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Target detection performance of infrared spectrum with

diffractive optical system

ZHOU Kai"?, LI Dao-Jing”", WANG Ye-Fei®, YAO Yuan®, QIAO Ming”
1.) (National Key Laboratory of Microwave Imaging Technology, Aerospace Information Research Institute,
Chinese Academy of Sciences, Beijing, 100190, China)
2) (University of Chinese Academy of Sciences, Beijing, 100049, China)
3) (Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun,
Jilin 130033, China)
Abstract The diffractive optical system has the advantages of large diameter and light weight, but its spectral
range is narrow and the infrared signal energy that can be used is small. Therefore, it is generally believed that
the detection signal to noise ratio (SNR) of the infrared camera will be reduced when it is adopted. Based on the
diffractive optical system, the target detection performance of the ground observation infrared camera is
analyzed, combined with an example of the calculation of the SNR of the uncooled infrared camera, the
viewpoint that infrared cameras based on diffractive optical systems may still have good target detection
performance is clarified when the spectral characteristics of ground object background and target are different.
Meanwhile, the equivalent noise power of the infrared camera is compared with the laser and the electronic

system. As a conclusion, the viewpoint that the performance of the infrared detection system may be further
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improved is proposed, and a method of introducing the laser local oscillator combined with the electronic filter

which can subdivide infrared spectrum to reduce equivalent noise power is given.

Keywords: Infrared detection; Diffractive optical system; Signal to noise ratio; Equivalent noise power;

Spectral characteristics; Laser local oscillator
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Table 1 Relevant parameters for calculating D
Parameters Value Parameters Value
Conversion factor K 0.7 F number of optical systems 1
Grass background temperature in Summer T, 303K Detector peak wavelength 4, 10.8um

First radiation constant ¢,
Optical system transmittance during testing 7, 0.6
Noise equivalent temperature difference  NETD

40x10°K

Detector pixel area A,

3.7415x10°W - ym* - m?

(14x10°)’ x10*cm?

Second radiation constant c, 1.4388x10"um- K

Background emissivity 0.93
34.56x10°s

Integration time during testing t,,,

Detector specific detectivity D" 5.4x10°cm- HzZ"? - W*
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Table 2 System parameters

Parameters Value Parameters Value

Number of pixels occupied by the
Signal extraction factor &§ 0.707 1

vehicle target on the focal plane N,
Atmospheric transmittance 7, 0.75 Optical system aperture D, 100mm
Optical system transmittance 7, 0.6 Optical system entrance pupil area A, 79x10*m?



Integration time in actual work t,,, 10x1073s Target effective radiation area A 4x10%cm?
Background surface temperature 303K Target surface temperature 304/306/308K
Detection range R 15km Detector specific detectivity D" 1.4x10°cm- HzZ"? - wW*
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Table 3 Infrared detection SNR under different optical systems when the spectral characteristics of target/background are

same
Parameters Value
Target/Background emissivity 0.93/0.93
Target/Background spectral range 8~12um

Target radiance

Background radiance

The SNR of infrared detection with traditional optical system

The SNR of infrared detection with diffractive optical system

(3.82/3.94/4.06)x10°W -cm ™ -sr

3.75x10°W-cm? -srt
3.9/11.9/20

0.19/0.55/0.92
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Table 4 Infrared detection SNR under different optical systems when the spectral characteristics of target/background are

different

Parameters

Value

Target/Background emissivity

Target/Background spectral range

Target radiance

Background radiance

The SNR of infrared detection with traditional optical system

The SNR of infrared detection with diffractive optical system

0.93/0.2
10.4~11pm/8~12um
(5.75/5.92/6.1)x10™*W -cm 2 -sr*
8.08x10*W-cm®-srt
15.2/14/12.9

9.7/10.1/10.5
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Table 5 Equivalent noise power in different systems

Signal time width  Equivalent noise power

Electronics system  0.25ns 1.6x10™MW
0.25ns 7.3x10 "W
Laser system
10ms 1.8x10*W
Infrared system 10ms 6.8x10?2W
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