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Study on optical and mechanical radiation of low temperature
and high sensitivity infrared multispectral camera

LI Fu-dong, LI Yang,FU Xiang-bo,LI Bin-yu, WANG Hao, LIAN Min-long
(Beijing Institute of Space Mechanics & Electricity, Beijing 100094, China)

Abstract: To address the stringent requirements for sensitivity and signal-to-noise ratio (SNR) of infrared imaging
systems in weak target/background multispectral characteristic measurements , an overall design scheme for a high-sen-
sitivity infrared multispectral camera based on cryogenic optical technology is proposed in this paper. A physical model
of optomechanical background radiation is established, stray light suppression measures are optimized, and optome-
chanical radiation simulation analyses for each infrared band are completed. The simulation results show that the total
illuminance of optomechanical radiation on the image plane ranges froml. 50 x 10 > W/m” to 1. 79 x 10 7> W/m”.
Through radiation calibration tests in a simulated vacuum environment, the accuracy of the simulation results is veri-
fied , with a maximum deviation of 2. 78 % (iin the B4 spectral band). The error between the simulation results and
experimental data is within 3 % , confirming the precision of the optomechanical radiation simulation method. This
study provides important references for the design and optomechanical radiation analysis of cryogenic high-sensitivity
infrared multispectral cameras.
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Fig. I Schematic representation of the equivalent

model of the optical system
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Fig. 8 Dewar structure design
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Tab. 1 Parameter of surface characteristics

Type Absorptivity | Transmittance Surface
/% /% Reflectance/ %
Eizierglzf:;;ance Bending ) 0 08
Filter(in-band ) 1 95 4
filter ( out-of-band ) 1 1 98
Detector window 1 95 4
Remaining lens surface 1 98 1
optical non-luminous surface 85 - 15
Detector surface 85 - 15
Inner surface of the light shield 85 - 15
Dewar 30 - 70
Other structural surfaces 85 - 15
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Tab.2 The range of spectral bands transmitted
by each filter band

Band Range of spectral/pum
B1 2.6~2.9
B2 2.7~3.0
B3 2.7~3.2
B4 4.2~4.4
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Tab. 3 Total illuminance of internal body radiation

on the image plane

Band Optomechanical radiation on image plane(W + m~2)
Bl 1.5037 x 10 =2
B2 1.5510 x 10 =2
B3 1.5715 x 10 72
B4 1.7927 x 10 =2
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Fig. 12 Schematic diagram of the test layout
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Fig. 15 Calibration curves for typical integration times of band B3
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Fig. 16 Calibration curves for typical integration times of band B4
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Tab. 4 radiometric calibration coefficients

Band Kw Cw
B1 33897. 66 603. 31
B2 28652. 52 509. 26
B3 29812.42 596. 52
B4 20200. 70 176. 62
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Tab. 5 Deviation between measured data and

theoretical data

Radiometric Theoretical L
N . Deviation between
calibration calculation h od
Band Irradiance of the illumination the meastire
. . data and the
on image plane on image plane .
(W s ) (W s ) theoretical data/%
*m *m
Bl 1.5365 x 10 72 1.5037 x 10 2 2.13
B2 1.5365 x10 2 1.5510 x 10 =2 -0.94
B3 1.5439 x1072 | 1.5715x1072 -1.79
B4 1.7442 x10 72 1.7927 x 1072 -2.78
T % it

ARSCET M AR i e R U L0 5D 203 AL, s
il Light-tools 734 210K "R OGHLTT 5 56 5t , 24540
HAAR A E bR IR k. 45 R R, 0y 1 5 52
BARiR2ZE <3 % Bk T H I EGE . A0
JRZE AP BT S S e iR Il SE S % R
K n] it — B R AR T 00 T A EHLAR SRk &
LA

S0k

[1] Yin L M,LiuY Q,Li H W. Cold optics technology to a-
chieve high-accuracy infrared detection [ J ]. Infrared
Technology ,2013,35(9) :535 -~ 540. (in Chinese)
JBERARE , X 22 AT, 2Rt 0. S A B 2L AN I (74
2HR[T]. 40AMEAR ,2013,35(9) 1535 - 540.

[2] Wang S T,Zhang W, Wang Q. Measurement for detectivi-

ty of infrared detectors in low temperature background

(3]

(4]

(5]

(6]

(8]

(9]

[J]. Optics and Precision Engineering, 2012,20 (3):
484 —491. (in Chinese)

EAAE, AR, £ LLAMRI S TEARIR 7 5T 4R
MM [ T]. 6ok % T FE,2012,20(3) ;484 —491.
Zhi X Y,Wang D W, Tan F J et al. Analytical method of
temperature effects on space infrared optical system per-
formance[ J ]. Infrared and Laser Engineering, 2015, 44
(¥81):1-7. (in Chinese)
BETE, B, WL, A R XS ] ZL AR AR
GEPERERIZ R BT 7 vk [T ] 205 50t T, 2015,
44(s1).1-17.

Jiang H Y, Wang Y K,Han G C, et al. Influence of opti-
cal-mechanical structure background radiation in MWIR
camera[ J]. Laser & Infrared ,2016,46(9) :1102 — 1105.
(in Chinese)

FEUFTE, E S R A P ZL AN AL HLAS 1
HRARGT AT [T]. WOt 5 4056,2016,46 (9)
1102 - 1105.

Yuan L Y,Lin Y,He Z P, et al. Design and realization of
an long-wave infrared hyperspectral imaging system|[ ] ].
Infrared and Laser Engineering,2011,40(2) ;181 — 185.
(in Chinese)

LR MRF AP SR RIZL AP RO IS R RS
it 5], 404 506 T2 ,2011,40(2)
181 - 185.

Zhou S C. Advanced infrared optoelectronic engineering
[ M]. Beijing: Science Press,2014:21 —27. (in Chinese)
SR, SR LIMEE TR SB[ M]. 65T Bl R
£1,2014 .21 -27.

Li M X, Wang S X, Liu Q,et al. Design and verification of
the space-cold optical long-wave infrared camera[ J]. In-
frared ,2022 ,43(7) :21 - 28. (in Chinese)

AN, AT, X5, 4. 23 [A]V8 O6 2 K I 1 A AL
AT SRR )] £141,2022,43(7) <21 -28.

Zhou C. Opto-mechanical design for a cryogenic IR sys-
tem[ J ]. Infrared and Laser Engineering,2013,42(8):
2092 —2096. (in Chinese)

JAHE. ARRLLAN R GOl a f it [T ], 204N 5306 T
F£,2013,42(8) ;2092 —2096.

Ge H Y,Xiao Z H, Wang Y. Research on cryogenic lens
support structures based on a bi-material system for ther-
mal deformation compensation[ J]. Spacecraft Recovery &
Remote Sensing,2022,43(3) :69 —76. (in Chinese)
AT, H AR, FER. 25 T PRI AME I XU R I
Bk SRR [T ] i KR [ 5 3 J, 2022, 43



256

O RS AN

%556 &

[10]

[11]

[12]

(3):69 -76.

Jiang F,Kong L,Bai T, et al. Thermal design and verifica-
tion of the optical system of the aircraft camera [ J].
Spacecraft Recovery & Remote Sensing, 2021,42 (5):
21 -30. (in Chinese)

Tl FUAR, FER , S5 WTAERE AL 5 R G BT S
UELT]. WURAR [ 5 38 8%, 2021 ,42(5) =21 - 30.

Zhu F,Zhang Y ,Chen J,et al. Analysis of thermal optical
properties for athermal infrared lens[ J |. Laser & Infra-
red,2017,47(10) :1299 —1304. (in Chinese)

UG BREE WRBEE, 5. T A 22 20N BT Sk HOL SRR M 43
Brit]. ok 544h,2017,47(10) 11299 —1304.

Du S H,Xia X L, Sun C. Analysis on stray radiation of
multi-spectral infrared remote sensor[ J]. Acta Photonica
Sinica,2008,37(4) ;763 —767. (in Chinese)

FEAE HTAR, IVBY. BB BN R G Ak
Bl 34 (] Ot 7741 , 2008 ,37(4) 763 - 767.

[13]

[14]

[15]

Wang Y M,Zhu Q, Wang J Y, et al. Characterization of
background radiation in SWIR hyperspectral imager[ J ].
Journal of Infrared and Millimeter Waves,2011,30(3):
279 —283. (in Chinese)

FEREY, B, 8T, 45 IR LLAM R g e LA
TR T A [T ], 2040 5 2= oK i 24 4k , 2011, 30
(3):279 -283.

Zeng G H. Principles of infrared systems’ NEDT and the-
oretical calculations [ J |. Infrared Technology, 2012, 34
(2):63 —67. (in Chinese)

W I £LAM R G M 7R A5 00 28 DL B o0 A 5 S il 5
[J]. £14MEAR ,2012,34(2) :63 - 67.

Zou Q J,Dai R,Liu X. The noise measurement simulation
of infrared imaging system [ J ]. Infrared Technology,
2008 ,30(6) :346 —350. (in Chinese)
ARATE , B X 8. ZLAM AR R Ge M s I B ) AT ST
[J]. £15MEAR ,2008,30(6) :346 —350.



