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Stray radiation analysis of infrared optical system

in multispectral camera

Liu Xin, Huang Yifan, Li Lin, Jin Xiaorui
(School of Optoelectronics, Beijing Institute of Technology, Beijing 100081, China)

Abstract: The performance of the multispectral infrared camera is seriously influenced by the stray
radiation. In order to ensure that the camera can work properly in all situations, the stray radiation in
different working conditions needs to be analyzed. The main sources of the stray radiation in the infrared
optical system of a camera were analyzed. The model of the multispectral infrared camera was established
in the stray light analysis software. The irradiance of the imaging plane was used to evaluate the stray
radiation level. Taking the influence of the solar azimuth and the off-axis angle into consideration, around
the hood, 8 solar azimuths and 16 different off-axis angles were selected to carry out the ray tracing.
Thus the irradiance of the imaging plane for every certain condition was obtained. And the effect to the
irradiance of the imaging plane caused by the rotation of the pointing mirror which was composed of
roller shaft and pitching axis was analyzed. Meanwhile the influence of the earth atmosphere stray
radiation was also discussed. The results show that the earth atmosphere stray radiation is tolerable. And
the system can basically satisfy the requirement to the imaging plane irradiance when the off-axis angle is
greater than 58°. The infrared optical system of the multispectral camera can work well within this range.
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Tab.1 Stray radiation sources of multispectral

infrared camera system

Stray radiation .. ..
Y Radiation characteristics
sources

Out-field stray radiation source.
The irradiance at entrance pupil: 2.7-2.95 pm

Sol
oar band is 8.05 W/m? and 4.2 -4.45 pm band is
1.73 W/m?.
One of the camera measurement targets.
In-field earth atmosphere radiation is the valid
Terrestrial signal, while the out-field earth atmosphere

radiation which reaches the imaging plane is
considered as stray radiation.

The scattering and radiation of the structure

Other radiations . .
within the system.
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Fig.1 Position of satellite, earth and sunlight
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Tab.2 Physical parameters of camera system

Components Absorptivity Reﬂectfmce
/Transmittance

Pointing mirror 3% 97%
Color separation filter 5% 90 %
Lens surface 2% 98%
Optical filter 1.5% 97 %
Baffle and inside of lens cone 95% 5%
2-D pointing device 85% 15%
Other structures 85% 15%
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Tab.3 Relationship between the number of rays

and the irradiance on the imaging plane

Number of rays Irradiance on imaging plane

8 million 6.342 88 e—012 W/m?

10 million 5.084 71 e-012 W/m®

15 million 3.833 78 e—012 W/m?
20 million 3.204 84 e—012 W/m?
30 million 3.643 53 e=012 W/m?
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Fig.5 Relative positions of light source and lens hood
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Tab.4 Energy ratio of 4 main light paths

Path Radiant power/W Energy ratio
No.1 7.67E-11 39.028 6%
No.2 4.60E-11 23.417 1%
No.3 2.30E-11 11.711%
No.4 1.53E-11 7.807 3%
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Tab.5 Solar azimuths and pointing mirror angles

when irradiance is larger than 5x10~° W/m?

Off-axis Solar Pitching Biggest stray
. Roller shaft . . N ,
angle azimuth axis irradiance/W - m™
4 50° 30° 5.67E-05
63.5° 6 60° 35.3° 6.34E-05
8 60 -35.3° 6.41E-05
4 30° 35.3° 6.34E-05
6 60° 35.3° 4.02E-04
64.5°
6 60° 25° 4.70E-04
6 60° 15° 5.73E-05

i1 6 af LLA 2, 2448 ) Bk T F 0w, KOG
M 63.5°F1 64.5° A 2| 5 14 T 1Y R R /N T
5x 107> W/m?, REif§ 12 15 ThT 1) A% HCRR S 25K o H 3R 5 3%
B, Bifi A5 5 10 55 VR 2l b AR A0 b %) 5% 3, 2% 00 7 A
14 T8 5 BB R T 5x107°W/m?, X 26 (7 B £ 4 Th 7E 45
T 55 W B 57 B 4k, FLAH X F 5%x107° W/m? AN ad 14
B o 5 BB 48 ) B AR IR R 2 40 R BR AL
B, BT LAAT LA $ [ B e Sl X 45 T 2% R R
AL TS R, AR 2 Al AR R T 58° I, AR 48 Y RE I 2
8T % IR IR RE R
4.3 MIKASESEBASN

Z 3% Bl = A AL H bR 2 — Oy ek R
S, L7 A I RO AR = A R S, L A Y
2 N RN (SN I KO &S B i € T I N TP )
F G0 BROR S R I AR BOG AT 40 BT o

BAFROL IR R A S BB E IR - SR IRZE AL
SR BRI B S 300 K OB IR Ky 2.7~
2.95 wm 4.2~4.45 pm; Y6 IE RS2 500 mmx500 mm g
DGR A O O B TR 100 mm 5 St 28 % o 5000
T3 2% s JGEKG BE Sy 1077

G GE 5 15 B PRI g5 4R 1 T F IR R an sl 7
FE 7 o



3206 bk T2

%42 %

0.01
0.001
0.0001
+ 1005
£ 1e-006
X 1e-007
1¢-008
1e-009
1¢-010
le-011

5 ) s
322 324 326
Y/mm

P 7 0 A 4 1 i L i B

Fig.7 Irradiance map on detector
Horpr, TR E G B AR IE R OGBK B o RE R LG 40
FOWMPTR .

FO6 EENXBKMIFETSLHESLLA
Tab.6 Energy proportion of normal light path and
abnormal light path

Path Radiant power/W Energy ratio/%
(Normaﬁ';ht path) 7.98E-00 99.468 5
No.2 1.28E-11 0.159 15
No.3 7.55E-12 0.094 141
No.4 6.82E-12 0.085 057
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