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Abstract: In response to the universal demand for space target detection technology research in space
image data sources, this study focuses on the problems of insufficient training data for intelligent
algorithms and the use of single data for traditional algorithms, with the goal of generating dynamic
digital sequence images of small space targets in complex scenes. A visible light digital imaging
simulation system based on a space observation platform is designed. In this paper, a small target imaging
model is proposed, which is based on two-dimensional shape feature point description and imaging
analysis model to carry out digital modeling and imaging simulation of space targets. A background star
imaging method is designed. Through the selection of stars in the field of view, the transformation of
imaging coordinates and the sub-pixel position modeling, the accuracy of the star point target position
imaging modeling can reach #0.005 pixels. The dynamic models of various light backgrounds in space
environment are designed, and the imaging noise analysis and modeling are carried out. The types of

ek F Y 2024-08-14 B H: 2024-09-23
FAEH: FME€(2000-), 5, LA, BT H AR .
BIRFER: RI5(1981-), 55, BRFULH, Hd, BT AT
http: // www.china-simulation.com

o] e



ARG AR
Journal of System Simulation

scene and the test conditions of robustness detection of space target images are topologies. Finally, the
imaging simulation functions such as dynamic change of target gray level, target curve movement, motion
trailing and platform jitter are added to the design of motion simulation algorithm. The simulation results
show that the simulation system can generate customized dynamic digital image sequences. After the
necessity and adequacy verification and evaluation, the digital simulation system can meet the demand of
multiple image data for the development of spatial object detection algorithm, and has certain practical
value for the research of spatial object detection algorithm.

Keywords: space small target; complex scene; imaging model; image processing; dynamic simulation
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Fig. 1 Block diagram of simulation system design
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Fig. 8 Point target subpixel-level modeling principle
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Fig. 16 Image noise simulation image
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Fig. 20 Target imaging effect comparison

MR 5 Wt U R AR B A I
W 11 R P 12 Bt b AR A B AT 45 Bl g
&, SR WE 21 R, EHENEEGICHEE
frE, ¢IHER stellarium J2 B &AL E .
X AT, (5 B AR B OGRS — ME UE
PR E R R &R &R 2RI T 2K
B AT AR & 7R 7 12 S PR AR AL G 2 R G A W
A e A I BEG AR, BEE AL TR 2, #7E
PEPPAL Y BB Y, 07 ELECHE P T 22 AR B E AR
R, VRG22 A) B R S R T T R

Kl 21 i ELIE B AR AL B OC R IR R PRI E
Fig. 21 Verify the correctness of the relative position
relationship of simulated stars

http: // www.china-simulation.com



RGN EF R
Journal of System Simulation

(3) A MELIIE

H bR~ 8 5 B 7 2 A s AR 1 45 TR BB 5 T
BERRERRLE, BB SOKBE R /A0 & H AR E
Mk LU TE AT 0T 51 UG T 3282840 B AT s 2 SR &
PRI SR, BARRBUCAEIE HAR K. HAx
BANEE. HAMERELL. B0 SR HE
LR o

i LSNR THEZE R AT an, B 18 5155001
50N H AR K BE B2 A7 B A B B[R] A8 Ak 1) AN [H] H
PR ERE e L R . TER 19 sk 28 (A R A dm 5ok
T2 — AT, MOTELAS AT, Ui 5%
TEARSBI SRR, R RGN 7R 1K, IR FE R,
FEXE K, FHHRMAEBRLKET E
(LSNR<5dB)> HEshiiHECR, s TH TR
GRS B 1) e

NHAEF &R 05 AR, LN S
TR SRR E NELALRE, FEXT 250 i 5147 B
BT T BB G R, W 22 s, 4R

EI==N
H 5L

D7 Fo A S O €

Kl 22 G EEn 1 7 DRI E

Fig. 22 Platform jitter simulation function verification

UeAh, ASCERE W B BT RREAT T IR
i, BT BRI H RS, JF 5 ICR[6]
[71. [8]. [1313E4T Vi & i K R G/ 7 ik T Re Ik
XEL, WK 3 fa. S5 REY], ASCBOIHIT AR
489 17) 75 EEOEHR B 2R BRI s 22 1]
b G I S5092% (5 e PR AL B AT 55 4R 01t 1 7 A 1
IER et iR v o O PR = £ I Mo 1 e L ol B 7
SN 2 .

* 3 FHFTE RGN
Table 3 Functional comparison of digital simulation systems/methods

b B 47 =H e
H ok o me  EL R AL WA R gk
pwg 0 O gae T g gy BRI RE AR A
o w0 D W R M Ea ME OB
@l e BB S0 e RE B ®E Wk xR GR
@ i @i Ml @R e B
i 1) i
k] - / / N N N / N N /
SCHR[T] N / / / N / - / - N /
SCHR[8] / V / V - / / Y / Y Y =
SCHR[13] / / / N / N / N - / N /
A3 \ y y y / N N N V / V N
VN7 RoRAAMIIAL ¢ BR ARG <7 TR AR R & T A
6 it HEALL o %S HB3I % [ AR FF B F 2 o e B 75

A I e v A T AR R AR I
ERAY G I Af IR Y SN R RCTIPOESES
A3 8) H AR AT — A @ A . SRRl H Ay
A P R R BB ARAR e R AR IAR
BRI AR UG T B TVE, 0 AR BLEEAT g

S 7S A, R i 1 s 1A R 2RO IR I 55 (0 7 A
FUPE, AT 2 23 [8) H ARAS I S92 0] 22 Te s 55 (e
VERE 6 o ASCREF B T R A K R g 4E 7 H
PRENS KL MEizsl . AR iR &3
W, (T HARGHESE BT BAT Al g 4n e, Xt 4t
A REFR A BB ARAR AR Y K H bR SO R T A

http: // www.china-simulation.com

e16 ¢



W, e RIEAE/DNH R R A SR G H

BAFRIACAE . 28, ASCRN A Ay BB BRI T 4873 ) F A 0 55072 B0 b 1 35 0
BB E ARG B RS AR TN R S0, BRI 2 58 N TR BRI SR (1 X 2%
BHTFRGFIEE, 20 et & B b, PR S 5 A AR ST HF

18 Y5156 S 25 A H bRgr & g i B B 741 K19 15t RBE s 18] Hhngr & G 0 5
Fig. 18 Synthetic imaging simulation image sequence of Fig. 19  Simulation image sequence of integrated imaging of
space target with uniform low light background space target with slow background spot
% %j(ﬁ [J]. International Space,2024(2):38-41.
= 3

[3]  RUMEF, G 2=, F WL T3 U HL ] 5 3 A 0E i 2
LTINS T LA ) W O R S N e 2 =12
J#%,2022,59(14):236-242.

Liu Shengli, Guo Yulan, Wang Gang. Spatial target
detection algorithm based on attention mechanism and
dynamic activation [J]. Advances in Laser and

[2] . kB EKEH K[ E F K Optoelectronics,202,59(14):236-242.
7¥,2024(2):38-41.

Liu Jie. Global small satellite development momentum

[1] SR, a2 4 2023 SR BRF R K 48 it
[3]- B A 75,2024(2):12-16.
Bi Junkai, Xiao Wuping, He Huidong. Statistical
analysis of global space launches in 2023 [J].
International Space Journal,2024(2):12-16.

[4] Massimi, F.; Ferrara, P.;Benedetto, F. Deep Learning
Methods for Space Situational Awareness in

http: // www.china-simulation.com

e 17 «



[5]

(6]

(71

(8]

(0]

[10]

[11]

[12]

AGTEFR

Journal of System Simulation

Mega-Constellations Satellite-Based Internet of Things
Networks. Sensors 2023, 23, 124.

Suthakar, V.; Sanvido, A.A.;Qashoa, R.; Lee, R.S.K.
Comparative Analysis of Resident Space Object (RSO)
Detection Methods. Sensors 2023, 23, 9668.

BT B R 5%, 51 AR, A 23 TR Fr R i M 0 PR 07
HHFFT[I]. 5 (A #2244 ,2020,40(6):1084-1090.

Xia Shengfu, Chen Junyu, Lei Xiangxu, et al. Simulation
of space debris monitoring image [J]. Chinese Journal of
Space Science,2020,40(6):1084-1090.

IR, 5K B AR 17 2 ) A L ) B PR AN BT
559 [3]. R Gi05 HF#4,2006(5):1195-1198+1211.
Wang Zhaokui, Zhang Yulin. Design and implementa
tion of star map simulator for space target monitorin
g [J]. Journal of System Simulation,2006(5):1195-119
8+1211.

B1R IR, 2 H S R AO G 1 B b AR
WAL [I]. R G4 H 54k, 2008(15):3951-3954+3961.

Li Jun, Gao Yuan, An Wei, et al. Research on mon
itoring image simulation of space-based optical space
target [J]. Journal of System Simulation,2008(15):39
51-3954+3961.

WREE L, 5K B 40, 246, 56 S T UL e 41 B H brig
RGN B[] 806 5 4045,2008(3):300-303.

Chen Weizhen, Zhang Chunhua, Wang Xuewei, et al.
target in space
[91. &

Motion imaging simulation of

observation ~ sequence Laser

Infrared,2008(3):300-303.

g A W B S L AR T R RUR A AR BR[T]
Je2EAE 2 1 F2,2009,17(3):676-682.

Zhang Wei, Pan Haibin, Bao Wenzhuo, et al. Optical
Precision Engineering,2009,17(3):676-682.

R, Fs bR B SR EE RN KEE L
KB ARV RRIHR), 2020 43(1):13-19.

Li Xing, Wang Lingyun. High refresh rate star map
display algorithm design [J]. Journal of Changchun

image

University of Science and Technology (Natural Science
Edition), 2019,43(1):13-19.

W AR, 25 R R 227 ) H b7 5 AR 0 B 7 [91. 98
J6 5 G LT 2 i, 2022,59(8):253-260.

Yang Jinsheng, Li Tianjiao. Research on scene imaging
simulation of space-based space target [J]. Advances in
Laser and Optoelectronics,2022,59(8):253-260.

[13]

[14]

[15]

[16]

[17]

(18]

[19]

TR SO, P E B S R A B AE B I 55 R AR
RGBT 5 5 L [IIOL]. Ak 5 A8 R K 2 i
https://doi.org/10.13700/j.bh.1001-5965.2023.0503.

Zhang Wei, Feng Wenquan, Sun Guotong, et al. Guide
star auxiliary motion faint object detection system design
and simulation [J/OL]. Journal of Beijing university of
aeronautics and astronautics:
https://doi.org/10.13700/j.bh.1001-5965.2023.0503.

W 11, 2 0 5 30 0o T 3 AR 4 5 R 28 1 /) 2 1)
AN 3] 7 H B LI £ 5 4% 1], 2023,31(7):15-20+27.
Tao Jiang, Cao Yunfeng. Small space debris detection
based on local contrast and full Convolutional networks
[J]. Computer
2019,31(7):15-20+27.

Measurement and Control,

Van Leeuwen F. Validation of the new Hipparcos
reduction[J]. Astronomy & Astrophysics, 2007, 474(2):
653-664.

TR, AL EE e T RO TR 1 2 18]/ B bR R BRIy
E L] 6% 50 EEIR,2023,21(6):7-13.

Zhang Wei, Xi Hongxia. Research on in-orbit detection
method of small space target based on trajectory
prediction [J]. Optics
Technology,2023,21(6):7-13.

e S I E I Rl = AR 1) 3 K A AFS )
M2 Bl FAR 241],2012,29(2):122-126.

Yuan Yulei, Zheng Yong, Duran. High precision centroid
location algorithm for star center [J]. Journal of Science

and Optoelectronics

and Technology of and

Mapping,2012,29(2):122-126.

ke, 2w RPN, 55 A T R U S I AR R e
M K M A OPOLL W & OHL
H :http://kns.cnki.net/kcms/detail/11.3724.TP.20240328.
0857.004.html.

Zhang Feng, Wu Liang, Zhang Kaixuan, et al. Based on
star sensor to test the noise of the image analysis and the
simulation [J/OL]. Computer simulation:
http://kns.cnki.net/kcms/detail/11.3724.TP.20240328.085
7.004.html.

BEE T B EG 55/ H bR -5 PR BT 7T [D]. F
FRHE K 22,2020.

Fan Xiangsuo. Research on dim dim Target Detection

Surveying

and tracking Algorithm
University of Electronic Science and Technology of
China,2020.

in sequential image [D].

http: // www.china-simulation.com

e]18 ¢



