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Table 1 Typical multispectral polarization imaging instruments in foreign countries
Spectral L
. o . . Polarization
Type Working principle Time Unit range /
component
pum
Rotating polarizer ) ) ) ) U.S. Air Force
Select different polarizer sequences using motor rotation ~ 2001 0.4-0.8 3
type Laboratory
Sound and light
. . . . Lo U.S. Army
adjustable filter AOTF =1 level diffraction polarization spectroscopy 2014 1.0-1.6
e Laboratory 4
type
o Bit phase modulation (LCVR) or spectroscopy (LCTF) Polaris Sensor
Liquid crystal type o 2018 . 1.5-1.8 3
via liquid crystal Technologies, Inc.
) . Dividing the incident light path into four beams, multiple Bulgarian Academy 0. 52—
Split amplitude type . . 2007 . 4
CCD detection of Sciences 0.75
L ) . According to the grating anisotropic polarization University of
Grating dispersion o .
. spectroscopy characteristics, the separation of =1 level 2010 Northern 0.5-0.7 4
e
P diffracted light in S3 California, USA
. . Modulate the polarization information to different channels . )
Channel modulation o . University of 0.4~
and reconstruct the polarization information by 2014 i 4
type . Arizona, USA 0.85
demodulation
Split-aperture type optical imaging system with Fuji Film 0.47-
Split-aperture type 'p . P y,p P ) Bing sy 2020 ! ) 3
polarization modulation of different areas of the aperture Corporation, Japan 0.84
- . . . Japan SONY
Bifocal plane type Micro and nano wire grid arrays 2016 . . 0.4-0.7 3
Corporation
2[R Y 2 3 B i R R AR
Table 2 Typical multispectral polarization imaging instruments in China
Spectral o
. L . . Polarization
Type Working principle Time Unit range
component
pm
Sound and . . . . .
. . AOTF =1 level diffraction polarization Army Artillery and Air 0.45-
light adjustable 2018 . 3
. spectroscopy Defense Academy 0.95
filter type
Liquid crystal Bit phase modulation (LCVR) or spectroscopy 2016 Northwestern Polytechnic 0.4-1 3
type (LCTF) via liquid crystal University '
Split amplitude  Dividing the incident light path into four beams, 2015 Northwestern Polytechnic 0.45- 3
5
type multiple CCD detection University 0.7
o According to the grating anisotropic polarization )
Grating o . Lanzhou Institute of Space
. ) spectroscopy characteristics, the separation of =1 2017 = 0.4-1.0 3
dispersion type i L Technology
level diffracted light in S3
Channel Modulate the polarization information to different . L .
) o Nanjing University of Science 0. 45-
modulation channels and reconstruct the polarization 2017 3
. . . and Technology 0.7
type information by demodulation
o Split-aperture optical imaging system for different Xi'an Institute of Optics and
Split-aperture . . 0.4-
. areas of the aperture 2017 Mechanics, Chinese Academy 0.75 4
e .75
P Perform polarization modulation of Sciences
i L 0.532,
Bifocal plane . . Huazhong University of
Micro-nano gridded arrays 2021 . = 0. 81, 4
type Science and Technology 1 55
.55
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Fig.1 Demonstration interface in the Monte Carlo polarization transmission simulation software
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Fig. 2 Measured images of Muller's matrix
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Fig. 3 Environmental simulation device. (a) Atmosphere turbulence simulation device; (b) smog simulation device; (c) seawater

simulation device
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Fig. 5

Regulation characteristics of polarization selective transmission spectra of micro/nano line grids. (a) Periodic modulation

characteristics; (b) grid thickness modulation characteristics; (¢) duty cycle regulation characteristics; (d) angle regulation characteristics
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Fig. 6 SEM images of micro-polarizer arrays. (a) Global image; (b) localized enlargement image
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Table 3 Indicators of visible light, short-wave infrared, and long-wave infrared polarization imaging systems

Short-wave infrared system Long-wave infrared system

System Visible light system
Operating wavelength /pm 0.45-0.78
Detector size /pm 3.45
Detector resolution /(pixel X pixel) 20482048
Focal length /mm 18-90
F-number 2.8-5.6

0.9-1.7 8-12
20 17
640X 512 640X 512
18-90 300

2.8-5.6 1.2
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Abstract

Objective
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In view of the differences in polarization characteristics caused by different states of the detected targets,

different radiation spectra, different sizes and shapes, complex transmission environment of soot and haze, and variable
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light field interference, we conduct the target multispectral polarization model and polarization characteristic transmission
model, develop the optimal design method of micro-nano grating polarizer array, put forward the principle and schemes of
high-resolution imaging detection instruments, and propose a novel deep network to solve the polarization image fusion
problem through a self-learning strategy. We aim to use multispectral polarization imaging technology to solve the
problems of complex optical field interference, limited visible distance, and insufficient classification ability of optical

imaging under harsh conditions.

Methods In this paper, the polarization imaging detection method and multispectral information fusion technology are
studied, and the overall scheme of the multispectral polarization imager is proposed. Scientific methods such as the theory
and model of target polarization characteristics under complex optical fields, micro-nano grid focal plane polarization
device, optimization and testing of a multispectral fully polarized imaging system, and polarization image processing based
on polarization difference characteristics are condensed.

Key technologies and solutions such as modeling and testing of target polarization characteristics generation and
transmission, optimization of metal micro-nano grating polarization elements with high extinction ratio, the optical design
of multispectral polarization imaging and testing system, and multispectral polarization information processing are
analyzed. This will lay the foundation for the development of a multispectral polarization imaging detection test prototype,

which will meet the practical application requirements of visual assistance and guidance in optical imaging.

Results and Discussions We conduct the target multispectral polarization model and polarization characteristic
transmission model, which reveal typical target multispectral polarization law and haze and dusty weather multispectral
polarization transmission law and provide theoretical basis for multispectral polarization information processing.

We develop the optimal design method of micro-nano grating polarizer array, solve the defects of the current
defocused plane polarization imaging device that only has micro-nano linear grating and cannot produce circular
polarization, and propose a new chiral micro-nano circular grating mechanism. We also analyze the physical nature of the
low extinction ratio of the division of focal plane polarization imaging, put forward the physical mechanisms for the
generation of the high extinction ratio of the linear grating, and discuss the effect of the deviation of the preparation
parameter on the extinction ratio law. Combining the micro-nano linear grating and circular grating, we study the new
device of full polarization high extinction ratio and split focal plane imaging, and lay the technical foundation for the
development of multispectral and multi-dimensional polarization high-resolution imaging detection instruments.

Aiming at the problems of close detection distance, low detection sensitivity, and narrow environmental application
range of the existing instruments under the haze and smoke conditions, we put forward the principle and scheme of
multispectral polarization high-resolution imaging detection instruments and the design scheme of multi-optical imaging
optical system for the characteristics of large loss of light energy in polarization imaging. We break through the optical
system design based on the polarization aberration correction and multispectral polarization calibration, so as to
significantly improve the instrument’s imaging and detection ability in the haze and dusty environment.

A novel deep network is proposed to solve the polarization image fusion problem through a self-learning strategy. The
network consists of an encoder layer, a fusion layer, and a decoder layer, where the feature maps extracted by the encoder
are fused and then fed into the decoder to generate a fused image. Given a multidimensional polarization image, effective
features are extracted from this source image, which are fused to form an information-rich polarization image for

subsequent advanced image applications.

Conclusions Aiming at the problems of "not recognizing", "not seeing far", and "not being able to recognize" in optical
detection caused by harsh environments and meteorological conditions, we put forward a multispectral polarization imaging
detection technology and expect to achieve breakthroughs in three aspects: 1) in terms of device development, through the
improvement of circular micro-nano grid design method and micro-nano grid substrate material-structure, it is necessary to
prepare new devices with high extinction score of focal plane imaging; 2) in terms of system design, breakthroughs are
required in the design of multi-optical path bias-preserving optical system, high-transmittance and high bias-preserving
optical coating and other key technologies, and high spatial and temporal matching of instrument information acquisition;
3) in terms of information processing, the study of the polarization characteristic model and polarization transmission model
of the target is important.

Adverse environmental and weather conditions not only have a great influence on optical imaging detection but also
have an extremely serious effect on aircraft landing safety and other areas. Fog and low visibility conditions cause aircraft
to fail to land properly, making flights grounded or delayed, with significant economic and social impacts. At present, to
perform approach and landing under low visibility conditions, pilots mostly use ground and airborne navigation facilities/
equipment to guide the aircraft to the runway in accordance with the specified flight path, mainly including instrument

landing system ILS, microwave landing system MLS, satellite navigation technology GPS, laser landing system, and
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visual landing system. Under extremely severe conditions such as no radar guidance or no ground indication, the aircraft

cannot obtain effective and safe landing guidance and assistance through the above guidance methods. Therefore, it is of

great significance to develop visual aids for aircraft landing under adverse conditions. It can improve the safety of airplane

landing under bad conditions such as smoke environments, sea fog environments, and low illumination environments.

Key words 1imaging systems; multispectral polarization; visual aids; polarization characteristics; micro-nano grid
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