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Abstract

With the rapid development of the industry all over the world, the consumption of fossil fuel of
human activities has reached an extremely high level which result in an incredible dust emission
level nowadays. As one of the major environment challenges today, dust pollution has become a vital
issue that the human beings have to face and resolve.

To tackle the dust pollution problem, a reliable measurement of the dust concentration level is
essential. In recent years, methods with different principles are used to detect the dust concentration
have been developed. The methods developed based on the scattering principle and the extinction
principle for dust concentration measurement have a series of virtues such as high measurement
speed, excellent precision and can be useful for real time monitoring.

This thesis reviewed the popular theories that are applied in the field which are light scattering (Mie
theory) and light extinction (Lambert-beer theory). Matlab simulation is used to verify the possibility
of the determined physical quantities related to the concentration measurement in the theory analysis.
A new method using the ratio of scattering intensity and extinction intensity is discussed in this thesis
providing a more accurate result eliminating the drawbacks of the scattering method and the
extinction method.
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1.0 Introduction

This chapter introduces the harmful of dust particle, background of dust detection, objectives of
thesis and the structure through this thesis.

1.1 Background

Environment has become a more and more popular topic in recent years. However, as the rapid
development of industrialization all over the world, the pollution is still becoming more and more
serious. It is not possible that a country could isolate the air from the rest of the world which means
the environment problem has become a global topic which all the countries are affected and need to
take the responsibilities for it.

In some developing countries such as China and India, there are huge amount of the basic facilities
constructions and manufactory activities going on all the time and more and more coming. In
addition to the severe fossil consumption and loose environmental requirements, dust pollution has
become the most serious problem for these countries which strongly against people’s improving
requirements about the environment.

Known as particulate matter, the microscopic solid or liquid matter whose diameters are less than
10um could be harmful for the human beings depends on its composition and the size of the matter.
The smaller the matters are and the longer they stay in the air, the more harmful it will be after it is
inhaled by the human beings. The matter whose diameter is less than 10um could be absorbed by
human lung and some even penetrate into blood and cause serious harm to the human beings. More
and more people are suspecting that the dust pollution could cause cancer now although there is no
strong medical evidence for it. Thus, the research on eliminating the dust pollution has become
critical.

1.2 Goal

The aim of this thesis is to research a reliable concentration measurement method for the matters
with verity diameters. To achieve this goal simulated light scattering (Mie theory) and light
extinction (Lambert-beer theory) by using Matlab instead of hardware, find out the disadvantage of
them, then an improved method is proposed and analyzed.

1.3 Outline

The first Chapter introduces the background of this thesis and states the objectives and structure of
this thesis.
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Then the theories that are used within this thesis are reviewed in the second chapter which includes
the scattering method and the extinction method.

The chapter three analyzes the impact on concentration for different matters in air pollution. The
Matlab simulation is used to analyze the advantages and disadvantages of the scattering method and
extinction method. By discussing the determinative relative parameters in the concentration
measurement simulation, a new method combining two basic methods is proposed to improving the
monitoring veracity.

The last chapter concludes the whole thesis and discusses the future work for the topic.
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2.0 Theory

This chapter discusses the basic theories of dust concentration measurement. The theory of light
scattering and light extinction are introduced in the chapter.

2.1 Scattering Method (Mie theory)

As one of the most popular theories, scattering is widely applied in concentration measurement area.
By reviewing Mie theory, the advantages and disadvantages of the methods is acknowledged.

2.1.1 Mie Theory

Mie theory has become a joint achievement by many science researchers. However, the most
important basic theory was built by G. Mie while researching the scattering of the metal partials. The
theory was initially used in physics chemistry which is the main method for studying Colloid and
macromolecular. Not until 1930s, it is rapidly developed because of the need for studying cloud and
mist scattering in the aerospace field to resolve the visibility issue. The study of smoke in sea battles
promotes Mie theory becoming a mature theory [1].

Figure 2.1 illustrates the model of the Mie theory where O is the center of scattering and the incident
light comes along the positive direction of X axis. The center could be a single particle or a unit
scattering object contains multiple micro particles. The observing direction OD locates in the XZ
plane and deviates from X axis for θ degree. Hence the observing panel is the XZ plane. Angle φ is
the angle between observation plane and electric vector vibration plane.

Figure 2.1 The Geometry Model of Mie Theory [2]

The incident light could be either polarized light or non-polarized light. The direction of the plane
that contains the light vector is defined as that the angle from the observation plane (XZ plane) is φ.
The two standard situations for the planar polarized light are:

 The plane that contains the light vector is overlapped with the XY plane.
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 The plane that contains the light vector is overlapped with the XZ plane which means angle φ
is 0 i.e. the light vector is parallel with the observation plane.

When the incident light is non-polarized light, the observation plane could be treated as the reference
panel for the direction of polarization of the incident light. The incident light is divided into two
orthogonal components.

The main scattering parameters include:
 Angle scattering cross section which denotes the intensity of the scattering light in specific

angle when the incident light is unit irradiance.
 Scattering cross section which denotes the sum of the scattering light generated by the

particles from different directions.
 Mie coefficient which is a parameter that is larger than 1. It connects the scattering section

and the geometry section of the micro particle.
 Scale parameter which is the ratio of particle size and wavelength (  /d ). It is a

parameter without dimension.

The core control factor in Mie theory is neither the absolute value of the partial size nor the absolute
value of the wavelength but the scale parameter. The effect caused by the increase of wavelength
equals to the effect from reduction of particle size. The number is larger than 1 when the energy
scattered to different directions by the particle is larger than the energy that the particle received from
the geometry plane.

2.1.2 The basic formula for Mie theory and the intensity function

The dust testing is mainly focused on the relationship between the intensity of the scattering light and
the volume (or the mass concentration) of the particle. The testing is based on the scattering of the
particle group. However, to simulate the scattering of the multiple particles, the scattering of the
single particle should be simulated first.

For the single particle, G. Mie conducted a strict solution of scattering in the planar single
wavelength light for a homogeneous ball [3]. For different size of the micro particles and any
different wavelengths, Mie theory denotes the angle property with two intensity distribution
functions which are the basis of the scattering parameters. Suppose a scattering light could be

divided into two orthogonal polarization components whose intensities are 1I and 2I , the former

vector is perpendicular to the observation plane and the latter one is parallel to the observation plane.

The scattering intensity could be expressed as:
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)(n and )( n is Bessel function and Hansel function.  is the dimensionless diameter. 
 D ,

D is the diameter of particle.  is the wavelength, m is the refractive of particle .

2.1.3 Mie Scattering approximately

In order to simplify the calculation in Mie theory, J. W. Rayleigh conducted some research
considering the electrical field trigged by the incident light distribute evenly in the homogeneous
material when the size of the particles are smaller than the wavelength of light[4] .

When the size the scattering particles are much larger than the wavelength, the scattering has already
transformed into diffraction. The principle behind it could be expressed with Fraunhofer diffraction.
According the light intensity distribution from the Babinet principle, the diffraction result is same for
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sphere particle and the circle hole which has the same size as the particle. The diffraction pattern is a
bright circle in the center of the observing screen and surrounded by circle rings alternating light and
dark. The brightness of the rings decrease rapidly as the ring extends. The half angle with of the
central circle is:
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Where
d
 22.1 ,  /D

This is so called Fraunhofer diffraction formula.

2.2 Extinction method (Lambert-Beer Theory)

As one of the basic principle in the physics, Beer-Lambert law which is also known as Beer’s law
relates the attenuation of light to the properties of the material through which the light is traveling.
When it comes to the dust concentration measurement, the attenuation of the light which is mainly
caused by absorption and scattering after passing through the micro particles in the air could be used
to analyze the data. The limitation of this method is the light scattering effect among small diameter
particle is trivial which could affect the accuracy of the result.

Figure 2.2: Light extinction [5].

Given the analysis on a single particle, the formula indicating the relationship between the intensity
of the incident light and the emitted light is as bellow:
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Where extK is the Extinction coefficient, d is the size of the dust particle. L is the thickness of the

dust zone. vN is the Particle number concentration.  is the light Wavelength and m is the refractive

index of the medium.

From formula 2.10 can get:
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V is volume for single spherical particles.

When actual measurements of particles, particle size is ranging, having a particle size distribution,

set distribution function rn (d).
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In actual measurement, particle size distribution will be per-measured. The particle size distribution
of measurement is smaller, considered as a single particle.

From the above, to get mass concentration, transmitted light intensity must be evaluated.

2.3 Overall System design

The new proposed testing system mainly consists of the optical sensor, photo-electronic converter,
the signal processing system, micro mechanical control system and the power source. As showed in
the Figure 2.3, the optical sensor includes light system, scattering light collector and the air flow
system.

The lighting system is composited by semi-conductor laser, collimator, Cylindrical focusing Len and
the light trap. For the scattering collector, there are sphere reflection mirror, focusing lens and grating
as its components. The air flow system consists of inlet, outlet and the pump.

Figure 2.3 The overall system diagram

The light source provides a beam of the input light which is partly received by the reference probe.
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After the other half passes the testing area, it is received by the detection probe. The Amplifier
processes both the signal from the reference probe and the detection probe. The size of the particle is
calculated in the PC and it will switch to collecting the scattering light intensity instead if the size of
the particles is too small. If the particle diameter is big, switch to collect the extinction light intensity
[6].

When I0 changed,


0I will change to


0I , I will change to I  , but ```` 00 IIIII  will remain
unchanged.

In the basic concentration method, dust concentration and transmitted light are changeless after

improvements, dust concentration and ```` 00 IIIII  are changeless. By researching various

factors,
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3.0 Process and Result

This chapter determines the parameters in the concentration measurement. In improving the
efficiency of the process, Matlab has suggested simulation of the parameters through determination
of the ratio of mass concentration and physical parameters; this is done using built-in functions
(Besselj and Bessely). Through verification, the method has proved feasible and practical. The
chapter will provide a new method by using ratio of scattering intensity and extinction intensity to
solve the deficiency existing in these two methods.

3.1 Selection of parameter

In order to enhance the accuracy, reliability and the comparability level, the light source, wavelength,
extinction coefficient, layer thickness and scattering angle must be set in advance. For effectiveness
in determination of mass concentration of dust, apart from the known data, the key is how to

determine, L and extK , scattering angle etc. Due to the small dispersion of measured dust, it will be

calculated as a single particle. In the calculation process, related to the calculation of the MIE
scattering coefficient, it is more difficult to calculate without relying on simulation by Matlab.

3.1.1 Select the light source and wavelength

Light is an objective existence material with volatility and corpuscular property, spread in the form
of electromagnetic waves. The Figure 3.1 shows the electromagnetic spectrum. Visible light is part of
the whole electromagnetic spectrum. The different wavelengths light have changed colors.
Monochromatic light only contains a single wavelength of light. Composite light has several
wavelength of light.
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Figure 3.1: The Electromagnetic spectrum [7].

When the interaction of light and substances (absorption, emit and Photoelectric effect) is realized,
light will be seen as a photon. Photons have energy E and momentum P just like other particles. The
relationship of energy and frequency is

E=h *v (3 . 0 1 )

Planck`s constant h= sJ·10·33.6 34
. E is the energy for a single photon.

The energy of light is the total of all photon energy, when there is the interaction of light and
substances. Photon can be only reflected or absorbed by substances. The energy of different
wavelength is shown in Table 3.1.

Wavelength Frequency (Hz) hv/eV
Microwave 300mm 1×109~3×1012 0.000004~0.004
Infrared 1mm~0.76um 3×1012~4.3×1014 0.004~1.7
Visible light 0.76~0.38um 4.3×1014~5.7×1014 1.7~2.3

UV 0.38~0.01um 5.7×1014~1016 2.3~40
X-ray 10~0.03nm 1016~1019 40~4000
 -ray <0.03nm >1019 >4000

Table3.1: The Energy of single photon

The energy of a single photon is given as hvE  . The energy will be increase when the frequency
increases. The energy of a single photon has an important role in photoelectric conversion. From the
Table 3.1, the energy of the microwave is small and it is large for X-ray and γ-ray. It is suitable for
visible light and infrared.

As measured by light transmission method and scattering method, infrared is not visible. It faces
some difficulties in the alignment processes in the measurement phase. In actual measurement, there
are many infrared radiations in the measurement site, which affects the measurement results. In
addition, moisture has a strong effect on absorption of infrared light. In the case where dust is mixed
with moisture, it will cause measurement error. It has a different refractive index for different
monochromatic light, thus, the polychromatic light cannot be used. Therefore, the monochromatic
visible light will be selected as light source.

The kind of monochromatic will be selective in visible light, and there is need for analysis with
optical knowledge. The wavelength of light affects the measurement of dust concentration by

affecting the extinction coefficient. According to Lambert-beer theory, if extK increased,
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will decrease, then “I” decreases. It means extinction coefficient increases. The
absorption of incident light on the measured dust will improve the sensitivity level. According to Mie
scattering theory, the relationship between the wavelength and extinction coefficient is critical in
determining an effective wavelength to be used. Formula for extinction coefficient is given as:
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N: series, nn ba , : scattering coefficient. Scattering coefficient relates to the refractive index m,

particle size d and wavelength  . According to Mie scattering theory, computer calculation often

result to the diagram shown in Appendix 1[6]:

Figure 3.2: The relationship between the extinction coefficient and the incident light.

According to Figure 3.2, when the wavelength is increased, extinction coefficient increases at the
same time. In order to increase the sensitivity level, the wavelength of incident light should be as
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large as possible. Red light (630nm~780nm) holds the largest wavelength in visible light.

On the selection of the light source, laser will be an effective and reliable source due to[7]:

 Nice directivity. Laser beam remains parallel. It has small divergence angle.

 Nice monochromatic. Krypton lamp is the best monochromatic light source of ordinary

light.  =605.7mm，  =0.00047nm. For Helium-Ne lasers,  =638.8nm  =10-8 nm. By

contrast, the range of the change of wavelength is small, dozens millionth for ordinary light.

 High coherence. One gets stable interference fringes at coherent area.

 High brightness. Laser can concentrate high energy of unit area.

Considering that adopt red laser (650nm) as a light source. Based on the discussion of theory, the
simulation parameters can be determined. The selection of the light source and the light intensity
have already been discussed, red laser was eventually selected. Incident light intensity: single photon
energy E=h*v. Single photon of red laser is 1.8eV (From Table 3.1) the wavelength of red light

 =0.8 m .

3.1.2 The selection of the actual particles

In order to verify the feasibility of simulation result, five actual particles with different parameters
has been selected in simulation.

Sand Pulverized
coal

Talcum
powder

Cement
powder

flour

Diameter
( m )

250 200 10 150 20

Density
3/ cmg

2.32 0.75 1.06 3.15 0.52

Refractive
index

1.547 1.680 1.575 1.669 1.434

The color of
the line

blue red black yellow green

Table 3.2 The particle parameter for simulation.

3.2Lambert -Beer transmission method simulation by Matlab

Through study the Lambert-Beer theory, the simulation based on pre-setting situation, wavelength,
indicate light intensity and particle parameters has been selected. In order to simulate the
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concentration, absorption layer thickness and extinction coefficient also needs to analysis.

3.2.1 The influence of extinction coefficient with refractive index

When measuring the concentration of optical measurement, as demonstrated in light scattering theory,
key parameters (m, d and  ) affect the extinction coefficient. Through computer simulation,
determining the characteristics of m and d is critical in harnessing the extinction coefficient with
stationary wavelength; this leads into assessment of particle size characteristics amount  .

 /d .

From Figure 3.3, the case of determined wavelength, if particle diameter d increased,  /d will
increase at the same time. If the medium is not a disperse medium (m=1.33), the extinction
coefficient oscillation changes near 2. If the medium is a disperse medium (m=1.33-0.1i), the
extinction coefficient smooth changes near 2. With the different refractive index m (m=1.33,

m=1.33-0.1i, m=1.5), curves are not the same when approaching a constant 2. Therefore, extK 2.

Figure 3.3: The extinction coefficient varying with particle size under different Refractive index
(Appendix2).

3.2.2 Design the absorption layer thickness based on mass concentration

According to Lambert-beer theory, if the absorption layer is too thick, the incident light may be
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completely absorbed. If it is not thick enough, it is weak for absorption and scattering. When there is
a small change in emitted light intensity, it will be undetectable by the detector. The ratio of
absorption layer thickness and 0/ II , show in the Figure 3.4(Appendix 3).

Figure3.4: The ratio of absorption layer thickness and 0/ II .

Mass concentration Thickness(cm)
0-5 500
0-10 250
0-20 130
0-30 80
0-40 60
0-60 43
0-80 33
0-100 24
0-200 13
0-300 8
0-400 6
0-500 5

Table 3.3: The relationship between mass concentrations with absorption layer thickness

When the range of concentration has been set up, the appropriate thickness of the absorbent layer
will be determined.
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3.2.3 The concentration measurement of extinction method

It is measured that the ratio of the radiation intensity and the mass concentration in the concentration

range from 0 to 500 ( 3/ cmg ). The function 3.03 describes the relationship between the emitted light

intensity and mass concentration.

3
2

0 )
2

(
3
44)ln( d

LKdI
IM

ext
v




 (3.03)

Using the simulation by Matlab (Appendix 3), the relationship between emitted light intensity and
mass concentration can be achieved:

Figure 3.5: The relationship between intensity of the emitted light intensity and mass concentration.

As the Figure 3.5 shows, the experimental results of three kinds of large-diameter particles are a
smooth curve. Mass concentration can be achieved from the output light intensity in the actual
measurement. Flour and the talcum powder did not get the expected curve as it can only be

accurately measured when the mass concentration rises from 0 to 50(
3/ cmg ).
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In the case of no error appear in the experiment, it is determined to be a problem in theory. In the
theory of electromagnetic, extinction is because of the light absorption by particles, then resulting in

reduction light intensity, P is the decrease of the light intensity with light intensity equal to 0I .

extp KdIP 2
0 )4/(  (3.04)

In the case of incident light 0I is determined, the influence factors of output light intensity are the

diameter of particle and extinction coefficient. The diameter of the particle also affects extinction
coefficient. As such, the factor that influences the results is the diameter of particle.

The granularity characteristic of particles  /d , diameter of particle d is proportional to  .

From Figure 3.3, when  is small (small diameter), the extinction coefficient will be highly
oscillatory. Extinction coefficient is approximate to 2 based on what is used in measurement only
when  is larger. Thus, in the case of higher concentration, the extinction coefficient approximate of
small diameter particle cannot be approximated to 2. This is because of a great influence on the light
scattering effect.

Although the concentration can be measured when the mass concentration is small, based on the
discussion of the relationship between mass concentration and absorption layer thickness (from table
3.3), the range of the absorption layer thickness is 60cm to 500cm when the mass concentration at

50
3/ cmg or lower, it is difficult to achieve in practice.

3.3 Mie scattering method simulation by Matlab

When using light scattering measurement techniques, the measurement of concentration will rely on
the light scattering theory. Under the light scattering in theory, the relationship between physical
quantities; the scattering particle number concentration; and particle size are necessary. Chapter 2.1
mainly discusses the Mie scattering formula. The simulation results explains the calculation of
parameters in Mie scattering theory by Matlab. Figure 3.6 shows the flow chat of the algorithm in
Matlab.
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Figure 3.6: The Flow Chat of the algorithm in Matlab.

3.3.1 Verify the accuracy of extinction coefficient

According to the basic principle of Mie scattering theory, the distribution of scattering light depend
on dust particle diameter, refractive index, wavelength of incident light and also the associated
particles. Based on the Matlab programming, four basic coefficients is calculated, but there is still
need to validate its accuracy—this is in accordance to the scattering coefficient and the extinction
coefficient formula (3.05) (3.06):

))(12(2 2
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No Refractive
index

Size
parameter

Extinction
coefficien
t
(Dave or
Wycombe
)

Scattering
coefficien
t
(Dave or
Wycombe
)

Extinction
coefficien
t
(In this
thesis)

Scattering
coefficient
(In this
thesis)

1 1.50 0.0001 2.306e-17 2.306e-17 2.306804
6e-17

2.3068046e-
17

2 1.55 5.2182 3.105 3.105 3.092631 3.0926313
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3
3 1.342 1570.79 2.012 2.012 2.012943 2.012943
4 1.33-i~5 100 2.101 2.096 2.101320

7
2.1013207

Table 3.4: The results of the particle scattering and extinction coefficient in this thesis with Dave and
Wycombe result [9].

From the Table 3.4, the scattering parameter results computed by Matlab are accurate (Appendix 1),
and simulation by Matlab can be calculated using scattering coefficient and the ratio of particle
characteristics (Figure 3.7).

Figure 3.7: Extinction coefficient and the ratio of particle characteristics (m=1.5).

Based on the Figure 3.7, while the particle has no effect of absorption (the imaginary part =0),
scattering coefficient and extinction coefficient is equal. The particle has the effect of absorption,
extinction coefficient changed with the dimensionless parameter as showed in Figure 3.8.
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Figure 3.8: Extinction coefficient with the change of the dimensionless parameter (m=1.5,
m=1.5+0.05i).

3.3.2The influence of particle size with intensity function

Particle diameter influences the distribution of the scattered light as shown in Figure 3.9. It can be
concluded that the incident light emanating with a different wavelength and the refractive index of
the particle (m=1. 5), along with the changing of the diameter, the distribution of the scattered light is

changing regularity, and the different diameter particles ( 15,10,5   ) has different

scattering intensity at (
02

2 II 
) (Appendix 4).
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Figure3.9: The distribution of the scattered light with different particle size

3.3.3 The concentration measurement of scattering method

Mie theory can be expressed as a series of mathematics functions, including all particle size: The first
series equivalent is Rayleigh scattering formula. Therefore, in the case of small particles
measurement, the range of error between Rayleigh scattering and Mie scattering is within 1%.

Angle scattering intensity is expressed as (3.07)
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 : scattering angle, )(sI : intensity with scattering angle ( ) direction, 0I : indicate light intensity,

d: diameter of particle, m: refractive index. In general, scattering is coherent, each particle scattering
can superposition, thus, when the concentration of particles is N, it is given as:
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Particle number concentration (N) and mass concentration (M) has the following relationship:

3

6
d
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(3.09)

So, the mass concentration（M） become：
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The light wavelength (λ), incident light intensity ( 0I ), particle diameter (d) and the refractive index

(m) consider as a constant value.
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In the case where particle diameter is close to the incident light wavelength or larger than the
wavelength, then the scattering intensity distribution range will be within the scope of the 0-80
degrees, and the light intensity will be within the scope of 0 to 40 degrees. Light intensity of
scattering angle in 20 degree is concentrated, and it is considered as the intensity received by

experiment. Indicate light choose the red light ( =0.8 m ). The particle parameter has been show in

table 3.1. The scattering intensity is proportional to the mass concentration (Appendix5). As shown
in Figure 3.10.
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Figure 3.10: The ratio of scattering light intensity and the mass concentration.

Through analysis of the scattering intensity function, extinction coefficient curve; along with the
change of the dimensionless parameter  ， result was consistent and it was easily approximated.
The approximation concentration measurement of Rayleigh, there is still insufficient, for specific
dust concentration distribution of the particles is also needed to improved.

3.4 The ratio method of scattering intensity and extinction intensity

Through simulation, the relationship between the light intensity and mass concentration result with
scattering method and extinction method. In high concentration levels, measurement extinction
method has better effective; while in lower dust concentration measurement the scattering method
works better. In order to expand the application range, combination of two methods by using ratio
method of scattering light and extinction light will be effective.

A beam of light through the test dust areas will utilize both scattering and extinction as it happens to
dust particle. In Figure 3.10 shows that scattering intensity is proportional to concentration; Figure
3.5 shows that the extinction intensity is inversely proportional to concentration. Measuring ratio of
scattering intensity and extinction works better in all concentration measurement.

The equation 3.12 shows the ratio concentration measurement basis.
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Based on simulation,  and l/L was precisely, N is proportional to mass concentration M.

Assuming )/exp( LlK  , the equation 3.12 can be expressed as KM
I
I

T

S  . Determining the

constant value K, the mass concentration can be calculated.

Concentration Scattering
intensity

Extinction
intensity

IS/IT K

10 0.6574 1.7540 0.3748 0.03748
50 3.2870 1.5817 2.0781 0.04156
90 5.9166 1.4262 4.1485 0.01111
120 7.8887 1.3197 5.9776 0.04981
150 9.8609 1.2212 8.0747 0.05383
200 13.1479 1.0731 12.2522 0.06126
250 16.4349 0.9429 17.4301 0.06972
300 19.7219 0.8286 23.8014 0.07933
400 26.2958 0.6397 43.1064 0.10776
500 32.8698 0.4940 66.5380 0.13307

Table 3.5: The calculation of Is/It and constant value K

Constant K=0.09158 can be determined. Figure 3.11 show the output of ratio method of scattering
intensity and extinction intensity. With increased ratio, the concentration information increases.

Figure 3.11: Show the ratio method output characteristics
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4.0 Conclusion

According to this thesis, it mainly researches the method of dust concentration measurement. Studied
and discussed light extinction method and light scattering method. The thesis outlines an effective
way of avoiding the disadvantages, which is caused by scattering and extinction method.

This thesis achieved:
1) Introduces the various measuring methods, and then based on these puts forward the research
contents, research methods (light extinction method and light scattering method) and the formula for
calculating. And put forward the scheme to the overall systematic structure.

2) To review further light extinction method and light scattering method simulated measurement
situation by Matlab. With detailed analyzing and selecting of the key parameters in simulation
experiment.

3) The numerical simulation and computations has been achieved by using Matlab. The simulation
experiment proves its feasibility, also analyzing the advantage and disadvantage of extinction and
scattering method for different particle size.

4) Therefore, combining the extinction method and scattering method measurement, simultaneous
measuring of the scattering and transmission intensity was critical in the thesis. The use of two light
intensity ratio to measure the concentration was suitable for different concentration ranges. It makes
system wider applicability than using single method.

This thesis improved dust concentration of optical method, solving the limitation of application range
for single method. But this design are still not perfect, is just at the simulation stage, pending further
studies and improvements.

For a complete dust concentration measuring instrument, in the process of actual measurement, the
part of the amplifier circuit eliminate noise and SCM system still will have an error do not tally with
the theory, need more experimental to proof. In this thesis, experiment is simulated under certain
conditions; the actual experimental environment is more complex. In order to eliminate the influence
of environmental factors, it is necessary to make improvement for the aspects of mechanical
structure design.
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