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A Method Combining Mobile Transmissometer and
Lidar for High Precision Measurement of Visibility

Meng Li and Guojin Wang

Abstract—High precision measurement of visibility has wide
applications in the fields of civil aviation and maritime transporta-
tion. However, for a long time, the non-uniform of the atmosphere
and optical contamination under low visibility have always been
important issues affecting the measurement accuracy of visibil-
ity. This paper proposes a novel method that combines a mo-
bile transmissometer with Lidar, which can not only accurately
measure visibility in non-uniform atmospheric environments, but
also effectively suppress environmental contamination by using the
method of single end sampling. In this method, the mobile trans-
missometer is coupled with the Lidar at its baseline end, thereby
effectively improving the Lidar measurement accuracy with the
high-precision measurement results of the mobile transmissometer.
The experimental and simulation results demonstrate that this
method has better performances of anti noise and optical contami-
nation suppression, compared to traditional Lidar and atmospheric
transmissometer. It can achieve high-precision visibility measure-
ment in a large range of non-uniform atmospheric environments,
and also exhibits good robustness in low visibility environments.

Index Terms—Visibility, mobile transmissometer, Lidar.

I. INTRODUCTION

A TMOSPHERIC visibility, as an important meteorological
parameter, is widely employed in fields of road transporta-

tion, navigation and civil aviation [1], [2]. At present, visibility
measurement methods mainly involve transmission, forward
scattering, as well as backward scattering [3], [4], [5]. However,
for high-precision visibility measurements, only the transmis-
sion method is extensively applied, due to its perfect compli-
ance with human visual principles and excellent suppression of
optical noise [6], [7], [8]. But in practical applications, there are
always two important issues in high-precision measurement of
visibility with the transmission method.

Firstly, it is difficult to accurately measure non-uniform at-
mospheric environments. The transmissometer can only provide
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average visibility in a certain space, due to its sampling type of
fixed baseline. In addition, because of its limited sampling space,
it is difficult to cover a larger spatial range. The existing methods
mainly combine transmission visibility meters at multiple dif-
ferent locations for measurement [9], [10], [11]. For example,
the World Meteorological Organization (WMO) conducted a
combined measurement experiment using 14 transmissometers
[7]; The Royal Dutch Meteorological Agency calibrated atmo-
spheric visibility transmissometer of different baseline lengths;
Hong Kong Observatory applied three atmospheric transmis-
someters to jointly measure regional visibility. Although this
method can to some extent solve the measurement problem of
non-uniform atmosphere, the number of visibility meters that
can be installed is limited and cannot cover all demand areas
well. Additionally, for areas where visibility meters cannot be
installed, such as airport runways or specific high altitudes, this
method is still ineffective.

Secondly, the optical lens contamination caused by aerosol
environment can also affect the accuracy of visibility measure-
ment, due to the inconsistency of light intensity errors between
the transmitting and receiving ends, which is difficult to avoid
through optical design. Therefore, in practical applications, the
transmission method often establishes a contamination error
correction model that evolves over time for visibility calculation
[12], [13], and is fully obtained through practical experience.
Although this method can to some extent suppress the accumu-
lation effect of contamination errors, due to the strong regional
differences in aerosol environments, the effectiveness of this
model varies in different environments. In addition, calibration
of multiple visibility meters is also a means of correcting op-
tical contamination errors. For example, Vaisal’s transmissive
visibility meter applies forward scattering meters to correct the
optical contamination errors. This approach mainly focuses on
error correction for high visibility, but still does not perform well
in low visibility ranges.

In theory, among all visibility measurement methods, Lidar
is the best method to address the above two issues [14], [15].
Due to its infinitely long measurement baseline, the extinction
coefficient of the entire optical path can be obtained through
inversion calculation, thus visibility in non-uniform atmospheric
environments can be measured effectively. Due to the design of
receiving and transmitting at the same end, mirror contamination
errors can be offset. Although Lidar has the above advantages,
in practical applications, it has always been difficult to achieve
a measurement accuracy of less than 10% for atmospheric
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transmissometer, due to strong background noise of Lidar and
difficulty in accurately estimating boundary values.

For denoising Lidar signal, many types of methods have been
proposed, such as sliding average method, frequency decompo-
sition method, assimilation filtering method, and joint filtering
denoising method [16], [17], [18], [19], [20]. Among them,
the frequency decomposition method decomposes and denoises
the Lidar signal in terms of frequency characteristics, such as
wavelet analysis [21], Fourier decomposition [22], and empirical
mode decomposition [23]. This type of related researches is the
most extensive, and its core purpose is to adapt to the non-
linear and non-stationary characteristics of Lidar signals. The
assimilation filtering method uses approaches such as ensem-
ble Kalman filtering and particle filtering for signal denoising,
taking into account the constraints of Lidar physical equations.
In addition, researchers have proposed many combined algo-
rithms of multiple methods for denoising Lidar signal, including
morphological filtering and empirical mode decomposition [24],
soft thresholding and ensemble empirical mode decomposition
[25], complementary ensemble empirical mode decomposition
and wavelet thresholding [26], and so on. However, because
these methods are still based on a general noise model and lack
prior analysis of signal features, their denoising effect is not
ideal.

For boundary value calculation, the Kell method is currently
the most classic method in the field of visibility measurement.
In order to improve noise resistance and computational effi-
ciency, researchers have proposed various methods based upon
Kell method [27], such as using fixed point method [28], im-
proved Newton method [29], joint Broyden algorithm and least
squares method [30]; Two way transmittance method [31]. In
recent years, with the development of hardware technology, the
joint observation methods have gradually become an important
method for inverting visibility extinction coefficients, for reason
that they can calculate boundary values more accurately through
joint measurements. For example, In multi-channel Mi-Raman
scattering Lidar, the boundary values are directly inverted using
Raman radar channels [32]; Using millimeter wave radar and
dual wavelength Lidar, boundary values were calculated through
joint algorithm inversion [33]; The atmospheric transmissometer
and Lidar are used to measure visibility, and the measurement
results of the atmospheric transmittance meter are directly used
as boundary values [34]. However, existing research still lacks
accuracy in measuring and calculating boundary values. Even if
combined observation methods are used to calculate boundary
values, new measurement errors may still be introduced. For
example, when applying Raman scattering Lidar, the noise
resistance of Raman Lidar should also be considered; The
combination of Lidar and traditional atmospheric transmission
instruments can only determine the boundary value based on
the average extinction coefficient, and cannot apply the accurate
distribution of extinction coefficients. At the same time, the
optical pollution problem of traditional transmission instruments
also needs to be considered.

This article proposes a visibility measurement method using
a combination of Lidar and a mobile transmissometer to address
the aforementioned issues. This method uses Lidar as the main

body for visibility measurement, and uses high-precision mea-
surement of a mobile transmissometer to couple and correct it.
For the denoising of Lidar, the high-precision measurement re-
sults of a transmissometer is applied as a clean sample to denoise
the Lidar, which can effectively solve the problem of lacking
prior information. For the calculation of Lidar boundary values,
the mobile transmissiometer can obtain an accurate distribu-
tion of extinction coefficients, which are used to calculate the
boundary values for improving calculation accuracy of visibility.
Additionally, due to the single end moving measurement method
adopted by the mobile transmissiometer, only the light intensity
at the receiving end is considered in the calculation, which can
effectively avoid measurement errors caused by inconsistent
optical pollution between the transmitting end and the receiving
end.

II. SYSTEM AND METHOD

The entire system consists of a mobile transmissometer and
a Lidar, as shown in Fig. 1 . The mobile transmissometer is
a high-precision measurement unit, and its obtained visibility
values can be used for background noise removal and boundary
value inversion calculation in Lidar measurement systems. The
entire method is as follows.

A. Mobile Atmospheric Transmissometer Measurement

As shown in Figs. 1 and 2. Mobile atmospheric transmis-
someter consists of a laser emission unit, an optical receiving
unit, a sliding track unit, an trolley unit, and a control and
data processing unit.The laser emission unit includes a laser,
an emission optical path system, and an adjustment bracket.
The laser is expanded through the emission optical path system
and emitted along the orbital direction with 532 nm green light,
a divergence angle of<1.5 mrad and a spot diameter of 2mm.
The position and direction of the laser beam can be changed by
manually adjusting the emission unit adjustment bracket. The
optical receiving unit consists of an optical chopper, a photode-
tector, a lock-in amplifier, and a receiving optical system. The
aperture size of the chopper determines the size of the collimated
light received. Continuous laser passes through a chopper, enters
a lock-in amplifier, and is finally received by a photodetector,
which can effectively suppress optical noise.The high-precision
sliding track unit is composed of two 55 m long steel guide rails
with a spacing of 0.35 m between the guide rails and a height
of 0.2 m. An electromagnetic induction plate is installed every
5 m beside the guide rail to calibrate the detection distance. The
trolley can move smoothly on the guide rail with a distance error
of less than 0.005 m. The trolley unit consists of a bottom plate, a
car cover, rollers, gears, servo motors, reducers, programmable
logic controllers, proximity sensors, and inverters.A photoelec-
tric receiving unit and a signal acquisition unit are placed on the
bottom plate. The trolley is placed on a guide rail, and the PLC
controls the trolley’s motion speed, round trip frequency, and
dwell time through the operation of the servo motor.Based on the
signal from the proximity sensor, the position of the car can be
detected. During the movement of the trolley, the deviation in the
X/Y direction is extremely low, ensuring that the receiving probe
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Fig. 1. Oblique view (left), side view (top right), and top view (bottom right) of the combination of Lidar and mobile transmissometer.

Fig. 2. Mobile transmissometer for visibility measurement.

is always in the effective receiving optical path. The control and
data processing unit includes an embedded industrial computer,
which analyzes and processes the received signals through soft-
ware, and controls the photoelectric receiving components and
PLC working status. To ensure signal stability, the entire system
adopts wired transmission.

B. Lidar System

The Lidar visibility meter adopts a Y-shaped fiber bundle that
integrates transmission and reception to achieve coaxial design,
with a Cassegrain telescope serving as both an optical signal
transmitter and receiver. As shown in Fig. 3, the system consists
of three parts: a laser emitting unit, an optical receiving unit, and
a signal detection and data acquisition unit. The laser emission
unit uses a diode pumped Nd … YAG532nm laser as the light
source, which is close to the most sensitive 550 nm of the human
eye, so its measured atmospheric level visibility can be well
combined with human vision. The laser beam emitted by the
laser is coupled into the emitting fiber through a fiber coupler,
collimated and expanded, and then horizontally projected into
the atmosphere through a telescope. Backscattered light is re-
ceived by the same telescope, and the obtained optical signal is
focused and coupled into the 8 outer receiving fibers of the fiber
bundle. The received signal is transmitted through the receiving
fibers and the background light is removed through a narrowband

Fig. 3. Lidar for visibility measurement.

TABLE I
THE MAIN TECHNICAL PARAMETERS OF THE LIDAR

interference filter. The signal is detected by a photomultiplier
tube (PMT) and collected by a photon counter. Finally, it is sent
to a computer for signal storage and subsequent analysis. The
effective horizontal detection range of the micro pulse Lidar
system is 4 km during the day and 14 km at night.

Table I presents the main technical parameters of the Lidar.
The emission wavelength, repetition frequency, and pulse energy
of the laser are 532 nm, 2000 Hz, and 30 μJ, respectively, which
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Fig. 4. Oblique view (left) and side view (right) of the mobile transmissometer.

meet the safety requirements of the human eye. Due to the
weak echo signal and low output current of PMT, the analog
acquisition mode can no longer function properly. Therefore,
single photon counting mode is adopted here.

C. Measurement Method of Mobile Transmissometer

The system can measure the laser signal at point i by moving
the receiving end, and according to the Beer Lambert law, a laser
atmospheric attenuation model can be expressed as:

ηiIi = η0I0 exp

(
−
∫ Li

L0

σ (L) dL

)
(1)

where, ηiand η0 represent the lens contamination errors of the
mobile receiver at the final point i and initial point 0 (in Fig. 4),
respectively. Li and L0 indicate the movement distance of the
mobile receiver at the final point i and initial point 0, respectively.
σ is the extinction coefficient.

For the traditional transmissometer, due to the different lens
contamination errors at the transmitting and receiving ends,
namely ηi �= η0, a proportional error ηi/η0 in the calculated
extinction coefficient will be introduced. However, for our pro-
posed system, because only a single mobile receiver is used, the
lens contamination error at the receiving end can be considered
constant, namely ηi = η0. Therefore, the pollution error can be
offset, which is the biggest advantage of mobile measurement
methods, compared to the traditional transmissometer with fixed
receiving end. In this case, it can be obtained that:

Ii = I0 exp

(
−
∫ Li

L0

σ (L) dL

)
. (2)

Thus, the relationship model between the extinction coefficient
σ and final movement distance Lican be expressed as:

σ (Li) = −d (ln (Ii (Li)/I0))

dLi
. (3)

Then, according to the reference [35], visibility can be calculated
as:

V (Li) =
Cg (λ)

σ (Li)
(4)

where q is the correction factor, usually taken as 3, and λ is the
emission spectrum. Based on experience, g(λ)can be expressed

as:

g (λ) =

(
0.55

λ

)q

; q =

⎧⎨
⎩
0.585V

1
3 V < 6km

1.3 6km ≤ V < 50km
1.6 V ≥ 50km

.

(5)

D. Inversion Calculation of Lidar Under Coupled Mobile
Transmissometer

Two primary challenges hinder the use of Lidar in high-
precision visibility measurement. Firstly, the influence of back-
ground noise arises from a long baseline and a large sampling
volume. Secondly, accurately calculating the boundary value
of the extinction coefficient poses a difficulty. In the system
proposed in this project, a period of high-precision extinction
coefficient measurement over 50 m is attainable through mobile
high-precision measurement. This measurement can be coupled
with the Lidar signal, enhancing the accuracy of the inversion
measurement result. The empirical mode decomposition, known
for its adaptability and ability to handle nonlinear and non-
stationary signals such as Lidar signals without requiring prede-
fined basis functions, is employed. Consequently, an inversion
calculation method based upon empirical mode decomposition
is proposed for calculating atmospheric visibility, and demon-
strated in Fig. 5.

1) The signals acquired by the Lidar are decomposed into
multiple intrinsic mode functions using the empirical mode
decomposition. The upper and lower envelopes are employed to
fit the Lidar distance-corrected signal s0, and the mean of upper
and lower envelopes is calculated, termed as m1. Subsequently,
we subtract m1 from the signal s0 to obtain a new signal s1. if
s1satisfies the condition:

(s0 − s1)
2

s02
< Δ. (6)

it is defined as the intrinsic mode function (IMF) c1; otherwise,
it is set as an original signal, and enters the initial step again.
(Δ is the value of standard deviation coefficient.) The iterative
process si −mi+1 = si+1 is repeated K times until si satisfies
the condition described by (6), termed as IMF c1. We subtract
c1 from the signal s0 to generate a new signal, which is reset
as s10 for a new iteration of the initial step. Then, c2can be ob-
tained. This iterative process continues until the signals0satisfies
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Fig. 5. The flowchart of Lidar signal decomposition and reconstruction.

(sk−1
0 − ck)

2
/(sk−1

0 )
2
< Δ or becomes a monotonic function,

termed as r. Finally, The result of empirical mode decomposition
can be expressed as:

s0 =
n∑

k=1

ck + r. (7)

2) By setting a weight coefficient ωk for each IMF, the
reconstruction equation of the original signal can be obtained:

s0 =
n∑

k=1

ωkck + r. (8)

The denoising of Lidar signal can be realized by changing the
weight coefficient ωk. It is assumed that the first m weight coef-
ficients are variable weight coefficients, and the reconstruction
equation can be expressed as follows:

s0 =

m∑
k=1

ωkck +

n∑
k=m+1

ck + r. (9)

3) High-precision visibility measurement results can be rep-
resented in discrete form as σli (i = 1, 2, · · · , k), where the
measurement points correspond to those of the Lidar, with a
discrete interval equal to the Lidar’s distance resolution. Be-
cause the Lidar’s boundary values correspond to high-precision
measurement results σk, based upon the Kell inversion formula,
the inverted signal for the Lidar extinction coefficient can be
expressed as:

σ′ =
exp {[s0 (l)− s0 (lk)]/q}

1
σlk

+ 2
q

∫ lc
l exp {[s0 (l′)− s0 (lk)]/q} dl′

. (10)

q is a coefficient related to the Lidar wavelength, aerosol
refractive index, and particle size distribution, with a range of
0.67 ≤ q ≤ 1. l is the detection distance of the Lidar, lkis the
boundary distance corresponding to the measurement points
of σlk .Bringing (9) into (10), we can obtain the Lidar extinc-
tion coefficient inversion model σ′(ω1, ω2, · · · , ωm, l) based

on weighting coefficients. Finally, the least square model is
established based upon the discrete values of high-precision
measurement results σli (i = 1, 2, · · · , k) and the Lidar inver-
sion model σ′(ω1, ω2, · · · , ωm, l):

f (ω1, ω2, · · · , ωm) =

k∑
j=1

(
σ′ (ω1, ω2, · · · , ωm, lj)− σlj

)2
(11)

when f(ω1, ω2, · · · , ωm) takes the minimum value, the cor-
responding weight coefficient (ω1, ω2, · · · , ωm) is the recon-
structed weight coefficient after denoising, and the inversion
model of denoised Lidar signal and extinction coefficient can be
obtained by (9) and (10).

III. SIMULATIONS

We simulate the detection of non-uniform atmosphere using
the proposed method, as shown in Fig. 6(a) and (b). It can
be seen that within the detection range of 1.5 km, the atmo-
spheric environment exhibits severe non-uniformity, and using
the KELL method to estimate boundary value will result in
serious error, which will lead to inaccurate inversion results
near the boundary values. In contrast, our proposed method can
be used to obtain more accurate boundary value of extinction
coefficient, which greatly improves the accuracy of non-uniform
atmospheric inversion. In addition, we also simulated and ana-
lyzed the detection results of two methods for different noise
environments. Gaussian white noise is added in the simulation.
As shown in Fig. 6(c), the lower the signal-to-noise ratio, the
greater the squared mean error(SME) difference between the
Lidar and the method proposed in this paper, which is mainly
due to the severe error of the boundary values estimated by the
KELL method under strong noise. Compared with Lidar method,
our method directly measured boundary values to invert the
extinction coefficient, thus calculation error is mainly caused
by the noise of the signal itself. Especially for the low noise
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Fig. 6. The inversion results of the extinction coefficient are simulated using
Lidar (a) and the method (b) presented in this paper; mean square error of
inversion results under different initial signal-to-noise ratios are simulated using
the two methods (c).

Fig. 7. The relation between visibility, contamination factor and SME is
simulated (a) the relations between baseline, contamination factor and SME
are simulated under low visibility (b) and high visibility (c).

condition, The inversion results with our method still show good
robustness.

According to (1), we regard n = ηi/η0 as the contamination
factor, which can characterize the error ratio caused by lens
contamination of the starting and ending points for the mobile
measurement system. For transmissive visibility meter, this pa-
rameter is the ratio of the error at the laser transmitting end
to the one at the receiving end, while for mobile measurement
system, it is represented as the ratio of the error at different
location of the mobile receiving end. Based on this parameter, we
simulate and analyze the impact of mirror contamination on the
proposed system under different measurement conditions. As
shown in Fig. 7, it can be observed that overall, the closer n is to
1, the smaller the impact of lens contamination on measurement
accuracy. Due to the fact that the mobile measurement system
only uses the receiving end for sampling, its contamination factor

is very close to 1. Therefore, compared with traditional trans-
missive visibility meter, our method has a better suppression
effect on lens contamination. Meanwhile, it can be found that
when n<1, the contamination impact is much more severe than
when n>1, and its error will suddenly increase, which is mainly
due to the logarithmic operation property in (3). In addition,
the impact of contamination factor varies greatly depending on
visibility and baseline length. As shown in Fig. 7(a), the higher
the visibility, the more severe the impact of lens contamination
on the measurement results. Under low visibility (v = 2000),
as shown in Fig. 7(b), the shorter the baseline length, the more
severe the contamination impact on the measurement results.
Under high visibility (V = 8000), as shown in Fig. 7(c), a short
baseline length can cause serious anomalies in the measurement
results, with an error exceeding 100%.

For a long time, the background noise of Lidar has always
been an important issue affecting the measurement accuracy
of Lidar. To verify the suppression effect of the method pro-
posed in this article on Lidar noise, we simulated four different
levels of uniformity in atmospheric environments, as shown
in Fig. 8, namely uniform, slightly non-uniform, moderately
non-uniform, and severely non-uniform atmospheres. For these
four types of atmospheric environments, we constructed Lidar
signals with different signal-to-noise ratios and used wavelet
analysis, Kalman filtering, empirical mode decomposition, and
our method to denoise them. The results are shown in Fig. 9.
From it, it can be observed that in Fig. 9(a), the advantages
of our method are not significant for a uniform atmospheric
environment. However, for the non-uniform atmospheric en-
vironment in Fig. 9(c) and (d), our method exhibits signif-
icantly better noise suppression effects than the other three
methods. Especially for low signal-to-noise ratio situations, such
as 10 dB and 15 dB, regardless of atmospheric non-uniformity,
this method can improve the denoised signal-to-noise ratio to
around 40 dB, demonstrating excellent denoising robustness.
This performance is mainly due to the learning coupling effect of
precise measurement results on denoising, as well as the adaptive
decomposition of empirical mode decomposition for nonlinear
and non-stationary signals of Lidar.

IV. EXPERIMENTS

To verify the detection effect of the proposed method on
non-uniform atmosphere, we firstly placed burning firewood at
five locations, including 250 m, 405 m, 665 m, 1025 m, and
1400 m, which can create five points of visibility increasing.
Then, detection experiments were conducted on visibility within
the range of 1.5 km using the method presented in this article.
The time of one measurement satisfies the Taylor freezing hy-
pothesis. As shown in Fig. 10(a), this method can accurately
display the positions of five visibility increasing points, and has
a good description effect on atmospheric non-uniformity.

Finally, we used a movable forward scattering visibility meter
to measure the visibility at nine locations, involving 250 m,
300 m, 405 m, 500 m, 665 m, 800 m, 1025 m, 1300 m, and
1400 m, for comparing the measurement accuracy of our method
and the Lidar method. As displayed in Fig. 10(b) and (c),
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Fig. 8. Atmospheric visibility values of uniform atmosphere (a), mildly non-uniform atmosphere (b), moderately non-uniform atmosphere (c) and severe
non-uniform atmosphere (d) are simulated; the visibility inversion results of uniform atmosphere (e), mildly non-uniform atmosphere (f), moderately non-uniform
atmosphere (g) and severe non-uniform atmosphere (h) with a signal-to-noise ratio of 25 dB are simulated.

the three measurement results are very close at locations far
from the boundary points. However, at locations close to the
boundary value points, including 1025 m, 1300 m, and 1400 m,
compared to the Lidar method, the proposed method is closer
to the measurement results of the forward scattering instrument,
demonstrating better measurement accuracy. It is mainly due to
the high-precision boundary value measurement in our method.

In order to verify the suppression effect of optical environ-
mental contamination, we conducted continuous experiments

for 10000 minutes (7.5 days) with the mobile measurement
system and the fixed transmissive one in an indoor environmental
simulation cabin at five visibility levels of 500 m, 1500 m,
3000 m, 5000 m, and 8000 m, respectively. During this period,
no cleaning or maintenance was carried out on the two types of
equipment. Specially, the mobile measurement system performs
three mobile measurements per minute in a 30 m baseline, and
provides average visibility values per minute; The transmissive
visibility meter measures continuously in a 30 m baseline, and
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Fig. 9. The denoising results of different method in the environments of
uniform atmosphere, mildly non-uniform atmosphere, moderately non-uniform
atmosphere, and severe non-uniform atmosphere.

provides an average visibility value per minute. The experiment
results are shown in Fig. 11, and it can be observed that as the test
duration increases, the deviation between the measurement value
and the initial value of transmissive visibility meter becomes
larger and larger. This is mainly due to the cumulative effect
of optical pollution, and the higher the aerosol concentration in
low visibility environments, the more significant the deviation.
In contrast, the proposed method has a good suppression effect

Fig. 10. The visibility of non-uniform atmosphere is measured with our
method (a); the measurement results of three methods (b) and bias rate of Lidar
and our method (c) compared to forward scattering meter are shown at nine
special locations, respectively.

on optical contamination, with almost no measurement devi-
ation accumulated over time. Especially under low visibility
conditions, the test results still have good robustness, for the
reason that during the mobile measurement process, the optical
contamination error can be offset by measuring the light intensity
from the same receiving end.

Finally, to verify the feasibility of this method, we installed
and tested the equipment at Civil Aviation University of China
near Tianjin Airport, and conducted a visibility testing study
for 3 months. The distance between the Lidar and the mobile
transmissometer is set to 3 km. With a movement speed of 0.2
meters per second and a residence time of 2 seconds at each
interval, the mobile transmissometer can accurately measure
the distribution of extinction coefficient in a certain space. By
coupling the high-precision measurement values of the trans-
missometer, the inversion calculation accuracy of the Lidar can
be improved. The time of one measurement satisfies the Taylor
freezing hypothesis. As shown in Fig. 12, compared with official
airport data, it can be seen that the overall measurement results
of the joint system are stable and reliable. The low visibility can
be accurately detected from August 14th to 16th and September
17th to 18th, with a comparison error of less than 10%.
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Fig. 11. Using transmission meter and our method, the measurement results
(a) and bias rates compared to initial value are shown within 10000 minutes
for five visibility levels of 500 m (b), 1500 m (c), 3000 m (d), 5000 m (e), and
8000 m (f).

Fig. 12. Experimental testing in airport environments.

The core goal of signal coupling between Lidar and mo-
bile transmissometer is to effectively denoise Lidar. Fig. 13(a)
and (b) show the waveform signals of the Lidar and mobile
transmissometer at 15:00 on July 15th. It can be observed that
the noise of the Lidar is much greater than that of the mobile
transmissometer. Therefore, regarding the signal of the mobile
transmission instrument as a clean sample, we can effectively
remove the background noise of the Lidar with the learning
reconstruction method. As shown in Fig. 13(c), by the pro-
posed learning reconstruction method based on empirical mode
decomposition, clear and stable Lidar signal can be obtained,
and its overall signal-to-noise ratio is similar to that of the
mobile transmissometer. To demonstrate the robustness of the
denoising method proposed in this paper, we compare the re-
constructed IMF weight coefficients ωk at different times, as

Fig. 13. At 15:00 on July 15th, the original signals of the joint system in large
(a) and small (b) scales, the denoised signals (c), and the weight coefficients
decomposed within three months (d).

shown in Fig. 13(d). In Section II-D, the inversion method
of Lidar combined mobile transmissometer is used to modify
the IMF weight coefficients ωk, in order to denoise the Lidar
signal effectively. Therefore, the distribution characteristics of
the IMF weight coefficients ωk can effectively demonstrate
the stability of denoising. In Fig. 13(d), it can be observed
that the larger the scale, the higher the proportion of IMF
components. Additionally, regardless of the change in visibility,
the weights of the first four IMF components are basically
stable, which also indicates that the proposed denoising method
based upon learning reconstruction has good generalization
ability.
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V. CONCLUSION

For a long time, the non-uniformity of the atmosphere and
environmental pollution caused by optical lenses have always
been important issues in high-precision visibility measurement.
In response to these issues, we proposed and designed a system
that combines the mobile transmissometer with Lidar. This
system adopts a mobile sampling method with single receiv-
ing end, which can effectively suppress optical contamination
caused by atmospheric environment. Simultaneously, combined
with Lidar, it can effectively measure the non-uniformity of the
atmospheric environment within a specified range. The research
results indicate that compared with Lidar, this method has better
accuracy near the measurement area of the boundary; compared
with the transmissometer, it also exhibits better suppression
effect on environmental contamination. Especially in low vis-
ibility conditions, our method still has good robustness, which
can provide a valuable research direction for high-precision
visibility measurement.
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