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Abstract: According to the vacuum and cryogenic test requirements of remote sensors, a set of infrared target
background simulators that could work stably in low temperature and vacuum environments was designed and
built. The simulator is mainly composed of cold diaphragm, vacuum and low temperature surface source
blackbody and three-dimensional electric moving table. The cold diaphragm simulates the detection background,
and the micro holes distributed on the cold diaphragm are used to simulate the detection point targets. By
effectively controlling the thermal insulation and temperature control between the target simulator and the
background simulator and the thermal insulation between the background simulator and the remote sensor to be
tested, the stable test is realized. In addition, combining simulation optimization with practical experience, the
influence of the thickness of the cold stop plate, the target phase and the collimator of the simulator is removed
through simulation calculation, which effectively reduces the measurement uncertainty of the system. The
simulation analysis method and the verification results in this paper have reference significance for the detection
experiment of signal-to-noise ratio of infrared remote sensor point target detection.
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Tab.1 Parameters of the SNR testing system

Technical parameter Value
Emissivity >0.97
Effective 100 mmx100 mm
emission area
Cold diaphragm ransmitting hole (Optional)
Thickness of cold
Infrared target diaphragm 0.5 mm
ba.Ckg;";md Working 230-270 K
stmuiator temperature (Adjustable)
Emissivity >0.99
Blackbody Working 270-760 K
temperature (Adjustable)
3D electric Motion stroke =20 mm
moving machine Control accuracy 10 um
Focal length 1200 mm
Cryogenic . .
collimator Primary mirror aperture 300 mm
Working temperature <200K
Vacuum Size D4.4 mx6 m
cryogenic tank Temperature <100K
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Fig.2 The infrared target background simulator
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Tab.2 Main parameters of the infrared remote

sensing system to be tested

Technical parameter Value
Aperture of optical system 250 mm
Focal length of optical system 425 mm
Detection magnitude —20 stars
Signal to noise ratio =5
Field of view 0.85°x0.68°
Number of detector pixels 640x512
Spectral range 3-5 um

Cryogenic collimator

Target

background

simulator -
L

Infrared
remote
sensor

Pl 4 SRR LR A A SRy o

Fig.4 Diagram of detecting SNR test equipments layout
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Tab.3 Main parameters of the collimator

Technical parameter Value
Aperture of optical system @300 mm
Focal length of optical system 1200 mm
Spectral range 0.4-16 pm
Field of view 20=0.15°

Central field wave aberration RMS<//30, 2=632.8 nm
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Fig.5 Light path diagram of collimator for test
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Tab.4 Measurement uncertainty analysis

Relative

Variable Factors affecting measurement uncertainty .
uncertainty

o Blackbody emissivity of low 2.00%
! temperature area source e

) Cold aperture emissivity 0.53%
n o Lovimmmelme g,
0y Cold diaphragm temperature 0.20%
s Collimator reflectivity 0.10%
143 Effect of collimator stray light 0.20%
o7 Uncertainty of aperture area measurement 0.50%
o Uncertainty ni)efa(:ile;;;z:in thickness 0.30%
) Algorithm error caused by target phase 1.50%
oo Test system noise error 0.50%

Total uncertainty 2.78%
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RGN 0.5%. 254 DL Lo A5 200 5 A 6
EEHN 2.78%.

4 &

SCH LT A AR R I AF M e I B B T ol
TR LR L, R AR L R AR E I 2050
FURR 5 SR DA B0 P A7 04 DL B B A s i
8, SEBL T RS s AR T A s R ad
HALA B I7 3, BRI R 1 ¥8 ot B A e it
SRR E 35 53 5 of O A AL 5 SE B 2 I A 45
i o 5 B L BRI S v L B AR R L HARAR A
FATICAE SF AR, AR RGN A E S . 3L
W R 47 53 BT 5 T AR TR 1R DL X T AT A b i I s 5 H
PRARINAE W LA AT 275 58

S 3k

(1]

[10]

[11]

[12]

[13]

20210929-6

ANSYS Inc. ANSYS Modeling and Meshing Guide [M]. 12th
ed. Canonsburg: SAS IP Inc, 2001.

Pearson D, Hardy J, Lysek M, et al. Verification facility for
cryogenic optics, mechanisms and structures for the SIRTF
telescope [C]//Proceedings of SPIE, 2000, 4131: 250-254.
Hewison T J, Muller J. Ice contamination of Meteosat /SEVIRI
implied by intercalibration against Metop/IASI [J]. IEEE
Transactions on Geoscience and Remote Sensing, 2013, 51(3):
1182-1186.

Sergeev P A, Gogolev Y A, Zvonkova V V, et al. Collimator
equipment of the large test facility vertical for testing space
telescopes [C]//Proceedings of SPIE, 1995, 2475: 348-358.
Bartschi B Y, Morse D E, Woolston T L. The spatial infrared
imaging telescope I [J]. Johns Hopkins APL Tech, 1996,
17(2): 215-225.

Mu Da, Li Quanyong, Dong Jianing. Analysis on ground-based
infrared detection system detecting the infrared magnitude of
space targets [J]. Infrared and Laser Engineering, 2011, 40(9):
1609-1613. (in Chinese)

Yu Lili, Zhu Yonghong, Zhu Lianzhang, et al. Numerical
simulation of temperature for Al,O; ceramics during electrical
discharge machining [J]. Journal of System Simulation, 2007,
19(24): 5648-5650. (in Chinese)

Feng Xiaoyu, Du Jianxiang, Hou Nao, et al. A focal length
testing method with high accuracy for the optical system [J].
Spacecraft Recovery & Remote Sensing, 2020, 41(4): 101-110.
(in Chinese)

Xu Bing, Ma Long, Li Xiaoman. Development of the low-
temperature  optical-infrared  background simulator  [J].
Spacecraft Environment Engineering, 2012, 29(4): 430-436.
(in Chinese)

Collaudin B, Rando N. Cryogenics in space: A review of the
missions and the technologies [J]. Cryogenics, 2000, 40(12):
797-819.

Kim S, Yang H, Lee Y, et al. Merit function regression method
for efficient alignment control of two-mirror optical systems [J].
Optics Express, 2007, 15(8): 5059-5069.

Yang Tianyuan, Zhou Feng, Xing Mailing. A method
forcalculating the energy concentration degree of point target
detection system [J]. Spacecraft Recovery& Remote Sensing,
2017, 38(2): 41-47. (in Chinese)

Huang Chen, Wang Jianjun, Gao Xin, et al. Application of
infrared star catalog in ground-based infrared radiation
measurement system [J]. Infrared and Laser Engineering,

2013, 42(11): 151-159. (in Chinese)


https://doi.org/10.1109/TGRS.2012.2236335
https://doi.org/10.1109/TGRS.2012.2236335
https://doi.org/10.1016/S0011-2275(01)00035-2
https://doi.org/10.1364/OE.15.005059
https://doi.org/10.1109/TGRS.2012.2236335
https://doi.org/10.1109/TGRS.2012.2236335
https://doi.org/10.1016/S0011-2275(01)00035-2
https://doi.org/10.1364/OE.15.005059
https://doi.org/10.1109/TGRS.2012.2236335
https://doi.org/10.1109/TGRS.2012.2236335
https://doi.org/10.1016/S0011-2275(01)00035-2
https://doi.org/10.1364/OE.15.005059
https://doi.org/10.1109/TGRS.2012.2236335
https://doi.org/10.1109/TGRS.2012.2236335
https://doi.org/10.1016/S0011-2275(01)00035-2
https://doi.org/10.1364/OE.15.005059
https://doi.org/10.1109/TGRS.2012.2236335
https://doi.org/10.1109/TGRS.2012.2236335
https://doi.org/10.1016/S0011-2275(01)00035-2
https://doi.org/10.1364/OE.15.005059
https://doi.org/10.1109/TGRS.2012.2236335
https://doi.org/10.1109/TGRS.2012.2236335
https://doi.org/10.1016/S0011-2275(01)00035-2
https://doi.org/10.1364/OE.15.005059

	0 引　言
	1 红外点目标探测信噪比测试系统
	1.1 测试原理
	1.2 测试方案
	1.3 测试设备设计指标
	1.4 难点分析
	1.5 数据处理方法

	2 测量不确定度影响因素
	3 测试实例
	4 结　论

