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Analysis of infrared polarization characteristics and modeling of
operating distance on aerostat platform in sea fog

YE Min-Rui'?, CUI Wen-Nan’, HUANG Xia-Yang’, ZHANG Tao'***
(1. ShanghaiTech University School of Information Science and Technology, Shanghai 201210, China;
2. Shanghai Institute of Technical Physics, Chinese Academy of Science, Shanghai 200083, China;
3. University of Chinese Academy of Sciences, Beijing 100049, China;

. Key Laboratory of Intelligent Infrared Perception, Chinese Academy of Sciences, Shanghai 200083, China)

Abstract: The study aims to reveal the detection advantages of infrared polarization imaging systems deployed on aero-
stat platforms in sea fog conditions. Firstly, based on the polarization bidirectional reflection distribution function, this
research analyzes how polarization characteristics vary with observation angles, demonstrating the applicability of infra-
red polarization in oblique imaging from aerostats. Secondly, by using the Monte-Carlo method and MRTD model, the
study develops a model to determine the maximum operating distance of infrared polarization imaging systems. This
model verifies the superiority of infrared polarization imaging over infrared intensity imaging in terms of maintaining
features and detection distance under sea fog conditions. The results provide theoretical analysis and simulation evi-
dence supporting the deployment of infrared polarization technology on aerostat platforms.
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P 7 B e 5 F RS AR S0 L BE UL £ (14 22 1k
P EEIR B L1 A2 D 41 52 A4 0T LU B8 2 v T
ZLA1 g X L, 3 AR U AR S A s A
BT PLH 2 DIAR G . R 3 I A9 52 3T 36 R B2 i Ot
F8 IR AT RIS S 5 P, AN TRD B A AN TR] ) S 3 5
NS B IR 00 8 35 25 57 0 AL, FL AR AT 5t
AL 25 R HE RN R Z — . A7l
Af DL Y BELI A A2 AL AR T L0 AN, 2 i 4R
JEEA 3 TS A o HE R L

P 8 S e AN [ BRI PR S LT i i 2 i L0
BRI . NIRRT DUE ), 25 PR PG S 5
FEAR T F AR A A0 5 50 BE ), 21 AR i i JEE 15 B
35 B S5 i B2 2 LT A F) DR S S R 5 AR, 2 R
S TR S SR R T FUAR 11 R PR S i BE I 3 i A
KRR F KA S B 25 Y IEAR OGRS PE . 1k Fh



34 M AR A A I E T R

FLTSMRRAS 5T BN PR s A 46

== |nfrared Intensity
Degree of Polarization

Contrast

0 10 2‘0 3I0 46 56 6‘0 7I0 8‘0 90
Observation angle /°

K7 BAR/AT ST LR R £ R4k

Fig. 7

background contrast with observation angle

Variation of degree of linear polarization of target/

01
~—5-—n=1.32+0.48i,r=05
009 B n=1.32+0.48i,r=0.7
n=1.32+0.48i,r=0.9
0.08 | —&—n=1.48+0.01i,r=05
n=1.48+0.01i,r=07
0.07 n=1.48+0.01i,r=0.9

o
>

o
=
T

o
=
@

Degree of linear polarization
o o o
=
&

0 10 20 30 40 50 60 70 80 90
Observation angle /°

—©-—n=132+0.48i,r=2.0

B-—n=1.32+0.48i,r=3.0
03 n=1.32+0.48i,r=4.0
—&—n=1.48+0.01i,r=2.0

< n=1.48+0.01i,r=3.0
= 025 n=1.48+0.01i,r=4.0
N
=
K. &
2 02}
— a
©
o
c o
« 015} o
[} - -
@
o
g 01r b
o o
0.05

T ZHEEES = == S o= =\
0 10 20 30 40 50 60 70 80 90
Observation angle /°

K8 ANI[RIPR PR T i i 32 B UL 7 22

Fig.8 Variation of degree of linear polarization with observa-

tion angle under different thermal radiation environment
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Fig. 9 Variation of degree of linear polarization with observa-

tion angle under different roughness levels
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ty with observation distance ( Visibility 8 km)
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Table 1 Maximum operating range of infrared polar-

ization imaging system

Visibility 4 km 6 km 8 km 10 km
Detection/(km) 14. 54 17.42 18.63 19.43
Recognition/(km) 5.04 5.32 5.44 5.56
Identification/(km) 3.40 3.46 3.55 3.59
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Table 2 Maximum operating range of infrared imag-

ing system
Visibility 4 km 6 km 8 km 10 km
Detection/(km) 6.32 8. 86 11.21 13.58
Recognition/(km) 3.74 4.70 5.41 5.97

Identification/(km) 2.91 3.47 3.86 4.16
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