 1 R e Rk O

0, I(x,y)<t

B(x,y)= , (2)
() 255, I(x,y)=1t

A Dt WAk B2 )5 B S, O BIE, B oA 8
fr AL S

225t AR WSS B i A AR
AT AAR X X8 [ AR XK R T REA — A
o ZAME R WA REA MR . O T B E A2
e B ER R A Y SR AR DX £
ik .

1 PR D B o, — A DX R % 4B 1 ¢
{6125 0007 A B0 A o T B 38 R B0
4 DU X A B B 3K B R
S 3 R 44 6 P A R R 5

PO i 3 I 5 B A (A1 P 4%
% B,y ) WO EE (8 FLBR K B2 (AL, 04K Y A
Ho b T A7 AR SR R R (K, 1
25 A7 195 80 A IR R R B R (
MWk

AT DX Ik 5 343 X 0 B
5 VU438 X K 2 2 4 4 0 S
FRRZ % b Je F A EAATF AR

I 3 3 3 — 2 6 X 6 1% % X B 0 — fi fb i
Wi, 0 BB 3 7 i, 11 6 I B H bR . 7
DU D B BRI A A T\ O I
LI — A F AR

(a) PO @ X 35k

(a) Four connected region

B3 FRIREUCRA T

Fig. 3 Comparison of extraction effects

(b) J\EEEX A
(b) Eight connected region

PR X R A S 2o A S R
P E AL A PR S RS BRI LLAR U 1H B R R
R E U ¥R o 1R B AR R o D s
fese  BEE PO R R PR, SR R .
(B Ak 5 DX 3842 30 IR OE 505 08, S A7 76 W A F X
SR A A . r DL X E R B 15 AR
S TR PR DU X ek vk R AT H bR R

Sh A O g R T XS T A
B HAR TS R AR L. B4R —HT X7
15 F KB A AR (8 IX SRR 3 5,
o X3 R &k H bR o A5 TE S iZ a5 1 H A5 19 4b
PR 58 w, =N A

TR 5T O B3 9 S o A R B0 4R RO
P R B R A AT X R TR R R



3440 P

32 %

K4 HAbroMERIE R A
Fig.4 Bounding rectangle of target

HEAT A . Lot AT .

S e xI(,y) > v xI(ay)

_ (ay)ES (z,y)€S

TS () T S 1)

(x,y)ES (x,y)€S

(3)
AP S 0% S IX S B R A (R Y
B TN TR B EG (x., y. ) N % TE X
B 50
2.2.3 182k

30 e ¥ X A O Ak EL AR L B T
SRR B AR L T RS o o
PR r R 6 T A B T L Al A 1 R F 5 L
NI % 1 B AR P HERR R AR 7
X Bk b, A A e AR T w, A A
(es v ) T LA ST 3 B0 A 0 2 5 096 A ) 95
7 AT 7 6 .

[ 5 3 B — i A7 40 42 W 7 f i 2 P4, T L
A R LM R AP TR R A w A
(4o 7655 —LSZ vh ff AR HL 1 R K o ]
BN 20 ms, 4 0 0F L 4E Ny 5 45 BN O 45 R HEAT
. 5% R A 5 T X B T B R T
Hw=11,h=12,9FBIMEHEIEH RS R w=
4 h="5. FFLATT LA 3 007 4 % F bR B9 RS
DA B ) S A R T 4 DY R HEBR AR 1
i H b

[ 6 S B URS  ) HE AR O PR, 2 0 26 T )
HEBR G B R4 2 H AR . SR, SC% K B, — S 7

(a) [FaEB
(a) Original image
KI5 M 52X

Fig.5 Comparison between noise and star

(b) ~{EALEIR
(b) Binary image

P 5 v AR 55 16 4 F2 0T 22 Wi & AH SR R AT AR 2
A, T E A B R B R R UA
2 X 2, 3P UAE R FA BRI EURRH UL, T DL >
f =2, {0 AR R D . A Al AR H BB K
JUST 0 W 75 B B BB HE o, ml L 2o 22 i A 0 ok

Candidate target
(By connected region)

<TGt )

Y
)
Y
A4
Retain

(To multi frame detection)

6 RS I I

Fig. 6 Flowchart of single frame detection

Pl 190 % i I 74 30 45 5% Fh 4R 95 £ 4 56 00 7
303 1 A 97 LA 035 A9 P A 2 o X
SN AR B R TS 4 E 2 50— WU B 2
2 1k B A

Pl 7 Sy 2 WUk ) A 0P, 25 3 LUK D
B HH R 19 LB PV 0 (o, y, ) 2 75 7
o G 0 B AR L R B T
W AR R R I PR R B
YRR T ot T B2 1Y (Lot b — ). A BL A



%5 23 ]

KI5 5 2 RKa &0 H AR R e E 2 B B 3441

25 Hz A7 $A 52 s, A0 2B 4% A 18 2 0 A8 AE o
N 22 B0 0 G Bl o g R

Candidate target
(By single frame detection)

If the same target
exists 1 s ago?

7 Z Wik iR

Fig. 7 Flowchart of multi frame detection

:

Z i R ERECTAEC 58 A3 8] —ME A
BELGS, BT AR EZAN TR N TR
S AL HAE MG R R AL B AR R RTHE B
2.3 EEBKBR

fH B A% B BRAR fay B, E B R R By

:on /A\ftﬁﬂ—F:
I( ) T(lyy), (zgy)ES
x’y - s
I«Ly), (Ly)&s

A CCD BHR , T30 (1) A i 35 SRR,
SALE RGP A 2 AR R R X
K8 s BUR B A il it &R/ H G,

(4)

Background image

Stars removal image

Replace

Star

Noise

Original image

8 e R B

Fig.8 Schematic diagram of replacement principle

FEHT 5t PG00 Y DXl A2 ) 81 i P o e 2 A
(EREYEAEHEEE

3 RSBRAERL M

3.1 XWHER

S g A R R A B K RO R AL S
Yy B 5% i BF 00 0% A BR A B, B A 42 R R
fUTE B bR I T RE L F E AR bR R 1
FF7R

x1 ZEBEMEEIER

Tab.1 Main parameters of telescope
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