
Sky polarization pattern under
multi-layer environment of
atmosphere and sea fog

Qiang Fu1,2*, Yang Liu1,2, Nan Liu1,2, Linlin Si1,2, Su Zhang1,2,
Juntong Zhan1,2 and Yingchao Li1,2

1Jilin Provincial Key Laboratory of Space Optoelectronics Technology, Changchun University of
Science and Technology, Changchun, China, 2Institute of Optoelectronic Engineering, Changchun
University of Science and Technology, Changchun, China

The vertical polarization distribution pattern of sea fog multilayer media and

skylight in the atmosphere is explored. To change the complicated maritime

environment, the simplified double layer structure of the atmosphere and sea

fog is employed, and the scattering coefficients of the uniform atmosphere and

sea fog medium are derived using the Rayleigh and Mie scattering methods,

respectively. Using the adding-doubling method (RT3) based on the vector

radiation transmission equation, the transmission of radiation between the two

layers of the medium is calculated to obtain the polarization distribution

conditions of skylight, and the variation tendency of the polarization

characteristics observed from the ground is studied for the downwelling

radiation of sea fog on the meridian of the Sun. An indoor sea fog setting

was employed to perform the polarization transmission test, and the

relationship between humidity, light intensity transmittance, and polarization

degree was explored. The data suggest that the Sun’s position gives the lowest

degree of polarization (DOP), and that themaximum value is obtained when the

angle between the solar altitude angle and the observed altitude angle is 90°.

Short wavelength lasers have a higher influence on optical transmittance than

long wavelength lasers do when humidity levels increase. The circular

polarization effect of long wavelength laser is better in damp surroundings.
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1 Introduction

The production process of the atmosphere in the natural environment, especially the

marine lower atmosphere where advection cooling fog predominates, entails forcing the

air to acquire saturation and then correctly allowing for some oversaturation to terminate

[1, 18]. The study of sky polarization distribution in complex marine environments is of

great significance to the fields of marine transportation, marine target detection, and

marine development because the presence of air-sea fog creates a partial natural light

through the sea fog particles and atmospheric molecules like multilayer dielectric

scattering, increasing the sky light’s polarization properties [2, 3].
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Combined Many academics have undertaken some studies

based on the polarization distribution features of sky light,

both in theory and simulation. Based on the literature [4],

Rayleigh atmospheric polarization mode offered a type of the

Sun and a mechanism for calculating the location of the

meridian in space, and it employed cluster analysis to

determine the solar position. The polarization mode of the

full Moon sky in clear weather is explored in literature [5]. The

distribution of polarization properties of the Sun and

moonlight sky are explored using simulation and test

techniques, respectively, both of which are based on the

Rayleigh theory. In literature [6], vector polarization

analysis device was utilized to detect the polarization

information of air dispersed light. Based on Mie scattering

theory, the link between the polarization features of air

dispersed light and the location of the Sun and scattering

particles was explored. All of the aforementioned research that

was done to illustrate the polarization distribution patterns

had a certain influence, yet the study was done in sunny

settings. The vector radiative transfer equation is generally

utilised as the core transmission theory for studies on foggy

weather and other difficult weather situations. The vector

radiative transfer equation, which covers the transmission

mechanism, characteristics, and transmission rules of

polarization and other radiant rays in the medium, is

regarded to be the basic equation driving scattering

behavior [7, 8]. In the literature [9], the monte Carlo

method was employed to simulate the polarization mode of

the water cloud atmosphere throughout the entire sky under

various solar altitude angles, and the impact of optical

thickness and effective radius on polarization

characteristics under water cloud conditions was

investigated. The literature [10] propose a full-sky

polarization imaging navigation method adapted to urban

environments. A compact full-sky polarimeter is

established, and a specific pattern inpainting algorithm

based on convolution operation is proposed to amend the

navigation errors caused by obscurations. Among 174 sets of

comparative experiments, 90.2% of the extraction results are

improved after inpainting, which verifies the effectiveness and

robustness of the method.

The distribution pattern for the atmosphere—sea fog sky

light polarization within the framework of inquiry is relatively

few because of the complicated maritime environment. To widen

the application of polarization detection and enhance our

knowledge of the characteristics of polarization distribution in

the sky under vertical observation of challenging marine

environment. In this work, the intricate maritime

environment is reproduced using a simplified double-layer

model of the atmosphere and sea fog. The Rayleigh and Mie

scattering techniques are used to estimate the particle

distribution properties of the atmosphere and sea fog,

respectively. The RT3 approach is then used to simulate the

sea fog’s ambient radiation polarization qualities at different

degrees of visibility, with a focus on the Sun’s usual optical

wavelengths on the meridian, the Sun’s location, the observation

site, and changes to factors like visibility. High-precision imaging

detection of ocean objects is enabled theoretically and technically

by this.

2 Simulation of polarization
transmission in sea fog environment

2.1 Polarization modeling of sky based on
RT3 method

According to the particle qualities of each layer, the

nonuniform layer in the RT3 approach may be split into

several thin, uniform layers. Calculating the different

reflection and transmission processes between the two layers

enables one to derive the radiation and transmission

characteristics of the whole nonuniform layer based on the

process of solving the vector radiative transfer equation.

FIGURE 1
Solution process of vector radiation transmission equation
based on RT3.

TABLE 1 Simulation model validation parameters.

Parameter Numerical

Wavelength 450 nm

Optical depth 1

Surface reflectance 0.99

Scattering coefficient k � 1.44p10−6pλ

Suface temperature 300 K

Incident angle θ0 � arccos (0.2)
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The interaction of monochromatic radiation with the

atmosphere and the resulting changes are represented by the

radiative transfer equation. Considering the impacts of elements

such as optical thickness τ, single scattering albedo ω and solar

zenith angle cosine μ0 and azimuth φ0, the general form of

radiative transfer equation may be written as

μ′
dI(τ; μ′,φ′)

dτ
� −I(τ; μ′,φ′)

+ ω

4π
∫2π

0
∫1

−1
P(τ, μ′,φ′; μ,φ)I(τ; μ,φ)dμdφ

+ ω

4π
F0 exp(−τ

μ0
)P(τ, μ′, φ′;−μ0,φ0)[1, 0, 0, 0]T

+ (1 − ω)B(T)[1, 0, 0, 0]T
(1)

Among them, μ and φ stated the incidence zenith Angle

cosine and azimuth, μ′ and φ′the zenith Angle cosine and

azimuth respectively. I � [ I Q U V ]T , I、Q、U、V are the

elements in the outgoing Stokes vector I respectively [11],

where I is the total light intensity, Q is the difference between

the intensity of the polarization of the x axis and the intensity

of the polarization of the y axis, U said in xoy plane and x axis

45° on the direction of polarization and intensity in xoy plane

and x axis −45° the difference between the degree of

polarization direction on the strength, V represents the

difference in intensity between the left-handed and right-

handed circular polarization components of light; the

second term of the above formula is caused by multiple

scattering of particles, P represents scattering matrix; the

third is the single scattering caused by the radiation at the

upper boundary, where F0 is the solar radiation at the top of

the atmosphere; the last term represents thermal radiation,

where B(T) are Planck black-body functions.

The scattering matrix in Eq. 1 above is further enlarged, and

the scattering matrix P is represented by the phase matrix F,

which is stated as

P(θ, φ ; θ′, φ′) � R(i2 − π) · F(cosΘ) · R(i1) (2)

Where, Θ is the scattering Angle, i1 and i2 are the Angle between

the scattering plane of the incident light and the meridional plane

and the Angle between the scattering plane of the outgoing light

and the meridional plane respectively. R is the rotation matrix of

the transformation between light relative to the reference plane

and Stokes vector related to the scattering plane, such that the

reference plane before and after altering scattering is consistent,

and R is:

R(i2 − π) �
⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
1 0 0 0
0 cos 2(i2 − π) −sin 2(i2 − π) 0
0 sin 2(i2 − π) cos 2(i2 − π) 0
0 0 0 1

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ (3)

R(i1) �
⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
1 0 0 0
0 cos 2i1 −sin 2i1 0
0 sin 2i1 cos 2i1 0
0 0 0 1

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ (4)

FIGURE 2
Values of I (left) and V (right) components at an Angle of 90° at the bottom of the atmosphere.

FIGURE 3
Stratification of the atmospheric and sea fog environment.
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For rotational symmetry particle phase matrix F(cosΘ) can
be expressed as

F(cosΘ) �
⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
f1(cosΘ) f2(cosΘ) 0 0
f2(cosΘ) f5(cosΘ) 0 0

0 0 f3(cosΘ) f4(cosΘ)
0 0 −f4(cosΘ) f6(cosΘ)

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
(5)

In the preceding formula, when the particle is spherical, there

are f1 � f5,f3 � f6.

The elements of the phase matrix F are inserted into the

vector radiative transfer equation in the form of Legendre

polynomial for solution. Each element in the phase matrix is

represented as

fi(cosΘ) � ∑Nl

l�0χ
(i)
l Pl(cosΘ) (6)

Where, l is the series of Legendre polynomials, i is each element

in the phase matrix with the value ranging from 1 to 6, and χ is

the coefficient of Legendre polynomials.

Figure 1 displays the vector radiative transfer equation’s RT3-

based solution approach. First, the information on interlayer

temperature and extinction coefficient is used to categorize the

atmosphere; the information on particle type, particle spectrum

distribution, and refractive index is used to determine the

scattering properties of each layer; then, the solar position,

radiation source information, surface information and

atmospheric stratification are input into the radiation transfer

equation based on RT3 for calculation, the reflection and

transmission properties of the whole atmosphere are obtained,

and the Stokes vector distribution of each scattering point in the

whole sky is obtained.

2.2 Validation of polarization transport
model

Set in clear weather conditions for verification, and the

particles are uniformly distributed. Input parameters

according to Table 1, and analyze the simulation results.

The test results are shown in Figure 2. The test particles are

assumed to obey gamma distribution, and the average effective

radius is 0.2μm.

As can be seen from Figure 2, the results of I and V

components calculated by the polarization transport model

of sea fog in this paper are basically consistent with the

results in the literature. When the optical thickness is small,

there is some error between the results in this paper and the

results in the reference, but with the increase of the optical

thickness, the results in this paper are consistent with the

overall trend of the results in the literature. It shows that the

polarization transport model of sea fog based on RT3 is

correct to calculate the radiative transport problem of

scattering medium.

3 Multilayer particle dispersion
characteristics in complicated
atmosphere-sea fog environment

3.1 Headings Stratification of atmosphere-
sea fog complex environment

The marine environment, which comprises the atmosphere

and the sea fog layer with progressively diminishing visibility,

FIGURE 4
Particle size distribution in maritime fog at three different
visibility levels.

FIGURE 5
Scattering phase function and scattering angle correlations.
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may be conceived of as amulti-layer complexmedium dependent

on the shifting fog concentrations. Refer to the American

standard atmospheric model [12] to simplify the calculation

because of the complexity of the scenario to be taken into

consideration when dividing the atmosphere sea fog

environment according to the actual sea fog weather. The

total atmospheric sea fog environment is separated into two

uniform layers, namely the sea fog layer and the atmosphere [13],

as indicated in Figure 3, based on the numerous dispersed

particles and water vapor present in each layer when it is

sunny. Because of Rayleigh scattering, the atmospheric water

vapor amount between 5 and 15 km is smaller. The 0–5 km sea

fog layer has a large particle diameter and a sophisticated

scattering process, which is mainly estimated using Mie

scattering.

3.2 The marine fog particle distribution
characteristics

The geography, weather, time, and other elements all have an

influence on the particle size distribution of the sea fog layer. The

most prevalent model, the gamma distribution model, may

typically describe fog droplets [14]

n(r) � ar2e−br (7)

Among them, n(r) as the unit volume unit radius on the

number of droplets particles (unit: m−3μm−1 ), r for droplets

particle radius, a and b is the form of the droplets spectral

parameters respectively, and the water content W (unit: g/m3)

and visibility V (unit: km ), respectively for

a � 9.781
V6W5

× 1015, b � 1.304
VW

× 104. (8)

The range of advection fog in a sea fog environment is wider,

the concentration of sea fog is thicker, and the sea fog fills a

broader region of the environment. The following connection

exists between water content and visibility for the advection fog

W � (18.35V)−1.43 � 0.0156V−1.43 (9)

The association between sea fog particle size distribution and

visibility may then be found.

n(r) � 1.059 × 107V1.15r2e−0.8359V
0.43r (10)

FIGURE 6
DOP and measured altitude angle correlations in varying visibility situations. (A) 450 nm; (B) 532 nm; (C) 671 nm.

FIGURE 7
DOP and measured altitude angle correlations for different wavelengths. (A) slight mist V=5 km; (B) moderate fog V=0.5 km;(C) dense fog
V=0.05 km.
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The particle size distribution of dense sea fog, middle sea fog, and

light sea fog can be obtained by substituting it into Eq. 10, as shown in

Figure 4, if the sea surface fog is assumed to be composed of fog,

medium fog, and light fog respectively, and the typical visibility is

selected as 0.05, 0.5, and 5 km, respectively. The modified Gamma

distribution’smode radii for heavy sea fog, moderate sea fog, and light

sea fog are 8.676μm , 3.223μm , and 1.198μm , respectively.

4 Air—sea fog polarization simulation
results and analysis

4.1 The sea fog particle scattering
characteristics

It is reasonable to infer that fog, medium fog, and light fog fulfill

the criteria under the modified Gamma distribution by evaluating

the distribution properties of the sea fog layer at 3.2 nodes. The

relationship between the scattering phase function and scattering

Angle, which is the first term of the scattering matrix, is solved in

accordance with Mie scattering theory for uniform, uniform, and

spherical sea fog particles in order to study the impact of sea fog

particles with different concentrations on the scattering

characteristics of polarized light, as shown in Figure 5. The

scattering of light is notably concentrated at one narrow angle of

a few degrees ahead, as seen in the illustration, and is roughly four

orders of magnitude greater than diffused light in other directions.

The scattering phase function continues expanding as visibility

declines, which is to say as sea fog concentration grows. This

leads the whole scattering environment to drift toward forward

scattering. The distribution of polarizationmodes in the atmosphere

and sea fog sky may be explored by studying the scattering

characteristics of particles in the sea fog layer.

FIGURE 8
Experimental block diagram demonstrating polarization
transmission.

FIGURE 9
Physical illustration of emitter end.

FIGURE 10
Physical illustration of receiving end.
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4.2 Air—sea fog sky polarization mode

In order to mimic the sea fog environment more accurately,

according to the description of the stratification of the complex

atmosphere and sea fog environment in Section 4.1, it is

separated into two levels. The solar zest Angle is 60+, the

azimuth Angle is 0+, the surface type is Lambert surface, the

surface reflectance is 0, the surface temperature is 300 K, and the

sea fog layer is based on the difference of visibility, the mode

radius under the corresponding modified Gamma distribution

can be obtained (as shown in Section 3.2), and the relative

refractive index is1.333 + 1.96 × 10−9. The common

wavelengths of 450, 532, and 671 nm usually utilized in the

test were selected for simulation in the visible light band as the

polarization detection of sky light happens predominantly in the

visible band. The meridian point traveling across the sun and

zenith was selected, in line with prior studies, owing to the

polarization dispersion of the sky spread by the atmosphere.

The relationship between the polarization degree and the

observation height Angle on the solar meridian under

different settings of dense sea fog, moderate sea fog, and light

sea fog is explored if the placement of the solar meridian is

symmetrical.

The link between the degree of polarization and the

observation angle under varying visibility circumstances at

three wavelengths is represented in Figure 6. Under sea fog,

the three visibility’s degree of polarization variation trend is

practically the same. The degree of polarization achieves its

minimum value and is very close to zero when the

observation altitude angle is equal to the solar altitude angle

of 30°. The maximum degree of polarization may be reached

when the angle between the observation height and the solar

altitude is 90°. This phenomenon corresponds to the location of

the lowest and highest values observed in the atmospheric

theoretical model based on Rayleigh scattering [15]. The

polarization value constantly grows as eyesight progressively

declines. This is owing to the fact that when vision drops, the

average radius of the particles rises (as illustrated in Figure 3). (as

shown in Figure 3). As particle size rises, polarization values

climb [16], and as particle counts grow in thick marine fog,

scattering rates rise as well, increasing the possibility that

FIGURE 11
Physical image of sea fog box.

FIGURE 12
Relationship between light intensity transmittance and
humidity at various wavelengths.

FIGURE 13
Relationship between optical thickness and humidity at
various wavelengths.
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unbiased sunlight will become polarized after additional

scattering [17]. Therefore, the degree of polarization grows as

eyesight declines, and this phenomenon becomes more

noticeable as the viewing angle increases. The impact of

polarization degree on particle form is minor and the

polarization degree is practically the same when the observed

height Angle is small (less than 90), i.e., when the scattering

Angle generated by the solar height Angle and the observed

height Angle is minimal. The comparable trend may be

discovered by comparing the simulation results of three

distinct wavelengths.

Figure 7 depicts the link between polarization degree and

wavelength for three distinct forms of vision under visible light

wavelengths. Along with the change in observation height Angle

under the same visibility progressively decreasing with rising

wavelength, polarization degree is connected to particle size

parameter � 2π
λ , which reduces as wavelength rises and

inhibits the forward scattering light concentration. This

phenomenon is also simply explained by the relationship

between the scattering phase function and scattering Angle (as

shown in Figure 5), which confirms the conclusion in Figure 6 on

the other hand. Additionally, as visibility falls, particle radii in the

medium become gradually greater, which lessens the influence of

wavelength on size parameters. The influence of wavelength on

the degree of polarization diminishes progressively as compared

to Figures 7A, 6C. In dense fog, the polarization properties are

frequently consistent.

A multi-layer maritime fog environment simulation system

that will be created inside for the actual test is suggested. To verify

the stability of the test, a semi-realistic object simulation

environment is developed and white light is utilised to imitate

unpolarized sunlight. As proven by the actual simulation results,

it is designed to employ a spectrometer and polarizer in the open

air to measure the downward radiation value of an observation

point on the sea surface. It is tough to test the sky polarization

mode in an air-sea fog environment, which is also the next

specific research challenge of this work, owing to the limits of the

sea surface environment produced by sea fog, waves, and other

elements. However, a theoretical foundation for evaluating the

sky polarization mode in an air and sea fog multi-layer

environment may be built by theoretical analysis of the

simulation data and comparison with the standard Rayleigh

scattering model in sunny weather.

5 Polarization transmission
characteristics test in sea fog
environment

5.1 The experimental device

On the parameters of laser transmission, the influences of

wavelength, humidity, and polarization of incoming light are

explored. Lasers (450, 532, and 671 nm), attenuators, polarizers,

wave plates, optical power meters, polarization state meters, and

Malvin particle size meters are among the essential experimental

instruments.

The primary index parameters of the instrument employed

in the test are as follows. The output power of the laser chosen in

the test is 50mW, and the laser with wavelengths of 450, 532, and

671 nm may be employed as the emitting laser. In view of the

measurement and analysis of a single variable, the experiment is

carried out under the same attenuation rate. Attenuate the power

of the outgoing laser using an attenuate sheet. The polarizer is

used to polarize the laser, and the optional Angle is 0°~360°. The

polarizer chosen in this experiment is 0° and 45° correspondingly.

The wave plate is utilized to create the right—handed circularly

polarized light required for the experiment. After calibrating the

polarizer, add λ
4 wave plate, adjust the Angle of wave plate, and

produce light as right-handed circularly polarized light. The

polarization state measuring equipment is used to accept the

outgoing light and may get the polarization state data of the

outgoing light. The receiver range of the polarization state

measuring apparatus is between 400 and 700 nm, which is

commensurate with the laser band employed in the

experiment. The highest received power of the optical power

meter is 10 mW. Therefore, it is important to include an

attenuating plate to attenuate the laser strength when the laser

FIGURE 14
The relationship between humidity and degree of polarization at various wavelengths. (A) 450 nm; (B) 532 nm; (C) 671 nm.
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incident. Malvern particle size meter is mounted inside the box to

measure the particle size spectrum distribution of water mist.

Figure 8 shows the experimental block diagram of

polarization transmission, Figure 9 is the actual image of the

transmitter, from right to left are the laser, attenuation plate,

polarizer, wave plate. Figure 10 represents the physical

representation of the receiving end, which are polarization

state measuring device and optical power meter

correspondingly. Figure 11 is the Physical image of sea fog box.

5.2 The experimental results to discuss

1) The relation between humidity and light transmittance

The example size of 450, 532, and 671 nm laser in sea fog

environment is fairly enormous, as can be observed in Figure 12.

Due to the growth in sea fog concentration and the dispersion of sea

fog particles in the air, the light’s optical power diminishes while it is

being emitted. The optical thickness grows and the optical

transmittance drastically drops as humidity progressively rises.

When the humidity is between 60% and 70%, the laser

transmittance at three separate wavelengths lowers slowly; when it

is between 70% and 100%, the strong transmittance diminishes fast.

The explanation of this behavior is that water mist particles in the air

become larger as humidity rises, which produces a quick decline in

optical transmittance. The optical thickness and optical transmittance

are at their maximum and lowest levels, respectively, under 100%

humidity. When the humidity is between 60% and 70%, a longer

wavelength results in a slower decline in laser intensity transmittance;

when the humidity is between 70% and 100%, the optical

transmittance declines more quickly, but a longer wavelength

results in a slower decline in laser intensity than a laser with a

shorter wavelength. It has been established that humidity has a higher

influence on shorter wavelength laser optical transmittance than it

does on longer wavelength lasers.

Figure 13 illustrates that optical thickness in the 450 nm band

rises slowly as humidity increases from 60% to 90%; but, as

humidity increases from 90% to 100%, optical thickness increases

rapidly. The optical thickness reaches 4 at 100% humidity. When

the humidity is between 60% and 90%, the optical thickness at the

532 nm band rises progressively. However, when the humidity is

between 90% and 100%, the optical thickness grows swiftly with

the increase in humidity, and the growth rate increasingly

accelerates. In the 671 nm band, the optical thickness grows

gradually with rising humidity levels of 60%–90%, climbs swiftly

with increasing humidity levels of 90%–100%, and rises over

5 when humidity reaches 100%. When humidity is between 60%

and 90%, it can be seen from three different wavelength laser

optical thickness measurements that the longer the wavelength

laser grows more slowly, whereas when humidity is between 90%

and 100%, it is evident that the greater the humidity in the air, the

larger the sea mist particle size is, and the slower the longer the

wavelength laser grows. It has been established that the optical

thickness of shorter wavelength lasers is more sensitive to

humidity fluctuations than the optical thickness of longer

wavelength lasers.

2) The humidity and the relationship between degree of

polarization

As demonstrated in Figure 14, the degree of polarization

DOP lowers with increasing humidity when compared to 532,

450, and 671 nm lasers. The longer the wavelength, the more

gradual the decline is, and the degree of polarization likewise

grows with the longer wavelength. When compared to linearly

polarized light, circularly polarized light has superior

polarization maintaining qualities. In three different bands,

circularly polarized light has an outgoing polarization degree

that is greater than that of linearly polarized light, and its fall is

slower than that of linearly polarized light. Therefore, the longer

wavelength laser should be employed for imaging while aiming at

the environment of sea fog, which is easily impacted by ambient

humidity. Longer wavelengths of circularly polarized light have a

better polarization-preserving impact in humid settings.

6 Conclusion

The intricate marine environment is simplified to a two-layer

structure of atmosphere and sea fog in order to obtain the

polarization distribution of the whole sky and deliver the

polarization distribution of the downward radiation of the fog

layer on the solar meridian. The RT3 approach is used to

calculate the radiation transmission between two layers. An

experiment is done to investigate the parameters of

polarization transmission in a sea fog environment. The data

show that a scattering angle of 90° between the Sun and the

measured height angle might provide the maximum DOP. At the

position of the Sun, the bare minimum DOP may be created. As

wavelength grows, DOP progressively drops, vision gradually

reduces, and wavelength’s influence on polarization properties

gradually lessens. Circularly polarized light performs better than

linearly polarized light in retaining polarization in a sea fog

environment, and the greater the wavelength, the better the

image effect. As a consequence, 670 nm light is better

appropriate for settings with sea fog. The study discussed

above presents theoretical advice for polarization detection in

a scenario of multi-layer sea fog.
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