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Analysis and verification of infrared K band daytime
detection ability
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Abstract: The key technology of space target detection was studied during daytime, including analysis of
atmospheric transmittance, sky background radiation measurement, detection ability calculation. Infrared K
band spectrum was applied to the 1.23 m large aperture telescope to verify the key theoreties. Experiment
shows that after optimization the limit detection of infrared optoelectronic system is 10.38 magnitude at
30° pitching angle and the detection ability increases 24.9% than before optimization. This research has a
positive significance for mid—high orbit satellite detection throughout the day.
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Tab.2 Atmospheric transmittance at different

pitching angles in K band

Pitch angle/(°) Average transmittance
90 0.829
80 0.827
70 0.821
60 0.812
50 0.796
40 0.772
30 0.734
20 0.667
10 0.521
0 0.426
1.2
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Fig.2 Telescope observing pitching angle and sky radiation

intensity of illumination
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Fig.3 Sky background relative radiation of different

wavelength to 800 nm band
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Tab.3 Atmospheric radiation at different
pitching angles in K band

Solar high angle
Pitch angle/(°)
45° 0°
90 8.01x107° 3.61x107
30 8.12x107° 3.5x107°
70 8.51x107 4.11x107
60 8.5x10™ 4.24x107°
50 9.53x107° 4.92x107°
40 10.2x107° 6.01x107°
30 11.2x10~ 7.96x107
20 13.9x107° 12.3x10~
10 19.1x10~ 18.6x10~
0 22.5%107° 19.7x10~°
,
K
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o 1.23 m 5
, Tab.5 Theoretical limit detection magnitude
, 6 0 .
Pitch angle Pitch angle of sun
of telescope/(°) 45° 0°
90 10.2 11.4
30 10.18 11.38
70 10.16 11.35
60 10.13 11.3
50 10.1 11.21
40 9.93 11.07
6 30 9.88 10.82
Fig.6 Short-wave infrared imaging system 20 9.65 10.75
10 9.15 10.64
2.2
)
4 , 0°
45°, 10° ,
45°, 5
4
Tab.4 Calculation parameters of system
detection ability
Parameter Value 7
Wavelength 2 000—2 400 nm Fig.7 Curve of detection star magnitude and integral time
Photon flux density 5.963x10” photons/(m? - s) 125.3°, 43.8° 8 20
Background radiation 1.13x107" W/(m?- sr) ( 3),
Mirror diameter 1.2m 9.79%10" Pa, 338°,
System focal length 4.8 m 0.7m/s, 88% o
Atmospheric transmittance 0.715 ’ 2MASS
Optical transmittance system 0.6 ’ °
Pixel area 9x10™" m? °
0.8~2.5 pm ,
5 (o1 9 ms, 38°18'23.6"
0.873, 1.13x10™" W/(m?-sr) , 8.31 (HD 53872)( 9),
) 7 ) ) )
, . 2.0~2.4 pm K
° (4) , 0
, K 3 )
, 33 ms, 30° s
° 10.38 K
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Fig.8 Short wave infrared detection field experiments

during daytime

9 HD 53872
Fig.9 Observation star image of HD 53872
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