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When the current algorithm is used for quantitative remote sensing monitoring of air pollution, it takes a long time to
monitor the air pollution data, and the obtained range coefficient is small. The error between the monitoring result and the
actual result is large, and the monitoring efficiency is low, the monitoring range is small, and the monitoring accuracy rate
is low. An artificial intelligence-based quantitative monitoring algorithm for air pollution is proposed. The basic theory of
atmospheric radiation transmission is analyzed by atmospheric radiation transfer equation, Beer-Bouguer-Lambert law,
parallel plane atmospheric radiation theory, atmospheric radiation transmission model, and electromagnetic radiation
transmission model. Quantitative remote sensing monitoring of air pollution provides relevant information. The si-
multaneous equations are constructed on the basis of multiband satellite remote sensing data through pixel information,
and the aerosol turbidity of the atmosphere is calculated by the equation decomposition of the pixel information. The
quantitative remote sensing monitoring of air pollution is realized according to the calculated aerosol turbidity. The
experimental results show that the proposed algorithm has high monitoring efficiency, wide monitoring range, and high

monitoring accuracy.

1. Introduction

With the improvement of people’s material living condi-
tions, the advancement of science and technology, and the
increased consumption of energy, the air pollution and
living environment are getting worse and worse [1]. As a
result, the air pollution has widened the gap between peo-
ple’s economic living conditions and quality of life. Since the
atmospheric environment monitoring technology in China
started late with the problem of slow development, the
quantitative remote sensing monitoring of air pollution has
become a hot spot [2]. The excessive pollution incidents that
happened frequently in China has gradually received peo-
ple’s attentions to explore air pollution monitoring tech-
nology and awareness of protecting the environment.
Therefore, improving air quality and protecting the envi-
ronment are the urgent demand [3].

At present, the commonly used air pollution monitoring
methods including satellite remote sensing monitoring,
ground-based remote sensing monitoring, and manual in-
strument monitoring are currently used [4]. As for the
manual instrument monitoring, it has the shortcomings of
cumbersome operation and small monitoring area. The
ground-based remote sensing monitoring is generally ap-
plied to monitor the local range, and it is only located in
some regions. With the rapid development of aerospace
technology, satellite remote sensing monitoring technology,
as a new type of artificial intelligence technology, has been
widely adopted in quantitative remote sensing monitoring of
air pollution by virtue of its good real-time performance,
strong periodicity, and wide coverage [5]. Considering the
defects of the quantitative remote sensing monitoring al-
gorithm of air pollution, such as low monitoring efficiency,
small monitoring range, and low monitoring accuracy, it is
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necessary to study the quantitative remote sensing moni-
toring algorithm of air pollution.

According to the quantitative monitoring algorithm of
air pollution based on geostationary satellite GOCI sensor
proposed by Zhang et al.,, this algorithm, by combining
with the theory of atmospheric aerosol change with time,
the minimum fitting method, and time series iterative
algorithm, mines the data of aerosol optical thickness and
realizes the quantitative remote sensing monitoring of air
pollution. However, in this algorithm, the monitoring time
is long and there are many errors in the obtained moni-
toring results, so the monitoring efficiency and monitoring
accuracy are low [6]. Zhang et al. proposed a quantitative
remote sensing monitoring algorithm of air pollution
based on MODIS data. By means of the 6S model, this
algorithm calculates the radiation transmission model
equation under different aerosol optical thickness condi-
tions, obtains the original spectral band information, and
then acquires the surface reflectance information through
pixel method [7]. In this way, it calculates the aerosol
optical thickness so as to realize the remote sensing
monitoring of air pollution. But this algorithm has the
weaknesses of small monitoring coefficient as well as
narrow monitoring range [8].

For the sake of solving the problems existing in the
abovementioned algorithms, a quantitative monitoring al-
gorithm of pollution based on artificial intelligence is
proposed.

2. Basic Theory of Atmospheric
Radiation Transmission

2.1. Equation of Atmospheric Radiation Transmission. In an
uneven air medium, the interaction between light will affect
the radiation intensity of light propagation [8].

Let A be the wavelength, I, stand for the radiation in-
tensity, and I, + dI, stand for the radiation intensity cor-
responding to I, after passing through the path in length
ofds, then there is an equation as follows:

where k) represents the mass extinction cross section cor-
responding to the radiation wavelength A and the trans-
mission medium and p represents the density corresponding
to the transmission medium. As can be learned from above
formula, the radiated electromagnetic wave will increase or
decrease under the influence of different concentrations of
aerosol [9]. The strength can be increased through the
following equation:

dI, = j,pds, (2)
where j, represents the source function coefficient and its

physical meaning is similar to the mass extinction cross
section; then, there is equation as follows:

dI, = —k)p x I,ds + jpds. (3)

The above equation can be transformed into
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ar, I
kpds 7

+ ). (4)

There is no particularity in the above radiation trans-
mission equation, and all coordinate systems are available.

2.2. Beer-Bouguer-Lambert Law. Without regard to the
influence of multiple scattering and emission on the radi-
ation intensity during the research path and assume that the
radiation transmission is a uniform medium, then there will
be Beer-Bouguer-Lambert law [10].

Based on the Beer-Bouguer-Lambert law, the radiation
transmission equation can be simplified as follows:

dI,
-1,
kpds (5)

If the intensity I, (0) is incident on s =0, the corre-
sponding scattering intensity at s; can be obtained via the
integration of above equation:

I (sy) = IA(O)exp(— J: kkpds). (6)

Assume k; does not depend on the distance s; that is, the
medium extinction cross section is uniform and constant; let
u stand for the path length; then, the equation is as follows:

u= J: pds. (7)

Then, there is the following equation:
I, (s1) = I) (0)exp (—k,u). (8)

Let 7, be the dielectric thickness of the medium existing
betweens; and s,; then, its equation is as follows:

7 = —J Ky pds. 9)

Sy

2.3. Parallel Plane Atmospheric Radiation Theory. If the
medium is divided, an infinite or several mutually parallel
planes can be obtained, the light propagation planes are
parallel, the internal properties of the layers in the plane are
uniform, and the layers have different properties in the plane
[11]. Let z represent the linear distance corresponding to the
vertical layered plane; then, the expression of the atmo-
spheric radiation transmission equation without considering
the monochromatic light wavelength variable is as follows:

os@w:—l(z>6’¢)+l(z’e’¢)’ (10)

kpdz
where 0 describes the angle of inclination with the upward
perpendicular and ¢ describes the azimuth.

Let 7 describe the vertical extinction thickness measured
from the upper boundary of the atmosphere to the plane
parallel atmosphere. When the entire extinction degree of
the atmosphere can be expressed by 7, T becomes the optical
thickness corresponding to the atmosphere. The equation is
as follows:
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1(2) = J kpdz'. (11)
In combination of equations (4) and (11), then
dI (7,6, ¢)
HT(IS = I(Tsex(/’) - ](Ta0>¢)x
’ (12)

p = cos 0.

Without considering the infrared heat radiation prob-
lem, the scattering expression existing in the source function
is the sum of multiple scattering and single scattering of solar
radiation [12], and its calculation equation is as follows:

_ W ey w ’ ' i
(5,0) = 2Fe 0 p(0,00) + -5 LHI(T, Q)p(Q,Q)d,
(13)

where the first item on the right describes the contribution of
the single scattering of direct solar radiation in the direction
Q(0, ¢), the second item describes the contribution of the
multiple scattering of the atmosphere, w represents the
reflection of the single scattering rate, F represents the solar
constant, p represents the scattering phase function, and g,
represents the cosine corresponding to the solar zenith
angle.

By expanding the radiation transmission equation, the
following formula is obtained:

dI(,0,
p (TT ¢)

W o,
= 1(=z0.¢)- Fe b (Q, Q)

(14)
w ! !
-2 LnI(T,Q )p(Q,Q)dO.

2.4. Atmospheric Radiation Transmission Model. The posi-
tive and negative changes in solar radiant energy during
atmospheric transmission can be expressed by processes
such as atmospheric emission, absorption, and scattering
[9]. The above processes usually produce a continuous
spectrum, which is widely used in atmospheric environment
monitoring based on the ability to avoid large quantitative
errors appearing in the spectral inversion.

The expression formula of the 6S atmospheric trans-
mission model is as follows:

pr(0:0) =T, (0,0, | puca + TOIT(0) 25|

(15)

wherein p represents the total reflectivity corresponding to
atmospheric transmission; T, (6;,6,) represents the trans-
mittance, which is formed by atmospheric absorption; pg,,
describes the reflectance of the radiation path formed by
aerosol particles and molecular scattering; T (0;) represents
the straight transmittance of the ground target and the solar
path; T'(6,) represents the linear transmittance of the sensor
and the ground target path; s represents the atmospheric
hemispheric albedo; and p; represents the surface diffuse
reflectance.

2.5. Electromagnetic Radiation Transmission Model. The
complex process formed by the interaction between different
media and electromagnetic waves is electromagnetic radi-
ation transmission [13]. Solar radiations, such as radiation
from the atmosphere and radiation from the ground, belong
to the electromagnetic radiation received by the satellite
Sensor.

The radiance corresponding to the ground target
recorded by a remote sensor is affected by the atmosphere.
The scattering and absorption of the atmosphere will at-
tenuate the electromagnetic radiation energy, while the path
radiation of radiator can increase the electromagnetic ra-
diation energy. Radiation transmission model generally
describes the basic equation of electromagnetic radiation
during atmospheric transmission. During atmospheric ra-
diation transmission, the positive and negative changes in
electromagnetic radiation energy can be expressed by the
equation as follows.

(1) Atmospheric attenuation:

Al = —pxkxIxds, (16)

where I describes the emission energy and reflected
energy corresponding to the ground object, that is,
the incident brightness; AI describes the amount of
energy change; p describes the density corresponding
to the scattering material or the absorbing material; k
is the sum of scattering coeflicient and absorption
coefficient, that is, the extinction coefficient; and ds
describes the length of the optical path.

(2) Atmospheric heat radiation:

Al = px J xds = p* x B(T) x ds, (17)

where p describes the density corresponding to the
absorbing material, J describes the emission coefhi-
cient, T is the thermodynamic temperature corre-
sponding to the atmosphere, and B is the Planck
function.

(3) Atmospheric path radiation, which is equal to sky
radiation:

4
P(Q,Q)xI(Q')xdQ -pxkxI,

K,
Al = wy— d
Woy P~ X SJO

(18)

where w, describes a single scattering albedo, P
describes the scattering phase function of the scat-
tering field angle distribution, and Q describes the
solid angle corresponding to the incident direction.

The influence of atmosphere on electromagnetic radia-
tion includes refraction, absorption, reflection, and scat-
tering. Due to the atmospheric influence, there is absorption
effect existing in some bands of electromagnetic waves when
the solar radiation passes through the atmosphere. Then, the



radiation energy, which is affected by the absorption, will
become the internal energy of the molecules, thereby causing
the attenuation of solar radiation intensity in these bands.
Let E represent the solar irradiance; the irradiance after
atmospheric attenuation and by passing through the at-
mosphere path x is E*, and the formula is as follows:

E* = E,e ™, (19)

where k describes the extinction coefficient, that is, the
attenuation coefficient and kx describes the optical
thickness.

The electromagnetic wavelength and the atmospheric
state determine the value of atmospheric attenuation. Let L
represent the total radiance obtained by the airborne remote
sensor. The formula is as follows:

L=LgT+Lp, (20)

where 7 represents the atmospheric transmittance, Lp
represents the path radiation corresponding to the atmo-
sphere, and L represents the brightness corresponding to
ground target after atmospheric attenuation; the calculation
formula is as follows:

L.=-F 21
6= (21)
where E represents the irradiance corresponding to the
ground target. On the basis of equation (21), the following
formula is obtained:

E
Lo=-"+1L, (22)
T

where parameter E is related to atmospheric thickness and
weather conditions; its calculation formula is as follows:

E,
E= s x cos(0) x 1, (23)

where D represents the solar-ratio distance, which usually
refers to the daily average distance; E,, represents the solar
constant; and E,, represents the corresponding transmittance
of the atmosphere.

3. Quantitative Remote Sensing Monitoring
Algorithm of Air Pollution

In the near-infrared and visible-light bands, the pixel
spectrum of satellite data includes two parts: surface re-
flected light and sky scattered light. Let I represent the
reflection spectrum received by the sensor; then, the ex-
pression formula is as follows:

I=[I,(T,T,,Tp)" + 1, + I+ Lg)RyT T, Ty + 1, + 1, + 1,
(24)

where I, represents the incident light intensity, T, repre-
sents the transmittance corresponding to anthropogenic
aerosol, T,, describes the transmittance of the atmospheric
molecules, T, represents the transmittance of the back-
ground aerosol, I,, represents the upward scattered light
intensity of the atmospheric molecules, I,; represents the
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downward scattered light intensity corresponding to the
background aerosol, I,,; represents the downward scattered
light intensity corresponding to the anthropogenic aerosol,
R, represents the ground reflectivity, and I, represents the
upward scattered light intensity corresponding to the an-
thropogenic aerosol.

Based on dividing by I, with the two sides of above
equation, the following formula can be obtained:

R-w,-w,—w,

R, = ,
7 [IO (TaTme)u T Wy, + Wy t+ wad]TaTme (25)

where R represents the pixel comprehensive reflectivity, w,
represents the upward scattering rate corresponding to the
anthropogenic aerosol, w, represents the upward scattering
rate of the background aerosol, w,, represents the upward
scattering rate of the atmospheric molecule, w,,; represents
the downward scattering rate corresponding to the back-
ground aerosol, and w,; represents the downward scattering
rate corresponding to the anthropogenic aerosol.

It can be deemed that the background aerosol is hori-
zontally uniform within a scale of tens of miles, and the
factors of season and geographical location will affect the
type of background aerosol [14-17]. Based on the above
analysis, the function of aerosol turbidity 5, + 3, and f3;, as
well as the pixel comprehensive reflectivity R and the ground
reflectivity, is obtained:

R-w,-w, —w,
Ko B B Bo) S 0 T, )+ o+ @,

(26)

When the single leaf reflectance, water absorption rate,
dry soil reflectance parameters, the direction of observation,
and the direction of incidence are known, the pixel reflec-
tance is a function of soil water content V, vegetation leaf
area index L, and wavelength. The expression formula is as
follows:

Ry;(A, Vo L) = R,y (A, L) + R; (A, V. L). (27)

According to formula (27), the equation below is
obtained:

Rg (’1’ sz’ L) = Rg (R>ﬁl +ﬁ2’ﬁ3)' (28)

By introducing the remote sensing data into the fol-
lowing equation, the only solution obtained is the aerosol
turbidity:

Rg (A1>ﬁ1+2’ ﬂs) = Rg (Rl’ Vs L)’
Rg ("2)ﬁ1+2’ﬂ3) = Rg (RZ’sz’ L)7 (29)
Rg (’13>ﬁ1+2’ ﬂs) = Rg (R3, Voo L)’
Rg (/\4’ﬁ1+2sﬂ3) = Rg (R4’sz’ L)-

The quantitative remote sensing monitoring of air
pollution can be realized through the aerosol turbidity.

4. Experiment and Analysis

In order to verify the overall effectiveness of the artificial
intelligence-based quantitative remote sensing monitoring
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TaBLE 1: Monitoring time of three different algorithms.
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FIGURE 1: Range coefficient of (a) proposed algorithm, (b) algorithm based on geostationary satellite GOCI sensor, and (c) algorithm based

on MODIS data.

algorithm of air pollution, a test is completed in the Linux
platform. The monitoring times of three different algorithms of
artificial intelligence-based quantitative remote sensing mon-
itoring algorithm of air pollution, the geostationary satellite
GOCI sensor-based quantitative remote sensing monitoring
algorithm of air pollution, and MODIS data-based quantitative
remote sensing monitoring algorithm of air pollution are
compared. The test results are shown in Table 1.

In Table 1, DD represents the number of iterations of
three different algorithms; JC represents the monitoring
time of three algorithms, and the unit is s; RG represents the
quantitative remote sensing monitoring algorithm of air

pollution based on artificial intelligence; JZ represents the
quantitative monitoring algorithm of air pollution based on
geostationary satellite GOCI sensor; and SJ represents the
quantitative remote sensing monitoring algorithm of air
pollution based on MODIS data.

Analysis of the data in Table 1 shows that, in five iter-
ations, the average monitoring time of the quantitative re-
mote sensing monitoring algorithm of air pollution based on
artificial intelligence is 0.28s; the quantitative monitoring
algorithm of air pollution based on geostationary satellite
GOCI sensor is 0.72s; and the quantitative remote sensing
monitoring algorithm of air pollution based on MODIS data
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FIGURE 2: Monitoring accuracy of (a) proposed algorithm, (b) algorithm based on geostationary satellite GOCI, and (c) algorithm based on

MODIS data.

is 1.18s. According to the comparison of the test results of
three different algorithms, the quantitative remote sensing
monitoring algorithm of air pollution based on artificial
intelligence uses the shorted monitoring time. This is be-
cause the characteristics of atmospheric radiation trans-
mission, Beer-Bouguer-Lambert law, parallel plane
atmospheric radiation theory, and electromagnetic radiation
transmission characteristics are analyzed before the quantita-
tive monitoring, which have provided relevant information for
quantitative remote sensing monitoring of air pollution, re-
duced the monitoring time, and improved the monitoring
efficiency of quantitative remote sensing monitoring algorithm
of air pollution based on artificial intelligence.

Let § represent the range coefficient that takes value in
the interval [0, 10]. The larger the range coeflicient, the larger
the monitoring range of the algorithm. Based on taking
range coefficient § as a test index, the quantitative remote
sensing monitoring algorithm of air pollution based on
artificial intelligence, the quantitative monitoring algorithm
of air pollution based on geostationary satellite GOCI
sensor, and the quantitative remote sensing monitoring
algorithm of air pollution based on MODIS data is tested.
The results of comparing the monitoring scope of three
algorithms are shown below.

Figure 1(a) is the test result of the quantitative remote
sensing monitoring algorithm of air pollution based on
artificial intelligence, which shows that the range coefficient
of the quantitative remote sensing monitoring algorithm of
air pollution based on artificial intelligence is above 8;
Figure 1(b) is the test result of the quantitative monitoring

algorithm of air pollution based on geostationary satellite
GOCI sensor; Figure 1(c) is the test result of the quantitative
remote sensing monitoring algorithm of air pollution based
on MODIS data. The analysis of Figures 1(b) and 1(c) found
that the range coefficients of the quantitative monitoring
algorithm of air pollution based on geostationary satellite
GOCI sensor and the quantitative remote sensing moni-
toring algorithm of air pollution based on MODIS data
fluctuate around 5 and 7, respectively. As can be observed
from comparing the results of the above algorithms, the
range coeflicient of the quantitative remote sensing moni-
toring algorithm of air pollution based on artificial intelli-
gence is higher. Since the higher the range coeflicient, the
wider the monitoring range of the algorithm, and the
monitoring range of the quantitative remote sensing
monitoring algorithm of air pollution based on artificial
intelligence is wider.

The quantitative remote sensing monitoring algorithm
of air pollution based on artificial intelligence, the quanti-
tative monitoring algorithm of air pollution based on
geostationary satellite GOCI sensor, and the quantitative
remote sensing monitoring algorithm of air pollution based
on MODIS data are tested and compared in the monitoring
accuracy. The results are shown below.

It can be seen from Figure 2 that, in multiple iterations,
the monitoring accuracy of the quantitative remote sensing
monitoring algorithm of air pollution based on artificial
intelligence is higher than that of the quantitative moni-
toring algorithm of air pollution based on geostationary
satellite GOCI sensor and the quantitative remote sensing
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monitoring algorithm of air pollution based on MODIS data.
This is because the quantitative remote sensing monitoring
algorithm of air pollution based on artificial intelligence
constructs the pixel element combination simultaneous
equation, which helps calculate the atmospheric aerosol
turbidity and then realize the quantitative remote sensing
monitoring of air pollution through the calculated aerosol
turbidity. Therefore, this improved the monitoring accuracy
of the quantitative remote sensing monitoring algorithm of
air pollution based on artificial intelligence.

5. Conclusions

The rapid urbanization over the past years has increased
energy consumption, worsened the air quality, and seri-
ously threatened people’s physical and mental health.
Therefore, how to enhance air quality and protect the
environment in fierce competition and development has
become the main problem faced by the society. Urban
environment is the result of urban construction and in-
dustrial production, and the urban air environment is
receiving more attention since discovering its dangers. The
premise of environmental governance and protection is
environmental testing. However, the monitoring cost and
station distribution will affect the routine monitoring of air
pollution, making it difficult to obtain long-term and large-
scale air pollution information. On this consideration,
the sensing data have been widely used in the field of air
pollution monitoring because it is economical and
macroscopic.

At present, the quantitative remote sensing monitoring
algorithm of air pollution has the shortcomings of low
monitoring efficiency, small monitoring range, and low
monitoring accuracy. The proposed quantitative remote
sensing monitoring algorithm based on artificial intelligence
is proposed and can accurately detect a wide range of air
pollution data within a short time, which has solved the
problems existing in the current algorithm and laid a
foundation for the development of quantitative remote
sensing monitoring technology of air pollution.

Data Availability

We use simulation data, and our model and related
hyperparameters are provided in our paper.
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