55 38 %565 5 W) AND/ NS Q= o 1 Vol. 38, No. 5
2019 4F 10 A J. Infrared Millim. Waves October, 2019

XEHS 1001 -9014(2019)05-0642-06 DOI: 10. 11972/j. issn. 1001 =9014. 2019. 05. 015
=5 BRRE L F RN R RIEK L ELIZ T 77k

A, BERY, OB A, AEES, NBH°
(1. Jbnt iR S5l EE ARV, AL AT 100094
2. WA JRE TV K2R 28 [apiesp TREFSE bty BB IT /K3 150001
3. demtas (Al CAT AR SRS, AL AT 100094)

WEAMNTESZPHENELFEMNNER BERERNEZFARERMES X B CEREIT TE. A LET
RERFRN2HE M EESAREANE Y TEFELTREETETHEIRLFRANNEZERN R AFTF
PR BEMNAGWEERFRE NTREE S LR mEER TR ETERNEGREE LS EW
TR K RAEA BRI R G R A A e DA AR 3 B o ) A AR B AR R B R A AR
% REAG AR T 6y b (AL, 32 14 T 3 B oh 38 RO 5 2 1P 4 9 2 b I B ST 2, T O R OBl R R
Foiit AR EEAEE LR R EELRES A FES.

*x §# WP EHEAR; REREN; MR AR B Rk E Rt

hE S HES TN215 SCERERINAD . A

A performance characterization and matching design method of
space-based optical detection for weak aerial target

QTIAO Kai', ZHIXi-Yang”, YANG Dong’, GONG Jin-Nan’, HU Jian-Ming’
(1. Beijing Institute of Tracking and Telecommunications Technology , Beijing 100094, China;
2. Research Center for Space Optical Engineering, Harbin Institute of Technology , Harbin 150001, China;
3. Beijing Institute of Spacecraft System Engineering, Beijing 100094, China)

Abstract: Aiming for long-distance optical detection of weak aerial targets, we in this paper propose a
method of performance characterization and key indexes matching design for a space-based detection
system. Firstly, we analyze the main factors that affect the optical detectability of weak targets under
complex environment based on the full link of the space-based detection system, including scene clut-
ter, spectral radiation scale and geometric scale of detection system, etc. We then combine the above
influencing factors to establish a performance characterization model which represents the relationship
between the image signal-to-noise ratio of target and the above-mentioned influencing factors, that is,
the performance representation model of the detection system. Finally, taking a typical detection scene
as an example, by studying signal-to-noise ratio of target under different scene clutter and multi-scale
coupling characteristics, the optimization of detection spectrum and its matching design with spatial
resolution are proposed, which can provide theoretical basis and scientific guidance for the design of
the space-based detection system, demonstration of system indexes and optimization of information
processing algorithms.

Key words: weak aerial target, space-based detection, characterization model of detection
performance, spectral optimal selection, matching design
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Fig. 1 Sketch map of space-based optical detection
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Multi-scale coupling characteristics analysis and
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Table 1 Typical target, background and detection sys-

tem parameters
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TEATRIFE 10 km 1976 KEHRERT 23 HH30 m

T 58 50 nm
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Fig. 3 Simulation images of target and background in differ-
ent detection bands: (a) 2.76 pm, (b) 3.34 um, (c¢) 4.26 um

Table 2 Results of image signal-to—noise ratio under different central wavelengths

P (pum) SNR PO (um) SNR PR (m) SNR
2. 66 1.62 3.26 4.77 4.22 9. 60
2.68 2.06 3.28 7.68 4.24 21.96
2.70 3.29 3.30 10. 01 4.26 22.45
2 TR 2.72 3.24 3. 3R 3.32 14. 14 4 3R 4.28 20. 88
2.74 6. 40 3.34 15. 86 4.30 20. 74
2.76 8.61 3.36 15.35 4.32 15.56
2.78 6.56 3.38 14.31 4.34 15.47
2.80 3.54 3.40 10. 63 4.36 5.51
*3 AREREEBRLTHEGRERILITESER
Table 3 Results of image signal-to—noise ratio under different spectral widths
PO K (m) % 5E (nm) SNR LR (m) ji% 58 (nm ) SNR LR (m) ji% 98 (nm ) SNR
10 3.87 10 13.21 10 12. 62
30 6.04 30 14.38 30 15.91
5 76 50 5.63 33 50 15.92 426 50 23.00
100 3.33 100 10. 28 100 10. 37
200 3.20 200 6.08 200 4. 84
300 2.63 300 5.49 300 3.30
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