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Fig. 1 Geometry of space-based optical detection
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Fig. 3 Silicon single solar cell spectral reflectance
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4 % i

AR BB SV AE R] H AR R RE 13547 1
Hro S FAHNLERIAE e L S54RI B AT, G I e
BN SIHE, 150 7B RSN RDNAE 1 L 5 A IR
WMBEE . E TRERAERNIR AT, FEER KT
R, T KPR AN B s S AR R, A
75 K B 3858 A1 gz BEPR DN AR X T 24 W] WO e BUR IR
WEELIRTE T 1.3~ 1615, EAERMZEAF T SRR &
BRI T 1.5~ 1845, SAMRIAE 5 A7 K AR BH 3 14
] H AR PRI A BAT A o 4G 58 AN E B8 1 o B 4
R BBRSMAPLE & SR e 3 8] H bRt AT 2R
MIREST . A BIHERSHE 7RI R ST i, /]
PAFE L Bt AT I3 . HEE AR, JFEH3 T2 AR st
ATA R o BB AMARTI AR Ge ] DY AR R %2 (8] H AR
MR R SRR S L, it — B =
(8] H FR iR0 BE5E Sk it

2 £ x B

[1]  EXTe, 3R AE, Bt i, 45, ZUE BR G 78 23 A1 45 348 N s )
S5 A JRe 0] F R AR [l 5 30K, 2021, 42 (1) 11-20.

WANG X L,CAT'Y X, CHEN S M, et al. Application and development
of multi-source information fusion in space situational awareness[J].
Spacecraft Recov Remot Sens, 2021,42(1): 11-20.

[2]  KBE, KIRA, B¢ RERRBER AT OGN R G5 KRR

RIBMEAR[I/OL]. a2 244 : 1-16[2022-08-29]. http: //kns.cnki.net/
kems/detail/31.1252.04.20220722.2121.044 . html.
ZHENG Z Z,ZHU Z C,KANG Y Z. Overview of space-based space
debris optical observation systems and key technologies
development[J/OL]. Acta Optica Sinica: 1-16[2022-08-29]. http://
kns.cnki.net/kcms/detail/31.1252.04.20220722.2121.044 . html.

[3]  EIRE. EAE H AR S R0 R SR R IURBF L[], SR T
#,2018,27(3): 86-94.

WANG X Y. Development status research of foreign space target
detection and identification systems[J]. Spacecraft Engineering, 2018,
27@3):86-94.

[4] L ILAE, A58, A5 ARG W AR IR B AT FE[I]. 3%
PRI AR (R 930, 2015,2(3):272-277.

JIANG H L, JIANG L, FU Q, et al. Research on polarization spectral


https://doi.org/10.3969/j.issn.1673-8748.2018.03.013
https://doi.org/10.3969/j.issn.1673-8748.2018.03.013
https://doi.org/10.3969/j.issn.1673-8748.2018.03.013
https://doi.org/10.15982/j.issn.2095-7777.2015.03.014
https://doi.org/10.15982/j.issn.2095-7777.2015.03.014

19

IR FE BECERIMANLA R B ARERIRE /18T 7T 107

[3]

[6]

[71

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

imaging detection technology of space debris[J]. Journal of Deep Space
Exploration, 2015,2(3):272-277.

AR, BT B AR, 2SI R B RR OGRS AL AR S BT T R (D],
SRk 5 144, 2019, 39(2) : 333-339.

XU R,ZHAO F,ZHOU 17 S. Research progress on spectral detection
and feature recognition of spatial point targets[J]. Spectroscopy and
Spectral Analysis,2019,39(2):333-339.

LIU D P, XIONG L M, MENG H F, et al. Research on outdoor testing
of solar modules[C]//Proceedings of he 6th International Symposium
on Advanced Optical Manufacturing and Testing Technology
(AOMATT 2012) . Xiamen,China: SPIE-The International Society for
Optical Engineering,2012.

EI U, B, . BORBH it B H R 511 AR 1) 2 18] 32 A
FUHERR[T]. BERR EE 5441, 2022, 50(5) : 1436-1446.

WANG K, WANG X C, QIAN B, et al. Advances in space applications
of efficient solar cells and their arrays[J]. Journal of the Chinese
Ceramic Society, 2022, 50(5) : 1436-1446.

DUNSMORE A N,KEY J A, TUCKER R M,et al. Spectral
measurements of geosynchronous satellites during glint season[J].
Journal of Spacecraft and Rockets, 2017, 54(2) : 349-355.

TN G, 7K, 1 B, 2% ) = 485 T L B A P PR b T 8 M S o
WEFE[T]. HIEEIAR, 2019,43(9): 1509-1511+1535.

SUN X P,DU Y C, XIAO Z B. Research of ultraviolet reflective
coverglass for space triple junction gallium arsenide solar cells[J].
Chinese Journal of Power Sources, 2019,43(9): 1509-1511+1535.
S, PO, TR, S RS 5T A BRSO R AR T VA
T[], PUEL244R, 2011, 60(8) : 835-842.

YUAN Y, SUN C M, HUANG F Z, et al. Modeling of ultraviolet
characteristics of deep space target[J]. Acta Physica Sinica, 2011,
60(8):835-842.

BAIL,WU Z S,CAO Y H, et al, Spectral scattering characteristics of
space target in near-UV to visible bands[J]. Opt. Express,2014,22(7):
8515-8524.

BEDARD D, LEVESQUE M, WALLACE B. Measurement of the
photometric and spectral BRDF of small Canadian satellites in a
controlled environment[C]//Proceedings of the Advanced Maui Optical
and Space Surveillance Technologies Conference. Maui, Hawaii: Maui
Economic Development Board, 2011.

BEDARD D, WADE G A, Abercromby K. Laboratory characterization
of homogeneous spacecraft materials[J]. Journal of Spacecraft and
Rockets,2015,52(4): 1038-1056.

COWARDIN H, ANZ-MEADOR P, REYES J A. Characterizing GEO
Titan ITIC transtage fragmentations using ground-based and telescopic
measurements[C]//Proceedings of the Advanced Maui Optical and
Space Surveillance Technologies (AMOS) Conference. USA: AMOS,
2017 (JSC-CN-40379).

VEEL, SRR, 4R, 5. 4 A B AR R 9EM BBRDF AR 7% [1]. O 2%
24,2019, 39100 1024001.

WANG X,ZHANG Y S,XU C,et al. Bidirectional reflectance
distribution function modeling approach of space objects fold
material[J]. Acta Optica Sinica,2019,39(10): 1024001.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

VR, SR, VA . HE T AR SR A0 I 2 A R AT WO
PE[D). Se 4], 2008 (3) : 593-598.

WANG HY,ZHANG W, WANG Z L. Visible characteristics of space
satellite based on Nth cosine scattering distribution[J]. Acta Optica
Sinica, 2008 (3) : 593-598.

FPRTE TRAR, R, R ) H AR AT WG ARHLER I B 7 43 (D],
AN 580 THE, 2012, 41(8): 2079-2084.

MENG Q Y,ZHANG W, LONG F N. Detection capability analysis of
visible light camera for space-based space target[J]. Infrared and Laser
Engineering, 2012,41(8) : 2079-2084.

PN, A, AR A% (a] H AR R I RRARRI R L 47 (0], 20405
WOt T2, 2015, 44(5) : 1654-1659.

SUN C M, YUAN Y,ZHAO F. Analysis of SNR for space-based
imaging detection of space object[J]. Infrared and Laser Engineering,
2015,44(5): 1654-1659.

B R, 22 SOME. SR AN o R R AR IR BT S E SR (], Z05M
A,2021,43(11):1023-1033.

LUO L, TANG L B,ZUO W B. Research progress in ultraviolet
enhanced image sensors[J]. Infrared Technology,2021,43(11):1023-
1033.

TRARI , BEFR, VLU, A5 SR A1 R SRk AR AR R AR R [T]. P DYy
%,2019,12(1): 19-37.

ZHANG M J, CAI Y,JIANG F,et al. Silicon-based ultraviolet
photodetection: progress and prospects[J]. Chinese Optics,2019,
12(1):19-37.

KA, R, EECORMEMBREERAZDI]. BHEERA,
2009(1) : 14-20.

ZHANG Y, SONG Z F. British "Skynet" military communication
satellite system[J]. Space International, 2009(1) : 14-20.

W OU. 52 115 T A [EB/OL].[2022-10-19]. https://baike.baidu.com/item/
%E5% AE%9E%E8%B7%B5%E4%BA%94%ES5%8F%B7%ES5%
8D%AB%E6%98%9F/6304276?fr=aladdin.

[ 2 e, FAEAT, BIIRY, 5. [EIR KRR B H LRI 5 Sh 4 S e Ak 2>
Mr[I]. Y2447, 2012, 32(10) : 176-183.

GUO A Y,BAIT Z,Hu H H, et al. Analysis of ultraviolet radiation
characteristics of solid propellant rocket motor exhaust plume[J]. Acta
Optica Sinica,2012,32(10): 176-183.

] 5% 388, 3 S0, AR AT, 45 WM KR R S HLFTOH = 4 25 S 007 3
FFFEN]. BT LR %4, 2012, 32(4) : 410-414.

GUO A Y, TANG Y,BAIT Z,et al. Simulation of 3-D ultraviolet
radiation from liquid rocket engine plume[J]. Transaction of Beijing

Institute of Technology,2012,32(4):410-414.

YE# fai A

IRFEA997-), Ty, WL B FE A, EBRFFE 7 ) - 48 AN R R o
S HbE: b5 TR H 24 B (10008 1D

E-mail: 15811475293@163.com

X A977-), 5, B, W 0 AL T, R EERFIUI7 1) AN BEAR R
Bt =4EHOE TR L A SCERBEE .

TS AL Al 5T TR LA BE (10008 1)

E-mail: tangyi4510@bit.edu.cn


https://doi.org/10.15982/j.issn.2095-7777.2015.03.014
https://doi.org/10.15982/j.issn.2095-7777.2015.03.014
https://doi.org/10.14062/j.issn.0454-5648.20210355
https://doi.org/10.14062/j.issn.0454-5648.20210355
https://doi.org/10.14062/j.issn.0454-5648.20210355
https://doi.org/10.2514/1.A33583
https://doi.org/10.3969/j.issn.1002-087X.2019.09.027
https://doi.org/10.3969/j.issn.1002-087X.2019.09.027
https://doi.org/10.2514/1.A33079
https://doi.org/10.2514/1.A33079
https://doi.org/10.3788/AOS201939.1024001.
https://doi.org/10.3788/AOS201939.1024001.
https://doi.org/10.3788/AOS201939.1024001.
https://doi.org/10.3321/j.issn:0253-2239.2008.03.036
https://doi.org/10.3321/j.issn:0253-2239.2008.03.036
https://doi.org/10.3321/j.issn:0253-2239.2008.03.036
https://doi.org/10.3969/j.issn.1007-2276.2012.08.022
https://doi.org/10.3969/j.issn.1007-2276.2012.08.022
https://doi.org/10.3969/j.issn.1007-2276.2012.08.022
https://doi.org/10.3969/j.issn.1007-2276.2015.05.046
https://doi.org/10.3969/j.issn.1007-2276.2015.05.046
https://doi.org/10.3969/j.issn.1007-2276.2015.05.046
https://doi.org/10.3788/co.20191201.0019
https://doi.org/10.3788/co.20191201.0019
https://doi.org/10.3788/co.20191201.0019
https://doi.org/10.15918/j.tbit1001-0645.2012.04.014
https://doi.org/10.15918/j.tbit1001-0645.2012.04.014
https://doi.org/10.15918/j.tbit1001-0645.2012.04.014
mailto:15811475293@163.com
mailto:tangyi4510@bit.edu.cn

108 PRI 2 (R3S 20244F

Research on Capability of Space Target Detection by Spaceborne Ultraviolet Cameras

SUN Tianyu', TANG Yi" °, LIU Wanyu', BIAN Ziyu" °, ZENG Tianji', XU Wenbin’

(1. School of Opticsand Photonics, Beijing Institute of Technology, Beijing 100081, China;
2. Longrays Photoelectric Technology in Suzhou Co., Ltd., Suzhou 215300, China;
3. Beijing Institute of Environmental Characteristics, Beijing 100039, China)

Abstract: The reflection spectra of satellites are shifted to short wavelengths when seasonal scintillation caused by solar wings
occurs, and the shorter wavelength UV band has potential advantages in space target solar wing detection. The space target detection
signal-to-noise ratio and detection distance models were developed for space target detection. For the most influential material
properties in the model, the spectral reflectance of typical satellite materials and solar wing cell materials in the UV and visible bands
were measured, and other influencing factors such as detector and deep space background in the model were also analyzed. Using the
SJ-5 and Skynet 5D satellites as examples, it was verified that there was indeed a significant advantage of UV in solar wing
detection. The results show that compared with the main body visible detection of the satellite, the solar wing UV detection signal-to-
noise ratio is enhanced by 1.3~1.6 times, and the detection distance can be increased by 1.5~1.8 times by the combination of UV and
visible light. UV has obvious technical advantages over visible light in detection scenes such as Earth’s limb, occultation and engine
tail flame detection during satellite deorbiting, thus UV detection has the obvious advantages of cost-efficiency ratio and detection

capability in space target detection.

Keywords: space-based ultraviolet; ultraviolet detection; space target; solar wing; spectral reflectance

Highlights:

e A new method of detecting solar wings by ultraviolet band is proposed, which proves that ultraviolet has the an advantage in
detecting solar wings.

e The UV hyperspectral reflectance of typical satellite materials iwas measured, whichit makes up for the shortage of current

ultraviolet band measurement data.

e According to the characteristics of ultraviolet detection, the an on-orbit operation mode of spaceborne camera is innovatively

proposed.

e The signal to noise ratio (SNR) and detection range of the solar wing under ultraviolet detection are analyzed.
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