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Abstract In order to obtain the target spectrum and polarization information at the same time, we design a hyperspectral
polarization imaging system with multiple simultaneous apertures based on the orthogonal dual-polarization method and
acousto-optic tunable filter. Based on the principle of hyperspectral polarization imaging, we introduce the structure design,
optical design, and mechanical design of the imaging system and analyze the system imaging process using the Mueller
matrix theory. We use the imaging system to distinguish three kinds of camouflage nets from bushes. The
experimental results show that the hyperspectral polarization properties of camouflage nets and bushes are quite
different. We can improve the detection ability and classification accuracy by combining the spectral information and
dual-polarization information. The hyperspectral polarization imaging system with multiple simultaneous apertures
is an effective, compact, and real-time hyperspectral polarization imaging system.
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Fig. 1 (a) Physical map and (b) outdoor experiment map of hyperspectral polarization imaging system

with multiple simultaneous apertures
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Fig. 7 Mechanical design of hyperspectral polarization imaging system with multiple simultaneous apertures.

(a) Overall configuration diagram; (b) optical cavity and CCD camera; (c) electronics control box
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Fig. 8 Three kinds of camouflage net samples used in experiment. (a) Camouflage net 1;

(b) camouflage net 2; (c¢) camouflage net 3
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Fig. 10 Flow chart of hyperspectral polarization image data processing
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surface objects. (a) Variation in relative reflectance of

intensity with wavelength; (b) variation in relative

reflectance of polarization with wavelength
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Table 3 Correlation coefficients of reflectance spectra of

polarization parameters among different surface objects

Condition
Parameter
Al A2 A3
Bl —0.9883 —0.9043 —0.8774
B2 —0.2859 —0.6094 —0.2676
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Table 4 Experimental results under different weather conditions

Time Weather Item Al A2 A3
Sunny B1 —0.9776 —0.9573 —0.9403
2017-09-07 15.02
Sunny B2 —0.2609 —0.3195 —0.1736
Sunny Bl —0.8880 —0.8395 —0.7954
2017-09-07 16.01
Sunny B2 —0.2594 —0.1068 —0.0951
Sunny Bl —0.8682 —0.3515 —0.2819
2017-09-07 17.01
Sunny B2 —0.1782 —0.0324 —0.0976
Cloudy Bl —0.8726 —0.1826 0.1031
2017-09-05 14.05
Cloudy B2 —0.1058 —0.0872 —0.1211
Overcast Bl —0.7848 —0.1259 0.1632
2017-09-01 1400
Overcast B2 —0.0325 —0.0146 —0.0982
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