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Analysis of the detection ability of midcourse ballistic targets

in the complex environment
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Abstract: Based on the detection mechanism of low orbit early warning satellites for the midcourse ballistic
missiles, the radiation effects of various radiation sources (solar, earth, atmosphere, clouds) on targets in
complex environments were considered. The irradiance generated by the background radiation sources of the
three wavelength bands on the target surface was calculated, and the self-radiation and reflected radiation
models of the warhead target were established. Based on the calculation results of the infrared radiation of the
ballistic missile targets, combined with the diffraction effect of the early warning system, the modified model
of the Synthetic Signal-to-noise Ratio(SSR) and the detection range were derived. From these two aspects, the
ability of low orbit early warning satellites to detect the midcourse ballistic missiles in deep space was
analyzed. The results show that the SSR effect of each radiation source on the target imaging in the complex

detection environment can not be neglected. It is approximately 1.2 times that of the SSR only considering
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the target’s own radiation. The diffraction effect of the optical system of the low orbit early warning satellites

has a serious influence on the detection capability of the midcourse ballistic missiles. The ratio of the
difference between the unmodified SSR and the modified SSR to the unmodified SSR in the 8-9.4 um, 9.4—
10 pm, and 10-14 pm are 41.9%, 36.7%, and 10.4%, respectively. The detection distance changed with the

observation angle, and the detection range is the largest when the detection angle is 0°.

Key words: low orbit early warning satellite;

detection range
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Fig.1 Radiation model of midcourse ballistic target in detection

environment
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Fig.2 Distribution of mean surface temperature in mid-latitude summer
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Fig.3 Calculation model for the irradiance generated by Earth’s

background radiation on the target
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Fig.4 Calculation model of atmospheric radiation

atmosphere on the target
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Fig.5 Irradiance computer model generated by clouds on the target
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Tab.1 Radiation parameters of different cloud layers

Cloud t Cloud-base Cloud-top Average particle Scattering Extinction Thick /K Emissivit
oud type height/km height/km size/pm coefficient/km™ coefficient/km™ tenessrim TSV &
Cumulus 0.7 3.0 4-11 16.463 7 17.1380 0.3-5.0 0.762 3
Stratus 0.3 1.0 2-10 15.618 8 16.207 2 0.1-1.0 0.3078
Cirrus 8.0 9.5 8-40 18.889 5 19.526 7 0.2-1.0 0.6155
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Fig.6 Model for calculating reflection radiation
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Fig.7 Relationship between targets and other radiation sources
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Fig.8 Self-radiation model of the targets

3 EH R BARRERNEE ST

BT bR 3 v B H AR A LD AR SRR R T
RIMUBMEIEKBEERVBSH
Tab.3 Detector parameters of low orbit early

warning satellite in long wavelength bands

Parameters Value
Detection bandwith/pwm 8-14
Detector type HgCdTe
FOV/(°) 1x1
NEFD/W :cm™ 1.0x1077
Optical transmittance 7, 0.7
Optical aperture D/cm 53
Detector size N 128x128
Spatial resolution a/prad 37.7
Focal length f/cm 106
Equivalent noise bandwidth Af/Hz 50
Normalized detectivity D*/cm+Hz"?+- W~! 1x10%
Detector pixel area Ay/pmxpm 40x40
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Tab.4 Radiation intensity calculation results of

midcourse ballistic target and background

Wavelength range/pm

Intensity/W - sr™!

8-9.4 9.4-10 10-14
Self-radiation 32.2-37.1 14.5-16.3 86.8-95.5
Self-radiati
clradiation = = 498 432 16.5-18.3  101.9-110.6
reflected radiation
Deep-space radiation ~ 1.3x107'* 9.7x107"® 1.5x1071°
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Fig.9 Simulation results of warhead target radiation intensity at different bands
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Fig.10 Diagram of the midcourse ballistic target imaged by an

infrared warning satellite
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Fig.11 Curves of integrated signal-to-noise ratio of each waveband in the complex environment
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Fig.12 Comparison between the corrected and the uncorrected results
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Fig.13 Detection distance varies with time and SSR
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Fig.14 Detected distance varies with detection angle
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