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Abstract: Particulate matter (PM) is a crucial component of air pollution found in both indoor 

and outdoor (ambient) environments. PM not only poses a risk to human health and driving safety 

but also plays a role in the transmission of Covid-19. In this study, we propose a novel approach-the 

Mie scattering method-to estimate the PM diameter. This method involves the scattering of laser 

light on spherical particles at various angles, providing a unique perspective on PM analysis. The 

results of our research simulations demonstrate a direct correlation between the scattering angle and 

the scattered light-to-illumination intensity ratio. We also observed that varying particle diameter 

leads to changes in IS/I0. In our experiment, we varied the particle diameter from 0.2 to 0.5 µm, 

aligning with the general atmospheric pollution conditions PM2.5. Analysis of the IS/I0 ratio at certain 

scattering angles and wavelengths can be used to estimate the diameter of light-scattering spherical 

particles. The IS/I0 value increases as the particle size increases. Varying wavelength values affect 

changes in IS/I0; as the wavelength increases, the IS/I0 value becomes lower. The simulation results 

conclude that the optimal angle for scattering observations is between angles 00 and 400. 

 

Keywords: Particulate-Matter diameter; Air Pollution; Mie Scattering; Laser Light; Scattered 
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1.  Introduction  

The existence of air pollution is characterized by the 

release of substances into the atmosphere that surpass the 

established limit and pose a threat to human health and 

other biological entities, and it causes environmental 

degradation. The air pollutant substances can be gases 

such as carbon monoxide, ammonia, nitrous oxide, 

methane, chlorofluorocarbons, particulates (organic and 

inorganic), or biological molecules1,2). Air pollution inside 

or outside the room (ambient) can be caused by chemical 

gases, biological substances, or dust particles, which 

change the natural properties of the atmosphere. One of 

the dangerous pollutant elements is dust particles, which 

are also called particulate matter (PM). The mixture of 

solid particles and water droplets in the air is an example 

of PM. Moreover, PM can be classified into two 

categories based on its diameter: PM2.5 refers to particles 

with sizes below 2.5 µm, also known as smooth PM, and 

PM10 encompasses particles ranging from 2.5 to 10 µm 

in size, often referred to as coarse PM3). 

PM can be found outdoors and indoors. PM in ambient 

can be sourced from motor vehicle pollution, forest fires, 

and volcanic eruptions. PM in the room can be produced 

from cigarette smoke, air circulation disturbances 

(ventilation), and smoke originating from the cooking 

process in the kitchen3). 

Natural sources of atmospheric pollution originating 

from land and sea are generally PM10, for example, 

volcanic eruptions. Meanwhile, the source of atmospheric 

pollutant PM2.5 is a secondary product of this natural 

process. Atmospheric pollution has increased enormously 

in the last few decades because many community 

activities produce pollution that exceeds that caused by 

natural events. Some examples of atmospheric pollution 

due to community activities are the usage of various non-

renewable fossil-based energy sources4). The common 

sources of PM are diesel engines5), biomass6) and coal 

combustion7). Those are widely used in various industry 

types as the PM emission sources, which causing air 

pollution. 

Many countries are aware of the importance of 

environmental health by implementing policies to reduce 

the PM emission of diesel engines. There are three kinds 

of policies to reduce PM emission8), first by reducing the 

number of diesel engines, the second by implementing a 

silver-based catalyst9), and the third is the development of 

a new asymmetrical rotating combustion technique, which 

is formulated to function in flameless mode. It possesses 

a remarkably uniform temperature distribution and 

- 3383 -



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 11, Issue 04, pp3383-3389, December, 2024 

 

reduced levels of pollutant emissions. These attributes 

render it suitable for clean and efficient combustion 

engines10). 

PM can potentially exert detrimental impacts on human 

health. Various human ailments have been linked to the 

contamination of PM, encompassing untimely mortality, 

heart attacks, irregular cardiac rhythm, exacerbated 

asthmatic episodes, diminished pulmonary capabilities, 

and respiratory manifestations11-14). The impact of particle 

size on the toxicity effect is of considerable significance. 

As particle diameter decreases and the total particle 

surface area increases, particle toxicity also increases15). 

PM can also cause the spread of the COVID-19 virus 

because of the possibility of a correlation between PM and 

the diffusion of the COVID-19 virus so that airborne 

spread becomes easier16). Additionally, the scattering and 

absorption of light by PM can reduce visibility4),17-18) and 

subsequently impact the safety and security of driving. 

Engine components like gas turbine propellers at high 

temperatures and speeds can also experience damage due 

to PM, which can cause larger disasters19). Environmental 

conditions can also be problematic if exposed to PM. The 

problems caused include changes in the earth's radiation 

balance, cloud formation, and increasing global 

warming20,21). 

Several techniques are available to analyze the 

concentration of PM and its size, based on optical 

scattering, optical absorption, pollutant mass gravity, and 

microbalance oscillations techniques.  

The principles of scattering, absorption, and extinction 

of light can be used to measure particle concentration in 

real time on optical instruments22). Other PM monitoring 

is based on gravity by collecting particles in a filter within 

a time interval. The weight of the particles in the filter is 

then compared to the volume of air collected from the 

ambient air23,24), using the principle beta reduction25), the 

tapered element oscillating microbalance26), surface 

acoustic wave mass sensor27), and microfabricated air-

microfluidic sensor28). 

Below, we review several research results regarding 

PM measurement methods based on light scattering 

methods. Aerosol particles illuminated by a beam of light 

will continue or scatter this light in all directions 

(scattering).  Li et al.29) compared the calculation of 

electromagnetic scattering in partially charged spherical 

particles using Rayleigh approximation and Mie theory 

where Mie theory is more suitable for calculating the 

scattering of charged spherical particles. 

Zi Ye et al.30) measured the particle size distribution 

using a mathematical model based on Mie scattering 

theory through light scattering intensity and introduced a 

stochastic inversion algorithm based on Markov chains to 

improve the accuracy and noise immunity of particle size 

distribution measurements. The numerical simulations 

show that the Markov chain algorithm has strong noise 

immunity and can meet the online measurement 

requirements for particle size distribution. 

Chen et al.31) in their research used an integrated light 

scattering method to measure the concentration of 

particulate matter in situ. A real-time particle 

concentration measurement system is created by studying 

the effects of particle size and the best detection angle. 

Mie scattering theory calculates the sensitivity of the mass 

concentration of five common particles with aerodynamic 

sizes between 0.05 – 10 µm by applying different 

scattering angles.  

Chen et al.32) also proposed a method for measuring the 

mass concentration of particulate matter for homogeneous 

spherical particles using light scattering. The technique 

employs two types of sensors, one stationary in the 

forward direction and the other rotating. Measurements 

are carried out in real-time. Particle mass concentration is 

measured with a fixed detector, and the particle size is 

measured from the intensity ratio of the detectors. The 

results were compared with particles measured with an 

electric low-pressure impactor (ELPI). 

Jobert et al.33) described the development of a miniature 

particulate matter sensor for personal air quality 

monitoring. This sensor works based on Lorenz Mie's 

theory used to model the light scattering by spherical 

particles. The sensor uses a visible fibrous light source and 

a perforated retinal image sensor to measure particle 

scattering signatures, the detection, and the differentiation 

of particles of different sizes. 

Han et al.34) used laser angular scattering by analyzing 

the difference in particle size sensitivity between forward 

and backward scattering to measure the mass 

concentration of particulate matter online. This method 

uses angular scattering of the laser and three fixed 

detectors to improve the accuracy of mass concentration 

measurements. 

This research aims to estimate the diameter of PM 

based on the Mie light scattering method. This is a 

theoretical simulation research using MATLAB software, 

where there are three parameters involve in this analysis, 

i.e.: wavelength (𝜆) , particle diameter (𝑎)  and 

scattering angle (𝜃). The three parameters are varied and 

the output are variations of the IS/IO ratio versus scattering 

angles. For fixed illumination wavelength, the larger the 

pollutant size, the greater the scattering intensity. 

Moreover, for fixed observation angle and fixed particle 

diameter, the longer the illumination wavelength, the 

smaller the scattering intensity. These simulation results 

help us to select the most effective illumination 

wavelengths for various particle sizes. 

 

2.  Methods 

In the analysis, PM size is analyzed by using Mie 

Scattering method with a scattering approach to a single 

spherical object, as shown in Fig. 1 below. The assumption 

of a single spherical object based on the following concept. 

When the particle concentration are not too dense, it can 

be assumed that their collective scattering as a large 

number of independent scatterings. This results in a 
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scattering curve of only a few multiples of the curve for a 

single sphere35).  

 

 
Fig. 1: The Mie scattering on the surface of spherical 

particles, where N is the refractive index of the medium, N1 is 

the particle refractive index, and θ is the scattering angle. 

 

When incoming light illuminates a spherical particle 

surface , the light is scattered, and the intensity scattering 

distribution angle can be described using Mie's theory for 

the scattered electric field, as represented by Eq. 136,37). 

Mie Theory is a mathematical model that describes the 

scattering of electromagnetic waves by spherical particles. 

The Mie's theory involves the particle size, particle and 

medium refractive indices, the scattered particle shapes, 

illuminating wavelength, and polarization of the incident 

light. This allows us to estimate the size of the scattering 

sphere, by comparing the measured angular scattering 

distribution with the theoretical distribution for a single 

sphere35). 

 

𝐸𝑆 = ∑ 𝐸𝑛

∞

𝑛=1

(𝑖𝑎𝑛𝑁𝑒𝑙𝑛
(3)

− 𝑏𝑛𝑀𝑜𝑙𝑛
(3)

) , 

(1) 

𝐻𝑆 =
𝑘

𝜇𝜔
∑ 𝐸𝑛

∞

𝑛=1

(𝑖𝑏𝑛𝑁𝑜𝑙𝑛
(3)

+ 𝑎𝑛𝑀𝑒𝑙𝑛
(3)

) , 

 

where 𝑁𝑒𝑙𝑛
(3)

  and 𝑀𝑜𝑙𝑛
(3)

   are the 3rd kind of spherical 

harmonic vectors, En is the incident electric field 

amplitude of the first kind Legendre order n, and an and bn 

are Mie scattering field expansion coefficients. The 

coefficients an and bn can be obtained by Eq. 237). 

 

𝑎𝑛 =
𝜇𝑚2𝑗𝑛(𝑚𝑥)[𝑥𝑗𝑛(𝑥)]′ − 𝜇1𝑗𝑛(𝑥)[𝑚𝑥𝑗𝑛(𝑚𝑥)]′

𝜇𝑚2𝑗𝑛(𝑚𝑥)[𝑥ℎ𝑛
(1)(𝑥)]

′
− 𝜇1ℎ𝑛

(1)(𝑥)[𝑚𝑥𝑗𝑛(𝑚𝑥)]′
 , 

(2) 

𝑏𝑛  =
𝜇1𝑗𝑛(𝑚𝑥)[𝑥𝑗𝑛(𝑥)]′ − 𝜇𝑗𝑛(𝑥)[𝑚𝑥𝑗𝑛(𝑚𝑥)]′

𝜇1𝑗𝑛(𝑚𝑥)[𝑥ℎ𝑛
(1)(𝑥)] − 𝜇ℎ𝑛

(1)(𝑥)[𝑚𝑥𝑗𝑛(𝑚𝑥)]
 , 

 

 

The spherical Bessel function of the first type is jn, hn 

represents the spherical Hankel function, and x signifies 

the particle size parameter as defined in Eq. 337): 

 

𝑥 =  
2𝜋𝑎

𝜆
𝑚𝑚𝑒𝑑𝑖𝑢𝑚 (3) 

𝑚 =
𝑚𝑠𝑝ℎ𝑒𝑟𝑒

𝑚𝑚𝑒𝑑𝑖𝑢𝑚
 

 

where λ represents the illuminating wavelength (nm), a 

is the particle diameter (µm), msphere represents the 

refractive index sphere, mmedium represents the medium 

refractive index, and m is the refraction relative index. 

The other functions encompass the functions πn and τn
37), 

deemed as the angular eigenfunctions that elucidate the 

scattering pattern of spherical harmonic vectors. These 

functions depend on the scattering angle, θ, as shown in 

Eq. 4, below. 

 

𝜋𝑛 = [
2𝑛−1

𝑛−1
cos(𝜃) . 𝜋𝑛−1] − [

𝑛

𝑛−1
. 𝜋𝑛−2] , 

(4) 
𝜏𝑛 = [𝑛 cos(𝜃) . 𝜋𝑛] − [(𝑛 + 1). 𝜋𝑛−1] , 

 

 

The value of the initial condition is determined by Eq. 5. 

 

𝜋0 = 0    𝜋1 = 1    𝜋2 = 3 cos(𝜃) , 
(5) 

𝜏0 = 0    𝜏1 = cos (𝜃)    𝜏2 = 3 cos(2𝜃), 

 

We can analyze the angular scattering amplitudes of S1 

and S2 with the relationship in Eq. 637). 

 

𝑆1 = ∑
2𝑛 + 1

𝑛(𝑛 + 1)
(𝑎𝑛𝜋𝑛 + 𝑏𝑛𝜏𝑛)

𝑛𝑚𝑎𝑥

𝑛=1

 

𝑆2 = ∑
2𝑛 + 1

𝑛(𝑛 + 1)
(𝑎𝑛𝜏𝑛 + 𝑏𝑛𝜋𝑛)

𝑛𝑚𝑎𝑥

𝑛=1

 

(6) 

 

If the association between the amplitude of the 

scattering angles S1, S2 and the scattering intensity 

function i1, i2 is known, according to Eq. 7. 

 

                𝑖1 = |𝑆1|2 

                 𝑖2 = |𝑆2|2 
(7) 

 

If there is incident light, then the light is scattered by 

particles, then the light will be partially polarized so that 

the intensity of the IS scattering light can be expressed by 

Eq. 830). 

𝐼𝑆 = 𝐼0

𝜆2

8𝜋2𝑟2
(𝑖1 + 𝑖2) (8) 

 

The initial light intensity is Io, and r represents the 

distance from the sensor to the particle. 

 

3.  Result and discussion 

The simulation is using Matlab program to calculate 

the values of an, bn, πn, and τn based on Eq. 2, 3, 4, 5, 
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and 6 and the available Matlab function38). 

 

Table 1. The simulation parameters used in the analysis. 

Parameter value 

λ 650 nm 

r 15 cm 

Diameter (a) 0,26 µm 

Medium refractive index (mmedium)                                 1 + 0i 

Particle refractive index (msphare)                                 1.33 - 0i 

 

As shown in Table 1, the illuminating wavelength (λ) 

is a visible light source 650 nm. The approximate 

distance from the sensor to the particle is 15-cm, the 

distance is chosen for convenience in experiment. The 

chosen particulate diameter is 0.26 µm, which is in the 

range of PM2.5. The refractive index of the air medium 

is 1 - 0i and the refractive index of water droplets is 

1.33 + 0i31). Imaginary values indicate absorption, if the 

imaginary value is zero, it means there is no absorption 

occurs. The simulation carried out in this paper 

includes four items, as follows: 

 

3.1 Mie angular scattering.  

Used to calculate the magnitude of the Mie scattering 

intensity matrix S1 and S2 with the value of u = cos(θ) 

and display it in a polar diagram with S1 in the upper 

half circle for (0 < θ < 1800) conversely S2 is in the 

lower half circle for (1800 < θ < 3600)38), so the 

simulation results are obtained as shown in Fig. 2. 

 

 
Fig. 2: The association curve between |S1|2 (upper curve) 

and |S2|2 (lower curve) versus the scattering angles. 

 

The data used in the simulation of Fig. 2 are based on 

data in Table 1. The value m = 1.3300 and the value x = 

2.5133 are obtained by Eq. 3, where Fig. 2 is then 

calculated by Eq. 6. The angle variation distribution 

amplitude values of the scattering angles S1 and S2 are 

spread between 0 and 14. where the value S1 plot is located 

above the semicircle, while S2 plot is located below the 

semicircle. 

 

3.2 The intensity ratio (IS/IO) versus scattering 

observation angles  

In this case, the parameters of λ, r, a, mmedium, and msphare 

are set to be constants as shown in Table 1, and then IS/IO 

is obtained as a function of the scattering observation 

angles, where it is shown in Fig. 3 below.   

 

 
Fig. 3: The graph of the IS/IO ratio versus scattering angle. 

 

The data used in the simulation of Fig. 3 are based on 

data in Table 1. The values of x = 2.5133 and m = 1.3300 

are obtained by Eq. 3, where the graph of Fig. 3 is resulted 

by Eq. 7 and combined with Eq. 8. Figure 3 shows that the 

IS/IO ratio value decreases as the change in angle value 

increases. The steepest decline occurs when the angle 

value is between (00 – 900), the graphs display a period of 

relative flatness after this. 

 

3.3 The intensity ratio (IS/IO) versus scattering 

observation angles with various particle diameters 

and fixed illumination wavelength. 

In this case, the parameters of λ, r, a, mmedium, and msphare 

are set to be constants as shown in Table 1, and then IS/IO 

is obtained as a function of the scattering observation 

angles, where it is shown in Fig. 4 below. The next step is 

varying the particle diameter a with the following values 

of 0.2, 0.3, 0.4 and 0.5 µm. With respect to the change of 

a, it results into various x values, i.e.: 1.9333, 2.8999, 

3.8666, and 4.8332 respectively, and m = 1.3300. Fig. 4 

below shows 4 different plots with respect to each particle 

diameter value. The plots are calculated based on Eq. 7 

and combined with Eq. 8. 

- 3386 -



Particulate-matter Diameter Estimation Based on Mie Light Scattering Method for Atmospheric Pollution 

 

 
Fig. 4: The graph of the IS/IO ratio versus scattering angle, 

with different particle diameters and fixed illumination 

wavelength. 

 

Figure 4 shows that the size of the particle diameter 

influences the IS/IO ratio value. When particle diameter 

increase, the IS/IO ratio value will also increase in common. 

The scattering observation angles between 00 and 400 

show rapid IS/IO ratio change, and it is suggested to be the 

optimum angle area to be used for observation sensor 

position. 

 

3.4 The intensity ratio (IS/IO) versus scattering 

observation angles with various illumination 

wavelengths and fixed particle diameter  

In this case, the parameters of λ, r, a, mmedium, and msphare 

are set to be constants as shown in Table 1, and then IS/IO 

is obtained as a function of the scattering observation 

angles, where it is shown in Fig. 5 below. The next step is 

varying the illumination wavelength λ with the following 

values of 600, 650, 700, and 750-nm. With respect to the 

change of λ, it results into various x values, i.e.: 2.7227, 

1.9333, 1.7952, and 1.6755 respectively, and m = 1.3300. 

Figure 5 below shows 4 different plots with respect to each 

illumination wavelength. The plots are calculated based 

on Eq. 7 and combined with Eq. 8. 

 

 
Fig. 5: The graph of the IS/IO ratio versus scattering angle, 

with different illumination wavelengths and fixed particle 

diameter. 

Figure 5 shows that the longer illumination wavelength 

decreases the gradient change of the IS/IO ratio. This can 

be clearly observed in the observation scattering angles 

from 00 to 400. In common sense, a larger gradient is 

suggested for effective scattering observation. It is 

concluded that the use of shorter wavelengths will give 

more effective observation. 

 

4.  Conclusion 

This research aims to analyze and estimate the size of 

pollution particles in the atmosphere. The technique used 

is electromagnetic scattering in the optical region, and the 

analytical approach is based on Mie scattering theory. The 

scattering formula successfully summarized was then 

used to simulate with MATLAB software. 

From the results of various simulation variations, the 

following practical implications can be drawn, enhancing 

our understanding of atmospheric pollution: 

1. As explained in simulation case #3, the larger the 

particle size, the easier it is to observe. 

2. The shorter the illumination wavelength, the more 

effective it will be in analyzing particle size estimates, 

as described in simulation case #4. 

3. As described in the simulation experiments for cases 

#3 and #4, the optimal scattering observation angle 

range is from 00 to 400. It is recommended that the 

observation sensor be placed at this angle range. 
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