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Abstract: This study focuses on the technology for real-time water droplets removal 
using two-wavelength scanning LiDAR monitoring. The LiDAR measures the 
Ångström exponent, using extinction coefficients at 1064 nm and 532 nm wavelengths, 
to assess particle size, and calculates depolarization ratio from backscatter signals at 
532 nm to determine particle shape. This technology allowed for the identification and 
classification of particle types, focusing on fine particles while excluding water droplets. 
The aim of this study is to use scanning LiDAR to distinguish fine particles and water 
droplets across a wide area and to identify their movement and origin when pollutant 
concentrations are high. 
 

1. Introduction 

As societal concern over fine particles grows, 
the importance of accurately identifying and 
managing emission sources is increasingly 
emphasized. Currently, the government 
conducts fine particles measurements using site 
observation equipment such as the Chimney 
Automatic Measurement System (TMS), but 
there are limitations in tracking the source, 
movement, and dispersion of emissions. Hence, 
active remote monitoring systems using LiDAR 
(Light Detection and Ranging) technology have 
emerged as a new alternative[1,2]. This study 
utilizes a self-developed Scanning LiDAR 
system to differentiate particles using the 
Ångström exponent, calculated from the ratio of 
extinction coefficient at two wavelengths, and 
the depolarization ratio, derived from vertical 
and horizontal backscatter signals. This 
approach allows for precise, real-time 
identification of fine particles emission sources 
in ports and industrial areas, while also 
accurately visualizing their concentration 
distribution. The study aims to provide a more 
accurate visualization of fine particles 
concentration distribution by addressing issues 

caused by unstable signals through 
improvements in the data analysis algorithm. 

2. Method 

2.1. Measurement site and 
Instrument 

In this study, the utilized Scanning LiDAR is a 
remote optical monitoring device that operates 
at two wavelengths, 532 nm, and 1064 nm, 
featuring an angular resolution within 20° and 
capable of observing 360° within 30 minutes. 
This equipment enables real-time and 
continuous concentration measurements of 
PM10 and PM2.5. It emits light at the two 
specified wavelengths using an Nd:YAG laser 
and the beam splitter and expander adjust the 
light to detect scattered light caused by particles 
in the atmosphere[3]. The detected light is then 
divided into three channels by a telescope and 
converted into electrical signals. 
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Figure 1. Scanning LiDAR transmitter(a), 
receiver(b) 

This system was installed on the rooftop of the 
Dangjin Port Support Center in Dangjin City, 
Chungcheongnam-do(36°59'07.7"N 
126°44'44.2"E). Observations were conducted a 
total of 1,526 times over 38 days, from February 
16 to March 29, 2022, covering various angles. 

2.2. Angstrom Exponent 

The Ångström Exponent is a parameter 
indicating the optical characteristics related to 
the size of aerosol particles[4,5], calculated 
through the logarithmic ratio of extinction 
coefficient measured at two wavelengths (532 
nm and 1064 nm). The Ångström Exponent 
value close to 0 signifies the presence of larger 
particles, while a value of 2 or higher indicates 
a predominance of smaller particles[6]. 𝐴𝐸(𝑟)  =  − ln[(𝛼𝑎(𝜆1064, 𝑟)) (𝛼𝑎(𝜆532, 𝑟))]⁄ln(𝜆1064 𝜆532⁄ )  (1) 

Applying the method for calculating the 
extinction coefficient at 532 nm directly to 1064 
nm has been found to result in inaccuracies due 
to the lower extinction efficiency at 1064 nm, 
leading to instability in the Ångström Exponent. 
Consequently, this study aims to correct the 
calculation of the extinction coefficient at 1064 
nm by utilizing the relationship between the 
PM2.5 ratio and the theoretical Ångström 
exponent, as outlined in the following flowchart. 

Figure 2. Correction method for calculating 
extinction coefficients at 532 nm and 1064 nm 

2.3. Correction method for 
calculating the extinction 
coefficient at 1064 nm 

The method for calculating the extinction 
coefficient involves multiplying the particle's 
extinction efficiency by its volume size 
distribution and then integrating the result. The 
extinction efficiency is determined for particle 
diameters of 10 μm and 2.5 μm at the 1064 nm 
wavelength. 

Figure 3. Extinction coefficient by wavelength 
according to particle diameter 

The volume size distribution of fine particle is 
defined by six parameters: the total volume of 
coarse and fine particles, central size, and 
distribution width. The PM2.5 ratio can be 
calculated by integrating each volume value and 
then multiplying by the density.  
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Figure 4. Volume size distribution according 
to particle diameter 

Subsequently, the relationship between the 
theoretical Ångström exponent and the PM2.5 
ratio is represented graphically using 1000 
random numbers. 

Figure 5. Theoretical AE simulation depending 
on PM2.5 ratio 

PM2.5 and PM10 data corresponding to the 
observation time are obtained from AirKorea to 
calculate the theoretical Ångström exponent, 
after which the extinction coefficient at 1064 
nm is corrected using the Klett equation. During 
this process, underestimations or 
overestimations at specific angles were 
identified, and additional corrections to the data 
baseline were conducted. Among the points set 
at 500 m intervals between 1 km and 4 km, the 
value with the smallest standard deviation of the 
extinction coefficient was selected. The final 
αref is derived by applying a correction factor 
based on the average and standard deviation of 
that point. 

2.4. Depolarization ratio 

The Depolarization Ratio(DP) is used as an 
indicator of the non-sphericity of aerosol 
particles in the atmosphere. For spherical 
particles, the DP value is close to 0, while for 

non-spherical particles, the DP value is higher 
due to backscatter occurring in various 
directions[7,8]. This value is calculated from 
the ratio of vertical(Ps) to horizontal(Pp) 
backscatter signals measured at a wavelength of 
532 nm[9]. 𝛿 =  𝑃𝑠𝑃𝑝 + 𝑃𝑠 

(2) 

When calculating the depolarization ratio using 
the conventional method, instances occurred 
where the depolarization ratio of background 
atmospheric aerosols was overestimated due to 
weak S signals. To correct this, a correction 
factor was applied by dividing the average 
depolarization ratio from 1 km to 3 km by the 
average atmospheric aerosol depolarization 
ratio of 0.03, to calculate the final 
depolarization ratio. The specific process is 
shown in Figure 6. 

 

Figure 6. Depolarization ratio flowchart 

3. Result 

The correction process resulted in a reduced 
standard deviation of the Ångström exponent, 
and by correcting the extinction coefficient at 
1064 nm, the baseline of the Ångström 
Exponent was stabilized. Before the correction, 
the baseline of the depolarization ratio varied 
with each observation, but after the correction, 
the baseline of the depolarization ratio was 
consistently adjusted to 0.03. 

3

  
 

 
 

 
 

 

, 01012 (2026)EPJ Web of Conferences https://doi.org/10.1051/epjconf/202636201012362
ILRC31/CLRC22-2024



 

Figure 7. Data analysis overall Angström 
exponent results 

 

Figure 8. Data analysis overall depolarization 
ratio results 

The profile analysis showed a decrease in the 
Ångström exponent without significant changes 
in the depolarization ratio, indicating that most 
particles are large and spherical, namely water 
droplets. Through the analysis of water droplet 
particles, it was determined that cases with an 
Ångström exponent below -0.1 and a 
depolarization ratio under 0.7 are classified as 
water droplets. As demonstrated in Figure 8, 
cases of high-concentration water droplets were 
successfully identified and removed. 

Figure 8. Removal of water droplets during 
visualization 

4. Conclusion 

In this study, Scanning LiDAR was utilized to 
observe fine particles in the atmosphere over a 
specific period, and through the analysis of the 
Ångström exponent and depolarization ratio, 
fine particles and water droplets were 
differentiated, with water droplet particles 
being removed for visualization. The correction 
process addressed issues with the extinction 

coefficient at 1064 nm and the baseline of the 
depolarization ratio, and it is anticipated that 
distinguishing particle types will positively 
impact the enhancement of air pollution 
monitoring systems. 

5. Acknowledgement 

This work was supported by a grant from the 
National Institute of Environment Research 
(NIER), funded by the Ministry of Environment 
(MOE) of the Republic of Korea(NIER-2024-
01-02-028). 

6. References 

[1]  Amiridis, V., et al. "Four‐year aerosol 
observations with a Raman lidar at Thessaloniki, 
Greece, in the framework of European Aerosol 
Research Lidar Network (EARLINET)." Journal of 
Geophysical Research: Atmospheres 110.D21 
(2005). 

[2]  Noh, Young M., et al. "Aerosol lidar ratio 
characteristics measured by a multi-wavelength 
Raman lidar system at Anmyeon Island, 
Korea." Atmospheric Research 86.1 (2007): 76-87. 

[3]  Noh, Youngmin, et al. "High resolution fine dust 
mass concentration calculation using two-
wavelength scanning lidar system." Korean Journal 

of Remote Sensing 36.6_3 (2020): 1681-1690. 

[4]  Ångström, Anders. "On the atmospheric 
transmission of sun radiation and on dust in the 
air." Geografiska Annaler 11.2 (1929): 156-166. 

[5]  Wagner, F., and A. M. Silva. "Some 
considerations about Ångström exponent 
distributions." Atmospheric Chemistry and 

Physics 8.3 (2008): 481-489. 

[6]  Mei, Liang, Zheng Kong, and Teng Ma. "Dual-
wavelength Mie-scattering Scheimpflug lidar 
system developed for the studies of the aerosol 
extinction coefficient and the Ångström 
exponent." Optics Express 26.24 (2018): 31942-
31956. 

[7]  Shin, Sung-Kyun, et al. "Retrieval of the 
Variation of Optical Characteristics of Asian Dust 
Plume according to their Vertical Distributions using 
Multi-wavelength Raman LIDAR System." Korean 

Journal of Remote Sensing 30.5 (2014): 597-605. 

[8]  Noh, Young-Min, et al. "Instantaneous 
monitoring of pollen distribution in the atmosphere 
by surface-based lidar." Korean Journal of Remote 

Sensing 28.1 (2012): 1-9. 

Noh, Young M., et al. "Estimation of radiative 
forcing by the dust and non-dust content in mixed 
East Asian pollution plumes on the basis of 
depolarization ratios measured with 
lidar." Atmospheric Environment 61 (2012): 221-
231. 

4

  
 

 
 

 
 

 

, 01012 (2026)EPJ Web of Conferences https://doi.org/10.1051/epjconf/202636201012362
ILRC31/CLRC22-2024


