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Fig.5 Polarization imaging results of target at different detection angles
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Tab.1 Calculation results of imaging evaluation

indicators under different observation angles

Observation angle/(°)

Imaging evaluation indicators

10 40 60
So 0.46 0.37 0.35
SCR Sy 3.48 9.52 7.68
S, 4.38 0.61 0.41
So 15.2 15.2 15.2
Contrast M 16.2 18.4 16.9
S, 16.6 15.3 15.2
So 0.24 0.24 0.23
Detection probability M 0.38 0.73 0.44
S, 0.43 0.25 0.24
So 0.91 0.98 0.90
Definition M 1.41 2.29 2.05
S, 1.54 1.01 0.94

12 1 AT, AR RIRAS (So) A1 S, HUMR 24 He | H80
AR S i 25 A0 R )28 A SR s S, R AR R
TE 40°BH i Ry B, HAG A G L X FLRE | HRINABE R AN
W RE 35 R o X — B £ RN TE T4 H s
Qb Ok B3 S (R B T, S, T 9 T R S S A
BN H R R AR /N, T T SR — o R
N, B AR TR T . B, AV T SR R
I6], JF 21 A M B A7 S8 (40 5 725 7T LA B deg 40 s v
FEE 8 H AR
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Fig.6 Comparison of polarization imaging results of targets at different

flight altitudes
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Tab.2 Calculation results of imaging evaluation

indicators under different altitudes

Flight altitude/km

Imaging evaluation indicators 5 Y 30
So 0.35 0.37 0.40

SCR S 8.50 9.52 11.1

S, 0.56 0.61 0.68

So 15.2 15.2 15.2

Contrast M 18.0 18.4 18.8
S, 1526 1528 1530

So 0.23 0.24 0.24

Detection probability Sy 0.67 0.73 0.80
S, 0.24 0.25 0.25

So 0.97 0.98 0.99

Definition M 2.14 2.29 2.51
S, 1.02 1.01 1.02
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Fig.7 Comparison of polarization imaging results of targets at different

speeds
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Tab.3 Calculation results of imaging evaluation

indicators under different speeds

Speeds/Ma
Imaging evaluation indicators
3 4 5

So 024 026 0.37

SCR S 043  2.07 9.52

S, 0.19 0.6 0.61

So 152 152 152

Contrast Si 15.2 15.8 18.4
S, 152 152 1528

So 023 023 0.24

Detection probability Sy 024 0.31 0.73
S, 023 023 0.25

So 097  0.97 0.98

Definition Si 0.98 1.21 2.29
S, 096  0.97 1.01
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Prediction and simulation analysis of infrared polarization imaging
characteristics of aerodynamic heating targets in orbit under

sea background

XIE Cong', YUAN Hang'*', CHAI Guobei’, REN Dong*, REN Jiahui'

(1. School of Electrical and Control Engineering, Shaanxi University of Science & Technology, Xi'an 710016, China;
2. School of Physics, Xidian University, Xi’an 710071, China;
3. China Academy of Launch Vehicle Technology, Beijing 100076, China;
4. Shaanxi Provincial Corps, Chinese Peoples Armed Police Forces, Xi'an 710054, China)

Abstract:

Objective The early warning of target is realized according to the single difference of infrared radiation
scattering characteristics between target and background for traditional space-based optical detection methods.
However, due to the interference of many factors such as ultra-long-distance, complex ambient light, earth
background clutter, atmospheric transmission attenuation, infrared imaging system diffraction, nonlinear sampling
effect, etc., the radiation difference between the target and the background is easy to be confused by the
temperature-based infrared imaging technology, which leads to low target detection rate and large false alarm. As
a new detection method, infrared polarization detection can provide more target information than traditional
infrared detection. Therefore, the exploration of space-based optical detection methods based on multi-
dimensional optical information coupling of target radiation and polarization is of great significance to improve

the performance of target detection.

Methods The optical information of infrared radiation and polarization is comprehensively considered. A multi-
dimensional imaging feature prediction model for aerodynamic heating targets in orbit under complex sea
background is explored. The research results will provide theoretical basis for stable and correct space-based
detection of aerodynamic heating targets. Based on the heat transfer and polarization characteristics of the target,
the polarization emission and pPBRDF model of the aerodynamic heating target are established. The radiation
polarization model of the aerodynamic heating target skin is established. Based on Landsat8 remote sensing data,
the sea surface temperature (SST) is retrieved. The Cox-Munk pBRDF model and self-polarization model of sea
surface are combined to establish the sea surface background radiation polarization model. The second simulation
of a satellite signal in the solar spectrum - vector (6SV) model is used to calculate the effect of atmospheric
particles on the upward polarization radiation transmission of targets. The physical modulation effect of space-
based optical platform is comprehensively considered, and the prediction model of full-chain multi-dimensional
optical imaging features of acrodynamic heating target in orbit is established. The imaging characteristics and

detectability of the target in orbit at different flight altitudes and detection angles are analyzed by simulation.

Results and Discussions The signal-to-clutter ratio (SCR) decreases with the increase of the detection angle at
Sy and S; polarization angles. At S, polarization angle, the SCR gradually decreases as the detection angle
increases from 10° to 30°, and the SCR appears a peak value when the detection angle is 40°. However, the SCR
gradually decreases as the detection Angle continues to increase. Meanwhile, the SCR increases gradually with

the increase of target flight height at different polarization angles (S, S, S,). The increase value of the SCR with
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the target flight height at S, polarization angle is smaller than that at S; and S, polarization angle(Fig.8).
Therefore, the results show that the space-based optical detection method based on infrared polarization
information can suppress the sea surface flare and highlight the target in the direction of the strong reflection of

the sun incident light from the sea surface in 3-5 pum.

Conclusions In view of the optical detection requirements for wide area continuous surveillance of aerodynamic
heating targets, the detection method based on the space based multi-dimensional optical information of the
aerodynamic heating target is studied. An accurate prediction model of the optical radiation polarization imaging
feature of the full chain including the aerodynamic heating target-the sea surface-the environmental atmosphere-
the optical system-the imaging detector is established. The characteristics of radiation polarization at different
detection angles, target flight heights and flight speeds are simulated and analyzed. The results show that in the 3-
5 pum band, the target is easier to detect under space-based platforms when the radiation and polarization
information are used simultaneously. The results of this paper provide data support for the development of

intelligent algorithms for realizing the detection, tracking and identification of targets in the geostationary orbit.

Key words: space-based detection; infrared radiation; polarization transmission; modeling and

simulation
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