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ABSTRACT

Millions of citizens in Seoul use the subway as a
mean of transportation to go to work or move from
someplace to the other per a day. There are high
emissions of air pollutants from cars and some other
air-pollutant resources in Seoul. Since many
individuals usually spend most of their working hours
indoors, the ambient air quality refers to indoor air
quality. In particular, PM;( concentration in the
underground areas should be monitored to preserve
the health of commuters and workers in the subway
system. Seoul Metro measures several air pollutants
regularly. In this study, the possibility of the installing
cost reduction will be shown through using the linear
regression method to be improved in the accuracy
between the measuring data of Airtest PM2500 and
Grimm.

Keywords: PMI10 (Particle Matter 10), Linear
regression analysis, Subway station, Air quality
measurement

1. INTRODUCTION

Millions of citizens in Seoul use the subway as a
mean of transportation to go to work or move from
someplace to the other per a day due to its high
population density. There are high emissions of air
pollutants from cars and some other air-pollutant
resources in Seoul. Since many individuals usually
spend most of their working hours indoors, the
ambient air quality refers to indoor air quality. In
particular, PM;, concentration in the underground
areas should be monitored to preserve the health of
commuters and workers in the subway system. Seoul
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Metro measures several air pollutants regularly.

[11[21[3]

Among the various types of indoor environments,
underground subway stations have especially unique
features. The confined space occupied by the
underground subway system can accumulate the
pollutants entering from the outside in addition to
those generated within the system. [4][5][6]

For the past 10 years, Platform Screen Doors (PSDs)
have been installed in Seoul Subway stations to
prevent suicide of people and the diffusion of air
pollutants into the subway stations and ensure the
safety of the public. [7][8]

In this study, the possibility of the installing cost
reduction will be shown through using the linear
regression method to be improved in the accuracy
between the measuring data of Airtest PM2500 and
Grimm.

II. PM,, Sensor Based Monitoring System
2.1 Light Scattering PM;, Instrument

Particulate matter with an aerodynamic diameter less
than 10 um (PMjo) is one of the major pollutants in
subway environments. The PM;, concentration
should be monitored to protect the health of the
commuters and workers in subway system. Seoul
Metro measures several air pollutants regularly. In
order to keep the PM( concentration below a healthy
limit, the air quality in the underground platform and
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tunnels in subway should be monitored and
controlled continuously, the PM;, instruments using
light scattering method can measure the PM;jy
concentration in two minutes. However, the accuracy
of the instruments using the light scattering method
has still not been proven completely since they
measure the particle number concentration rather
than the mass concentration. Fig.l1 shows the
principle of the light scattering method for PM;y

2.2 Performance Comparison and Analysis

Fig.3 shows a comparison of measuring PM 10
between a particle matter instrument of Airtest
PM2500 and Grimm which were installed in a lab in
University of Seoul. These instruments were
measured in two minutes interval for two days. As
shown in Fig.3, the measurement results of PM( have
a significant deviation between them.

instruments. [9][10]
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Fig. 1. Principle of a light scatteri thod .
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and estimated a mathematical model with a slope and
an intercept by using a scattering plot of two variables

The measuring PM instrument of Airtest PM2500 in
cost is much cheaper than the instrument of Grimm.

The difference of the cost is about several tens of in Fig. 4.
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Therefore, if the measuring performance of the Airtest W W BN B0 W W o
PM2500 is similar to that of Grimm, the cost -

reduction of using Airtest PM2500 will be much r

greater than using Grimm when trying to measure
PMy in a broad area like an underground area of Fig. 4. Regression analysis result of Airtest PM2500
and Grimm

subway in Seoul. In this study, the possibility of that
cost reduction will be shown through using the linear
regression method to be improved in the accuracy
between the measuring data of Airtest PM2500 and
Grimm.

If comparing the measured particle matters of a
distribution and deviation, we can take a close look of
a correlation between two data in detail by adapting a
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regression analysis with a Histogram as shown in Fig.
4. The correlation coefficient of an estimated
mathematical regression model in Fig. 4 is 0.919.
They have a strong correlation between them, as the
measure of fitness, R? is 0.8458, the estimated linear
regression model is y = 0.7698x + 1239.64 which
represents a variation in a model so well, and then this
linear regression model is a reasonable model for
correcting the measured two data.
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Fig. 5. Correction result of Airtest PM2500 and
Grimm

If correcting the measurement difference of Airtest
PM2500 into the measurement of Grimm by choosing
the estimated regression model, Fig. 5 shows that the
corrected results of two data are much similar than
those Dbefore performing the correction. An
appropriate model for a correction between the two
measurements was made to improve the accuracy of
Airtest PM2500.

In order to perform the verification of the model
and try to find out the normalization of a distribution
of two measured data in statistics, Fig. 6 shows a
distribution of bivariate. Fig. 7 is a plot of a contour
of two data. It is useful to predict and confirm the
distribution and the information for a normalization
and uniform of the data as well are taken easily.
Linearity,  independency,  normalization  and
uniformity of two data by comparing the error of them
are shown in Fig. 6 and 7.

Probability Density Function(Airtest vs. Grimm)

Fig. 6. Distribution of Airtest PM2500 and Grimm
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Fig.7. Data contours of Airtest PM2500 and Grimm

An amount of the error in Fig. 8 is varying randomly
and it reflects dependency and uniformity of two data.
It shows the correction model tracts the linear
regression model assorting the data so well and the
fitness of this model for the correction. Through the
lower and upper interval of the error, a basis of
determining the outlier is provided and we see that the
outliers are occurred in Fig.8. If rejecting these
outliers, we will be able to search for a better linear
regression model for a correction.
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Fig. 8. Error of Airtest PM2500 and Grimm

II1. Concluding Remarks

In this paper, the possibility of the installing cost
reduction will be shown through using the linear
regression method to be improved in the accuracy
between the measuring data of Airtest PM2500 and
Grimm. The accuracy of the PM measuring
instruments using light scattering methods was
improved with the help of a linear regression analysis
technique to continuously measure the PMjg
concentrations in the subway stations. Even though
the accuracy was greatly improved, this approach had
its demerits, such as the generation of very large
measured data and the need to repeat the linear
regression analysis every time the PM measuring
instruments were moved to other places.
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