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ABSTRACT

This thesis purposes air quality classification based on six variables of the
air quality index (AQI) in Thailand i.e. O3, NO2, CO, SOz, PM3o and levels of health
concerns. The classification results are compared using JRip, Multi-layer Perceptron
and C4.5 decision tree. The results show that averaging the accuracies of the
classifications used by the C4.5, JRip, Multi-layer Perceptron produce approximate
values of 90.98, 90.36 and 88.18, respectively, which in terms of the overview in
Thailand is 88.29 Therefore, this study suggests that the topography and climate are
factors affecting the differences in the rules in the C4.5 decision tree and the levels of

the air quality index.
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CHAPTER |
INTRODUCTION

1.1 Background

At the present, the air pollution is one of the most concerned problems in
Thailand. It is closely related with and mostly generated from the industrialization,
transportation and construction sectors affecting to the climate because of the damage
severity. In this case, it bases on the categories and concentrations of air pollutants
including the duration of exposure to air pollutants and the environmentally degrading
effect of the urban physical development that directly causes the effects. Air pollution
leads to the lower level of air quality, so it promotes the greater risk on health.
Especially the human living in the downtown that people get the bad atmosphere and
much dust into their lungs. From statistics of respirator’s patients in 2007, 242,405
patients are up to 305,929 in 2008 and the patients increased from 363,744 in 2009 to
365,372 in 2010. Moreover, it is up to 381,184 in 2011. As of this, it can be seen that

the statistic results of respirators patients are increased in every years in Fig. 1.1 [1].

statistic of respirator’s patients
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Figure 1.1 statistic numbers of respirators patients.
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This thesis has used the air quality index or AQI for the air quality
assessment and management in Thailand now. However, the air quality index in
Thailand can be divided to 6 levels that contain good, moderate, unhealthy for
sensitive groups, unhealthy, very unhealthy and Hazardous. The air pollution levels
are calculated from particulate matter ten micron (PM10), Sulfur Dioxide (SO2),
Carbon Monoxide (CO), Nitrogen Dioxide (NO2) and Ozone (O3) factors from 67

monitoring stations in 29 provinces of Thailand as the following Fig. 1.2.
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Figure 1.2 Map of monitoring stations in Thailand.
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This thesis proposes the method of data mining for comparing and
analyzing the different classification of 5 regions in Thailand (Northern, Central,
Eastern, North-Eastern and southern) and overview of Thailand. In this case, the
researcher selects 3 techniques consisting of the JRip, Multi-layer Perceptron and C4.5
decision tree that the classification will be used to help classifying the air quality index

by not calculating from pollutant concentration.

1.2 Objectives
1.2.1 To create the model and analyze the air quality index in Thailand.
1.2.2 To compare the results of the JRip, Multi-layer Perceptron and C4.5
decision tree.
1.2.3 To compare the results of air quality index between region and

overview of Thailand.

1.3 Scope of Work
This study uses the pollutant concentration’s information of 62 monitoring
stations within 29 provinces from the pollution control department (PCD) over a

period of three years (January 2011 to December 2013).

1.4Expected Results

1.4.1 To classify and predict the air quality index levels.

1.4.2 To compare the ways that are proper for the air quality index’s
classification between JRip, Multi-layer Perceptron and C4.5 decision tree.

1.4.3 To suggest the interested parties to study and research on the air
quality.
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CHAPTER Il
LITERATURE REVIEW AND RELATED THEORIES

This research is related to the development and analysis of the air quality
index by using the classification as the essential technique of data mining.
Consequently, this thesis bases on the basic knowledge, theory and research as

following:

2.1 Literature Review

Nowadays, the research about developing the air quality index by using a
classification is the essential technique of data mining. For example,

In 2000, David Nerini, et.al. presented the results of daily forecasts for the
dissolved oxygen rates in a lagoon, the ‘Etang de Berre’. The prediction model is
displayed in term of a binary decision tree. For the purpose of a transfer procedure, it is
to improve the prediction error of the tree model. Results are obtained on the ‘Etang de
Berre’ data set allow to describe and precise the effects of the environmental variables
on the dissolved oxygen dynamics. The transfer procedure is applied after the tree
building process gives the prediction accuracy about 17% [2].

In 2006, loannis, N. et.al. presented the air quality forecast that it was one
of the core elements of Air Quality Management and Information Systems. Such
systems are usually set up in order to serve early warning and information provision for
public in Athens, Greece. However, this paper performs a comparative study between
various air quality by using the forecasting methods and tools which describes the
comparison work performed between several statistical methods and classification
algorithms. In this case, it is based on the basis of performance. The results are compared
by using IBK - K-nearest neighbors’ classifier and ADTree-Alternative Decision Trees.
For the results, they are showed that the average accuracies of the classifications used

by the IBK - K-nearest neighbors’ classifier and ADTree-Alternative Decision Trees are
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between 59.68% and 85.38%, respectively. The classification algorithms seem to have
an advantage when comparing with the statistical one, achieving better performance
concerning air quality management-related decisions taken on the basis of threshold
values used [3].

In 2006, Nahun loya, et.al presented the models based on decision trees and
neural network models for predicting the ozone levels by working with a data set of the
Atmospheric Monitoring System of Mexico City (SIMAT), including the measurements
hour by hour, during 2010 - 2011. As of this, the data comes from three meteorological
stations: Pedregal, Tlalnepantla and Xalostoc in Mexico City. The data set contains 8
parameters: four chemical variables and four meteorological variables. Depending on
our results, it’s possible to predict ozone levels by using these parameters, with an
accuracy of 94.4% [4].

In 2008, Kasparova Milova, et.al presented the air quality model by using a
decision trees in the Czech Republic locality. In this case, it focuses on daily
observations of air polluting substances concentrations in the Pardubice region. After
data collection, data description, and data preprocessing, we works on the creation of
classification models and the analysis of the achieved results. As modeling algorithms,
we select C5.0 algorithm, boosting, and CHAID method [5].

In 2011, Mohammad Hossein Sowlata, et.al. presented how to develop a
novel, fuzzy-based air quality index (FAQI1) to handle the limitations. The index is
developed by presenting the study, based on fuzzy logic that is considered as one of the
most common computational methods of artificial intelligence. In addition to criteria air
pollutants (i.e. CO, SOz, PMiy, O3, NOy), benzene, toluene, ethylbenzene, xylene, and
1, 3-butadiene are also taken into account in the index proposed because of their
considerable health effects. The different weighting factors are then assigned to each
pollutant according to the priority. Trapezoidal membership functions are employed for
classifications and the final index consists of 72 inference rules. To assess the
performance of the index, a case study is carried out employing air quality data at five
different sampling stations in Tehran, Iran, during January 2008 to December 2009,

results of which are then compared to the results obtained from USEPA air quality index

(AQI) [6].


http://www.sciencedirect.com/science/article/pii/S1352231005010137
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In 2011, Minyue Zhao presented the decision tree for classification of air
pollution index that the study area is in China, deals with the norms of the API, including
density of total suspended particulate, density of SO, density of NO, and etc. For
showing the graphical analysis, it demonstrates a tree shape of the classification of the
APl and a map of the spatial distribution of the target attribute's categories which
illustrate the practicability of spatial decision tree [7].

In 2012, Hone-Jay Chu, et.al presented the identification that controls the
factors of ground-level ozone levels over southwestern Taiwan by using a decision tree
to obtain quantitative insight into spatial distributions of precursor compound emissions
and the effects of meteorological conditions on ozone levels. As of this, they are useful
for refining the monitoring plans and developing the management strategies [8].

According to this passage, researcher is introduced the rules of separated air
quality classification which influences for healthy to support the decision about the
separated air quality classification by combining the information about concentration of
pollutants. This thesis introduces the rule of separated air quality classification by
considering the level of healthy concern and using 3 algorithm techniques that contain
JRip, Multi-layer Perceptron and C4.5 decision tree. The classification technique can
refer to their results in order to analyze the factors causing the pollution problem.
However, this chapter presents the literature review basic knowledge about the air
pollution system, air quality index and technique for the following research.

2.2 Related Theories
2.2.1 Air pollution system

Air pollution is the impure air status that is higher than normal status for a
long time. As of this, it will cause the danger to human, animals, plants and properties.
In addition, it can be occurred in the nature e.g. dust in gale, volcano eruption, forest
fires and natural gas. However, the air pollution occurring in the nature influence less
to human because the source is far, so the pollution quantity transferring to the
environment is low. For the human activities causing the air pollution, it contains the

exhaust of motor in the factory, agro industry and the evaporation caused from garbage


http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Minyue%20Zhao.QT.&searchWithin=p_Author_Ids:37963962900&newsearch=true

Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Information Technology Management) / 7

and waste. However, the air pollution system is occurred by 3 important parts as

following:

| ATMOSPHERE

POLLUTANTS DISPERSION

EMISSION

SOURCES RECEPTERS

Figure 2.1 Air pollution system.

2.2.1.1 Source

Source is the origin of air pollution and omits that pollution into
the atmosphere. However, the kinds and quantities of the air pollution depend on the
type of source and the air pollution controlling standard. For example, the huge

industrial factory, the traffic, construction and incineration.

2.2.1.2 Atmosphere

Atmosphere is supporter about the air pollution from source, so
the atmosphere is the main factor to show about dissemination of air pollution and
especially the air pollution form is the transmitter to spread the pollution from the source
to receiver. However, the necessary factors of the atmosphere contain the direction of

the wind, the velocity and the temperature.
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2.2.1.3 Receptor

Receptor is the surface to contact to the air pollution, so it causes
the damage and danger. However, the severity of the effect depends on the type and
quantities of the air pollution, the duration and the sensitivity of the receiver. In this

case, the important affected people are the human, trees, water and community.

2.2.2 Source of air pollution

The source of air pollution can be divided into 2 categories as following:

2.2.2.1 Natural Source

The natural source is one of the original sources to spread the
pollution into the atmosphere in term of the natural process and without any human
actions. The examples of natural disaster are volcano, gale and forest fire that all of this
disasters cause the dirty air containing dust, smut, cinders and various types of gas. As
of this, it causes the air pollution widely in Thailand. Especially, the important problems
are the storm and the forest fire sometimes. However, the forest fire is the big problem
in Thailand and it is found that it widely occurs in a huge area in summer. In addition to
lose the forest, it leads to the unclean air; dust and smut are spread over until causing
the looking obstacles, including CO2, SO2 and oxide of Nitrogen are gathered a lot in

the atmosphere.

2.2.2.2 Man-made sources

Man-made sources are the sources causing from the human
activities, it causes the air pollution to spread to the atmosphere. However, the man-
made sources can be divided into 2 types:

e Mobile Source

The examples of mobile source are transportation in all land,
water and air by using the various vehicles such as cars, motorcycles, trains, motorboats
and planes that they have the fuel combustion and then leave all pollution and gas into
the air. If the fuel combustion is incomplete, it will cause the prison gases that most of
these prison gases are left by the intake. However, the prison gases will be released into

the air in high quantities and concentration, if it is in the traffic jam and crowded areas.
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So the air qualities around those areas are bad until leading to the health effect for people
who live there, including to the property damage, buildings. The example gases that are
released from cars are CO, CO2, oxide of sulfur, oxide of nitrogen and Hydrocarbon.
However, all of these are often released from diesel engine.

e Stationary Sources

Combustible pollution occurs from the various fuel combustion
such as incineration, forest fire, coal and etc. All of these contain the smoke, smut, and
gases. However, the quantities of smuts and gases depend on the quantities and qualities
of fuel and how to burn. If the fuel combustion is incomplete, it will cause the higher

gases, smut and smoke than complete fuel combustion.

2.2.3 Type of Pollution
Quality of atmosphere in general are 6 kinds including

2.2.3.1 Particle Matter (PM)

The particulate matter (Particle pollution) is solid or liquid atom
that has diameter about 0.001 micron (1 micron = 0.000001 m) about dust micro atom
to scale of coarse sand. The small particulate size is 500 micron that is the size of coarse
sand. Atom is suspensions in the atmosphere during a few seconds to month depending
on the size. In addition, atom can do interaction to other substances depending on the
atom size and chemical reaction in atoms because the chemical compound can erode the
metal or break the plants and bring about the healthy also. The air pollution standards
of air quality index refer to two size of the particle matter as following:

e Particle Matter Ten Micrometers (PMzio)

The coarse particulate matter or PM10 particles is the fraction
of particulates in air that diameters are less than 10 micrometers (<10 pm). It primarily
comes from river beds, agriculture dust, road dust, construction sites, mining operations,
and similar activities.

e Particle Matter Twenty-Five Micrometers (PMz2s)

The diameter of fine particulate matter or PM25 is less than 2.5
micrometers which has smaller than particle matter ten micrometers. In this case, the

fine particulate matter is a product of combustion, primarily caused by fuel burn such
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as power plants, vehicles, wood burning stoves, and wild land fires. The diameters of
these particles are less than 2.5 micrometers that are small enough to potentially pose

significant health risks of people.

2.2.3.2 Carbon monoxide (CO)

Carbon monoxide or CO is a colorless and odorless gas in the
atmosphere that will remain longer 2 to 4 months caused by the incomplete burning of
materials. In this case, they contain carbon and transport fuels in the most of activities

human of the primarily.

2.2.3.3 Sulfur oxides (SO2)

In the atmosphere, Sulfur oxides are mostly found in the form
of sulfur dioxide (SO2) that is the colorless, non-flammable and non-explosive gas. So
they may cause taste, if there is high volume. When the sulfur dioxide needs a long time
to convert to sulfur, potash, sulfuric acid and sulfate salts. The reaction of catalytic or
chemical exposure (Photochemical Reaction) in the air of sulfur dioxide comes from the
sulfur combustion that appears in the fuels from petroleum and coal. However, sulfur

dioxide is the pollutants originating mainly from the industrial and diesel of engine.

2.2.3.4 Nitrogen oxides (NO2)

Nitrogen dioxide is same high reacting gas called Oxide’s
nitrogen that originates the combustion in the high temperature and it is the main
substance in this group. It causes the air pollution Nitrogen dioxide that can react in
spray to become Nitric eroding the metal. In addition, it can react to the light, so it falls
down and can be visible in the atmosphere. For Nitrogen dioxide, it will be drained from

vehicle and industrial factory.

2.2.3.5 Ozone (O3)

Ozone is one photochemical oxidant collection type caused by
a chemical reaction of Ozone; it is Photochemical Oxidation that occurs between
Hydrocarbon and Nitrogen’s oxide by using light to increase the reaction. Another

Photochemical including Aldehyde Ketone and Peroxyacetyl Nitrate (PAN) causing
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Photochemical Smog like foggy in atmosphere. Consequently, the high levels of ozone
are generally observed during hot, still sunny, summertime weather. But general Ozone

is irritated, irrita respiratory and reduced the lung function.

2.2.3.6 Volatile organic compounds (VOC)

VOC is only the compounds of hydrogen and carbon, while
VOC may contain other elements produced by incomplete combustion of hydrocarbon
fuels and by evaporation sometimes. Therefore, the main attribute is evaporation in the
normal temperature and normal pressure that carbon atom and hydrogen are main
factors. However, the various compounds as Oxygen, Fluoride, Chloride, Bromide,
Sulfur and Nitrogen and separate VOCs below Molecule structure can be divided into 2

groups as Table 2.1.

Table 2.1 Molecule structure of VOCs [9].

VOCs Example of VOCs

Non-halogenated Hydrocarbon - Aliphatic Hydrocarbons such as Fuel olil,
Industrial Sovent, Propane, 1,3 — Butadiene,
Gasoline, Hexane.

- Alcohol, Aldehyde, Ketone such as Ethyl
Alcohol, Methyl Alcohol, Formaldehyde.

- Aromatic Hydrocarbons such as Toluene,

Xylene, Benzene, Naphthalene, Styrene, Phenol.

Halogenated Hydrocarbon -1,1,1,2-Terachloroethane

- 1,1,1-Trichloroethane

-1,1,2,2- Tetracholoroethane

- 1,1,2 — Tetracholoroethane

- 1,1 - Dichloroethane

- 1,1 — Dichloroethylene

--1,2,2 — Trifluoroethane (Freon 113)
- Bromoform

- Bromomethane

- Carbon tetrachloride
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Table 2.1 Molecule structure of VOCs [9]. (Cont.)

VOCs Example of VOCs

Halogenated Hydrocarbon - Chloroform

- Methylene chloride

- Vinyl chloride

- Vinyl tricholoride

- Vinylidene chloride
-1,1,1,2-Terachloroethane

- 1,1,1-Trichloroethane

- 1,1,2,2- Tetracholoroethane
- 1,1,2 — Tetracholoroethane
- 1,1 - Dichloroethane

- 1,1 — Dichloroethylene

2.2.4 Air Quality Index

The first air quality index naming the “Pollutant Standard Index” (PSI) was
developed and introduced by United States Environmental Protection Agency, it take
into five majors (criteria) consideration for the air pollutants, namely, CO, SO, PMyy,
O3, and NO2. In 1999, the index was further completed and replaced by the Air Quality
Index or AQI. However, the index is mostly used for the air quality assessment and
management [10].

In generally, air quality report is appraised with intensity that is toxic to the
air quantity. When comparing to the air quantity standard whether it is over the
limitation or not. Normally, people know if the intensity is over than the standard, it is
not dangerous for health. On the other hand, they don’t know the limitation to be the
dangerous and how to do? Therefore, the air quality in air quality index system
(Pollution Control Department 2004) is calculated to compare with air quality standard
that the air pollutants are 5 kinds included Ozone (Os) average 1 hour, Nitrogen dioxide
(NO3) average 1 hour, Carbon monoxide (CO) average 8 hour, Sulfur dioxide (SO>)
average 24 hours and micro dust less than 10 micron (PM1o) average 24 hours. However,
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the air quality index is calculated for that day only. In each level of healthy concern, it

contains many levels as the Tables 2.2 - 2.3.

Table 2.2 The levels air quality based on health impacts [11].

Air Quality Index

Protect of Health

Good

No health impacts are expected when air quality is in this

range.

Moderate

Unusually sensitive people should consider limiting

prolonged outdoor exertion.

Unhealthy for Sensitive

Groups

The following groups should limit prolonged outdoor
exertion

- People with lung disease, such as asthma

- Children and older adults

- People who are active outdoors

Very Unhealthy

The following groups should avoid prolonged outdoor
exertion:

- People with lung disease, such as asthma

- Children and older adults

- People who are active outdoors

Everyone else should limit prolonged outdoor exertion.

Hazardous

The following groups should avoid all outdoor exertion:
- People with lung disease, such as asthma
- Children and older adults
- People who are active outdoors

Everyone else should limit outdoor exertion.
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Table 2.3 The air quality index for level of health concern [12].

Air Quality Index (AQI) Levels of Healthy Concern

0 to 50 Good

51 to 100 Moderate

101 to 200 Unhealthy for Sensitive Groups
201 to 300 Very Unhealthy

More than 300 Hazardous

From Table 2.3, the air quality index is divided by using the specific color
to each AQI level that the first level (good) is blue the second (moderate) is green, the
third (unhealthy) is yellow, the forth (very unhealthy) is orange and the fifth level
(hazard) is red. However, AQI standard does not exceed to 100. To calculate the air

quality index in daily, it will be done with the intensity of the air pollutants as follow:

Iij+1_ Iij

I, = R (X; — Xij) + Ij. 2.1)

Where Xi = The pollutant concentration from the measurement results.
Xij = The pollutant concentration is the minimum of the range, with
the X; values.
Xij + 1 = The pollutant concentration to the maximum of the range
with the X values.
li= The sub-index of air quality
lij = Air Quality sub-index is the minimum value of a range of values
that I;,
lij +1 = Air Quality sub-index is the maximum value of a range of
values that ;.

AQI = Air quality index
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2.2.5 C4.5 Decision Tree

Decision tree algorithm is the main key to classify that the decision tree is
in the form of flowchart and the structure contains root, node shows attribute, branches
and leafs show group or class defined which decision tree learning is the learning in
term of decision tree to show the difference between class or group and predict which

class of the information following Figure 2.2.

Figure 2.2 Model Decision Tree

In step C4.5 decision tree, it is the step ID3 extension developed by Ross
Quinlan that is used for planting to use as one of the decision factors. In the data
classification, the gain and data prediction (Entropy) are used the same as ID3, but
adding from ID3 step as below [13]:

1) Be able to use both continuous and discrete data. For the continuous data,
step C4.5 will create the threshold and classify into 2 parts that are the more and less
group and equal with the starting point.

2) Be able to use with training data by marking with *?° and exclude that
value from the entropy calculation.

3) Be able to use with the abnormal value and damage.

4) Be able to apply the pruning tree with the decision.
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For the model that is used for the class classification, it uses the concept of
plants by selecting the most important attribute to be the root node. In this case, it uses
the highest gain ratio as the root node and the next node to use for calculating the gain
ratio needs to find the split information and entropy before.

e Entropy equation
Entropy (s) = Yi-, — P; log, P; . (2.2)

By S is attributed to be measured.

P1 is the ratio of members equal to the number of member groups.

¢ Information Gain equation

GAIN (S, A) = ENtropy (S) -Evatuecay = Entropy (S,). (23)

By A is Attribute A.
Sv is Subset of attribute Valuable V.
S is Members of samples.

e Split Information equation

Split Information (S, A) = Z?zo%Log = % (2.4)
e Gain Ratio equation
GAIN (sSA)

GAIN RATIO (S, A) = (2.5)

Split Information (S,A)’
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2.2.6 JRip

Ripper rule (Cohen, 1995) Forming contains 2 phrases that are the first
phrase - determining the initial rule and the second one — identify the post-process rule
optimization. In this case, the training data can be divided to “growing set” and “pruning
set” that the algorithm creates the connection with greedy rule. However, RIPPER tries
to find the best value for growing and pruning the data. Whenever it is finished, it will
get the same sample that covers the training set. Then it will be deleted and the
remaining training data will be divided again after learning in order to solve the
problems from the wrong classification. However, this action will be done until
satisfying the results. [14].

2.2.7 Multi-layer perceptron

The most common neural network model is the multi-layer perceptron
(MLP). This type of neural network is known as a supervised learning not the answers
is right or wrong [15]. The aim of this type of network is to create a model that correctly
maps the input to the output using historical data so that the model can then be used to
produce the output when the desired output is unknown a graphical representation of a

multi-layer perceptron is show below:

Input layer  First hidden Second hidden Output layer
layer layer

Figure 2.3 The multi-layer perceptron.
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The multi-layer perceptron learn using an algorithm called backpropagation. With
the input data is repeatedly presented to the neural network. With each presentation the output
of the neural network is compared to the desired output and an error is computed. This error is
then back propagated to the neural network and used to adjust the weights such that the error
decreases with each iteration and the neural model gets closer and closer to producing the
desired output. Multi-layer perceptron is the neural network containing many layers that each
layer comprises of node like neurons. It is the line weight connecting between node of each
layer (W Matrix), bias-vextor (b) and the output vector (a). In this case, m is the layer index
being at the top when p is the input vector. The output calculation of the neural network at M

layer can be written as the below equation:
am+1 — fm+1 (Wm+1 am + bm+1) (26)

where m=0,2,..,M — 1,
a’ =p, (2.7)

a=a

2.2.8 K-fold Cross-validation

K-fold cross-validation technique (Ron, 1995) is the method of efficiency
measurement for the model prediction. For the basic of this technique, it is the sampling
by starting with the data division calling fold and testing some parts of data by predicting
the model information. In case of precision sampling by k groups, the data can be
divided to k groups equally and then calculated the precision value for k times. In each
round, it needs to create the classification model by using the learning data for k-1 and

1 testing data (not the learning data) [16].
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Total number of examples
- >

_ Train
Experiment 1
Train Train
Experiment 2
Train Train
Experiment 3
[ Train
Experiment 4

Figure 2.4 10-fold cross validation.

According to Fig. 2.4, the first data set is used as the testing data and the
second data set to tenth data set are used as the learning data in the first working round,
giving the result of a classification model. The second round uses the second data set as
the testing data, but the first and third to tenth data sets are used as the learning data.
After that, the result is one classification model also. However, this process will be
repeated until the tenth round that the tenth data set is used as the testing data, but the
first to ninth data sets are used as the learning data and it finally gets the other one

classification set.
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CHAPTER 11
PROPOSED METHODS

This chapter presents the research methodology including data that are used

to perform the classification of air quality criterions.

3.1 Data used in the Study

The data is used in this research, taken from 67 monitoring station of 29
provinces in Thailand of the pollution concentration development by using total air
pollutants 5 kind CO, SOz, PM1o, O3, and NO; of Thailand.

3.2 Research Tools

In this thesis, we use Waikato Environment for Knowledge Analysis
(WEKA) Version 3.6.120© [17] in order to obtain the simulation result.

3.3 Steps of Research Methodology

Aim of this thesis is used data mining to create model by using classification

technique. This thesis was separated step for used data mining in 5 steps
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Input Air Quality data

Data Preprocessing

Data Mining

Evaluation
Test Option

Interpret and result

Figure 3.1 Steps of research.

3.2.1 Input Air Quality Data

For this research, the data is collected to use in the next step that the
collected raw data of the pollutant factors are focused on 67 monitoring station of 29

provinces in Thailand. However, they can be shown as Table 3.1.
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Table 3.1 Data of the pollution concentration in Thailand.
Date SO2 NO2 CO(1hr) CO(@8hr) Ozone PMiwo AQI

31-Dec-11 0 14 0.8 0.8 17 49.4 56
30-Dec-11 1 9 0.7 0.7 27 49 56
29-Dec-11 1 8 0.6 0.5 32 60.9 63
28-Dec-11 1 12 0.1 0.1 29 68.6 68
............. 1 13 0.2 0.2 25 48.5 88
............. 1 11 0.2 0.2 21 36.5 54
31-Dec-13 0 12 0.3 0.3 17 37.5 49

3.2.2 Data Pre-Processing
It takes a long time for this method because this model uses the data mining
depending on the data quality. So if the data or some parts of data are wrong, the
proceeded result will be false also. In this research, before importing the system into
data mining, the following steps need to be made:
3.2.2.1 Data Cleaning
The process of data cleaning e.g. checking the data with a null
data and outliers. In this step, it is very important for the result of data mining. If data is
not clean, it may cause the wrong result or no data consistency.
e Data Integration
In this procedure, it is to integrate data from multiple sources to
the same data set in order to provide access to the data mining.
e Data Selection
After data collection, the researchers choose the concentration
of the interested pollutants that is the most important step. The attribute data mining

selection must be consistent with the attribution.

3.2.2.2 Data Transformation

In this process, the researchers choose the data mining
technology to use for classification, the decision tree model, JRip and Multi-layer
perceptron are required to convert the data according to prescribed techniques, including

converting the files to the selected program.
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3.2.3 Data Mining
For the proceeded data in this research, the researchers use the classification
technique containing decision tree model, JRip and Multi-layer perceptron to create a

decision rules to divide the air quality criteria.

3.2.4 Pattern Evaluation

When the model or results, then the evaluation process patterns from data
mining or measure the effectiveness of the model to gauge reliability of the model in
this research a model of multi-model analysis. So have evaluated each model for a good
part of the impairment and should be used to model the selected test option to verify the
accuracy of the training data using tests option with 10- Fold cross-validation in this

research.

3.2.5 Interpret and Result
Understanding the decision to divide the air quality by converting the results
to make them understand easier. The model is included the analyzed results and

summarized the air quality classification rules from this research.
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CHAPTER IV
RESULTS AND DISCUSSION

This chapter presents the classification of air quality index data divided into
two part. The first part presents classification of the overview in Thailand (29
provinces). And, the second part present classification divided data information in
Thailand into 5 region following Table 4.1. By compared used algorithm C4.5 decision
tree, JRip and Multi-layer Perceptron. The experiment using is t-test which is used 10-

fold cross-validation.

4.1Data Information of monitoring station in Thailand

The air quality from 62 monitoring station of 29 provinces in Thailand as
following Table. 4.1.

Table 4.1 The monitoring stations of Thailand.

Regions Provinces Number of Stations
Chiang Mai

Lampang

N

Nakhon Sawan

Chiang Rai
Northern Mae Hong Son

Nan

Lamphun

Phrae

Phayao

Khon Kaen

Northeastern Nakhon Ratchasima

R I = B S N O = = T RS N

Loei
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Table 4.1 The monitoring stations of Thailand. (Cont.)

Regions Provinces Number of Stations
Bangkok 17
Samut Prakan
Pathum Thani

Central Samut Sakhon
Nonthaburi
Phra Nakhon Si Ayutthaya
Saraburi
Ratchaburi

Rayong
Eastern Chonburi
Chachoengsao

Srakaeo

Suratthani
Phuket
Southern Songkhla
Narathiwat
Yala
Total

B R R R R R, R, W NER, N PR NN RO

()]
N

4.2 The Classification Results

The classification results divided into 7 datasets are the overview in

Thailand, Northern, Northeastern, Central, Eastern, Western and Southern.

4.2.1 Overview in Thailand
There are 9,179 data that are the input of WEKA program as shown in Fig.

4.1 and the details of data in each criteria can be performed as Table 4.2.


http://en.wikipedia.org/wiki/Northeastern_Thailand
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Table 4.2 Input data of the overview in Thailand to WEKA program.

Class Description Number of Data
Good Good 4231
Moder Moderate 4572
Sensitive Unhealthy for Sensitive Groups 371
Unhealthy Unhealthy 5
Total 9,179

|_region Name: AQ)
Instances: 9179 Attributes: & Missing: 0 (0%) Distinct: 4

Class: AQI (o) v [ visualize A

4572

Status

s
ok Pl

Figure 4.1 Data Information for WEKA Program.

Table 4.3 The classification summarization from the overview in Thailand data set.

Algorithm Accuracy (%) Incorrectly (%) Kappa (1)
C4.5 Decision tree 88.29 11.71 0.78
Multilayer Perceptron 85.82 14.18 0.73
JRip 88.19 11.81 0.78

Table 4.3 shows that the classifications’ results used by C4.5, JRip and
Multi-layer Perceptron are about 88.29, 85.82 and 88.19. As of this, it can be found that

the best efficiency classification algorithm is C4.5 decision tree.
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4.2.2 Northern

There are 1,034 data that are the input of WEKA program as shown in Fig.

4.2 and the details of data in each criteria can be performed as Table 4.4.

Table 4.4 Input data of the northern to WEKA program.

Class Description Number of Data
Good Good 341
Moder Moderate 658
Sensitive Unhealthy for Sensitive Groups 35
Total 1,034

Selected attribute

Name: AQL al
Missing: 0 {0%) Distinct: 3 Unique: 0 (0%)

No. Label

Class: AQ (o) v [ visuslize A1

341

Status = o

oK

Figure 4.2 Data Information for WEKA Program.

Table 4.5 The classification summarization from the northern data set.

Algorithm Accuracy (%) Incorrectly (%) Kappa (1)
C4.5 Decision tree 88.30 11.70 0.76
Multilayer Perceptron 86.36 13.64 0.70

JRip 88.68 11.32 0.76
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Table 4.5 shows that the classifications’ results used by C4.5, JRip and
Multi-layer Perceptron are about 88.30, 86.36 and 88.68. As of this, it can be found that

the best efficiency classification algorithm is C4.5 decision tree.
4.2.3 northeastern
There are 1,026 data that are the input of WEKA program as shown in Fig.

4.3 and the details of data in each criteria can be performed as Table 4.6.

Table 4.6 Input data of the northeastern to WEKA program.

Class Description Number of Data
Good Good 560
Moder Moderate 465
Sensitive Unhealthy for Sensitive Groups 1
Total 1,026

Selected attribute
Name: AQI Type: Nominal
Attributes: 6 Missing: 0 (0%) Distinct: 3 Unique: 1(0%)
o, Label Count
Al Il e ] [ Tnvert ] ( Patte 1| Moder |45
2| Good | 560
3[Sensitive E!
No. Name
1[CIs02
2[noz
3o
[ Jozone
5| [PM-10
6 [l AQL
Class: AQI (Nom) v | visualize All
Remave
1
Status
oK ([t ] o

Figure 4.3 Data Information for WEKA Program.
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Table 4.7 The classification summarization from the northeastern data set.

Algorithm Accuracy (%) Incorrectly (%) Kappa (1)
C4.5 Decision tree 97.78 2.22 0.95
Multilayer Perceptron 96.98 3.02 0.94
JRip 97.66 2.34 0.93

Table 4.7 shows that the classifications’ results used by C4.5, JRip and
Multi-layer Perceptron are about 97.78, 96.98 and 97.66. As of this, it can be found that

the best efficiency classification algorithm is C4.5 decision tree.
4.2.4 Central
There are 3,388 data that are the input of WEKA program as shown in Fig.

4.4 and the details of data in each criteria can be performed as Table 4.8.

Table 4.8 Input data of the central to WEKA program.

Class Description Number of Data
Good Good 1,153
Moder Moderate 1,963
Sensitive Unhealthy for Sensitive Groups 262
Unhealthy Unhealthy 5

Total 3,388
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] [ Open URL... ] [ Open DE... ][ Generate... ][ Undo ] [ Edi.. ][ save... )
Selected atiribute
Name: AQT Type: Nominal
Attributes: & Missing: 0 (0%) Distinct: 4 Unique: 0 (0%)
No. Label Count
A Il = I — Il = 1| Moder 1968
2|Good 1153
3|Sensitive %2
. _| Name 4| Unhealthy 5
1[Flsoz
2oz
3[jco
4 [0zone
5| _jpM-10
6 WAQL
Class: AQI (Nom) v | visuslize a1
Remove
5
Status
o a5

Figure 4.4 Data Information for WEKA Program.

Table 4.9 The classification summarization from the central data set.

Algorithm Accuracy (%) Incorrectly (%) Kappa (1)
C4.5 Decision tree 88.68 11.32 0.78
Multilayer Perceptron 86.92 13.08 0.75
JRip 88.08 11.92 0.76

Table 4.9 shows that the classifications’ results used by C4.5, JRip and
Multi-layer Perceptron are about 88.68, 86.92 and 88.08. As of this, it can be found that

the best efficiency classification algorithm is C4.5 decision tree.

4.2.5 Eastern
There are 1,749 data that are the input of WEKA program as shown in Fig.

4.5 and the details of data in each criteria can be performed as Table 4.10.
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Table 4.10 Input data of eastern to WEKA program.

Class Description Number of Data
Good Good 947
Moder Moderate 60
Sensitive Unhealthy for Sensitive Groups 742
Total 1,749

Selected atiribute
Name: 502 Type: Numeric
Missing: 0 (0%) Distinet: 27 Unique: 6 (0%)

Statistic Value

Maximum kS
Mean 3,408
StdDev 3217

Class: AQI (Nom) + [ visualze a1
]
Re 22
EEEEE J 86 2555044230241 10010000101000000000001
[ "
1 2z %
Status

Figure 4.5 Data Information for WEKA Program.

Table 4.11 The classification summarization from the eastern data set.

Algorithm Accuracy (%) Incorrectly (%) Kappa (1)
C4.5 Decision tree 83.02 16.98 0.67
Multilayer Perceptron 81.93 18.07 0.65
JRip 82.16 17.84 0.66

Table 4.11 shows that the classifications’ results used by C4.5, JRip and
Multi-layer Perceptron are about 83.02, 81.93 and 82.16. As of this, it can be found that

the best efficiency classification algorithm is C4.5 decision tree.
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4.2.6 Southern
There are 1,353 data that are the input of WEKA program as shown in

Figure 4.6 and the details of data in each criteria can be performed as Table 4.12.

Table 4.12 Input data of southern to WEKA program.

Class Description Number of Data
Good Good 1,095
Moder Moderate 258
Total 1,353

Selected atiribute
Name: 502 Type: Numeric
Missing: 0 (0%) Distinct: 9 Unique: 1(0%)

Statistic Vaiue

Class: AQI (Nom) + [ visualize a1

s
217

P

Remove 0 o o 0 o EEEy 0 Ei0 o b0 0 1 0 2
— = :

1 5 2

Status
ok -

Figure 4.6 Data Information for WEKA Program.

Table 4.13 The classification summarization from the southern data set.

Algorithm Accuracy (%) Incorrectly (%) Kappa (1)
C4.5 Decision tree 97.78 2.22 0.92
Multilayer Perceptron 97.19 2.80 0.91

JRip 97.56 2.44 0.92
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Table 4.13 shows that the classifications’ results used by C4.5, JRip and
Multi-layer Perceptron are about 97.78, 97.19 and 97.56. As of this, it can be found that

the best efficiency classification algorithm is C4.5 decision tree.

4.3 Discussion

From experiments methodology based on C4.5 decision tree, JRip, Multi-
layer Perceptron to assess air quality is proposed Table 4.14 shows how to identify the
most effective of the air quality is C4.5 decision tree algorithms in Thailand with
accuracy 88.29, northern accuracy 88.68, northeastern accuracy 97.78, central accuracy
88.68, eastern accuracy 83.02, western accuracy 92.37 and southern accuracy
97.78.Which Figs. 4.7 - 4.13 show that the different of rules.

Table 4.14 The C4.5 decission tree summarization with 10-Fold Validation.

Algorithm
Data C4.5 Decision Multi-layer JRip (%)
tree (%0) Perceptron (%0)
Overview in Thailand 88.29 85.82 88.19
Northern 88.68 86.36 88.30
Northeastern 97.78 96.98 97.66
Central 88.68 86.92 88.08
Eastern 83.02 81.93 82.16
Western 92.37 91.73 92.05
Southern 97.78 97.19 97.56
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Figure 4.7 The result classification of the air quality index in thailand with the C4.5

decision tree.
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Figure 4.8 The result classification of the air quality index in northern with the C4.5

decision tree.
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Figure 4.9 The result classification of the air quality index in northeastern with the C4.5

decision tree.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Information Technology Management) / 37

AT >40,7
Y N\ 5 2\
A 1y /,\”'Q ]20-5
Good (T40/75.) @ Moder(1086.088.0) Sensiive(19.01L0)
¥/
P 432

@ Moder(82.0/11.0)

v

» A/g

@ Moder(1330/25.0)
/ %

Moder(26.0/4.0) @

Moder(67.0/25.0) Moder(46.0/14.0)

Figure 4.10 The result classification of the air quality index in central with the C4.5

decision tree.
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Figure 4.11 The result classification of the air quality index in eastern with the C4.5

decision tree.
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Figure 4.12 The result classification of the air quality index in southern with the C4.5

decision tree.
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CHAPTER V
CONCLUSION

This chapter will describe the conclusion of the air quality classification in
Thailand and the recommendation for further study as follow:

5.1 Conclusion

This study present the use of data mining for air quality classification. The
results are shown that the C4.5 decision tree algorithm has the most effective and the
suitable for classification of the air quality criteria as shown in Figs 4.7 - 4.14. When
analyzed tree models are found that the topography and climate are factors affecting
the differences in the rules in the C4.5 decision tree in each regions, as follow:

The result classification of overview in Thailand

PM-10 <= 40.7

| Ozone <= 22: Good (2625.0/239.0)

| Ozone > 22

Ozone <= 30

Ozone <= 27: Good (497.0/197.0)
Ozone > 27: Moder (187.0/67.0)
Ozone > 30: Moder (445.0/99.0)
PM-10 > 40.7

| PM-10<=120.5

Ozone <= 32: Moder (1666.0/5.0)
Ozone > 32

NO2 <= 15: Moder (305.0/27.0)
NO2 > 15
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| | NO2<=33

| | | Ozone <=46: Moder (225.0/40.0)

| | | Ozone > 46: Sensitive (40.0/17.0)
| | NO2 > 33: Sensitive (26.0/7.0)

PM-10 > 120.5: Sensitive (104.0/2.0)

The result of classification of northeastern

PM-10 <= 40.6

| Ozone <= 27: Good (369.0/4.0)

| Ozone > 27

| | PM-10<=29.4: Good (7.0/1.0)
| | PM-10 > 29.4: Moder (12.0/3.0)
PM-10 > 40.6: Moder (296.0)

The rules of C4.5 decision tree showed that for the different in rules of
overview in Thailand IF PM-10 <= 40.7 AND Ozone <= 22 THEN Good and
northeastern IF PM-10 <= 40.6 AND Ozone <= 27 THEN Good.

5.2 Future Work

For classification of air quality that influence to healthy population in the
future. It can use in difference places. In air quality thesis that influenced to healthy
including concentration of pollutants in each station of Thailand to fix problems in
each points more. That shows about factors were relative or change result of
concentration of pollutants in each kind concentration of pollutants may be change
away. This thesis, researcher use 5 variants are Ozone, NO2, CO, SO and PM1o which

others variants with air quality. And can use to analysis in same away.
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APPENDIX A
EXPERIMENTAL OUTPUT

Overview Iin Thailand

C4.5 decision tree output

Test mode: 10-fold cross-validation

Number of Leaves: 10
Size of the tree: 19

PM-10 <= 40.7

| Ozone <= 22: Good (2625.0/239.0)

| Ozone > 22

Ozone <= 30

Ozone <= 27: Good (497.0/197.0)
Ozone > 27: Moder (187.0/67.0)
Ozone > 30: Moder (445.0/99.0)

PM-10 > 40.7

PM-10 <= 120.5

| Ozone <= 32: Moder (1666.0/5.0)

| Ozone > 32

| | NO2 <=15: Moder (305.0/27.0)

NO2 > 15

| NO2<=33

| | Ozone <=46: Moder (225.0/40.0)
| | Ozone > 46: Sensitive (40.0/17.0)
| NO2 > 33: Sensitive (26.0/7.0)
PM-10 > 120.5: Sensitive (104.0/2.0)
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C4.5 decision tree Stratified cross-validation

Correctly Classified Instances 8104 88.2885 %
Incorrectly Classified Instances 1075 11.7115 %
Kappa statistic 0.7773

Mean absolute error 0.0869

Root mean squared error 0.2117

Relative absolute error 32.3048 %

Root relative squared error 57.7264 %

Total Number of Instances 9179

JRIP rules output

Number of Rules : 20

(PM-10 >= 251.5) => AQI=Unhealthy (3.0/1.0)

(PM-10 >=120.3) and (PM-10 >= 121.2) => AQI=Sensitive (145.0/0.0)

(Ozone >= 34) and (Ozone >= 48) and (PM-10 >= 70.5) and (NO2 >= 16) =>
AQI=Sensitive (35.0/10.0)

(Ozone >= 33) and (Ozone >= 48) and (NO2 >= 18) => AQI=Sensitive (23.0/9.0)
(Ozone >= 33) and (PM-10 >= 57.7) and (Ozone >= 50) and (Ozone >= 62) and (NO2
>= 6) => AQI=Sensitive (17.0/3.0)

(Ozone >= 33) and (NO2 >= 27) and (SO2 >= 6) and (NO2 >= 35) => AQI=Sensitive
(21.0/4.0)

(Ozone >= 33) and (NO2 >= 16) and (Ozone >= 41) and (NO2 >= 27) and (SO2 >=5)
=> AQI=Sensitive (9.0/2.0)

(PM-10 <= 40.7) and (Ozone <= 21) and (Ozone <= 15) => AQI=Good (2358.0/53.0)
(PM-10 <= 40.7) and (Ozone <= 23) and (Ozone <= 18) => AQI=Good (713.0/97.0)
(PM-10 <=40.7) and (Ozone <= 26) and (NO2 <=7) => AQI=Good (645.0/134.0)
(PM-10 <= 40.7) and (Ozone <= 27) and (Ozone <= 22) and (NO2 <= 10) =>
AQI=Good (203.0/48.0)
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(PM-10 <=40.6) and (Ozone <= 27) and (NO2 <= 17) and (PM-10 <= 34.6) and (Ozone
<=24) and (NO2 <= 14) => AQI=Good (207.0/56.0)

(PM-10 <=40.7) and (Ozone <= 27) and (NO2 <= 9) => AQI=Good (123.0/53.0)
(PM-10 <=40.7) and (Ozone <= 29) and (Ozone <= 20) and (SO2 <= 3) => AQI=Good
(70.0/21.0)

(PM-10 <=40.7) and (Ozone <= 27) and (NO2 <= 10) => AQI=Good (20.0/6.0)
(PM-10 <= 40.7) and (Ozone <= 29) and (PM-10 <= 21.8) and (PM-10 >= 18.4) =>
AQI=Good (49.0/18.0)

(PM-10 <= 40.7) and (Ozone <= 27) and (PM-10 <= 36.2) and (PM-10 >= 28.8) and
(Ozone <= 22) => AQI=Good (43.0/15.0)

(PM-10 <= 40.7) and (Ozone <= 32) and (Ozone <= 27) and (CO >=0.8) and (SO2 <=
3) => AQI=Good (48.0/16.0)

(PM-10 <= 40.5) and (Ozone <= 33) and (NO2 <=9) and (SO2 >= 5) => AQI=Good
(30.0/12.0)

=> AQI=Moder (4417.0/398.0)

JRIP rules Stratified cross-validation

Correctly Classified Instances 8095 88.1904 %
Incorrectly Classified Instances 1084 11.8096 %
Kappa statistic 0.7805

Mean absolute error 0.093

Root mean squared error 0.2193

Relative absolute error 34.5885 %

Root relative squared error 59.8169 %

Total Number of Instances 9179

Multilayer Perceptron Stratified cross-validation

Correctly Classified Instances 2945 86.9244 %
Incorrectly Classified Instances 443 13.0756 %
Kappa statistic 0.7522
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Mean absolute error 0.0963

Root mean squared error 0.2204

Relative absolute error 35.5883 %

Root relative squared error 59.9459 %

Total Number of Instances 3388
Northern

C4.5 decision tree output

Test mode: 10-fold cross-validation

Number of Leaves: 9
Size of the tree: 17

PM-10 <=40.7

Ozone <= 18: Good (176.0/13.0)
Ozone > 18

Ozone <= 35

NO2 <=21

| CO<=0.2: Good (12.0/5.0)
| CO>0.2: Moder (11.0/5.0)
NO2 > 6: Moder (54.0/12.0)
SO2 > 1: Good (69.0/29.0)

NO2 > 21: Moder (19.0)
| Ozone > 35: Moder (48.0/1.0)

PM-10 > 40.7
| PM-10 <=118.5: Moder (285.0/6.0)
| PM-10 > 118.5: Sensitive (16.0)
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C4.5 decision tree Stratified cross-validation

Correctly Classified Instances 917 88.6847 %
Incorrectly Classified Instances 117 11.3153 %
Kappa statistic 0.7551

Mean absolute error 0.1001

Root mean squared error 0.2403

Relative absolute error 30.9077 %

Root relative squared error 59.743 %

Total Number of Instances 1034

JRIP rules output

Number of Rules : 7

(PM-10 >= 121.2) => AQI=Sensitive (24.0/0.0)

(Ozone >=59) => AQI=Sensitive (5.0/2.0)

(PM-10 <= 40.6) and (Ozone <= 18) => AQI=Good (260.0/16.0)

(PM-10 <= 40.6) and (Ozone <= 35) and (PM-10 <= 14.9) and (SO2 <= 7) =>
AQI=Good (23.0/2.0)

(PM-10 <= 40.6) and (Ozone <= 24) and (SO2 >= 3) => AQI=Good (25.0/4.0)
(PM-10 <= 40.5) and (Ozone <= 32) and (NO2 <= 20) and (NO2 >= 16) and (PM-10
>= 24.6) => AQI=Good (12.0/1.0)

=> AQI=Moder (685.0/52.0)

JRIP rules Stratified cross-validation

Correctly Classified Instances 913 88.2979 %
Incorrectly Classified Instances 121 11.7021 %
Kappa statistic 0.7627
Mean absolute error 0.1077
Root mean squared error 0.2564

Relative absolute error 33.2586 %
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Root relative squared error 63.7522 %
Total Number of Instances 1034

Multilayer Perceptron Stratified cross-validation

Correctly Classified Instances 893 86.3636 %
Incorrectly Classified Instances 141 13.6364 %
Kappa statistic 0.7005
Mean absolute error 0.1096
Root mean squared error 0.2436
Relative absolute error 33.8576 %
Root relative squared error 60.5711 %
Total Number of Instances 1034
Central

C4.5 decision tree output

Test mode: 10-fold cross-validation

Number of Leaves: 8
Size of the tree: 15

PM-10 <= 40.7

Ozone <=19: Good (740.0/75.0)
Ozone > 19

Ozone <= 32

NO2 <=12

| NO2 <=6: Good (26.0/4.0)
| NO2>6
|

|
|
|
|
| | Ozone <= 24: Good (67.0/25.0)
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| | Ozone > 24: Moder (46.0/14.0)
NO2 > 12: Moder (133.0/25.0)
Ozone > 32: Moder (82.0/11.0)
PM-10 > 40.7

| PM-10 <= 120.5: Moder (1086.0/88.0)

| PM-10 > 120.5: Sensitive (79.0/1.0)

C4.5 decision tree Stratified cross-validation

Correctly Classified Instances 2984 88.0756 %
Incorrectly Classified Instances 404 11.9244 %
Kappa statistic 0.776

Mean absolute error 0.0888

Root mean squared error 0.2171

Relative absolute error 32.8359 %

Root relative squared error 59.036 %

Total Number of Instances 3388

JRIP rules output
Number of Rules : 7

(PM-10 >= 121.2) => AQI=Sensitive (24.0/0.0)

(Ozone >=59) => AQI=Sensitive (5.0/2.0)

(PM-10 <= 40.6) and (Ozone <= 18) => AQI=Good (260.0/16.0)

(PM-10 <= 40.6) and (Ozone <= 35) and (PM-10 <= 14.9) and (SO2 <= 7) =>
AQI=Good (23.0/2.0)

(PM-10 <= 40.6) and (Ozone <= 24) and (SO2 >= 3) => AQI=Good (25.0/4.0)
(PM-10 <= 40.5) and (Ozone <= 32) and (NO2 <= 20) and (NO2 >= 16) and (PM-10
>=24.6) => AQI=Good (12.0/1.0)

=> AQI=Moder (685.0/52.0)
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JRIP rules Stratified cross-validation

Correctly Classified Instances 917 88.6847 %
Incorrectly Classified Instances 117 11.3153 %
Kappa statistic 0.7627

Mean absolute error 0.1077

Root mean squared error 0.2564

Relative absolute error 33.2586 %

Root relative squared error 63.7522 %

Total Number of Instances 1034

Multilayer Perceptron Stratified cross-validation

Correctly Classified Instances 893 86.3636 %
Incorrectly Classified Instances 141 13.6364 %
Kappa statistic 0.7005
Mean absolute error 0.1096
Root mean squared error 0.2436
Relative absolute error 33.8576 %
Root relative squared error 60.5711 %
Total Number of Instances 1034
Northeastern

C4.5 decision tree output
Test mode: 10-fold cross-validation

Number of Leaves: 4
Size of the tree: 7
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PM-10 <= 40.6

| Ozone <= 27: Good (369.0/4.0)

| Ozone > 27

| | PM-10<=29.4: Good (7.0/1.0)
| | PM-10 > 29.4: Moder (12.0/3.0)
PM-10 > 40.6: Moder (296.0)

C4.5 decision tree Stratified cross-validation

Correctly Classified Instances 1002 97.6608 %
Incorrectly Classified Instances 24 2.3392 %
Kappa statistic 0.9528

Mean absolute error 0.0231

Root mean squared error 0.1118

Relative absolute error 6.9753 %

Root relative squared error 274713 %

Total Number of Instances 1026

JRIP rules output

Number of Rules : 3

(PM-10 >= 40.6) => AQI=Moder (442.0/1.0)
(Ozone >= 28) and (PM-10 >= 29.5) => AQI=Moder (20.0/6.0)
=> AQI=Good (564.0/10.0)

JRIP rules Stratified cross-validation
Correctly Classified Instances 998 97.271 %

Incorrectly Classified Instances 28 2.729 %
Kappa statistic 0.9449



Kattariya Kujaroentavon

Mean absolute error

Root mean squared error
Relative absolute error
Root relative squared error

Total Number of Instances

0.0268
0.1269
8.0976 %
31.1926 %
1026

Multilayer Perceptron Stratified cross-validation

Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

Mean absolute error

Root mean squared error
Relative absolute error

Root relative squared error
Total Number of Instances

Eastern

C4.5 decision tree output

995 96.9786 %
31 3.0214 %
0.939

0.0264

0.1276

7.9583 %

31.3475 %

1026

Test mode: 10-fold cross-validation

Number of Leaves: 7

Size of the tree: 13

PM-10 <= 40.7

| Ozone <= 25: Good (546.0/110.0)
| Ozone > 25

| | Ozone<=39

| | | SO2<=4
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PM-10 <= 12.9: Good (9.0/2.0)
PM-10 > 12.9: Moder (210.0/32.0)
SO2 > 4: Moder (54.0/22.0)

Ozone > 39

| | NO2<=16: Moder (46.0/8.0)

| | NO2 > 16: Sensitive (9.0/3.0)
PM-10 > 40.7: Moder (292.0/23.0)

C4.5 decision tree Stratified cross-validation

Correctly Classified Instances 1452 83.0189 %
Incorrectly Classified Instances 297 16.9811 %
Kappa statistic 0.6462

Mean absolute error 0.1744

Root mean squared error 0.3037

Relative absolute error 49.7402 %

Root relative squared error 72.5585 %

Total Number of Instances 1749

JRIP rules output

Number of Rules : 9

(Ozone >= 34) and (Ozone >= 52) and (NO2 >= 8) => AQI=Sensitive (34.0/10.0)
(Ozone >= 34) and (NO2 >= 18) and (PM-10 <= 38.5) and (Ozone >= 41) =>
AQI=Sensitive (9.0/3.0)

(Ozone <= 24) and (PM-10 <= 40.5) and (Ozone <= 18) and (Ozone <= 12) =>
AQI=Good (232.0/2.0)

(PM-10 <= 23.9) and (Ozone <= 22) and (NO2 <= 9) => AQI=Good (194.0/20.0)
(PM-10 <= 39.9) and (Ozone <= 24) and (Ozone <= 18) and (PM-10 >= 26.7) =>
AQI=Good (66.0/5.0)
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(PM-10 <= 33.2) and (Ozone <= 27) and (Ozone <= 20) and (NO2 <= 13) =>

AQI=Good (89.0/21.0)

(PM-10 <= 30.7) and (Ozone <=

AQI=Good (62.0/15.0)

(PM-10 <= 39.8) and (Ozone <=

AQI=Good (24.0/7.0)
=> AQI=Moder (1039.0/175.0)

JRIP rules Stratified cross-validation

Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

Mean absolute error

Root mean squared error
Relative absolute error

Root relative squared error

Total Number of Instances

82.1612 %
17.8388 %

1437

312
0.6557
0.1801
0.3117
51.3575 %
74.4675 %
1749

Multilayer Perceptron Stratified cross-validation

Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

Mean absolute error

Root mean squared error
Relative absolute error

Root relative squared error
Total Number of Instances

81.9325 %
18.0675 %

1433

316
0.6712
0.1592
0.289
45.403 %
69.0311 %
1749
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27) and (PM-10 <= 19.3) and (NO2 <= 8) =>

26) and (SO2 >= 4) and (PM-10 >= 29.8) =>
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Southern

C4.5 decision tree output

Test mode: 10-fold cross-validation

Number of Leaves: 6
Size of the tree: 11

PM-10 <= 40.7

Ozone <= 31: Good (723.0/11.0)
Ozone > 31

| Ozone <=40

| | NO2<=6: Good (16.0/2.0)

| | NO2>6

| | | PM-10 <= 32.5: Moder (3.0)

| | | PM-10>32.5: Good (4.0/1.0)
| Ozone > 40: Moder (12.0/1.0)
PM-10 > 40.7: Moder (144.0)

C4.5 decision tree Stratified cross-validation

Correctly Classified Instances 1323 97.7827 %
Incorrectly Classified Instances 30 2.2173 %
Kappa statistic 0.9174

Mean absolute error 0.0401

Root mean squared error 0.1512

Relative absolute error 12.9916 %

Root relative squared error 38.4949 %

Total Number of Instances 1353
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JRIP rules output

Number of Rules : 3

(PM-10 >= 40.8) => AQI=Moder (215.0/0.0)

(Ozone >= 32) and (Ozone >= 39) => AQI=Moder (21.0/3.0)

=> AQI=Good (1117.0/25.0)

JRIP rules Stratified cross-validation

Correctly Classified Instances 1320 97.561 %
Incorrectly Classified Instances 33 2.439 %
Kappa statistic 0.9255

Mean absolute error 0.0407

Root mean squared error 0.1471

Relative absolute error 13.1688 %

Root relative squared error 37.4402 %

Total Number of Instances 1353

Multilayer Perceptron Stratified cross-validation

Correctly Classified Instances 1353 97.1914 %
Incorrectly Classified Instances 39.3299 % 2.8086 %
Kappa statistic 14.1436 %

Mean absolute error 0.1545

Root mean squared error 0.0437

Relative absolute error 0.9059

Root relative squared error 38

Total Number of Instances 1315
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APPENDIX B
ATTRIBUTES USED IN THE EXPERIMENTS

Attributes used in the experiments

No. Code Station

1. 2t Bansomdejchaopraya Rajabhat University, Bangkok

2. 05t  Thai Meteorological Department Bangna,Bangkok

3. 10t National Housing Authority Klongchan, Bangkok

4. 11t National Housing Authority Huaykwang, Bangkok

5. 12t Nonsi Witthaya School, Bangkok

6. 13t  EGAT, Nonthaburi

7. 14t Highway District, Samut Sakhon

8. 15t  Mathayomwatsing School, Bangkok

9. 17t Residence for Dept. of Primary Industries and Mines, Samut
Prakan

10. 18t  City Hall, Samut Prakan

11. 19t National Housing Authority Bangplee, Samut Prakan

12. 20t  Bangkok University Rangsit Campus, Pathum Thani

13. 21t Ayutthaya Witthayalai School, Ayutthaya

14, 22t Sukhothai Thammathirat Open University, Nonthaburi

15. 24t Na Phralan Police Station Saraburi

16. 26t Regional Environmental Office 8, Ratchaburi

17. 27t  Samut Sakhon Wittayalai School, Samut Sakhon

18. 28t  Pluak Daeng Public Health Office, Rayong

19. 29t Health Promotion Hospital Maptaput, Rayong

20. 30t  Agricultural Office, Rayong
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No. Code Station

21. 31t  Field Crop Research Center, Rayong

22. 33t  Health Promotion Hospital Ban Khao Hin,Chonburi

23. 35t City Hall, Chiangmai

24. 36t  Yupparaj Wittayalai School, Chiangmai

25. 37t  Lampang Meteorological Station

26. 38t  Health Promotion Hospital Sob Pad, Lampang

217. 39t  Health Promotion Hospital Ta See, Lampang

28. 40t Provincial Waterworks Authority Mae Moh, Lampang

29. 41t Nakhonsawan Irrigation , Nakhon Sawan

30. 42t Regional Environmental Office 14, Surat Thani

31. 43t Municipal Health Center 1, Phuket

32. 44t Hat Yai Municipality, Songkhla

33. 46t Hydro Division, Water Resources Office Region 4, Khonkaen
34. 47t Municipal Waste Water Pumping Station, Nakhon Ratchasima
35. 52t  Thonburi Power Sub-Station, Bangkok

36. 53t  Chokchai Police Station, Bangkok

37. 54t National Housing Authority Dindaeng, Bangkok

28. 57t  Natural Resources and Environment Office, Chiangrai

29. 58t  Natural Resources and Environment Office, Mae Hongson
40. 60t  Municipality Office, Tungsadao, Chachoengsao

41. 61t  Bodindecha (Sing Singhaseni) School, Bangkok

42. 62t  City Hall, Narathiwat

43. 63t  White Elephant Park, Yala

44, 67t  Municipality Office, Nan

45, 68t  Provincial Administrative Stadium, Lamphun

46. 69t  Phrae Meteorological Station

47. 70t  Knowledge Park, Phayao

48. 71t Sriaranyothai Kindergarten, Aranyaprathed, Sa Kaeo
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No. Code Station

49. 72t Provincial Health Office, Loei

50. 73t Maesai Health Office, Chiangrai

ol. 74t Rayong Government Complex

52. m2  Tak (Mobile 2)

53. m4  Mobile 4

54, a03  Ratburana Post Office, Bangkok

55. a07 Chandrakasem Rajabhat University, Bangkok
56. a08 Prabadang Rehabiltation Center, Samut Prakan
57. al6  South Bangkok Power Plant, Samut Prakan
58. a25 Khao Noi Fire Station, Saraburi

59. a32 Laem Chabang Municipal Stadium, Chonburi
60. a34  General Education Office, Chonburi

62. a48  Ministry of Science and Technology, Bangkok
63. a49  Department of Land Transport, Bangkok

64. a50 Chulalongkorn Hospital, Bangkok

65. a59  Public Relations Department, Bangkok

Table 1 How to collect the data.

Variables Method Height (M) Range
) Non-Dispersive Infrared
Carbon Monoxide _ 3 0 - 50 ppm
Detection
Nitric Oxide Chemiluminescence 3 0 - 500 ppb
Oxides of Nitrogen Chemiluminescence 3 0 - 500 ppb
Nitrogen Dioxide Chemiluminescence 3 0 - 500 ppb
Sulphur Dioxide UV Fluorescence 3 0 - 500 ppb
UV Absorption
Ozone 3 0 - 500 ppb

Photometry
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APPENDIX C

Air Quality Classification in Thailand Based on Decision Tree

Kattariya Kujaroentavon, Supaporn Kiattisin, Adisorn Leelasantitham and Sotarat Thammaboosadee
Information Technology Management Program Faculty of Engineering, Mahidol University
25/25 Phutthamonthon 4Rd., Salaya Nakhon Pathom 73170, Thailand
E-mail: kat_aretee@hotmail.com, supaporn.kit@mahidol.ac.th, adisorn.lee@mahidol.ac.th,
zotarat@gmail.com

Abstract—The paper presents a model for
management classifier air quality by algorithm of
decision tree using air quality index in Thailand
including a pollutant's concentration e.g. Os, NOz,
CO, SOz, PM1o and levels of healthy concern. The
purpose of this research is to establish rules of
separated air quality classification by levels of
healthy concern. The results of this study are
correctly classified into instances of training set of
96.80% and testing set of 91.07%. The ROC curve
shows that the training set data and testing set data
are similar to such results. The algorithm of decision
tree can use to become rules of separated air quality
classification by levels of healthy concern.

Keywords—air quality, Model, Classification,
Levels of Healthy Concern, Decision Tree, air quality,
Model, Classification, Levels of Healthy Concern,
Decision Tree

I.  INTRODUCTION

Air Pollution is main problem of people will
met for affect health and respiratory. Almost this
problem happened in downtown. People smell bad
atmosphere and many dust into lungs. From
statistic of respirator’s patients. In 2007, patients
242,405 up to became 305,929 in 2008. In 20009,
patients 363,744 up to became 365,372 in 2010.
Finally In 2011 up to 381,184 following Fig. 1.

statistic of respirator’s patients

600000

400000

200000

0
2007 2008 2009 2010 2011

Fig. 1. Show statistic's patients

The results of statistic numbers of respirators
patients were up very years. Although respirators
patients someone they relative with air pollution
from traffic problem which happened by directly
and indirectly following Table 1. All of them from
a pollutant's concentration of dusts less than 10
micron nitrogen dioxide) NO2) carbon dioxide
)CO) sulfur dioxide) SO2 (and Ozone left out to
atmosphere effected to health of the people with
directly [1].
Table 2 Show levels Air quality health impacts [2]

Air Quality Protect Your Health

Index

Good No health impacts are expected when
air quality is in this range.

Moderate Unusually sensitive people should
consider limiting prolonged outdoor
exertion.

Unhealthy for | The following groups should limit

Sensitive prolonged outdoor exertion

Groups - People with lung disease,

such as asthma

- Children and older adults

- People who are active
outdoors

Unhealthy The following groups should avoid

prolonged outdoor exertion:
- People with lung disease,
such as asthma
- Children and older adults
- People who are active
outdoors
Everyone else should limit prolonged
outdoor exertion.
Very The following groups should avoid all
Unhealthy outdoor exertion:
- People with lung disease,
such as asthma
- Children and older adults
- People who are active
outdoors
Everyone else should limit outdoor
exertion.
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The first air quality index, name the “Pollutant
Standard Index” (PSI), was developed and
introduced by United States Environmental
Protection Agency, taking into consideration five
major (criteria) air pollutants, namely, CO, SO,
PMjo, O3, and NO;. In 1999, the index was further
completed and replaced by the Air Quality Index
or AQI. The most widely used index for air quality
assessment and management. PMzs and 8-hr
average ozone [3].

Nowadays the paper about develop air quality
index by used a classification is an essential
technique of data mining. Such as used fuzzy
inference system to separated air quality classification
by used pollutant's concentration by added concentration
of pollutants benzene, toluene, ethyl benzene, xylene,
and 1, 3 -butadiene standards for air quality
classification [4]. Used neural network Model by
classification technique to forecast air quality for
reduce pollution problem which population can
prepare with population effect before [5] and use
classification technique to make model Decision
Tree. To assignment results of concentration of
pollutants which influenced for healthy of population
[6]. Used a decision tree to forecast daily dissolved
oxygen rates in a lagoon along the French
Mediterranean sea coast [7]. Including used a
decision tree identifying controlling factors of
ground-level ozone levels over southwestern Taiwan
[8].

From this passage. Researcher was introduced
rules of separated air quality classification which
influenced for healthy. To support decision for
separated air quality classification. By combined
the information about concentration  of
pollutants. This paper introduced rule of separated
air quality classification by level of healthy concern
and used decision tree which technique of
classification and can use the results of them to
analysis factors is caused to happened the pollution
problem more standard with directly.

Il. METHODOLOGY

Aim of this paper is use data mining to create
model by using decision tree with classifier
technique. This paper separate step for use data
mining in 5 steps with the following Fig. 2.

A. Input Air Quality Data

First, combined information about factors
which influenced for levels of air Quality such as
PMlo, PM25, SOz )1 hOUI’(, SOz
2)4 hour (etc. Collect data about concentration of
pollutants in each kinds in Thailand for 2012-
2013.
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Input Air Quality Data
X1, Xz, X3, Xs, Xs .....X10

\ 4
Data Pre-Processing Select Data, Data

Cleaning

A 4

Data Mining Model decision tree level

|

Evaluation Test Option Supplied test

set

A 4

Interpret and Result

Fig. 2. Data mining in 5 steps

B. Data Pre-Processing

Using the data to Pre-processing before process
chose interested Attribute and repeated data out.
Included missing value data noisy data and
inconsistent data. After clean the data, adapted data
for using in data mining step.

Form concentration of pollution. The result of
air quality’s pollution control department. The
pollution in  2012-2013, Thailand has
concentration of pollutants separated level which
influenced for healthy in 4 levels are good,
moderate, unhealthy for sensitive groups and
unhealthy. From the standard of air quality
classification in Thailand have 6 levels. In Table 2.
By air quality index from 0-100 is an air quality
in normal atmosphere. If air quality index more
100 is show that concentration of pollutants has
over standard.

In this paper used a concentration of pollutants
have kinds including Ozone NO,; CO SO, PMyg.
For created rule to separated levels of Healthy
Concern Ozone classification in Thailand.

Table 3 Levels of Healthy Concern [9]

Air Quality Index Levels of Healthy Concern
)AQI (Values

0to 50 Good

51 -100 Moderate

101 - 150 Unhealthy for Sensitive Groups

151 — 200 Unhealthy

201 - 300 Very Unhealthy

301 to 500 Hazardous
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Table 4 The Concerntration of pollutants [10] Information Gain
Attribut | Attribut Average Descriptions ‘ ‘
e Name Yhour( - v 2
1 SO, 7 Sulfor dioxide GAIN (S, A) =Entropy (S)- l e ‘ ‘ Entropy(SV) (2)
2 NO, 1 Nitrogen dioxide
3 CcoO 8 Carbon dioxide By A is attribute A
4 Pmy 24 an?csrthsSS than 10 Sy is members of attribute V valuable
Ozone 1 Ozone Average S is number of samples
6 Level - Levels of Health . .
Concern Y Split Information
S S
Split Information (S, A) = ZMI g, u 3)
1. DATAMINING 1]s] |s]
A decision Tree is decision method. It consists
of a root, nodes, branches and leafs) terminals ( Gain Ratio
which the results will happened when the situation
i i isi ivi i Gain (S, A
started, it shows in decision form and divided in GAIN RATIOE,A) = (s,A) )

each ways to decision. The Following Fig. 3.
Decision tree model started to separate air
quality classification of decision from “root”
calculated information gain to used attribute in o
each nodes of tree attribute. Anyone has most the

information gain result or less Entropy result will
be attribute of node. And remaining data will \
calculate information gain again. Using the N\ :
following formula )

Entropy equation \

SplitInformatio n(S,A)

Entropy (s) = Ziezl—pl log, py (1)

By S s attribute to be measured.
Py is ratio of members in groups to the number Fig. 4. Decision tree model
all members of sample
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Fig. 3. Shows the tree from the classification of the Air Quality Index to Levels of Health Concern with the decision tree.
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A. Evaluation, Interpret and Result

Evaluation interpret and result are data
which processed by using attribute the following
table 3. In data mining, research chose to use
decision tree

technique for create air quality classification
model. For separate levels of air quality which
influence for healthy. Using examined data in test
option supplied test set. Divide in a sets first set is
training set 70% and test set 30% for testing
model’s quality. Last step is compare efficient
model in ROC curve form compare results
between ROC curve form on training set and test

IV. RESULT AND DISCUSSION

In classification, separate data in levels
which influence for healthy include Good,
Moderate, Unhealthy for sensitive groups and
Unhealthy by using algorithm decision tree
following Fig. 4. Used evaluation test option
supplied test set which divided air quality data in
2 sets are 70% for training set and 30% for test set.

Result of correctly classified instances ’s training
set can predict data with correctly 96.8% has
Incorrectly Classified Instances 3.55% and result
correctly classified instances of test set is 91.07%
incorrectly classified instances 8.93% following
Table 4.

Table 5 show result of correctly classified Training set data
and Test set data

Data correctly Instances
Training Set 96.8%
Test Set 91.07%

From result of training set and test set can
create receiver aerator characteristic or ROC curve
to make relative graph between true positive rate
with false positive rate by cut — off point Following
Fig. 5.

Compared efficient for process result’s
algorithm between training set data and test set
data. ROC curve result and cut point of Training
set is X (0.79), Y (0.997) and cut point of test set
X (0.121), Y (0.999) that show training set data
and test set data have algorithm nearby results.

This paper used concentration of pollutants
in Thailand based, include concentration of
pollutants in air 5 kinds are Ozone, NO,, CO, SO;
and PMyo in each provinces. To create model with
decision tree for use rules to separate air quality
which levels to influence healthy.
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Fig. 5. Shows result of ROC curve on Trainnig set and Test
Set

From Fig. 6, use rules of decision tree with
classification technique processed to show that levels
of healthy concern in each provinces in Thailand.
The concentration of pollutants in 5 kinds are
Ozone, NO,, CO, SO, and PMy to show that
levels of healthy concern in colors each that
provinces. They have 6 levels in air quality in
Thailand based. First level good is green, Second
level moderate is yellow, third level unhealthy for
sensitive groups is orange, Forth level unhealthy
is red, Fifth level very unhealthy is purple and
Sixth level hazardous is maroon [11] which the
colors will change with input data in each areas
Following Fig. 7.

V. CONCUSSION

For classification of air quality that
influence to healthy population in the future. It can
use in difference places. In Air quality paper that
influenced to healthy including concentration of
pollutants in each station of Thailand to fix
problems in each points more. That shows about
factors were relative or change result of
concentration of pollutants in each kind
concentration of pollutants may be change away.
This paper, researcher use 5 variants are Ozone,
NO2, CO, SO2 and PM10 which others variants
with air quality. And can use to analysis in same
ways.
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