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Abstract: Addressing the requirement for infrared detection of ship wakes under complex sea conditions, a
method for analyzing the dynamic infrared polarization characteristics of ship wakes based on the microfacet
model is proposed. An analytical model for the infrared polarization effects of wakes against a complex sea
surface background is constructed. Based on the P-M sea spectrum model and the Kelvin wake model, the
microfacet bidirectional reflectance distribution function is introduced to analyze the infrared polarization
characteristics of ship wakes under dynamic sea surface backgrounds. The influence of parameters such as
ship speed, draught, wind speed, and wind direction on the wake's infrared polarization characteristics, in-
cluding the degree of polarization (DOP), angle of polarization (AOP), and contrast, is investigated. Notably,
the average contrast of the wake's infrared DOP image is improved by 159% compared to traditional intens-
ity images, and the AOP image shows an improvement of 258%. The analytical model for wake infrared po-
larization effects is validated by comparing mathematical simulations with computational fluid dynamics
simulations, achieving a similarity of over 95.7%. A comparison between actual captured wake images and
simulation results shows high similarity, confirming the effectiveness of the proposed model for simulating
and analyzing the infrared polarization characteristics of ship wakes against a sea background. This study
provides an important theoretical foundation for high-precision, anti-interference detection and identification

of ships under complex sea conditions.
Key words: ship wakes infrared polarization Stokes vector polarization simulation
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Fig. 1 Schematic Diagram of Sea Surface Microfacet Bidirectional Reflectance Distribution Function (BRDF)
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Fig. 4 Variation Diagram of Infrared Polarization Characteristics of Wake with Ship Speed(a) Wake Infrared Intensity Simu-
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Fig. 6 Variation Diagram of Infrared Polarization Characteristics of Wake with Wind Speed(a) Wake Infrared Intensity Simu-
lation Diagram (b) Wake Infrared DOLP Simulation Diagram (c) Wake Infrared AOP Simulation Diagram
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Fig. 7 Variation Diagram of Contrast of Kelvin Arms in
Various Polarization Images with Wind Speed
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Fig. 8 Variation Diagram of Infrared Polarization Characteristics of Wake with Wind Direction (a) Wake Infrared Intensity
Simulation Diagram (b) Wake Infrared DOLP Simulation Diagram (c) Wake Infrared AOP Simulation Diagram

0.08 1
0.07
0.06
0.05
0.04 1
0.03 1
0.02 1
0.01

11

Contrast

AOP

i T~ 258% DOLP
0 20 40 6Q SQ IQO 120 140 160 180 159%
Wind direction/(°)

9
Fig. 9 Variation Diagram of Contrast of Kelvin Arms in
Various Polarization Images with Wind Direction

- =1.00

==0.75

0.50

0.25

10 (a). (b). (c).
Fig. 10 Variation Diagram of Infrared Polarization Characteristics of Wake with Draft Depth (a) Wake Infrared Intensity Sim-
ulation Diagram (b) Wake Infrared DOLP Simulation Diagram (c) Wake Infrared AOP Simulation Diagram
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Fig. 11 Variation Diagram of Contrast of Kelvin Arms in
Various Polarization Images with Draft Depth
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Fig. 12 Variation Diagram of Infrared Polarization Characteristics of Wake with Draft Depth(a) Mathematical Simulation
Results (b) Fluid Simulation Results
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Tab. 1 Calculation Results of Evaluation Functions for Simulated Images
Types of Evaluation Bhattacharyya Pearson Correlation Histogram Intersection Chi-Square Similarit
Functions Coefficient Coefficient Coefficient Coefficient Y
Infrared Original Image 0.992 0.999 0.988 0.971 0.988
Infrared DOLP Image 0.989 0.995 0.981 0.946 0.978
Infrared AOP Image 0.976 0.981 0.961 0.911 0.957
13 35%
13 ). (b). (©).

Fig. 13 Field experiment images of the wake. (a). Infrared polarization raw image; (b). Infrared degree of polarization image;
(c). Experimental field diagram.
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